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Above — Measuring frequencies with the General Radio Primary Standard of Frequency.
Below — Engineering tests on a high-voltage, 60-cycle Schering Bridge.

A




QUICK INDEX
HOW TO ORDER o £

INDUSTRIAL DEVICES

RESISTORS .

CAPACITORS .

INDUCTORS

BRIDGES AND ACCESSORIES .

OSCILLATORS

l

\AAA/

CAAAAAAAAAAAAAA

I

AMPLIFIERS

METERS

FREQUENCY-MEASURING INSTRUMENTS .

WAVEFORM-MEASURING INSTRUMENTS .

STANDARD-SIGNAL GENERATORS

POWER SUPPLIES

AUDIO-FREQUENCY TRANSFORMERS .

PARTS AND ACCESSORIES

REACTANCE CHARTS .

DECIBEL TABLES .

INDEX BY TYPE NUMBER .

INDEX BY TITLE .



WE SELL DIRECT . . .

To develop the type of produet manufactured by the General Radio
Company requires a large staff of engineers, each a specialist in one
or more phases of the work involved. One of the functions of this staff
is to assist the customer in the sclection of instruments in order that
the correct equipment may be purchased with a minimum expenditure.

There has always been an intimate contact between our engineers
and customers. The technical nature and the manifold uses of our
product make the maintenance of this contact essential, For this
reason, the General Radio Company maintains no sales agencies in
the United States, but distributes its products directly to the consumer
on a net, no discount, basis.

In order that customers outside the United States may receive
equivalent technical service, exclusive agencies have been appointed
in many foreign countries, each capable of giving technical information
regarding General Radio products. In all matters regarding General
Radio apparatus the eustomer should communicate with the agent
from whom this catalog was received. Prices listed in the catalog are
for domestic use only. Costs in foreign countries, where import duty
and freight must be added. can be obtained from the agents in those
countries.
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GENERAL RADIO CoO.

STROBOSCOPES

THE STROBOSCOPE is a device which permits a moving object to be viewed intermittently
and thus produces the optical effect of slowing down or stopping motion. If, for example,
an electric fan revolving at 1200 rpm is viewed under a light which flashes 1200 times per
minute, the fan will apparently be standing still. A slight decrease in the flashing rate will
make the fan appear to revolve slowly in the direction of its actual rotation, and an increase
will produce a similar motion in the reverse direction.

Stroboscopes with mechanically operated shutters for interrupting vision have been in
use for many years but are subject to the limitations of slow speed and insufficient illumina-
tion. General Radio Stroboscopes use the flashing lamp principle as developed by Professor
Harold E. Edgerton and Mr. Kenneth Germeshausen of the Massachusetts Institute of
Technology. Brilliant light flashes are produced by a lamp filled with rare gases, and the
speed of the flash is controlled by an oscillator or a motor-driven contactor. Flashing speeds
up to 14,000 per minute, for visual investigation, can be obtained by this method and up
to 120,000 per minute for high-speed photography.

When mechanisms operating at high speeds are viewed by stroboscopic light, in slow
motion, all irregularities of the motion present in the original motion are made visible, thus
making it possible to observe high-speed mechanisms under actual operating conditions.

When the speed of flash coincides with the speed of rotation, and motion is apparently
stopped, the stroboscope becomes an excellent means of measuring speed, and for this
purpose the dial which controls the flashing rate can be calibrated directly in rpm. Speed
measurement by the stroboscopic method absorbs no power from the mechanism under
measurement.

TYPE 631-B STROBOTAC*

Speed measurements for overload and under-
load tests can be made. It is ideally suited
for rapidly adjusting the speeds of a number
of machines intended to operate at the same
speed, as, for instance, textile spindles. In
production testing, it provides a means of
rapidly aligning mechanisms which operate
under close tolerances. It is approved for
use in checking the calibration of aircraft
tachometers.

DESCRIPTION: The Strobotac is a small,
portable stroboscope calibrated to read speed
directly in revolutions per minute. The light
source is a Strobotron neon lamp mounted
in a parabolic reflector. The frequency of a
vacuum-tuberelaxation oscillator determines
the flashing speed, which can be adjusted,
by means of a direct-reading dial, to any
value between 600 rpm and 14,400 rpm. If
desired, the flashing speed can be controlled
by an external contactor or by the a-c line
frequency.

The accuracy of the scale is one per cent
when standardized in terms of a frequency-
controlled a-c power line.

USES: The Strobotac is used for measuring
the speed of rotating, reciprocating, or
vibrating mechanisms, and for observing
their operation in slow motion. In the design
and testing of machines and high-speed
mechanisms, the Strobotac is invaluable.
The operation of motors, fans, pulleys, gears
and cams can be examined in slow motion.

g

The Strobotron is designed to give an
extremely short flash (between 5 and 10
microseconds), and hence sharp images are
obtained even at speeds up to several times
the scale values.

Speeds outside the scale range of the in-
strument can be measured by using multiples
of the flashing speed. The upper limit is not



sharply defined, but, in general, speeds up to
about 100,000 rpm can be measured. Speeds
below 600 rpm can also be measured, but the
use of the Strobotac for this range is not
recommended, because of difficulties caused
by the lack of persistence of vision.

FEATURES: For speed measurement, the
Strobotac has one outstanding advantage
over other types of tachometers: no contact
with the mechanism under measurement is
required, and hence no power is absorbed.

The Strobotac is portable, compact, and

STROBOSCOPES »°

light in weight. Because of this, it can be
used in places inaccessible to larger instru-
ments. The speed scale is on a drum-type
dial, easily read when the instrument is held
in the position of normal use. High accuracy
andawide speed range are furtheradvantages
for general speed measurement.

When a larger area is to be illuminated, or
sufficient light for photography is required,
the Strobotac can be used to control the
flashing speed of the Typr 648-A Strobolux
described on page 4.

*Reg. 11, 8. Pat. Office.

SPECIFICATIONS

Range: The fundamental range of flashing speed is from
GOO to 14,400 per minute, The speed is read directly
from a dial calibrated in rpm. By using multiples of the
flashing speed, the range of measurement can be ex-
tended up to about 100,000 rpm and, by multiple images,
speeds somewhat below 600 rpm ecan be measured.
Accuracy: 19 of the dial reading above 900 rpm
when the Strobotac is standardized in terms of a fre-
queney-controlled power line. Controls for this stand-
ardization adjustment are provided.

Power Supply: 113 volts, 60 cycles. Prices for operation

from lines of other voltages and frequencies will be
quoted on reguest.

Power Input: 25 watts.

Vacuum Tubes: One I'vee 631-P1 Strobotron, one 6X3-
type and one 6N7-type are required. A complete set of
tubes is furnished with the instrument,

Mounting: Aluminum ease with carrying handle. Cord
and plug for connection to the power line are included.
Dimensions: 714 x 834 x 974 inches, over-all.

Net Weight: 10 pounds,

Type Code Waord Price
BAER: o mieie s s HIAVO $95.00
631-P1 Replacement Strobotron ... .. SENNA 5.00

PATENT NOTICE. See Note 15, page v.

Tyee 631-B Strobotac and Tyre 648-A Stroboscope with connecting cables.
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STROBOSCOPES

TYPE 648-A STROBOLUX

USES: The Typr 648-A Strobolux extends
the usefulness of the Strobotac to applica-
tions requiring considerably more light than
the Strobotron Lamp is capable of supplying.
Specifically, it should be used where larger
areas are to be illuminated or where pho-
Lography is required.

In pholography, it can be used with a
continuous-film camera (Tyre 651-A1%) Lo
provide a slow-motion record of high-speed

phenomena up to 100 frames per second:
single flash photographs of limited areas are
possible, as are multiple images on a single
film,

DESCRIPTION: Tyrr 648-A Strobolux con-
sists of a power supply and lamp, capable of
producing brilliant light flashes at speeds up
to 6000 per minute. The flashing source is
a Tyrr 631-B Strobotac and consequently
can be controlled by (1) the self-contained
oscillator in the Strobotae, (2) the a-¢ line,
(3) an external contactor (Tyer 549-C), or
(4) an external oscillator such as Tyrr713-B.

The lamp, filled with a rare gas, furnishes
about one hundred times as much light as
that of the Strobotac.

The entire assembly is housed in a metal
cabinet with the lamp and its 9-inch reflector
on one side. The lamp is removable and is
furnished with a 10-foot extension cable.

FEATURES: The combination of the T'yrs
681-B Strobotac and Tyre 648-A Strobolux
has all the advantages of the Strobotac itself
plus the feature of high illumination, suffi-
cient for photographic use. No appreciable
duplication of facilities is involved, so that
the purchase of the T'ype 648-A Strobolux is
an cconomical solution to problems requiring
greater illumination than is provided by the
Strobotac.

SPECIFICATIONS

Range: Up to 100 flushes per second (6000 per minute),
Single flashes for photography can also be obtained.

Accuracy: The aceurncy is that of the source controlling
the flashing speed. See specifications for Tyrr 631-B
Strobotace, page 2.

Power Supply: 115 volts, 60 cycles.
Power |r|pui: 250 walts, maximum.

Type

Vacuum Tube: One 523, supplied.

Mounting: The complete assembly is housed in a sheet
metal case. The lamp and its 9-inch reflector are
mounted on one side, the power supply on the other.
Cables for connection to the power line and to the
Strobotac are supplied.

Dimensions: 13 x 1114 x 1314 inches, over-all.

Net Weight: 25 pounds.

Clode Word

Price

648-A

THE
STROBOSCOPE
STOPs MOTION

These two pictures
were tuken with a
Tyrr 648-A Stroho-
lux, Both are single
flash pictures of the
smoke patterns used
Lo study air currents.
The pictureat the left
shows a fan hlade,
that at the right an
organ pipe. Neither
of these photographs
has been retouched.

$175.00

] SCALY
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STROBOSCOPES

TYPE 621 POWER STROBOSCOPE

The power stroboscope supplies the same
light intensity per flash as does TyprE 648-A
Strobolux, but is capable of operating at
much higher flashing speeds. The power
supply requirements are correspondingly
greater. It is used where very high flashing
speeds are required, whether for visual work,
or for taking high-speed motion pictures.

In conjunction with the Crass 651-A-M
Camera Assembly, motion pictures can be
taken at a maximum speed of 2000 per
second, permitting the examination of the
motion of mechanical systems not previously
observable by any method. Specifications
and prices will gladly be sent on request.

The photograph at the left shows a Tyre 621-H Power

Stroboscope and a Crass 651-A-M Camera Assembly,

set up for taking high-speed motion pictures of a
stitching machine.

TYPE 715-A DIRECT-CURRENT AMPLIFIER

USES: The Type 715-A Direct-Current
Amplifier is designed primarily for use with
the Esterline-Angus 5-milliampere recorder.
This combination of amplifier and recorder
is capable of accurately recording small d-¢
voltages and currents. In addition to its
obvious use as a recording d-c¢ milliammeter
or milliveltmeter, it has a number of appli-
cations in process control and laboratory
measurements. It can be arranged to operate
from photo-electric and photronic cells, fre-
quency meters, oxide rectifiers, resistance
thermometers, sound-level meters, and other
instruments which respond to physical
stimuli.

DESCRIPTION: The amplifier is an a-c oper-
ated instrument, highly stable, and operating
over a wide range of input voltages from 0.1
volt to 1.0 volt. Means are provided for
selecting input resistances between 100 ohms
and 10 megohms,

The circuit employs one type 6F6-G and
two type 6J7-G tubes for the amplifiers in a
degenerative circuit arrangement giving high
stability of calibration. A bridge-type bal-
ancing network using a voltage regulator
tube provides for balancing out the steady
plate current in the meter, so that the meter
indicates current change. Both fine and

6

coarse zero adjustments are provided for
setting the meter for normal zero. A special
circuit arrangement is used to obtain freedom
from changes in a-¢ supply voltage, resulting
in changes in plate voltage.

In the design of a direct-current amplifier
the most critical point is the temperature of
the cathode of the first amplifier. Very
effective means have been provided for over-
coming any variations in temperature of this
cathode. A regulating transformer and a fila-
ment ballast lamp are employed. This system
maintainsg the heater voltage constant for
line voltage changes from 100 to 130 volts.

FEATURES: Particular care has been taken
in the design and construction of this new
instrument to combine, with high gain and
simplicity of operation, stability of calibra-
tion with freedom from effects of ambient
temperature and line voltage variations—
features which for so long prevented the
develoE)ment. of the d-c amplifier as a com-
mercial instrument.

Operation from the a-¢ power line, con-
venient size, and mounting, together with a
wide range of input voltage and resistance
combinations, make this amplifier a con-
venient, as well as reliable, adjunct to the
graphic recorder.



D-C AMPLIFIER ¢

Esterline-Angus Recorder.

Tyer 715-AE Direct-Current Amplifier.

SPECIFICATIONS

Range: The instrument is provided with four calibrated
ranges, selected by means of a switch, giving 5 milli-
amperes linear output in the recorder eircuit of 1000
ohms, for input voltages of 0.1, 0.2, 0.5, and 1.0 volt
applied at the input terminals with either polarity. The
gain is best expressed as a transconductance; the maxi-
mum value is 50,000 micromhos.

Accuracy: As a calibrated voltmeter, the accuracy of
calibration is approximately 1%, this accuracy being
maintained over eensidembfc periods of time,

Input Circuit: Means are provided for selecting any one
of a number of input resistances, so that the instrument
not only has an adjustable input resistance, but can
serve as a calibrated millivoltmeter or microammeter.
The input resistances range in powers of 10 from 100
ohms to 10 megohms. Short-circuit and open-circuit
positions are also supplied on the selector switch.

For those applications where relative values only are
of interest and where the voltage available exceeds
1 volt, one of the switch positions connects the input to
a variable gain control, so that the voltage applied to
the first grid can be adjusted to any desired value. The
input resistance for this position i1s 150,000 ohms ap-
proximately.

Output: The output circuit is designed to operate a
A-milliampere meter mounted on the panel and an
external meter or device such as the Esterline-Angus
s-millinmpere recorder, and is provided with a manually

adjusted compensating resistance. The compensating
resistance is adjusted to allow for the resistance of the
external device, so that the instrument always works
into a normal resistance of 1000 ohms. Although the
instrument functions perfectly when operating into
resistances from 0 to 2000 ohms, its calibration is
affected slightly if the total impedance deviates ma-
terially from the 1000-0hm value.

Power Supply: The instrument is intended for opera-
tion directly from 105-125 or 210-250 volts, 60-cycle
mains. Other voltages or other frequencies can be sup-
plied on special order only.

Power Input: The power drawn from the 60-cycle mains
is approximately 95 watts, No batteries of any kind are
employed.

Vacuum Tubes: The tubes furnished with the instru-
ment are: two type 6J7-G, one 6F6-G, one 6X5-G, one
VRRA0, one 4A1.

Mounting: The amplifier is mounted in a cast metal
case identical with that used on the Esterline-Angns
recorder, or in walnut cabinet, as desired.
Dimensions: Tyrn 715-AM, (height) 15}4 x (width) 9 x
(length) 814 inches, over-all; Tyer 715-AE, (height)
15 x (width) 814 x (length) 834 inches, over-all.

Net Weight: With Esterline-Angus case, 2614 pounds;
with walnut eabinet, 28 pounds.

Tupe Code Word Price
715-AE In Esterline-Angus case . ... : I| ASIDE $250.00
T15-AM In walnut cabinet. .. ... .. . el ALOFT 2925.00

PATENT NOTICE. See Note 1, page v.
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TYPE 759-A SOUND-LEVEL METER

USES: The Tyer 759-A Sound-Level Meter
is suitable for all types of commercial and
industrial noise measurement. Manufac-
turers of machinery and appliances use it for
measuring product noise both in the research
laboratory and in production. Sound trans-
mission and absorption and Lhe acoustical
properties of materials ean also be measured
with it. It meets equally well the require-
ments for noise measurement in surveys of
the psychological and physiological effects of
noise.

For the industrial plant, it provides a
means of measuring product noise, setting
up noise standards, accepting or rejecting
products on the basis of noise tests, and,
finally, analyzing and correcting trouble in
the rejected units.

In this last use, as in many others, a fre-
quency analysis of the noise is usually valu-
able. IYor this purpose, the Tyrr 760-A Sound
Analyzer (see page 10) has been designed,

In conjunction with a vibration pickup,
the sound-level meter can be used to study
vibration in machines and structures. Loca-

tion, magnitude, and nature of the vibralion
can be determined as a first step toward its
reduction or elimination.

DESCRIPTION: Tyrr 759-A Sound-Level
Meter is an accurate, portable, low priced
meter for reading, in terms of a standard
reference level, the sound level at its micro-
phone.

The sound-level meter consists of a4 non-
directional microphone, an amplifier, a cali-
brated attenuator, and an indicating meter.
[t is battery-operated and completely self-
contained.

This sound-level meter complies with all

the tentative standards for sound-level
meters specified by the American Standards
Association, the American Institute of Elec-
trical Engineers, and the Acoustical Sociely
of America.
FEATURES: Ease of operation was a primary
consideration in the design of this meter., Of
equal importance were small size and light
weight, so that the meter is easily portable.
Other features are:



SOUND-LEVEL METER

1. A non-directional crystal microphone which responds satisfactorily over a wide range
of frequencies, including the high frequencies which make up "hissing” sounds.
eV

2. Unusual sensitivity extending to 24 decibels above a zero reference

per square centimeter.

el of 1018 watts

3. Three separate weighting networks for adjusting the frequency response characteristics,
consisting of a low level network, a high level network, and a network giving a substantially

flat over-all response.

4. No rheostats or other battery adjustments.
5. Special tube suspension, providing a freedom from microphonic noises.
6. No inductance coils or transformers whatsoever are used in the instrument, thus

eliminating error due to magnetic pickup.
7. Linear decibel scale.

SPECIFICATIONS

Sound-Level Range: Calibrated in decibels from --24
db to 4130 db above a reference level of 10°1% watts
per square centimeter.

Frequency Characteristics: The frequency characteristic
of the sound-level meter is adjustable to follow three
different curves. The first and second of these are,
respectively, the 40 and 70 db equal-loudness contours
in accordance with the tentative standard pro 1 by
the American Standards Association. The third fre-
quency response characteristic gives a substantially
equal response to all frequencies within the range of the
instrument. This characteristic is used when measuring
extremely high sound levels or when uvsing the instru-
ment with Tyre 760-A Sound Analyzer.

Microphone: The non-directional piezo-electric micro-
phone mounts directly on a folding bracket on the top
of the instrument and folds down out of the way when
not in use, It may also be removed from the bracket
and used on an extension cord. The microphone is of
the sound cell type.

Attenuators: A 10-db-per-step altenuator precedes the
third stage of amplification and provides control of the
instrument up to 90 db by means of a single knob. For
measurements of higher sound levels an additional 40-db
attenuator is provided. This attenuator is directly on
the input of the amplifier. Since the attenuators are at
low levels the possibilily of errors due to amplifier non-
linearity is eliminated.

Circuit: The amplifier consists of four stagesof resistance-
eapacitance-coupled amplification followed by an out-
put stage arranged to mateh the especially-designed
rectifier-type meter. This combination provides a high
degree of stability and minimizes change in sensitivity
resulting from variations in battery voltage. A ballast
tube is provided for maintaining constant filament
current.

Meter: The indicating meter has a scale which is ap-
proximately linear in decibels and which covers a range

of 16 db, thus providing satisfactory and accurate
interpolation between the steps of the attenuator. The
ballistic characteristics of the meter mateh closely those
of the human ear and agree with the tentative standards
specified by the American Standards Association.

Telephones: A jack is provided on the panel for plugging
in a pair of head telephones in order to listen to the
sounds being measured, or for connecting the Tyre
760-A Sound Analyzer.

Vibration Pickup: If desired, a piezo-clectric vibration
pickup may be used in place of the microphone.

Tubes: Five 1A4-type tubes and one 11D 1-type Lube are
required. A complete set of tubes is supplied.

Tripod: A tripod and extension cable can be supplied
for using the microphone at a distance from the sound-
level meter. See price list below.

Batteries: The batteries required are two Durgess No-
4FA (little 6s), or equivalent, two Burgess No. Z30N
45-volt B batteries, or equivalent, and one Burgess No.
F2BP 3-volt battery, or equivalent. A compartment is
provided in the case of the sound-level meter for holding
all batteries, and connections are automatically made
to the batteries when the cover of this compartment is
closed. A set of batteries is supplied with the instrument.

Case: The meter is built into a shielded carrying case
of airplane-luggage construction, covered with a durable
black waterproof material and equipped with chromium-
plated corners, clasps, etc, When operating the sound-
level meter, the cover is ordinarily removed. An addi-
tional handle is provided on the panel of the instrument
for convenience inmoving it about whileit is in operation,

Dimensions: The over-all dimensions are npprnximnlely
(height) 1114 x (length) 1354 x (width) 914 inches.

Net Weight: 2314 pounds, with batteries: 1714 pounds,
without batteries.

Type o= Code Word Price
759-A e I NOMAD $195.00*
Set of replacement batteries forabove . ...................... NOMADADBAT 5.40
759-P1 | Tripod and Extension Cable (25-foot). ... NOVEL 9.50

*Price includes both tubes and batteries.
PATENT NOTICE. Sce Notes 1, 2, page v.

CALIBRATION
1

AD
L

i %'7“ TI
—————— &
s ‘ el DJUSTABLE
/ FREQUENCY
A / ATTENUATOR G
ATTENUATOR I 3019804 NETWORK 7 SPECIAL
\ ’ ' RECTIFIER TYPE METER

SOUND=CELL HRE -AMPLIFIER TUBES “MAIN AMPLIFIER TUBES -8 o4 10dk
MICROPHONE

Functional schematic diagram of Tyre 759-A Sound-Level Meter.
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TYPE 760-A SOUND ANALYZER

USES: The Tyre 760-A Sound Analyzer
was designed particularly for analyzing ma-
chinery noises or noise levels eaused mainly
by eleetrical or mechanical equipment. The
fact that the selectivity curve widens pro-
portionally as the frequency is increased
makes it suitable for measuring noises caused
by machines which do not run at absolutely
constant speed. The instrument is particu-
larly well adapted for analyzing the sound
made by automobile and airplane motors
and industrial or household equipment.

Although intended for use with the sound-
level meter, the analyzer is not necessarily
restricted to this application. It may be used
in conjunction with any microphone and
amplifier combination which provides suffi-
cient output voltage. It is also useful as a
bridge-balancing indicator, since it may be
tuned to the bridge frequency, thus elimi-
nating errors caused by harmonics. The
logarithmic indicating meter is of great
advantage in this a‘lppgficatinn also.

Another important use is the analysis of
vibrations by means of a vibration pickup.
In this application the vibration pickup may
be coupled to the sound-level meter in the
conventional manner, or may be used with
any suitable amplifier to provide the neces-
sary input voltage for the analyzer.

10

DESCRIPTION: The Tyer 760-A Sound
Analyzer is an accurate, portable, low-priced
analyzer for measuring the relative ampli-
tudes of the component frequencies in a
sound wave.

It consists of a selective amplifier, oper-
ating on the degeneration principle and
having a constant percentage band width,
combined with a vacuum-tube voltmeter
having approximately logarithmic character-
istics over a wide range. The instrument was
designed particularly for use with the Tyrr
759-A Sound-Level Meter, and this combina-
tion provides an accurate and convenient
means for measuring not only the actual
level of sound, but also the relative ampli-
tudes of the component frequencies.

FEATURES: In the development of this
analyzer, simplicity and convenience of
operation were considered of primary im-
portance. The frequency calibration is read
directly on a large ([lial, which may be rotated
continuously to cover the entire frequency
range of the instrument with a minimum of
effort. A push-button switch operates the
multipliers, so that it is a simple matter to
scan quickly the entire frequency range of
the analyzer or to change the tuning between
two remote points in the range. A stabilized



circuit eliminates the need of any battery
adjustments, and a neon ballast lamp pro-
vides satisfactory accuracy of the logarithmic
voltmeter circuit, regardless of the condition
of the batteries.

A volume control is included to adjust the
instrument for use at various input levels,
but, when analyzing a sound, no meter multi-
pliers or volume controls are used since the
complete range may be read on the single
logarithmic meter scale.

Since the instrument was designed as a
companion to the Tyre 759-A Sound-Level
Meter, small size and low weight were con-
sidered extremely important, and the in-
strument is smaller and lighter than most of
the analyzers which have been used for noise
work in the past. The complete instrument
is mounted in an airplane-luggage type of
case matching that of the sound-level meter
in appearance.

SOUND ANALYZER °

0D Oldvy 1VYIINID

This photograph shows the Tyre 759-A Sound-Level
Meter used to measure automobile noise.

SPECIFICATIONS

Frequency Range: Calibrated directly in eycles from 25
to 7500. This total range is covered in five complete
turns of the tuning knob, the ranges on the various
dial rotations being 25 to 75, 75 to 250, 250 Lo 750, 750
to 2500, and 2500 to 7500 eycles. A pnsll-l)ultnu swit(-h
allows immediate change of the main control to any of
these ranges.

Voltage Range: The analyzer will give usable indica-
tions on input voltages ranging from 1 millivolt to 10
volts. The meter seale is calibrated for reading directly
component tones down to 1% of the sound pressure (or
voltage) of the fundamental or loudest component.
Accordingly, to make full use of this feature, the input
voltage at the loudest component or fundamental
should be 0.1 volt or higher,

Band Width: The average selwlml} is such that the
relative attenuation is 3 db at 19 off the peak to which
the analyzer is tuned.

Circuit: The circuit consists of u three-stage amplifier
made selective by the use of degeneration, and an
approximately logarithmic vacuum-tube voltmeter
circuit, which allows a range slightly in excess of 40
decibels, or 100 to 1, to be read on the meter scale.

Meter: The indicating meter is calibrated down to 19
of the fundamental or loudest component of the sound.
A decibel scale is also included, extending to 40 decibels
below the fundamental or loudest component.

Telephones: A jack is provided on the panel for plugging
in a pair of head telephones, in order to listen to the
actual component of the sound to which the instrument
is tuned, This is also useful when using the analyzer as
u bridge-balance indicator.

Tubes: Three 1H4G and one 1F7GYV tubes are required,
A neon regulator tube is also used. A complete set of
tubes is supplied with the instrument.

Batteries: The batteries required are four Burgess No.
F2BP 3-volt batteries, or the equivalent, and three
Burgess No. Z30N 45-volt batteries, or the equivalent.
A compartment is provided in the case of the analyzer
for Immling all batteries, and connections are auto-

Type
T60-A

PATENT NOTICE. See Nole 1, page v.

Set of replacement batteries forabove .................

matically made to the batteries when the cover of this
compartment is closed. A set of batteries is inc luded in
the price of the instrument.

Case: The analyzer is built into a shielded carrying case
of airplane-luggage construction, covered with a durable
black waterproof material and equipped with chromium-
plated corners, clasps, cte. This case has been designed
to combine :Iumlulll\ with light weight and good ap-
pearance. When operating the analyzer, the cover is
ordinarily remov L‘l{ An additional Tandle is provided
on the panel of the instrument for convenienee in moving
it about while it is in operation.

Dimensions: (Length) 15 x (width) 10 x (height) 1114
inches, over-all.

Net Weight: 37 pounds, with batteries; 30 pounds,
without batteries.

DEGENERATION NETWCRK
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A functional diagram of the general type of circuit used
in Type 760-A Sound Analyzer. The system consists of
an amplifier with a propagation constant g and a feed-
back network with a propagation constant 8 having the
frequency characteristics shown above. The degenera-
tion network is highly selective, and at its null point the
normal gain of the amplifier is obtained, At lower and
higher frequencies, degeneration oceurs, and the gain
of the amplifier is greatly reduced.

AMPLIFER

(Code Word Priec
........ ATTAR $260.00
........ ATTARADBAT | 8.00
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e VARIACS

GENERAL RADIO CO.

VARIAC*

USES: The VARIAC is a new type of a-c
voltage control. Its applications to industrial
control and to experimental problems in
the laboratory are literally numberless.
Wherever a-c¢ voltage must be adjusted,
and, by means of voltage, other quantities
such as speed, heat, light, ete., there is a use
for the VARIAC. Typical applications are
motor speed control, heat control on electric
furnaces and laboratory heaters, illumination
control in small theaters, photographic
studios, and darkrooms, output voltage
control on transformer-rectifier systems, and
voltage control for electrical testing, cali-
bration, and measurement.

DESCRIPTION: The VARIAC is an auto-
transformer supplying an output voltage
continuously adjustable between zero and
full line voltage or above.

It consists of a single layer of copper wire
wound on a toroidally-shaped iron core.
Rotation of a dial causes the winding to be

traversed by a moving contact, which “taps
oft” any desired portion of the total voltage
across the winding. Since at least one turn
of the winding is covered by the contact al
all times, a continuous adjustment of voltage
is obtained. The voltage between turns is
between 0.2 and 0.9 volts. The contact is a
carbon brush designed to limit the current in
the short-eircuited turn so that no undue
heating results.

FEATURES: The advantages of the VARIAC
over rheostats and other types of voltage
control devices are high efficiency, smooth
control, and good voltage regulation. Be-
cause the output voltage is essentially inde-
pendent of load, a linear variation of voltage
is obtained. Most models furnish outpul
voltages above line voltage, making it pos-
sible to compensate for under-voltage lines.

Another important feature is small size.
VARIACS are smaller than any other volt-
age control of equivalent power rating.

GENERAL SPECIFICATIONS

Models ranging from 170 walts to 2 kilowalts are
listed on the following pages. Specilications, unless
otherwise stated, are for 50-10-60 eyele service,

RATED CURRENT can be drawn from the VARIAC
at any dial position. It is limited by heat loss in the
winding.

MAXIMUM CURRENT can be drawn at low volt-

PATENT NOTICE. See Note 11, page v,
*Reg. U, S. Pal. O,

ages or at voltages near the input voltage, It is limited
by losses in the curbon brosle.

LOAD RATING is maximum output enrrent multi-
plied by lnput voltage. A VARIAC can handle, at any
lower setting, a load which draws at input \nltnge n
current no greater than the “maximum current.

NO-LOAD LOSS is measured at 60 cyeles,

TYPE 200-B VARIAC

12

Type

SPECIFICATIONS
Load Rating: 170 va,
Rated Current: 1 a.
Maximum Current: 1.5 a.
Input Voltage: 115 v.
OQutput Voltage: 0-115 v or 0-135 v.
No-Load Loss: 3 watts.

Dial: The dial reads directly in output voltage with an
aceuracy of 29, when the input voltage has its rated
value.

Terminals: Threaded terminal studs with nuts and
soldering lugs are provided.

Mounting: Either table mounting or back-of-panel
mounting can be used,

Dimensions: For base and mounting dimensions, see
sketch on page 15, Over-all height is 4 inches for table
mounting. When p:mcl mounting is used, the depth
behind panel is 2% inches.

Net Weight: 337 pounds.
Code Word
200-B | \ | mBaLsa |

Price

$10.00




VARIACS o

TYPE 90-B VARIAC

Tyer 90-B Variac provides several output
voltages. It consists of a Typrr 200-B Variac
controlling the input to a step-down Lrans-

former,
SPECIFICATIONS

Load Rating: 170 va, total. Input Voltage: 115 volts.
Qutput Voltage and Current:

_ Qutput Voltage Rated Current Maximum
0-135 v la 1.5a
0-74 v 4 a 4 a
0-29 v 4a | 4 a

Two 7.4-volt windings and two 2.9-volt windings are
pravided.

Mo-Load Loss: 8 watts.

Dial: The dial is that of Tyre 200-B Variac and reads
directly the output voltage at the 0-135 volt terminals.
Terminals: Four sets of low-vollage terminals are
provided, The 0- to 185-volt output is available at a
standard plug receptacle. A G-foot line cord and plug
are supplied.

Mounting: Sheel metal case.

. % ’ s Type Code Word Price
Dimensions: 714 x 5 x 5% inches. — —
Net Weight: 834 pounds. 90-B | .. PIVOT $19.00

TYPE 200-C and TYPE 200-CH VARIACS
SPECIFICATIONS
Loud Input e Current Oul put No-Load
) Type Rating Valtage Rated Marimum Voltage Loss

ggg:EUM 860 va 115 v | 5 @ 754 0-1835 v 10 watts
200-CMH - '

580 va 230 v | 2a 25a 0-270 v 10 walts
200-CUH 4| 115 v | 0.5 a 25a | 0-270 v l 10 watts

Dial: The dial reads directly in output voltage with an
aceuracy of 29, when the input voltage has its rated
value.

Terminals: Tyer 200-CM and Tyer 200-CMH are
furnished complete with attachment cord and plug for
connection to the line, an ox-ory switch, and a standard
plug receptacle for the output circuit. Tyre 200-CL
und Tyer 200-CUH have threaded terminal studs with
nuts and soldering lugs.

Mounting: Tyrr 200-CM and Tyre 200-CMH are
mounted in cases as shown in the photograph. Tyre
200-CU and Tyer 200-CUH are supplied without case
anid ean be used for either table or back-of-panel
mounting.

Dimensions: Ior base and mounting dimensions, see
sketeh on page 15, Over-all height, 514 inches; depth
behind panel, 41§ inches.

Type Code Ward Price
200-CM BALMY $17.50
200-CU BAKER 14.50
200-CMH BAIRN 21.50
200.CUH | HAGUE | 18.50

Net Weight: Tyre 200-CM and Tyrr 200-CMH, 10
pounds; Tyre 200-CU and Tyer 200-CUH, 9 pounds.

13
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e YVARIACS

GENERAL RADIO CO.

TYPE 100 VARIAC

SPECIFICATIONS

VB0 vinin s s 100-IC 100-1,
Load Rating . . 2 kva 2 kva
Primary Voltage . 115 v 230 v, 115 v
Rated Current . . I5a Sa,4a
Maximum Current. . 175 a Ox, Oa
Output Vollage . 0-115 v 0-280 v
No-Load Loss ... 20 watts 25 waltls

Dial: A fixed dial plate bearing 100 divisions is provided,
indicating per cent of maximuim output voltage.
Terminals: Threaded terminal studs with nuts and
soldering lugs.

Mounting: Table or back-of-panel mounting.
Dimensions: See sketch on page 15 for base and mount-

ing dimensions. Over-all height for table mounting, 74§
inches; depth behind panel, 53§ inches.

Net Weight: T 100-K, 20 e: TyPE -
2534 pnut?ds. YPE %4 pound: rE 100-L,
Type Code Word Price
100-K |, .. ., ‘ BEAMY \ $40.00
1000 | eomanace BEARD 40,00

TYPE 70 AND TYPE 80 VARIAC TRANSFORMERS

USES: Variac Transformers are intended for
use where only small voltage variations are
desired. One important use for the -B and -C
models is voltage correction on under-voltage
or over-voltage lines. For this purpose, they
can be built into low-power apparatus, par-
ticularly transformer-rectifier systems such
as are used on radio transmitters.

Special units for many other applications
can be built to order.
DESCRIPTION: Variac Transformers are
built on rectangular cores with windings in
several layers on the two legs of the core.
The top layers of wire are exposed to two
sliding carbon contacts. These contacts are
directly connected, eliminating flexible leads.
By means of a steel tape, a 320° rotation of

the control knob drives the contacts along
the entire length of the windings.

The windings beneath the top layer of
each coil are conventional transformer coils
and can be used for a number of special
purposes.

Five stock models are available and can
be supplied either mounted or unmounted.
Mounted units are those with the letter M
in the type number.

FEATURES: Very precise adjustments of
voltage are possible with the Variac Trans-
former because a small range of voltage is
spread over a 320° rotation of the dial. The
availability of special models makes possible
individual designs for specific purposes.

SPECIFICATIONS

Type Ling Volts Output Volts No-Load Loss Mazimum Current
70-A 115 0-10 5w 6a
70-B 100125 115 5w 2a

1156 100-125 2a
80-A 115 0-10 10w 20 a
80-B 901580 115 10 w T5a

115 90-130 7.58
80-C 200-240 220 10w T8 a

220 200-240 75

Load Rating: The rating of Varine Transformers is
expressed differently from the rating of Variacs and
other transformers. A conventional transformer is
rated by the output power available. A Variac Trans-
former is rated by the variation in output power which
can be obtained by turning the control knob., This
variable power is 50 watts for the Tyre 70 core and
250 watts for the Tyre 80 core,

Mounting: Both mounted and unmounted models are
available. Mounted models are enclosed in drawn steel

14

cases and are equipped with ox-orr switch, 6-foot
line cord and plug, and plug receptacle for the output
circuit.

Terminals: Threaded terminal studs with soldering lugs.
Dimensions: Tyre 70, (length) 434 x (width) 83§ x
(height) 4 inches; Tyew 80, (length) 84 x (width)
414 x (height) 514 inches, over-all.

Net Weight: Tyre 70, 4!4 pounds; Tyex 80, 1314
pounds.
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@

m

-

m

-

>

F

-~

>

o

(o}

(9]

0
Type ) Code Word Price
70-A Unmounted. ... .. AN AR | BASIN $10.00
T0-AM Mounted, ....... . b s b N Wy Y ' PLAZA 14,50
70-B Unmounted. ... ... ... .............. ( BASSO 10.00
70-BM Mounted.......... ..o iviiiinnnnn. POKER 14,50
80.A R . < o vcorinara o s i ai s st BATON 15.00
80-AM Mounted. . . .. R A R AT T E TABBEY 20.50
80-B CIN OO i b p e R e BATTY 15.00
80-BM N oS dGrie s ol s 1 Sy e TESTY 20.50
80-C MRmoutbed, ol v et s ot o BARON 15.00
80-CM T o (T S | TIGER 20.50

SPECIAL VARIAC TRANSFORMERS

Only ten models of Variac Transformers rating for the core. (Sce preceding page.)
are carried in stock., Other models are built  Within these limits special transformers can

to individual customer’s specifications. be supplied promptly and economically.
For good efficiency the design limitations Prices for special designs are as follows:

on the special transformers are 10 amperes Quantity Type 70 Type 80
and a nfu'ximum \:oltuge variation of 30 volts 1 $37.00 | $44.50
for the Tyre 70 Core and 20 amperes and 60 5 13!538 | %ggg

S SR R : : 10 14. .
\f}lla variation for the TyrEe 80 F,urn, pro- 20 1395 1895
vided the product of voltage variation and 25 12.75 17.75
current does not exceed the variable power 133 }a% :ggg

Mounting dimensions for
Tyres 100, 200-C, and 200-B
Variacs.

3 NTG MOLES NOL A DRILL 3 MTC HOLES MO8 DRILL
CHNK TOR i0-32FEM.MS CSNK FOR 1032 FHMS
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GENERAL RADIO CO.

VARIACS

MULTIPLE OPERATION OF VARIACS

Variacs can be ganged for operation of several unils
from a single shaft. With these multiple assemblies, several
cireuits can be controlled by one dial and the effective load
rating is correspondingly increased. To avoid circulating cur-
rents, however, Yariac windings should not be connected in
parallel.

In three-phase eircuits, two- and three-gang Variac as-
semblies can be used in exactly the same manner that single
Variacs are used in single-phase circuils. The most com-
mon methods of connection are the wye and open-delta. A
closed-delta connection may be useful for certain types of
work. Characteristics of wye and open-delta assemblies of
Variacs are given in the table below. Prices are as follows:

Ty pe Deseription Code Word Price
100-KG2 | 2gang 100-K BEAMYGANDU $85.00
100-KG3 S-gang 100-K BEAMYGANTY 130.00
100-LG2 egang 100-1. BEARDGANDU 85.00
100-LG3 S-gang 100-L REARDGANTY 130.00
200-CUG2 2 gang 200-CU BAKERGANDU 36.50
200-CUG3 F-gang 200-CU BAKERGANTY 56.00
200-CUHG?2 | 2-gang 200-CUIL | BaGUEGANDU 44,50
200-CUHG3 | S-gang 200-CUHl |  BAGUEGANTY 68.00
: -~ > At the left are shown wye and
open-delta connections for ganged
Variacs, The diagram shows the
Variae connected across the full
- phase or line voltage. By connecting
1 a tapped portion of the winding to
the line or a phase, obviously out-
put voltages greater than input
— - voltage ean be obtained.
Volt-Amperes _ Line Current Inpul
At Maxcimum At Input Line 3-Phase Type of
Foltuge Voltage Rated Maximum  Voltage  Line Vallage Farine Assembly Cirewil
115-VOLT CIRCUITS
2395 500 | 05 25 | o0 | 115 200-CUHG2 Open-delta
1170 1500 5 7.5 0-135 115 200-CLG2 Open-delta
1600 1500 b 9 0-250 | 115 100-LG2 Open-delta
3300 3500 | 15 175 | 0-115 | 115 100-KG2 Open-delta
230-VOLT CIRCUITS
430 1000 0.3 25 | 0-500 290 200-CUHGS | Wye
700 1000 1.5 2.5 0-270 230 200-CUITG2 Open-delta
3000 3000 5 7.5 0-250 230 200-CUGS ‘ Wye
8000 | 8600 ‘ 4 I e 230 100-LG3 Wye
3600 3600 8 9 0250 230 100-LG2 \ Open-delta
Goog Goog | 13 15 | 0230 230 100-KG3 Wye
440-VOLT CIRCUITS
1900 1900 15 2.5 0440 | a0 | 200-CUHGS | Wye
GO0Y | Gooo | 7 8 0-440 | 440 ] 100-LGS | Wye
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* RESISTORS

GENERAL RADIO CO.

TYPE 602 DECADE-RESISTANCE BOX

USES: Accurate resistance boxes are ex-
tremely valuable wherever electrical measure-
ments are made. Such boxes are constantly
used in circuits where a wide range of re-
sistance values is required or where variable
dummy generator and load resistances are
needed, The accuracy of Tyrr 602 Decade-
Resistance Boxesalso permits them to be used
as laboratory standards and as ratio arms for
direct- and alternating-current bridges.

DESCRIPTION: The Tyepe 602 Decade-
Resistance Box is an assembly of two or
more Type 510 Decade-Resistance Units in
a single cabinet. Mechanical and electrical
protection of the units is provided by the
shielded walnut cabinet and aluminum panel,
which completely enclose both the resistance
units and switch contacts. The resistance
elements have no electrical connection to the
shield, which is brought out to a separate
terminal connected to the panel.

Two-, three-, four-, and five-dial decade
assemblies are available. Each decade has
eleven contact studs and ten resistance units,
so that the dials overlap. A positive detent
mechanism assists in setting squarely on the
contacts and so permits adjustments to be
made without looking at the dials.

FEATURES: The switch resistance of all the
Tyre 602 Decade-Resistance Boxes has been
kept at about 0.002 ohm per decade by
careful mechanical design. This fact is very

18

important in applications where it is desired
to keep the zero resistance of a box as low
as possible,

The individual resistors in the Tyre 602
Decade-Resistance Boxes are adjusted to
have their specified values at their own
terminals and not at the terminals of the
box. This method of adjustment has been
adopted primarily because no method in
which the switch resistance is absorbed in
some one unit of a decade can give the
correct value of the total resistance for all
settings of the various decades.

There are also many types of measure-
ment, such as voltage-divider and substitu-
tion measurements, in which the difference
between two settings of a resistance box is
the important value. This difference is given
correctly only when the individual resistors
have been adjusted independently of switch
resistance.

All General Radio resistance boxes are
designed for both direct- and alternating-
current applications and their usefulness for
many applications extends well into the
radio-frequency range. Inasmuch as manga-
nin wire is used in all boxes except in the
highest decades of the Tyres 602-M and
602-L, no difficulty is encountered in direct-
current measurements because of thermal
emf’s (see discussion under Tyru 510 Decade-
Resistance Units). The lower decades are the
most satisfactory at high frequencies, but
there is no serious frequency error in any of



the units below 50 kiloeycles. Frequency
characteristies for the individual decades are
given under the Type 510 Decade-Resistance
Units on page 21. When several decades are
assembled in a single box, the box wiring
and capacitance to shield of the individual
decades will, of course, affect the frequency
characteristic, especially at the higher fre-
quencies.

The maximum allowable current for each

RESISTORS »

decade, based on a 40° Centigrade tempera-
ture rise, is engraved just above each decade
switch knob. This information is therefore
always before the student or laboratory
worker and so eliminales guesses as Lo how
much current can be carried by a given
decade.

The temperature coeflicient of resistance
for all the boxes is less than == 0.002 per cent
per degree Centigrade at room temperatures.

SPECIFICATIONS

Type of Winding: See specifications for Tyrm 510
Decade-Resistance Units, page 20.

Accuracy of Adjustment: All cards are adjusted within
0.1% of the stated value between card terminals, except
the 1-ohm cards which are adjusted within 0.25%, and
the 0.1-ohm eards which are adjusted within 19,
Zero Resistance: The zero resistance of the various
boxes varies with the number of dials as follows:

No. of Dials Zero Resisianee

2 0.004-0.006 ohm
3 0.006-0,009 ohm
4 0.008-0.012 ahm
5 0.010-0.015 ohm

Temperature Coefficient: Less than =£0.002%, per
degree Centigrade at room temperatures.
Frequency Characteristics: There is no serious frequency
error below 50 ke. AL higher frequencies the error results
from skin effect and the effect of the reactance in the
eards, and from the inductance of the box wiring which
is about 0,1 microhenry per dial.

For characteristics of the individual decades, sce
tabulations for Tyee 510 Decade-Resistance Unilts,
page 21,

Maximum Current: See specifications for Tyer 510
Decade-Resistance Units. page 21. Values for 40° Centi-
grade rise are engraved on panels directly above swilch
knobs.

Switches: Quadruple-leaf, phosphor-bronze switches
bear on contact studs ¥§ inch in diameter. Switch
brushes are bent so as not to be tangent to the arc of
travel, thus avoiding culting. A ecam-type detent is
provided. There are eleven contact points (0 to 10
inclusive).

Terminals: Jack-top binding posts set on General Radio
standard 34-inch spacing for resistance connections.
There is an extra post at the corner of the panel for
connections to the shield.

Mounting: A copper-lined walnut cabinet, with alumi-
num panel, completely encloses switches and resistance
units. The panel finish is black crackle lacquer.
Dimensions: Panel length depends on the number of
dials (see price list), being 734 for 2-dial, 1034 for 3-dial,
13 for 4-dial, and 1554 inches for 5-dial boxes. Panel
width, & inches. Over-all height, 5 inches.

Net Weight: 314 for 2-dial, 414 for $-dial, 5 for 4-dial,
and 614 pounds for 5-dial boxes.

This shows the interior con-
struction of a Typr 602-]
Decade-Resistance Box.

No. of Type 510
Type Resistance Dials Decades Used  Code Word Price
602-D 11 ohms, total, in steps of 0.1 ohm 2 A B | preeoy $25.00
602-E 110 ohms, total, in steps of 1 ohm 2 B, C DECRY 25.00
602-F 111 ohms, total, in steps of 0.1 ohm 5 A B C DELTA 35.00
602-G 1110 ohms, total, in steps of 1  ohm 3 B, C, D perr | 35,00
602-K 1111 ohms, total, in steps of 0.1 ohm 4 ABCD DEFER 45.00
602-J 11,110 ohms, total, in steps of 1 ohm 4 B,C,D E DEBIT 50.00
602-N 11,111 ohms, total, in steps of 0.1 ohm 3 ABCGCDE DEMON 62.00
602-M | 111,110 ohms, total, in steps of 1 ohm 5 B.C.D, E, ¥ | opmyr 70.00
602-L 111,100 ohms, total, in steps of 10 ohms 4 C,DEF DECAY 58.00
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* RESISTORS

GENERAL RADIO CO.

TYPE 510 DECADE-RESISTANCE UNIT

i

USES: The Tyre 510 Decade-Resistance
Units are precision resistors admirably suited
for assembly into either experimental or
permanent equipment where only a single
decade is desired or where a Type 602
Decade-Resistance Box cannot be mounted
conveniently.

DESCRIPTION: Each decade is enclosed in

an aluminum shield, and a knob and etched-

metal dial plate are supplied. The unit is also
available complete with shield, blank dial
plate, switch stops, and knob, but without
resistors, as the Tyre 510-P3 Switch.

FEATURES: Each resistor is carefully ad-
justed and aged before being assembled into
the units. The construction is such that
frequency errors are negligible below 350
kiloeyeles. Complete information is given in
the specifications under “Frequency Char-
acteristics.”

All resistors have a temperature coefficient
of resistance of less than +0.002 per cent per
degree Centigrade at room temperatures.
Manganin wire is used in all decades except
the Types 510-F and 510-G. Since the ther-
mal emf's generated at a manganin-copper
junction are very small, no difficulties arise
in low-voltage direct-current measurements
when these boxes are used. Since the 10,000-
ohm and 100,000-0hm cards are not wound
with manganin, care should be taken in low-
voltage dircct-current work to see that
temperature differences are kept at a
minimum.

Each resistor, with the exception of the
0.1-ohm steps, will dissipate approximately
one-half watt of power with a temperature
rise of 40° Centigrade. The allowable current
for this temperature rise is engraved on the
dial plate.

SPECIFICATIONS

Awccuracy of Adjustment: Resistors are adjusted to be
aceurate nt card terminals within the tolerances given
in T'able I on next page.

Maximum Current: See Tuble I on next page.
Type of Winding: See Table | on next page.

Frequency Characteristics: Tables 11 and TIT list, respec-
tively, the percentage change in resistance and imped-
ance for each decade, al maximum setting, as a
function of frequency. These values indicate the error
occurring when the decade is used as a series circuit
element or as u voltage divider, respectively. For the

low-resistance decades the errors are almost entirely due
Lo skin effect, while in the high-resistance decades the
shunt cupacitance canses most of the error. When these
decades are shunted across a tuned cireuit where the
reactance is tuned out, the remaining error is only that
owing to skin effect. That is, the parallel resistance of
the higher-resistance decades changes by only a fraction
of the amount that is indicated in the tables as the series
resistance error, This fact is particularly important with
reference to the Tyre 510-G which has 100,000-0hm
steps. AL maximum setting this unit hasa —1% change
in series resistance at 1 kilocvele, but its parallel re-
sistance is changed by only —1% at 10 kilocycles.

-

% e aF TS

These pictures show some of the constructional details of Tyee 510 Decade-Resistance Units. (Left) The
resistunce elements of the Tyre 510-A; (center) Details of contact and switch mechanisms; (right) The re-
sistance elements for Tyre 510-C.
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TABLE 1

RESISTORS »¢

Mazimum Power

Restsioncs Mazimum Current per Resislor
Type ___per Siep Accuracy  Type of Winding  20° (. Rise 40° C. Rise 40° €, Rise
510-A 019 | £10% | Bifilar 1 a | 16a 0.25 watt
510-B 1 0 +0.25%, | Ayrton-Perry 550 ma | 800 ma 0.6 watt
a10-C 0 9 +0.1%, | Ayrton-Perry 170 ma 250 ma 0.6 watt
510-D 100 +0.1% Ayrton-Perry 55 ma 80 ma 0.6 wall
510-E oo 4 +0.1% Unifilar on Mica 16 ma QB ma 0.5 watl
al0-1 10,000 © +0.1% Unifilar on Mica 5 ma T ma 0.5 watt
510-Cx o000 @ | £0.19% Spool 1.5 ma 2.5 ma 0.6 watt
TABLE I1
Percentage Change in Resistance
for Maximum Setting of Fach Decade as a Funetion of Frequeney
Decade Frequeney in ke

a0 100 200 500 1000 2000 5000

0. 1-ohm steps 0 0.1% 0.2% 1.5?’ 5 % - ‘ —-

1-ohm steps 0 0 0.1%, n.s}:, 1 % 4 % -

10-ohm steps 0 0 0 0.1%, 0.5, 2 9% 11%

100-0hm steps 0 0 0 0.19, 037 087 47,

1000-ohm steps 0 —0.1% —0.5%, -3 % —11: 9, - —

10,000-ohm steps | —2.5% | —12 % - | = - — ‘ ~

TABLE II1
Change in Impedance (as a percentage of nominal resistance)
for Maximum Setting of Each Decade as a Funetion of Frequency
Decade Frequeney in ke

50 100 200 500 1000 2000 S000

0.1-0hm steps 0.2% 0.7% 2 9% — - — e

l-ohm steps 0.1% 0.2% 1% 5 % — — —

10-0hm steps 0 0 0.1%, 0.2, 2 % --

100-0him steps 0 0 0 017 0.3%, 1% 5%

1000-0hm steps 0 —0.1% —0.5%, -2 o —6 7 — —_

10,000-0hm steps -2 o -10 9, — —_ | — — —_—

Switches: Quadruple-leaf, phosphor-bronze switches
bear on contact studs 34 inch in diameter. Switch
brushes are bent so as not to be tangent to the arc of
travel, thus avoiding cutting. A cam-type detent is
provided. There are eleven contact points (0 to 10
inclusive). The switch resistance is between 0.002 and
0,003 ohm.

Temperature Coefficient: The temperature coefficient
of resistance is less than =£0.002%, per degree Centigrade
al room temperalures.

Resistance Wire: Manganin is used on all the smaller
decades. The 10,000-ochm ecards are wound with a
combination of Niclrome and Ohmax, which gives a
nearly zero temperature coeflicient. Advance wire is
used on the 100,000-0hm units,

Terminals: Soldering lugs are proviled.

Mounting: Each decade is complete with dial plate and
knoh and can be mounted on any panel between 14 inch
and 2% inch in thickness.

Dimensions: See sketeh; shaft diameter is 24 inch.

Net Weight: Tyre 510 Units, 11 ounces; Tyre 510-P3,
914 ounces.

2 Mt9. holes #8 Drill
c'sink for 10-32 FH.M.S.

———————

Resistance
Type Total Per Step Code Word Price
510-A | 19 0.1 u ELATE $8.50
510-B 10 ¢ 1 @ ELDHR 8.50
510-C 100 @ 10 @ ELEGY 8.50
510-D | 1000 @ 100 @ ELOOW 8.50
510-E 10,000 @ 1000 @ ELECT 12.00
510-F \ 100,000 © 10,000 « BLVAN 14.00
510-G 1,000,000 100,000 « ENTER 30.00
510-P3 Switch. . ... .... N A e = Sy ENVOY 5.00
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* RESISTORS
TYPE 670 COMPENSATED DECADE RESISTOR

GENERAL RADIO CO.

USES: The Tyrr 670 Compensated Decade
Resistors are intended for use in a-c im-
pedance measurements, where non-reactive
increments of resistance are desired. This
type of decade is practically an essential for
radio-frequency bridge measurements, and
has made possible the development of Tyee
516-C Radio-Frequency Bridge. It is equally
useful in tuned-circuit substitution methods
of measurement. In the Tyre 667-A In-
ductance Bridge, for the precise measure-
ment of inductance at audio frequencies, this
decade resistor is also necessary.

DESCRIPTION: The Tyre 670 Boxes are as-
semblies of Tyre 668 Compensated Decade-
Resistance Units and Tyre 669 Compensated
Slide-Wire Resistors.

The decade-resistance units use a double
card system, as shown on next page, and
the switch is so arranged that a copper coil
is substituted when a resistance coil is
switched out of circuit. The inductanece of
the copper coil is equal to the inductance
of the resistance coil but its resistance is very
small. Consequently, as the position of the
switch is changed, the inductance of the
decade is kept constant and only the re-
sistance is varied.

A completely shielded cabinet is provided
with the shield brought to a separate terminal
for independent connection.

FEATURES: The greatest advantage of the
Tyre 670 Compensated Decade Resistor is
that its inductance is constant within 0.05
microhenry regardless of the resistance set-
ting of the box. Furthermore, the total in-
ductance of the box is but one microhenry
and so little difficulty is encountered in
balancing out this amount in preliminary
adjustments.

Two of the boxes have continuously-
adjustable compensated slide wires thus
allowing extra fine adjustment of resistance,
a feature especially useful in bridges where
accurate balance is desired.

High accuracy and low temperature co-
efficient of resistance are maintained in the
Tyrr 670 Boxes. The current ratings for all
decades, based on a 40° Centigrade tempera-
ture rise, are engraved on the panel,

SPECIFICATIONS

Type of Winding: The 10-ohm and 1-ochm steps are
Ayrton-Perry resistance cards, while the 0.1-ohm steps
are bifilar ribbon units, The construction of the slide
wires is shown on the next page.

All decades are compensated by copper coils as shown
in the diagram on the next page.

Accuracy of Adjustment: Hesistance increments are
correct within 0.19; for the 10-0hm steps, 0.25% for
the 1-ohm steps, and 1% for the 0.1-ohm steps. The
1-ohm and 0.1-ohm slide wires are correct within 17,
and 3% of full-scale value, respectively.
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Zero Resistance: The zero resistance of the different
boxes is given below.

Type Zero Resistanee Zero Inductance
670-BW | 0.035-0.055 ohm 0.70 microhenry
670-1 0.030-0.050 ohm 1.05 microhenry
670-I'W | 0.070-0.000 ohm | 1.05 microhenry

Inductance: The zero inductance of the boxes is given
in the table above. This value remains constant re-
gardless of resistance setting within 0.05 microhenry,



RESISTORS

Interior of Tyre 670-F' Compensated Decade Resistor.

Maximum Current: See specifications for Tyre 668
Compensated Decade-Resistance Unit and Tyre 660
Compensated Slide-Wire Resistor on pages 24 and 25,
Values for 40 Centigrade rise are engraved on the
panels directly above the switch knob.

Frequency Characteristics: The frequency characteristics
of the Tyre 670 Compensated Decade Resistor are
similar to those of the Tyre 668 and Tyre 669 Units
which are used in the boxes. However, the box wiring
and cabinet shield affect these characteristics somewhat.

Temperature Coefficient: Less than +0.002%; per degree
Centigrade at room temperatures.

Switches: Double-leaf, phosphor-bronze switches bear

on contact studs 1{ inch in diameter. Switch brushes
are bent so as not to be tangent to the arc of travel,
thus avoiding cutting. A cam-type detent is provided.
There are eleven contact points (0 to 10 inclusive).

Terminals: Standard 34-inch spacing is used on the
terminals, A ground post connected to shield and panel
is also provided.

Mounting: The dials are mounted on aluminum panels
in copper-lined walnut cabinets.

Dimensions: Panel, (length) 13 x (width) 5 inches.
Cabinet, (height) 5 inches, over-all,

Net Weight: 5 pounds (all types).

Type Resistance Type Units Used  Code Word Price
*670-BW | 0 to 11.1 ohms, total, with slide wire 608-A, -B; 669-R ABRID $60.00
670-F 0 to 111 ohms, total, in steps of 0.1 ohm | 668-A, -B, -C ABYSS 45.00
*670-FW | Oto 111 ohms, total, with slide wire 668-B, -C; 660-A ADOWN 55.00

*PATENT NOTICE. See Note 17, page v.

These two diagrams show the construction of Tyrr 668
Compensated Decade-Resistance Units and Tyrr 669
Compensated Slide-Wire Resistor,

The compensated decade resistance is shown at the
right. Opposite ends of the switch blade make contact
with resistance or inductance windings, respectively.
As a resistance step is added to the circuit, a com-
pensating inductance step is .removed and vice versa.
The construction of the compensated slide wire is shown
below. As the slider is moved along, a length of copper
wire is substituted for an equivalent length of manganin
wire and vice versa.

SECTION
THRU AA
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GENERAL RADIO CO.

RESISTORS

TYPE 668 COMPENSATED DECADE-RESISTANCE UNIT

USES: The Tyre 668 Compensated Decade-
Resistance Unit is the basic unit for the
Tyre 670 Boxes and can be built into experi-
mental or permanent equipment. For precise
impedance measurementsat radio frequencies
and many measurements at audio frequencies
the Typre 668 Units are indispensable as
bridge elements.

DESCRIPTION: The Tyre 668 Compensated
Decade-Resistance Unit is equipped with a
double set of switch contacts, by means of
which a copper winding is exchanged. step by
step, for the resistance cards, thus keeping
the total inductance constant regardless of
resistance setting. (See diagram under Tyri
670 on page 28.)

The units are mounted with an etched-
metal dial plate, knob, and stops, but with
no shield.

FEATURES: The Tyre 668 Compensated
Decade-Resistance Units are accurately ad-
justed resistances with a low temperature
coeflicient of resistance.

Since it is impossible to build a resistance
with no inductance, the next best condition
is o unit with a low but constant inductance.
Accordingly, the Typs 668 Units have been
built to have but a few tenths of a micro-
henry inductance and this value remains
constant to within 0.05 microhenry regardless
of resistance setting.

Careful construction has made it possible
to keep the frequency errors small and so all
units are useful up to several megacycles,

SPECIFICATIONS

Type of Winding: The 10-0hm and l-ohm cards are
Ayrton-Perry wound, while the 0.1-chm steps are bifilar
lhholl C ompu:satﬂ! windings are used on all decades
to 1)11111" tain constant inductance. (See diagram on page
23

Switch: A double-leaf, phosphor-bronze switch bears on
contact studs 14 inch in diameter. Switch brushes are
bent so as not to be tangent to the are of travel, thus
avoiding cutting. A eam-type detent is provided and
there are eleven contact points (0 to 10 inclusive).

Maximum Current: "I'he following table gives the allow-
able current for the different units. The values of
current for a 40° Centigrade temperature rise, based on
one-quarter watt dissipation per resistor are engraved
on the dial plate.

TABLE I

Current for Current for

Type 20° (!, Rise 0% C. Rise
66S-A 1.0 a 1.6 a
(i68-B 300 ma 00 ma
G68-C I 100 ma { 160 ma

Accuracy of Adjustment: Resistance increments are
correct within 1% for the 0.1-ohm steps, 0.25%, for the
I-ohm steps, and 0.1% for the 10-ohm steps.

Zero Resistance: The zero resistance of the different
units is given in Table 11.
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TABLE 1I

Type Zero Resistanca Inductance
G08-A 0,001-0.010 ohm 0.15 microhenry
G68-1 0.015-0.025 ohm 0.40 microhenry
G68-C 0.010-0,020 ahm 0.50 microhenry

Inductance: The inductance of the different units is

given in the table above. The inductance remains
constant regardless of resistance setting within 0,05
microhenry.

Temperature Coefficient: The temperature coefficient of
resistance is less than ==0.002%, per degree Centigrade
at room temperatures.

Frequency Characteristics: The frequency characteristics
of TyrE 668 Compensated Decade-Resistance Units are
similar to those of Tyre 510 Decade-Resistance Units,
page 20. Because 10-ohm cards are the lurgest used,
the effects of shunt eapacitance are entirely negligible,
and the change in resistance with frequency results
almost entirely from skin effect.

Although skin effect produces a positive effect on the
total resistance, the skin effect in the compensating
winding is greater than that in the resistance cards,
\m-urdmgi,\ there is o net negative change in resistance
increments. That is, the increment in resistance between
one switch point and the next higher one will be less at
high frequencies than at low. This “negative skin effect,”
at one megacycle, is about —0.8% for the units decade
and ahout —0.6% for the tens decade.



Terminals: Soldering lugs are provided,

Mounting: Interchangeable (except for switch stops)
with Tyrr 510 (see page 21.) A combination dial plate
and drilling template is furnished.

RESISTORS »

Dimensions: Diameter, 314 inches; depth behind panel,
3 inches, over-all; shaft dinmeter, 24 inch.

Net Weight: 10 ounces.

Resistance
Type Total Per Step Code Word Price
668-A 10 0.1 @ GARLE . $10.00
668-B 10 2 1.0 0 GAILY 12.50
668-C 100 @ 100 GALOP | 12.50

TYPE 669 COMPENSATED SLIDE-WIRE RESISTOR

USES: The Tyer 669 Compensated Slide-
Wire Resistor is designed for use in bridge
and other circuits, requiring constant-
inductance resistors, where it is desired to
secure a closer adjustment of resistance than
is possible with a Tyre 668 Compensuted
Decade-Resistance Unit. It is also used in
Tyre 670-BW and Tyee 670-FW Com-
pensated-Decade Resistors.

DESCRIPTION: Three parallel wires, two of
copper and one of manganin, are mounted
on the circumference of a bakelite disc. The
two copper wires are connected at one end
and a short-circuiting arm connects one
copper wire and the manganin wire, as shown
in the diagram on page 23. As the arm ro-
tates, the resistance is changed but the
inductance of the unit is unchanged.

FEATURES: The Type 669 Compensated
Slide-Wire Resistor is a continuously ad-
justable resistor and is very useful in obtain-
ing a precise balance in bridge circuits. Its

inductance is low and remains constant with-
in 0.005 microhenry, regardless of setting.

SPECIFICATIONS

Type of Winding: See diagram on page 23.

Accuracy of Calibration: Each unit is fitted with a dial
individually engraved at 2+ points giving the incre-
mental slide-wire resistance within 1% of full-scale
value for the l-ohm units and 59 of full-scale value for
the 0.1-0hm units.

Zero Resistance: The zero resistance of the Tyre 669-A
is 0.0 to 0.06 ohm while that of the Tyre 609-R is
0,015 to 0,020 ohm,

Maximum Current and Power: The following table gives
the values of allowable current for the two units:

Maximum Current

Type Jor 20° C. Rise  for 40° C. Rise
669-A 10a i 16a
660-R 3.0a 3.0 a

For a 40° Centigrade rise a maximum of 2.5 watls

will be dissipated by cach unit. The value of current
for this rise is engraved on the dial.

Inductance: T'he inductance of both slide wires is 0.15
microhenry. This value remains constant within 0,005
microhenry regardless of the setting,

Temperature Coefficient: Less than =20.002% per
degree Centigrade at room temperatures.

Frequency Characteristics: Shunt capacitance effects are
negligible, and the largest errors are due to skin effect,
which produces an error on the incremental resistance
of —2%, at 550 kiloeycles and —49 at 1 megacycle.
Terminals: Soldering lugs are provided.

Mounting: Interchangeable with Tyre 668, except for
the use of dial and slow-motion drive. A dial indicator
is supplied.

Dimensions: Dinmeter, 314 inches; depth behind panel,
3 inches, over-all,

Net Weight: 8 ounces,

Incremental
o Type Resistance Code Word Price
669-A ] 1.15 ohms GAMIN l $17.50
669-R 0.115 ohm GAZEL | 22.50

PATENT NOTICE. See Note 17, page v.
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GENERAL RADIO CO.

RESISTORS

DEomELS
ouT

TYPE 249 ATTENUATION BOX

USES: The Typre 249 Attenuation Box is
useful in power-level measurements, trans-
misston-efliciency tests, and in gain or loss
measurements on transformers, filters, ampli-
fiers, and similar equipment. It is also used
as a power-level control in ecircuits not
equipped with other volume controls.

DESCRIPTION: The Typs 249 Attenuation
Box is a constant impedance attenuator
which contains a group of resistance elements
so arranged that definite and known amounts
of power loss can be introduced by operating

the key switches, when the box is used
between specified values of input and output
impedances. The total attenuation is given
by adding the decibel values engraved by
each of the keys.

FEATURES: The outstanding features of this
box are its wide range and high accuracy. It
can be used on frequencies as high as fifty
kilocycles without introducing any appre-
ciable error. Both the T-type section and
the balanced-H section are available.

SPECIFICATIONS

Attenuation Range: 110 decibels in steps of 1.0 decibel,
Boxes with other altenuation ranges can be made on
special order.

Terminal Impedance: 500 olims, Boxes for other impel-
ances can be made on special order.

Accuracy: Each individual resistor is adjusted within
0,5% of its correct value. At frequencies helow 40 ke
the maximum error in attenuation is 0.2 db.

Type of Section: Both the T-section and balanced-H-
section models are available, Both types present a
constant impedance in both directions, but the lm}-
anced-I should be used where both sides of the circuit
must be balanced to ground.

Type of Winding: Ayrton-Perry windings are used for
the low-resistance elements, while unifilar windings on
thin mica cards are used for the high-resistance unils,
Maximum Voltage: The maximum permissible voliage
varies somewhat with the attenuation, but the power-
handling capacity of the boxes will not be exceeded,
for any setting, if the voltage applied to the input of the
Tyre 249-T is kept below 25 volts and that applied to
the Tyre 249-H below 35 volts.

Switches: Bight low-capacity key switches control the
eight attenuation sections.

Type

249-H
249-T
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Range

110 db in steps of 1.0 db
110 db in steps of 1.0 db

Tmpedance

500 ohms Balaneed-H | NETWORKROD
500 phims gl

Mounting: The units are mounted in shielded walnut
cabinets with aluminum panels. The panel and shield
are connected to the terminal marked G.

Terminals: Jack-top binding posts with #{-inch spacing

Dimensions: Panel, (length) 16 x (width) 514 inches.
Cabinet, (depth) 514 inches, over-all.

Net Weight: 71§ pounds.

. —0
4

o

T-SECTION

Type of
Seetion

Code Word Price

" $120,00
100.00

| NETWORKTOP |



RESISTORS ¢

TYPE 329-J ATTENUATION BOX

USES: The Tyre 329-J Attenuation Box is
used where small steps in attenuation are
desired.

DESCRIPTION: This attenuation box is made
in two sections which can be used separately
or in tandem. Each section is arranged so
that the attenuation is inereased from zero
by Lurning a large knob. A positive detent
mechanism is used which cenlers the multi-
ple-blade switch at each step. When the two
sections are used in tandem, the total atten-

uation is given by the sum of the readings of
the individual sections.

FEATURES: The Tyre 829-] Attenuation
Box is made of balanced-1I sections and has
separate ground terminals on the panel. The
two attenuation sections may be used either
separately or together, since separale termi-
nals are provided. Good accuracy and fre-
quency characteristics, together with the
convenience of having small steps of attenua-
tion, make this box a useful adjunct to every
communications laboratory.

SPECIFICATIONS

Asttenuation Range: T'wo sections are used, one having
a range of 5 decibels in steps of 0.5 decibel and the other
having a range of 50 decibels in steps of 5 decibels.
By means of removable links either section is made
separately available.

Terminal Impedance: 500 ohms, Boxes for other imped-
ances can be made on special order,

Accuracy: Each individual resistor is adjusted within
0.5%, of its correct value. At frequencies below 50 kilo-
cyeles the maximum error is 0.2 decibel.

Type of Section: The Tyre 329-J uses balanced-H
sections whieh present a constant impedance in both
directions. Both sides of the cirenit must be balanced
to ground when this Lype box is used. T-section boxes
can be supplied on special order.

Type of Winding: Ayrton-Perry windings on bakelite
cards are used for the low-resistance elements, while
unifilar windings on thin mica cards are used for the
high-resistance units.

Maximum Voltage: I'he maximum allowable voltage
varies slightly with the attenuation, but the power-
handling capacity of the sections will not be exceeded
for any setting, if no more than 45 volts are applied to
the input of either section.

Switches: Multiple-blade switches are used with a

positive detent which centers the blade at each step.
Mounting: A walnut cabinet is used with an engraved
bakelite panel.

Terminals: Jack-top binding posts with 34-inch spacing.
Separate terminals for each section and their grounds
are provided.

Dimensions: Panel, (length) 1674 x (width) 1034 inches.
Cubinet, (depth) 6 inches, over-all.

Net Weight: 12 pounds.

| 3
=
==
2 4
BALANCED-H SECTION

Type of ;
Ty pe Range Impedanee q&'ﬂ_rir'un Code Word Price
329.) | 55dbinstepsof 0.5db | 500 chms | Balanced-II | TExvroreic | $155.00
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®* RESISTORS

GENERAL RADIO CO.

TYPE 449-A ADJUSTABLE ATTENUATOR

USES: The Tyrr 449-A Adjustable Atten-
uator has been designed as a convenient and
compact unit to be used in broadcast speech
cireuits, motion-picture recording channels,
or any other audio-frequency circuit where
definitely known amounts of attenuation are
to be casily inserted and removed. It also
is useful as an isolation network or a taper
pad for changing impedance levels either up
or down.

DESCRIPTION: Three lever-key switches
control six separate balanced-11 networks,
The action of the first two keys inserts from

0 to 60 decibels attenuation in 10-decibel
steps. The third key operates an impedance-
tapering network,which tapersthe impedance
from 500 to 250 ohms and inserts 10 decibels
attenuation, in one position, and tapers from
300 to 50 ohms and inserts 20 decibels atten-
uation in another position. The middle posi-
tion of this key inserts no attenuation and
allows the box to work from and into 500
ohms.

The keys and pads are housed in a smull
cast aluminum case together with standard
input and output jacks, Mouuling holes are
provided on the base for use where the
attenuator is to be permanently attached
to other equipment.

FEATURES: The salient features of the
Tyre 449-A Adjustable Attenuator are
convenience, compactness, and accuracy.
Furthermore, this unit can be used as a taper
pad where changes in impedance levels are
desired. Two pairs of jacks are provided on
both input and output so that parallel con-
nections can be easily made. Either end of
the attenuator canbe used as the input. Com-
plete shielding isafforded by a cast-aluminum
case. The unit will dissipate up to 1.5 watts
at the nominal input impedance and can be
used without error on frequencies up to
20,000 cycles.

SPECIFICATIONS

Attenuation Range: When operating between 500-ohm
impedances, the range is 0 to 60 decibels in 10-decibel
steps. When operating between 250- and 500-ohm imped-
ances, the range is 10 to 70 decibels, while between 50
and 500 ohms it is 20 to 80 decibels, also in 10-decibel
steps.

Terminal Impedance: The impedance is 500 olims in one
direction, and either 30, 250, or 500 ohms in the other
direction, Either end may be used as the input.

Accuracy: Each individual resistor is adjusted within
1% of its correct value. For frequencies below 20 kilo-
eycles, the greatest possible error in attenuation is 0.2
decibel,

Type of Section: A balanced-H section is used. The
center connection is not grounded, but provision is made
for grounding it to the case if the user so desires.

Type of Winding: All cards are unifilar wound on
bakelite.

Maximum Power: The unit will safely dissipate a maxi-
mum of 1.5 walts at the nominal input impedance.
Switches: Three Western Electric lever-key switches are
used to control the separate attenuating networks,
Terminals: Two pairs of jacks, parallel connected and
designed to take the standard Western Electric Tyre
241-A Plugs, are provided at both input and output,

Type

Code Ward

Mounting: The unit is mounted in a cast-aluminum
case. An aluminum panel is used.

Dimensions: Panel, (length) 714 x (width) 53¢ inches
Cage, (depth) 514 inches, over-all.

Net Weight: 414 pounds.

Wiring diagram of the first switch of Tyre 449-A
Adjustable Attenuator. Connections for the other
switches are identical.

Price

449-A |
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RESISTORS »

TYPE 646-A LOGARITHMIC RESISTOR

USES: The Tyru 646-A Logarithmic Resistor
is used in measuring circuits where a wide
range of resistance values must be covered
and where, though each value used must be
accurately known, using, for example, 5000
ohms instead of 6000 o,fuus would cause no
trouble. It can be used as a test load in
transformer or amplifier measurements where
the logarithmie arrangement of the resistance
values makes it quite easy to cover quickly
a wide range of impedances. Because of the
convenient terminal arrangement it is also

possible to use this box as a logarithmic
voltage divider.

DESCRIPTION: Two decade switches are
used, the one with resistance values from 0.1
to 100 kilohms and the other with values
from 0.1 to 100 megohms. Both switches are
brought out to panel terminals,

FEATURES: The main features of this unit
are its wide range in approximately loga-
rithmie steps, its compactness, and accuracy.
The box is completely shielded, and a separate
terminal is provided for ground.

SPECIFICATIONS

Range: 0 to 100.1 megohms in approximately loga-
rithmie steps,
Accuracy of Adjustment: Individual resistors are
adjusted as follows:

Between 0.1 k2 and 2 k2, 0.19; between 5 k! and
1.0 M@, 0.25%; 2 MQ to 20 M®Q, 5%; 50 M® and
100 M1, 10%,.

Type of Winding: The construction of the units below

KILOWMS M

|

OHMS

Ty pe Resistance

the 20,000-2 point is similar Lo General Radio standard
resistance-card construction, Between the 20,000-2 and
the 1-M2 steps, wire-wound units are used; above
1 M1, the units are of the metallized type.

Frequency Characteristics: The impedance for alternat-
ing currents of any frequency is given approximately
by considering a capacitance of 20 puf with a power
factor of 0.05 to be in parallel with the used portion of
the “megohms” dial. Second order corrections may he
made for a 2 pul capacitance between the high-resistance
terminal of the “megohms” dial and ground. For resist-
ance uses the unused portion of the “megohms™ dial
should be short-circuited.

Maximum Current: Individual resistors between 0.1 k&
and 0.5k will safely carry 70 ma. Between 1 k2 and
1 MQ each resistor will dissipate 1 watl, Resistors
greater than 1 MQ will dissipate 2 watts,

Maximum Voltage: 500 volts,

Terminals: Jack-top binding posts with 3{-inch spacing.
Mounting: A copper-lined cabinet with an aluminum
panel completely encloses hoth switches and resistors.
The panel finish is black erackle lacquer.

Dimensions: (Length) 734  (depth) 5 x (height) 5 inches,
Net Weight: 314 pounds.

Code Ward Priee

646-A

100.1 megohms, total . ........... - AWAKE ]

§50.00
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RESISTORS

TYPE 654-A DECADE VOLTAGE DIVIDER

USES: The Tyer 654-A Decade Voltage
Divider will supply exact voltage ratios
between 0.001 and 1.000 in steps of 0.001,
and so is useful on the input of amplifiers and
similar high-impedance circuits for reducing
the input voltage by a definitely known ratio
which can be varied in very small steps.

DESCRIPTION: Thisinstrument isequivalent
to a pair of Tyre 602 Decade-Resistance
Boxes connected in series and so manipulated
that as resistance is taken out of one box it
is added to the other to maintain the total

resistance constant at 10,000 ohms This
action is accomplished through the use of
two Tyre 510 Decade-Resistance Units
operated from each control knob by means
of a chain drive.

FEATURES: The Typs 654-A Decade Voltage
Divider covers a very wide range of voltage
ratios, It is possible to obtain 1000 different
ratios from 0.001 to 1.000, and each one is
known with excellent accuracy. The input
resistance remains constant regardless of
dial settings, and so reaction on the input
voltage is eliminated.

SPECIFICATIONS

Range: Voltage ratios from 0.001 to 1.000 in steps of
0.001 can be obtained by setting up the desired value
on the three switches.

Accuracy: Each individual resistor is adjusted within
0.1%, so the error in voltage ratio is never greater than
0.2%.

Frequency Characteristics: If the external cupacitance

Type Veltage Ratio

which is placed ncross the ontput terminals is less than
20 uuf, the frequency error is less than 0.19; for all
frequencies below 10,000 eycles.

Input Impedance: The input impedance is a constant
resistance of 10,000 ohms regardless of the ratio setting.
This value is engraved on the panel.

Output Impedance: The voltage divider is accurate
only when the output impedance is essentially infinite.
Maximum Vcltage The maximum allowable input
voltage for a 40° Centigrade temperature rise is 250
volts. This value is engraved on the panel.

Temperature Coefficient: The temperature coefficient
of the resistors is less than 20,0029 per degree Centi-
grade at normal room temperatures.

Terminals: Jack-top binding posts are provided and
standard #{-inch spacing is used, The shield is con-
nected to one terminal of both input and output which
is marked G.

Mounting: The decades are mounted on an aluminum
panel which is enclosed in a shielded walnut cabinet.
Dimensions: Panel, (length) 13 x (width) 7 inches.
Cabinet, (depth) 514 inches, over-all.

Net Weight: 814 pounds.

Price

Cade T 'nr_nl" (-

654-A | 0.001 to 1.000 in steps of 0.001
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$85.00
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USES: A calibrated slide-wire resistor is an
extremely useful laboratory accessory. TyprE
526 Mounted Rheostat-Potentiometer 1is
sufficiently accurate for use in many bridge
measurements and is recommended for use
as the power-factor control in Type 625-A
Bridge.

It is a convenient resistor to use in de-
termining resistance values in experimental
circuits.

DESCRIPTION: A standard Tyrwr 471 Rheo-
stat-Polentiometer is mounted in a steel case
and furnished with a calibrated dial plate
and standard terminals. The resistance unit
uses a four-finger contact arm which gives
smooth and aceurate variation of resistance.

FEATURES: This rheostat is calibrated di-
rectly in resistance with an accuracy of 5 per
cent. It is much smaller in size than a decade
resistance box of equal resistance, Conse-
quently, where accuracy permits, it is much
more convenient to use.

RESISTORS
TYPE 526 MOUNTED RHEOSTAT-POTENTIOMETER

I |

Typr 526-B Mounted Rheostat-Potentiometer,

SPECIFICATIONS

Panel view of Typre 526-C, showing dial and

Range: T'he ranges listed in Lhe table below are stocked.
Other ranges can be made to special order.

Winding: The winding is a carefully adjusted Tyre
471-A Rheostat-Potentiometer.

Accuracy: The total resistance has been adjusted within
+2.57; of the rated value. The calibration is accurate
within =59 of full scale.

Maximum Current: The maximum allowable current for
the different units is tabulated below. This value is also
engraved on the dial plate,

Mounting: Drawn-steel cases with hard-rubber panel
for protection of unit and for convenience in wiring into
experimental circuits, The ecase may be used as an
electrostatic shield.

Terminals: Two pairs of jack-top binding pests, one for
input and one for output, on standard %¢-inch spacing,
are provided.,

Dial Plate: Each unit has a S-inch photo-engraved dial
plate with 50 divisions and is calibrated directly in
IIIHTIS,

Finish: Black erystalline lacquer,

Dimensions: (Diameter) 414 x (height) 435 inclies, over-
all

connections. Net Weight: 115 pounds.

Type Resistunce Mazx. Current Code Waord Price
526-D 0- 100 ohms 330 ma ETHER $8.50
526-A 0- 1000 ohms 110 ma EVADE 8.50
526-B 0- 10,000 ohms 33 ma EVENT 8.50
526-C 0-100,000 ohms 11 ma EVOKE 8.50

31

OO OldaVy TVIIN3D



®* RESISTORS

GENERAL RADIO CO.

TYPE 663 RESISTOR

Photograph of Tyre 663 Resistors. The disassembled units show the method of construction.

USES: The Tyre 663 Resistor is designed to
have an accurately known impedance at high
frequencies. It is particularly useful as a
standard resistor for the resistance-variation
method of impedance measurement at radio
frequencies andasacircuit element in bridges
and similar equipment. It is also useful as a
terminating resistor for matching radio-
frequency transmission lines and, generally,
asalow-resistance standard in high-frequency
applications where small residual reactance,
accurately known resistance, and moderate
power-handling capacity are required.

DESCRIPTION: A straight piece of resistance
wire is soldered to two flat metal plates
which are mounted close together on a strip
of insulating material. A thin piece of mica
insulates the wire from the plates, except at
the soldered ends. This assembly is rigidly
clamped together with a top piece of insu-
lating material. The flat metal plates extend
on either side to form slotted terminals.

FEATURES: A resistor for high-frequency use
should have an impedance which varies as
little as possible with frequency and which
is as nearly resistive in nature as possible.
These requirements demand that skin effect
be kept at a minimum and that residual in-
ductance and capacitance be made very
small.

The straight-wire resistor approaches this
itleal more closely than any other type
through the use of short pieces of fine wire.
In the conventional form, however, two dis-
advantages occur. Iirst, the fine wire has
relatively high series induetance compared to
its shunt capacitance, and low-resistance
units consequently tend to have relatively
high inductive reactances. Second, the fine
wire cannot dissipate any appreciable power
without overheating.
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The design of the Tyre 663 Resistor over-
comes these disadvantages. The straight wire
is clamped down upon the flat metal fins and,
as a result, the inductance is decreased over
the free space value by virtue of the shielding
effect of the current flow in the plates. By
this same construction the power dissipation
is greatly increased because the heat is car-
ried away from the wire by the terminal fins.

The equivalent circuit for the Tyrr 663
Resistor, when mounted approximately one
inch above a metal panel, is given on page
33. Values of the residual inductance, L, for
the different units are tabulated in the
specifications.

Residual inductance and capacitance cause
two effects. First, they cause the resistance
component to vary with frequency and,
second, they create a residual reactive com-
ponent. If the resistance, R, is large com-

L i : §
pared to \/g , where L is the effective series
resistance and C the effective shunt capaci-
tance, the resistive component decreases

Wi =Bl

Ratio of effective resistance to d-¢ resistance as a
function of frequency.




Ratio of equivalent series reactance to d-c resistance
as a function of frequency.

with frequency; if the resistance is small
L . :
compared to 0 the resistance increases

with frequeney up to a peak heyond which
it decreases. For values of R large compared

. L : asia
with \/(: . the reactance is capacitive; for
| A .
values of R less than 0 the reactance is
inductive np to the resistance peak. It is

: N
desirable to maintain \/F of the same order

of magnitude as the resistance in order to

RESISTORS

minimize both resistance change and reactive
component. The construction of the Type
663 Resistor, which gives low inductance at
the expense of increased capacitance, fulfills
this condition.

The accompanying curves illustrate the
behavior of Tyre 663 Resistors as a function
of frequency when mounted on a pair of
Tyre 138-VD Binding Posts with one end
grounded to a l4-inch metal panel upon
which the binding posts are assembled with
Tyre 274-Y Mounting Plates. With this
setup, the effective shunt capacitance con-
sists of the sum of (1) the direct capacitance
of the resistor, (2) the capacitance to ground
of one mounting lug, (3) the direct capaci-
tance between binding posts, and (4) the
capacitance of one binding post to ground.*
The total capacitance in this case is approxi-
mately 6.5 upf and the conditions are there-
fore more severe than would exist if a low-
capacitance mounting were used.

It will be seen that the reactance is large
compared to the resistance for low values of
resistance and high frequencies. In most ap-
plications, this is not important because the
reactance can be tuned out.

See R, F. Field, "Direct Cupncitance and Its Measurewent,”
Geneval Rudio Erperimenter, Vol. VIIL No. 6, puge 5; Nov. 1933,

SPECIFICATIONS

Resistance Values: Standard units are available in the
following resistances: 1, 2, 5, 10, 20, 50, and 100 ohms.

Accuracy: All units are adjusted within 19.

Residual Parameters: The following table gives approxi-
mate values for L for the different units:

Current for

Resistance I 40° €. Rise
1 ohm 0.0065 uh 1.4 a
2 ohms 0.018 gh 10 a
5 ohius 0.015 ph 05 a
10 ohms 0.029 gh 085 a
20 ohms 0.082 rh 02 a
50 ohms 0,084 uh 01 a
100 ohms 0.039 uh 0.06 a

Skin Effect: For all units the skin effect is less than 19
for frequencies below 50 megacycles.

Temperature Coefficient: At normal room temperature
the temperature coefficient is less than =40.0029, per
degree Centigrade,

Maximum Power and Current: The allowable power
dissipation for a 40° Centigrade temperature rise varies
slightly with resistance, being 2 watts for the 1-ohm
unit and 0.4 watt for the 100-ohm unit. The rated

current for this temperature rise for the different units
is given in the table,

Terminals: The flat metal plates to which the resistance
wire is attached are used as terminals, and are both
slotted and drilled for convenience in mounting,
Dimensions: (Length) 214 x (width) 114 inches. Over-all
height, 5§ inch.

Net Weight: 2 ounces.

i 2.0-2.2 upf
i

L R

o—+-000—AA\N\—t—o

IO.TS}pr

= 0.75 upf
e

Equivalent cireuit of Tyre 663 Resistor.

Ty pe Resistance Code Ward Price
663-A 1 ohm pANLC $5.00
663-B 2 ohms PARTY 5.00
663-C 5 ohms PATTY 5.00
663-D 10 ohms PEDAL 5.00
663-E 20 ohms PENAL 5.00
663-F 50 ohms PENNY 5.00
663-G 100 ohms PETTY 5.00
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e RESISTORS

GENERAL RADIO CO.

TYPE 500 RESISTOR

USES: The Tyrr 500 Resistors are particu-
larly recommended as resistance standards
for use in impedance bridges. They are also
valuable as secondary standards for labora-
tory use. The plug-type terminals make them
convenient for terminating impedances for
attenuation boxes, lines, and similar circuits
and as cireuit elements in either experimental
or permanent equipment,

DESCRIPTION: This resistorisan accurately-

adjusted resistance card, scaled in a bakelite

case. Both screw-type and plug-type termi-
nals are provided.

FEATURES: In the Tyre 500 Resistors both
convenience and aceuracy are combined. The
terminal arrangement allows either perma-
nent or temporary connections to be made in
the simplest possible manner. Low tempera-
ture coefficient and excellent high-frequency
characteristics make these resistors suitable
for a wide variety of applications.

SPECIFICATIONS

Resistance: Nine standard values, as tabulated below.
are stocked. Other values can be built to special order.
Accuracy of Adjustment: Each resistor is adjusted
within 0.1 of its stated value at the terminals of the
unit, except the 1-ohm unit which is adjusted within
0.25%,.

Frequency Characteristics: The error is less than 019
below 50 ke, At higher frequencies errors result frmn
skin effect and the effect of reactance in the resistor.
The tables on page 21 represent accurately the perform-
ance of the I-ohm through 600-0lm values. For the
higher values, the errors are much less than those
tabulated, because of the relatively negligible shunt
capacitance of an isolated resistor.

Maximum Power and Current: All units will dissipate
one watt for a temperature rise of 40° Centigrade. The
value of current for this rise is given in the table below
and is engraved on each unit.

Tempenlure Coefficient: At normal room lemperature,
the temperature coefficient is less than =0.0027; per
degree Centigrade.

Type of Winding: For resistances of less than 200 ohms
Ayrton-Perry windings are used; for higher values of
resistance the winding is unifilar on mica cards.
Terminals: Both terminal serews and plugs are supplied,

and both ean be used. Each terminal stud is recessed
us a jack to accommodate u plug. Standard 34-inch
spacing is used.

Mouating: Each resistor is sealed in a case of black
moulded bukelite with an impregnating wax. Two
mounting holes are provided.

Dimensions: (Length) 234 x (width) 154 inches. Over-all
height, exclusive of p]ngs. 1 inch.

Net Weight: 2 ounces.

2 MTG. HOLES
NO.16 D?ILL IN CASE

Ty pe Registance Mazximum Current Code Word Price
500-A 10 ‘ 1.0 a | RESISTRIRD | $2.00
500-B 10 @ 510 ma RESISTHESK 2.00
500-C I 50 140 ma RESISTFORD 2.00
500-D 100 @ 100 ma HESISTFROG 2.00
500-E ‘ 200 @ 70 ma RESISTGIRL 2.00
500-F 500 @ 45 ma RESISTGOAT 2.00
500-G 600 2 40 mn RESISTGOOD 2.00
500-H \ 1000 © \ 30 ma RESISTHYMN 2.00
500-J 10,000 @ 10 ma RESISTMILK | 2.00
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TYPE 525 RESISTOR

USES: This precision-type resistor is intended
as a dummy-antenna in measuring the out-
put power of radio transmilters, and for use
in general laboratory work requiring a re-
sistor of both high precision and high power-
handling capacity.

DESCRIPTION: The Tyrr 525 Resistor con-
sists of a mica card wound with resistance
wire, which is clamped between two alumi-
num castings and insulated from them by
two thin mica sheets. The aluminum castings
are heavily ribbed to give a large radiating
surface, and the whole unit is supported on
heavy porcelain insulators.

FEATURES: The outstanding features of
these units are their high power rating and
accurate calibration,

SPECIFICATIONS

Resistance: Standard stock models are available with
the resistance values tabulated below. Other values may
be had on special order.

Photograph of Tyre 525-1) Resistor with upper casting
removed, showing construction of the resistance card.

Accuracy of Adjustment: All resistors, except the
4-olum unit, are adjusted within 0.19 of the rated value
at the terminals of the unit. The #-ohm resistor is
adjusted within 0.23%.

Frequency Characteristics: ‘The frequency character-
istics of these resistors are in general similar to those
of Tyre 510 Decade-Resistance Units. Resistors of
100 ohms and below will increase in resistance with
frequency and the inerease is greater when the shield
is connected to one side of Lhe resistor Lhan when it is
floating. The G00-ohun unit shows an increase in resist-
ance at frequencies up to several megacyeles when the
shield is floating, but with the shield grounded to one
side of the \\nu{:ng. the resistance decreases with fre-
quency and never rises above its nominal value.

Power and Current Rating: All sizes will dissipate 50
watts for a temperature rise of 100% Centigrade. For a
temperature rise of 150” Centigrade, a maximum of 100
watts can be dissipated.

Values of current for the 1007 Centigrade rise in
temperature are given in the table below,
Temperature Coefficient: 'or temperatures helow 1007
Centigrade the temperature coefficient is less than
+0.002%, per degree Centigrade.
Terminals: Jack-top binding posts mountei on isolantite
washers are provided. Standard 34-inch spacing is used.
Shielding: The aluminum castings can be used as an
electrostatic shield, both resistor terminals being insu-
lated Irom them.
Mounting: Resistors are wound unifilarly on mica and
clamped between two pieces of mica and two heavily
ribbed aluminum castings, the whole unit being sup-
ported on poreelain insulators.

Dimensions: (Length) 4x (width) 4 x (height)
Net Weight: 114 pounds.

214 inches.

Current,

Type Resistance 100° €. Rise Code Word Price
525-C 4 ohms 85 a | CABAL $8.00
525-D 10 ohms 22 a CAHIN 8.00
525-F 40 ohms 1.1 n CAHOR 8.00
525-H 100 ohms 0.7 a CADDY 8.00
525.L | 600 ohms | 0.0 a CADET 8.00
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GENERAL RADIO CO.

USES: This high-impedance volume control
is intended for use as a gain control in the
grid circuit of a vacuum tube. It can also be
used as a multiplier for a vacuum-tube
voltmeter,

DESCRIPTION: The Tyee 642-D Volume
Control is a potentiometer-type voltage
divider made up of wire-wound resistance
units. A four-leaf phosphor bronze switch

TYPE 642-D VOLUME CONTROL

is used to reduce wear and noise. A positive
detent is normally provided but this may be
easily removed.

FEATURES: The high impedance of this
control allows it to be used in vacuum tube
circuits where low-impedance controls would
be impractical. Its noiseless control, covering
a wide range of attenuation, allows it to be
used in even very low-level circuits.

SPECIFICATIONS

Range: The standard unit has a range of attenuation
from 0 to 30 decibels in 3-decibel steps. Other ranges
can be made to special order.

Accuracy: All resistorsare adjusted within =17 of their
correct value. Accordingly, the attenuation is accurate
within 0.2 decibel.

Frequency Characteristic: If the external capacitance of
Lube and wiring which is placed across the output is less
than 20 pyl, as it usually is, the frequency error will be
less than 0.1 decibel at all frequencies below 10,000
cycles.

Input Impedance: The input impedance is 200,000 ohms,
resistive,

Output Impedance: The unit is intended to work into
an essentially infinite impedance, such as the grid of a
vacuum tube,

Type of Winding: Wire-wound resistors are used.
Maximum Current: Although normally used in circuits
drawing no current, a current of 4 ma will not cause a
temperature rise sufficient to affect the rated accuracy.
Switch: The switch arm is constructed of four-leaf phos-
phor bronze, which provides for long wear and excep-
tionally low contact noise. The cam-type detent can be
easily removed if smooth switch action is required.

Attenuation

Total

Type

Per Step

Mounting: This unit is similar in construction to the
Tyre 510 Decade-Resistance Units.

Terminals: Three soldering lugs are placed at the end of
the unit for making connections, and the shield has a
small opening for conmecting wires,

Dimensions: Shield dinmeter, 31{; inches; depth behind
panel, 314 inches,

Net Weight: 16 ounces

3
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VOLTAGE DIVIDER

Impedanece Code Word Price

642D | 30db | 3db
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RESISTORS ¢

TYPE 653 VOLUME CONTROL

USES: The Tyer 653 Volume Controls are
intended for use as microphone mixers and
master gain controls in broadeasting and
recording studios.

DESCRIPTION: The individual resistors are
wound on cylindrical spools which are part
of the bakelite moulding which holds the
beryllium-copper switch contacts. A three-
bladed beryllium-copper contact arm wipes
these contacts at an angle, thus helping to
eliminate wear and noise. One section of the

aluminum shield is used to cover the winding.
The other section covers the contacts and is
easily removed for cleaning and lubrication
of the contacts.

FEATURES: The Tyrpr 653 Volume Control
is a small, compact, and convenient unit that
gives smooth and noiseless control even when
used in very low-level circuits. The attenua-
tion islinear with dial setting, and the imped-
ance remains practically constant in both
directions throughout the attenuation range.

SPECIFICATIONS

Attenuation Range: The attenuation between contacts
is 1.5 decibels, but, since the switch arm bridges two
contacts in passing from one to another, the attenuation
actually changes in fractional decibel steps from 0 to 43
decibels, There is an initial insertion loss of 6 decibels.
Ahove 45 decibels the attennation increases rapidly to
“infinity” (about 120 decibels with the usual type of
mixer wiring),

Terminal Impedance: 50-, 200-, 250-, and 500-0hm units
are stocked but others ean be built to special order. The
impedance is practically constant in both directions.

Type of Section: A ladder-type network is employed.

Frequency Characteristics: Variations in attenuation
with frequency are less than 1 decibel up to 20,000
eyeles.

Maximum Power: All units will dissipate a maximum of
1.5 watts at the nominal terminal impedance.

Shielding: A two-section aluminum cover is providex.
(ne section is removable and gives access to the con-

tacts for cleaning; the other acts as a dust cover and
shield for the windings.

Switch: A 8-bladed beryllium-copper switch makes firm
contact with beryllium-copper contact points.

Dial Plate: A dial plate calibrated directly in decibels
also serves us a drilling template.

Knob: Tyre 637-K, with engraved while arrow, A
button is provided on the skirt of the knob for con-
venience when the control is uwsed in dimly-lighted
monitoring hooths.

Terminals: Pins for making soldered connections are
provided.

Mounting: The unit is arranged for panel mounting by
means of two screws which are supplied. It may be
mounted on panels up to ¥4 inch in thickness. Holes are
spaced 114 inches apart.

Dimensions: Maximum over-all radius, 134 inches.
Maximum depth behind panel, 2% inches, Shield
diameter, 234 inches.

Net Weight: 13 ounces.

Type I'mpedanee (Cloile Word Price
653-MA 50 @ CLUMP $12.50
653-MB 200 COACH | 12.50
653-MD | 250 0 CARAT 12.50
653-MC J 500 @ COAST . 12.50
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GENERAL RADIO CO.

RHEOSTAT-POTENTIOMETERS

(Voltage Dividers)

USES: Variable resistors and potentiometers
are useful in assembling experimental equip-
ment where tube voltages and cireuit ele-
ments are to be varied until the final design
is obtained. In standard equipment such as
oscillators, bridges, test equipment, and
industrial instruments, many manufacturers
find General Radio rheostats extremely use-
ful as filament- and plate-supply controls,
output potentiometers, bridge arms, and as
parts of almost any instrument where vari-
able resistances are needed. Ganged units
can be used where simultaneous control is
desired. Units with special resistance values
or tolerances can be made to order. In
addition to the ordinary linear models,
tapered units of both the straight and
logarithmie type can be made to satisfly
particular requirements.

GENERAL DESCRIPTION: The resistance

wire is wound on a strip of insulating material

TYPE 533

]
1o

aoif ONE-HOLE
E MOUNTING
132 THREADED NECK

such as bakelite, which is then bent around
and fastened to the moulded bakelite sup-
porting form. All units are so constructed
that the shaft may extend through either or
both ends of the rheostat. Terminals and
mounting holes are provided on all models.

FEATURES: A large variety of models is
available with power ratings from 8 to 250
watts and maximum-resistance ranges from
0.75 ohm to 200,000 ohms. Three terminals
are provided, so that all models can be
used either as rheostats or as potentiometers.

All but the largest and smallest models
are interchangeable on the standard three-
hole mounting, and every type except one,
the Type 410, can be converted for top-
of-table mounting. The units are normally
furnished ready for panel mounting and
the conversion is accomplished by only a
few moments' work with a serew driver.

SPECIFICATIONS

Accuracy: All types are wound to an accuracy of
£10%.

Terminals: Screw terminals with soldering lugs are pro-
vided on all models except Typre 538 and Tyre 333,
which are furnished with jack-top binding posts.

Dimensions: Over-all size and mounting dimensions are
shown on the accompanying sketches.

TYPES 214, 314, 371, 471, 333, 154

Type AlInches) B(Inches)
214-A 814 1Y
314-A | 344 134
371-A 314 r 215
471-A 34 254
343-A 4 | 254
154-A 3y 114
154-B 314 214
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TYPE 371 RHEOSTAT-POTENTIOMETER

All of the Tyee 371 Rheostat-Potenti-
ometers have a single-blade contact arm
which wipes the edge of the winding.

In Type 871-T the resistance is approxi-
mately proportional to the square of the

RESISTORS »

angle, inereasing with clockwise rotation of
the knob in a panel-mounted unit. It is also
possible to obtain other tapers, such as
logavithmie, and other values of total resist-
ance on special order,

SPECIFICATIONS

Maximum Resistance: Nine stock models are listed in
the table below, Units with Lotal resistaneces from 1 ohm
to 100,000 ohms can be wound to special order.

Power Rating: 20 wutts except for the Tyre 871-T
which is 8 watts.

Rotation Angle: 3057 (approx.). No orF position.
Shaft: Steel, 14-inch diameter. Knob: Tyre 637-G.

0D OldVy TViI3INI9

Mounting: Standard 3-lole; machine screws, nuts, and
template furnished. (See page 58.)

Net Weight: (i ounces.

.‘IHJ‘ f‘”! um .1! r rl TR {‘.’0”’8

Type Revistance Current Word Price
371-A 19| 445a manLy | $4.00
371-A 50 2.0 1 RELAY 4.00
371-A 1000 ©2 | |40 ma | REDAN 4.00
3IT1-A 2500 1 9 ma | REFIT 4,00
371-A 5000 « GO ma | rRoror 4.00
371-A 10,000 ¢ ‘ 43 ma | ROWDY 4,00
371-A | 18,000 o 23 ma | RULER 4.00
371-A | 50,000 «; 20 ma | saTyR 4.00
#371.T | 10,000 @ | 28 ma ‘ SULLY 4.00

*Tapered model.

TYPE 214-A RHEOSTAT-POTENTIOMETER

SPECIFICATIONS

Maximum Resistance: Ten stock models are listed in
the table below. Units with total resistances from 0.4
ohm to 70,000 ohms can be wound to special order.

Power Rating: 9 watts,
Rotation Angle: 215° (approx.). No orr position.
Shaft: Steel, 14-inch diameter. Knob: Tyre 637-G.

Mounting: Standard 3-hole; machine serews, nuts, and
template furnished. (See page 38.)

Net Weight: 5 ounces.

Mazimum Maximum Code
Tupe  Resistance  Cnrrent Word Price
214-A 0.75 3.5 a EHINY $1.50
214-A 2 Ql 21 a RUDDY 1.50
214-A 7 Q 1.1 a RURAL 1.50
214-A 20 al 0.67a RAZOR 1.50
214-A 50 Q1425  ma! marm 1.50
214-A 100 Q800 ma wver 1.50
214-A 200 o210 ma | EBmpry 1.50
914-A = 400 Q150 ma| gosix 1.50
214-A | 1000 Q9  ma| BExac 1.50
214-A | 2500 Ol 60 ma| syrup 1.50

The construction of this unit is similar to
that of the Tyre 371, Owing to its smaller
size, the power rating of this type is some-
what less than that of the Tyrg 371.




GENERAL RADIO CO.

RESISTORS

TYPE 471-A RHEOSTAT-POTENTIOMETER

This rheostat-potentiometer is suitable for
use in high-impedance vacuum-tube circuits
where high values of resistance and low noise
level are required.

The high resistance is obtained by winding
the card with fine wire and then protecting

it externally from mechanical damage or
derangement of the turns by means of a
securely anchored band of linen bakelite.
Low noise levels are assured through the
use of a contact arm bearing four separate
wiping fingers whose average contact resist-
ance is essentially constant for any position
of the knob. The unit may be mounted
directly on a metal panel without the neces-
sity of insulating bushings, for the bakelite
shaft removesall possibilities of short circuits.

SPECIFICATIONS

Maximum Resistance: Six stock models are available
as listed below. Units with total resistance from 50 ohims
to 200,000 ohms can be made on special order.
Power Rating: 11 watts.

Rotation Angle: 204° (approx.). No orr position.

Shaft: Bakelite, %¢-inch diameter. Knob: Tyre 637-H
Mounting: Standard 3-hole; machine serews, nuts, and
template furnished. (See page 38.)

Net Weight: 0 ounces.

Mazximum Marimum Code

Type Resistance ('urrent IV ord Priee
*4T1-A 100 0 | 330 ma | EqQUIP $6.00
4T1-A 1000 ¢ | 104 ma ERASE 6.00
4T1-A 10,000 o 33 ma ERECT 6.00
471-A 50,000 15 ma ERODE 6.00
471-A | 100,000 10 mn nu e 6.00
471-A (200,000 ¢ | T ma | BsKER 6.00

*Does not have linen-bakelite protecting strip,

TYPE 314-A RHEOSTAT-POTENTIOMETER

This type is of the same mechanical and
electrical construction as the Tyer 471-A

but differs from it in that a shorter winding
form is used.

The physical dimensions of this unit are
the same as those of the Tyrr 21£-A but
because of the protecting strip the Tyee
314-A has a reduced power rating.

SPECIFICATIONS

Maximum Resistance: Tive stock models are listed
helow. Units having total resistance hetween 2 ohims
and 100,000 ohms can be made on &l]'u'r-inl order.

Power Rating: 6 watis.

Rotation Angle: 294° (approx.). No ory position.

Shaft: Bakelite, *%-inch diameter. Knob: Tyre 637-H.
Mounting: Standard 3-hole; machine serews, nuts,
and template furnished. (See page 38.)

Net Weight: 6 ounces

Maximum Mazimum  Code
7'_;”:!' Resistance  Current Ward Price
314-A 200 02| 170 ma | ExATE $4.00
314-A 600 ¢ 100 ma EXDOW 4.00
314-A 2000 ¢ S5ma | ENEMY 4,00
314-A 6000 (2| 32ma | ExsOY 4,00
314-A | 20,000 2| 17 ma | BxmoL 4.00



This type is the smallest size rheostat
manufactured by General Radio and is very
useful for many applications because of its
compactness, It will dissipate 6 walts maxi-
mum except on the 10,000-0hm and 20,000-
ohm models which, because of the small
wire size used, have a linen-bakelite pro-
tecting strip around the outside of the wind-
ing, with a consequent reduction in heat-
radiating eapacity.

SPECIFICATIONS

Maximum Resistance: Six stock maodels are available
as listed lhere. Units with total resistance from 0.25
ohm to 50,000 oluns can be wound on special order.
Power Rating: G watts except for 10,000-0hm and
20,000-0hm models which will dissipate 3 watts,
Rotation Ang|¢: 254° (approx.). No oFr position.

Shaft: Steel, 1{-inch dinmeter. Knob: Tyre 657-A.
Mounting: Two-hole mounting is used; machine screws,
nits, and template arve furnished. (See page 88.)

Net Weight: 3 ounces,

RESISTORS
TYPE 301-A RHEOSTAT-POTENTIOMETER

Type 410-\,

Type 301-A.

Maximwm  Macimum — Code
Tupe  Rosistance C'urrent Word — Prive
301-A 60 1 & PALSY §1.00
301-A | 12 @ 0.7 n REMIT 1.00
301-A 25 @ 0.5 a RENEW 1.00
301-A 200 ¢ | 175 ma | rReEBUS 1.00
*301-A | 10,000 @ 17 ma | evriy 1.50
*301-A | 20,000 12 ma | cRUMB 1.50

Supphed with lines-lakelite proteeting strip.

TYPE 410-A RHEOSTAT-POTENTIOMETER

This type is identical with the T'yes 301-A
Rheostat-Potentiometer except that it is
made for single-hole panel mounting only.

Although this feature does not ordinarily
allow the unit to be used on metal panels, it
is very convenient for many applications,

SPECIFICATIONS

Maximum Resistance: IFour stock models are available
as listed here. Units with total resistance from 0,25
ohm to 50,000 ochms can be made on special order.

Power Rating: 6 watts.

Rotation Angle: 250° (approx.). No orp position.
Shaft: Steel, 14-inch dinmeter. Knob: Tyre 637-A.
Mounting: Single-hole panel tyvpe only. (See page 48.)

Net Weight: 3 ounces.
Maximum Maximum  Code
Type Resistanee  Current H'nr._r' _}‘r iee b
410-A 6 1 a | samor $1.00
410-A 120 07a SALON 1.00
410-A 25 1 0.5 a SALTY 1.00
410-A ‘ 200 < | 175 ma ‘ SATIV 1.00

TYPE 154 VOLTAGE DIVIDER

These adjustable voltage dividers have
three rotary taps instead of the usnal sliders.
The winding of the Typr 154-A is similar in
construction to the Tyre 314-A Rheostat-
Potentiometer, and the Tyrp 154-B is similar
to the Tyer 471-A.

Tolal Maximum (Cade

Ty pe Resiztance C ':_.-rrnn‘ Word Price
154-A 50004 | 35 ma | mviparmy | $6.50
154-A 10,000 2 | 24 ma | mivipBOAT 6.50
154-A 20,0000 | 17 ma | pivibears 6.50
154.B 50,000 15 ma | DIVIDEYRE 8.50
154-B | 100,000 | 10 ma | pivibrFacT 8.50
154-B | 200,000¢ | 7 ma | pivipGirL 8.50

Power Rating: Tyerr 13k-A, 6 watts; Tyre 154-13, 11
walls,

Mounting: Standard S-hole. Supplied as table mounting.
Net Weight: Tyre 154-A, 6 oz.; Tyer 154-B, 9 oz.

0D 0Ol1dVvy TVHYIN3ID
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TYPE 533-A

TYPE 333-A

TYPE 533-A RHEOSTAT-POTENTIOMETER

This i1s a heavy-duty unit which can
dissipate 250 watts under continuous load.
The frame is of moulded hakelite, and the
resistance element is wound on an ashestos-
covered aluminum strip that serves to dis-
tribute the heat to be dissipated to all
portions of the element for better radiation.

This unit should not be used in closed com-
partments or where a meansof ventilation has
not been provided to keep the temperature
of associated apparatus at a reasonable value,
The standard jack-top binding posts nsed
«n this type facilitate the rapid making of
connections with Type 274 Plugs.

SPECIFICATIONS

Maximum Resistance: Seven stock models are listed
here. Units with other values of total resistance from
1 ohm to 3300 ochms can he made on special order.
Power Rating: 230 watts.

Rotation Angle 405" (approx.). No oFF position.
Shaft: Steel, %4-inch diameter. Knob: Tyre 637-Q).
Terminals: Jack-top hinding posts are provided. Stand-
ard 34-inch spacing is used.

Mounting: Four-hole mounting is used. Machine serews,
nuts, and template are furnished. (See page 38.)

Net Weight: 17¢ pounds,
Mazximum  Maximum  Code

Type Resistance  Current Ward Priee
533-A 10 1580 | MOLAR $6.00
533-A 39 0.1a | moxap | 600
533-A 10 ¢ 50a | MORAL 6.00
533-A 30 © 29a MOTTO 6.00
533-A 100 @ 1.6a MUGGY 6.00
533-A 300 0.9 a MUMMY 6.00
533-A 600 ¢ 0.0 a | MUSTY 6.00

TYPE 333-A RHEOSTAT-POTENTIOMETER

This type, although smaller, has, in
general, the same constructional features
as the Type 538-A. The ashestos-covered

aluminum strip is used, and jack-top binding
posts are used for the terminals. A single-
hlade contact arm is used.

SPECIFICATIONS

Maximum Resistance: Seven stock models are listed
here. Units having other values of total resistance
from 1 ohm to 1200 ohims can be made on special order.
Power Rating: 100 waits.

Rotation Angle: 2897 (approx.). No orr position.
Shaft: Steel, * Kneb: T'yre 637-11.
Terminals: Jack-top binding posts are provided, Stand-
ard ¥4-inch spucing is used.

Mounting: Standard $-hole; machine serews, nnts, and
template furnished. (See page 38.)
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s-inch diameter.

Net Weight: 11 aunces,
Muaximum Muaximum  Coide

Twpe Resistance  Currend Ward Price
333-A 10 10,0 & VALOR $4.00
333-A 30 58a VAPID 4.00
333-A 10 ¢ 5.2a VENUS 4.00
333-A 30 1.8 a VIGIL 4.00
333-A 100 ¢ 1.0a | vicow 4.00
333-A 300 0.6 a VILLA 4.00
333-A 600 ¢ O4a | vIPER 4.00
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LOSSES IN AIR CONDENSERS
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Equivalent eircuit of a variable air condenser,
showing residual impedances.

As a continuously adjustable standard of
impedance the wvariable air condenser ap-
proaches very closely the ideal cireuit ele-
ment. For many uses at audio and low radio
frequencies the residual components are
negligible and it is permissible to consider
the condenser as having a pure, constant
capacitance. However, for use in precise
measurements of impedance, especially al
high radio frequencies, it is necessary to take
account of the small residual parameters.

In a variable air condenser these residual
impedances are caused by: (1) losses in the
solid dielectric material, (2) losses in the
metallie structure, and (8) induectance in the
leads and stack supports. An equivalent
circuit representing a variable air condenser
including these residual parameters is shown
above.

In the diagram the conductance, G, cor-
responds to losses in the solid dielectric parts
of the condenser; the resistance, R, cor-
responds to losses in the metal parts of the
condenser; and theinductance, L, corresponds
to the magnetic flux set up by conduction
currents in the condenser. The eapacitance,
C, is the static capacitance of the condenser.

The parameters, R, L, and G, are all essen-
tially constant as a function of dial setting
for Tyre 722 Precision Condensers. The di-
electric conductance, G, may be considered
as the sum of two components, one the d-c
leakage conductance of the dielectric sup-
ports and the other a conductance corre-
sponding to polarization losses in the sup-
ports. The first of these is constant as a
function of frequency; the second inereases
approximately as the first power of the
frequency. Except at very low frequencies
(order of 5 cycles or less), the leakage con-
ductance is negligible.

The metallic resistance, R, is essentially
constant as a function of frequency for low
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frequencies and increases approximately as
the square root of the frequency at fre-
quencies sufficiently high so that skin effect
is essentially complete (order of 1 Me).

The inductance, L, remains very closely
constant as a function of frequency.

The metallic resistance, R, and the di
electric conductance, G, combine to cause a
dissipative component approximately equiv-
alent to a resistance

G
Re=R+ op
in series with a perfect capacitanee, or to a
conductance

G, =G+R(w()?
in parallel with a perfect capacitance.

The residual inductance, L, eauses the
effective terminal capacitance, C,, to depart
from the static capacitance. €, according Lo
the law

oG
.I‘ ] -_w2!l(.:

At low frequencies the effect of the residual
parameters, R and L, is negligible, and the
condenser acts like a pure capacitance, (| in
parallel with a conductance

G.=G
or in series with a resistance

&
Re= ety
Under this condition
g = R.w(? = DC = constant

where D is the dissipation factor of the con-
denser. The numerical value of this constant
is a convenient figure of merit to define the
magnitude of the losses.

At high frequencies the other residual
parameters become important. The losses in
the metal parts of the condenser increase
with frequeney until they are first compara-
ble to and finally in excess of the losses in
the diclectric parts. At high frequencies it is,
therefore, necessary to consider both com-
ponents of loss.*

. F. Field and D. B, Sinclair, "A Mothod for Determining the
Residual Inductance and Resistance of a Variable Air Condenser
at Radio Frequencies,” Proe. LR.E,, 24, 2, February, 1036
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USES: The Typrr 722 Precision Condenser is
a variable air condenser intended for use as
a standard of capacitance,

It is widely used in a-¢ bridges both as a
built-in standard and as an external standard
for substitution measurements. It is also
used as a tuning condenser in oscillators,
frequency meters, and other instruments
where accuracy and stability are important.

DESCRIPTION: The whole condenser assem-
bly is mounted in a cast frame, which is used
to give the unit rigidity. This frame, the
stator rods and spacers, and the rotor shaft
are made of an alloy of aluminum and
copper which combines the mechanical
strength of brass with the weight and tem-
perature coefficient of aluminum. The con-
denser plates are of aluminum, so that all
parts have the same temperature coefficient
of linear expansion. In models where space
permits, increased stability is obtained by
the use of Mg-inch plates,

A worm drive is used in this condenser to
obtain the desired precision of setting. In
order to avoid the slight eccentricity which
is almost inevitable when a worm gear is
mounted on a shaft, the worm in the Tyrgr
722 Precision Condenser is cut directly on
the shaft. The dial end of this worm shaft
runs in ball bearings, while the other end is
supported by an adjustable spring mounting.
Ball bearings are used at both ends of the
rotor shaft. Electrical connection to the
rotor is made, not through the bearing, but
by means of a phosphor-bronze brush run-

CAPACITORS »
TYPE 722 PRECISION CONDENSER

ning on a brass drnm. This method assures
a positive electrical conlact.

FEATURES: Both the materials and the
mechanical arrangement used in the Type
722 Precision Condenser have heen carefully
selected to give the instrument a high degree
of stability under constant laboratory use.
The entire mounting is extremely rigid, and
the bearings and drive mechanism have
been arranged so as to reduce the backlash
to less than one-half a worm division, and
to give an extremely small worm correction.

The temperature coefficient of capacitance
has been kept low by using parts which all
have the same coefficient of expansion. In
order to keep the dielectric losses low, only
a small amount of dielectric 1s used, and this
is placed in a weak electric field. When it is
desired to reduce the dielectrie losses still
further, quartz insulation may be used instead
of the standard isolantite.

All models can be sel to one part in 25.000
of full seale, a precision of setting which is
more than adequate for most measurement
uses. Standard calibrations arve accurate to
1.0 puf and give an internal consistency of
calibration good to 0.1 per cent of full scale.
A more precise calibration with a worm cor-
rection can be supplied, giving corrections
which permit an internal consistency of 0.1
puf. The accuracy at the terminals, however,
may still be limited to approximately 1 puf
by the lack of a standard technique for con-
necting the condenser into a measuring
circuit. (See General Radio Eaperimenter,
Vol. XII, No. 8, January, 1938, for a com-
plete discussion of connection errors.)

Interior view of a Typre 722-D Precision Condenser.
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SPECIFICATIONS

Capacitance Range: Three stock models are available:
Tyee 722-D, direct reading in capacitance over two
ranges, 25 Lo 110 puf, and 100 to 1100 uuf; Tyee 792-F,
mliﬁraled every half-worm Lurn, 500 puf maximum;
Tyre 722-M, intended for bridge-substitution measure-
ments and direct reading in capacitance remored from
the condenser over a range of 1000 uuf.

Rotor Plate Shape: Semicireular for all models, to give
a linear capacitance characteristic,

Standard-Calibration Accuracy: Tyve 722-D: The ca-
pacitance of the nmien section, 100 to 1100 gul, is indi-
cated directly in micromicrofarads by the dial and
drum readings within =1 gul. The capacitance of the
Low section, 25 to 110 wgf, is indicated directly in
micromicrofarads by one-tenth of the dial and drum
readings within 0.2 uuf.

Tyre 722-F: The capacitance at every half-worm turn
is given in a mounted chart to 0.1 uuf, accurate within
+0.5 pul. The capacitance differences between suc-
ceeding half-worm turns is also given to 0.1 ppf, and is
accurate to =1 uuf.

Tyre 722-M: The capacitance at a reading of zero
for the dial and drum is indicated on a small card
mounted on the panel. This capacitance, about 1130 puf
in magnitude, is given to 0.1 puf, and is accurate within
<1 puf. The condenser is adjusted to indicate directly
in micromicrofarads the capacitance removed from the
circuit to an accuracy of =1 uul.

These accuracies are indicated on the certificate or
chart which accompanies each mounted condenser. No
calibration is furnished with unmounted models.

Worm-Correction Calibration: Worm corrections can be
supplied for all three models according to the price list.
Mounted charts are supplied which give the corrections
to at least one more figure than the guaranteed accu-
racies, which are stated below,

Tyre 722-D: When this correction is used, the capac-
itance of both sections can be determined within ==0.1
pf or £0.1%, whichever is the greater, and capacitance
differences can be measured to an aceuracy of 0.2 uuf
or =4-0.1%, whichever is the greater, with the mcn
section; and =0.04 pufl or =:0.19%, whichever is the
greater, with the Low section.

Tyre 722-F: The capacitance can be determined
within 40.1 guf or £0.19,, whichever is the greater.
Capacitance differences ean be measured within =01
put or =0,1%, whichever is the greater.

Tyre 722-M: Capacitance differences, in capacitance
removed, can be measured within =202 puf or 20,17,
whichever is the greater.

Maximum Voltage: All models, 1000 volts, peak.

Dielectric Supports: T'wo bars of isolantite support the
stator assembly, and conical bushings insulate the
terminals from the panel. Quartz insulation can be
supplied on special order, (See price list,)

Dielectric Losses: The figure of merit, Rw(?, when
measured at 1000 cveles is approximately 0.04 x 10712
for isolantite insulation and 0.003 x 10" for quartz.
Residual Parameters: The series metallic resistance is
about 0.02 ohm at 1 megacycle and increases directly
as the square root of the frequency.

The series inductance is approximately 0.065 gh.
Temperature Coeffici The temperature coeficient
of capacitance is approximately +0.002% per degree
Centigrade.

Drive: A worm and Fear drive is used. To reduce irregu-
larities and backlash the worm is cut integral with the
shaft. The backlash is less than one-half worm division
(there are 250 divisions per worm turn for the Tyre
722-1) and the Tyre 722-M; 200 divisions for the T'yrr
722-F). If the desired setting is always approached in
the direction of increasing scale reading, no calibration
error from this cause will result.

Terminals: Jack-top binding posts are provided. Standard
34-inch spacing is used. The rotor terminal is connected
to the panel and shield.

Mounting: Mounted models are attached to an alumi-
num panel finished in black erackle lacquer and erclosed
in a shielded walnut cabinet. A wooden storage case
with lock and carrying handle is included.
Dimensions: (Mounted models) Panel, 8 x 914 inches;
depth, 814 inches. (Unmounted models) 78 (length) x
06%4 (width) x 7 (depth) inches,

Weight: 1114 pounds; 2014 pounds with earrying ease.

MOUNTED MODELS

Type Cupacitance Range —— Codo Word  Price
R b | cvmr ‘ $85.00
799.D | 95 to 110 suf and 100 to 1100 uf, direct reading. ... ._...| cwvEs 110.00
722-M 0 to 1000 uuf, direct reading in capacitance removed from circuit coMIC | 100.00

Worm-Correction Calibration for Types 722-F and 722-M ... ... ... ....... WORMY 35.00
Worm-Correction Calibration for Type 722-D............. . ... | womwy | 50.00
When ordering. use compound code word, cunmworny, ete.
UNMOUNTED MODEL
Type Mazimum Capacitance Code Word Price
722-FU l 500 uuf | CUBITPANEL | $65.00

QUARTZ INSULATION

Any Type 722 Precision Condenser can be obtained with quartz insulation.

Code Word Additional Price

Quartz Insulators. . ........

When ordering, use compound code word, cuBITQUaTz, ete.
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Details of Brushes and Dise.

Right: Interior photograph of a Tyre

722N Precision Condenser, showing

the leads and the method of connection
to the rotor.

USES: This condenser is a capacitance
standard which has been designed particu-
larly for use at radio frequencies in series- or
parallel-resonance methods of impedance
measurement. It is also useful as a variable
apacitor in radio-frequency bridges,

DESCRIPTION: The frame, bearing, and
drive mechanism of this condenser are
identical with those used on Lhe other Tyre
722 Precision Condensers. The rotor and
stator leads, however, are not brought out
in the conventional manner, In the Tyrr

CAPACITORS
TYPE 722-N PRECISION CONDENSER

722-N Precision Condenser connecltion is
made at the cenler of both plate stacks,
phosphor-bronze brushes bearing on a brass
dise being used for the rotor connection.
FEATURES: The important features of this
condenser are ils low metallie resistance and
low inductance. Both of these quantities
are about one-third the magnitude of those
in the Tyre 722-D Precision Condenser. The
accuracy of calibration is as excellent and
the dielectric losses as low as in the other
Tyre 722 Condensers,

SPECIFICATIONS

Capacitance Range: 100 to 1100 wuf, direct reading.
Rotor Plate Shape: Semicircular to give a linear capaei-
tance characteristic,
Standard-Calibration Accuracy: The capacitance,
measured at 1000 eyeles, is indicated direetly in micro-
microfarads by the dial and drum realings to =1 puuf
Worm-Correction Calibration: A worm correction can
be supplied on special order. (See price list.) A mounted
chart is supplie | giving the corrections to at least one
more figure than the guaranteed accuracy stated below,
When this correction is used, the capacitance can be
determined within 2=0.1 gul or 2017, whichever is
the greater, and ecapacitance differences can be measured
to an accuracy of =0.2 puf or 0,19, whichever is the
greater,
Dielectric Supports: T'wo bars of isoluntite support the
stator assembly, and a third insulates the high terminul
from the panel -
Dielectric Losses: The figure of merit, Rw(?, when
measured at 1000 eycles, is approximately 0.05 x 10712,
(See discussion on “Condenser Losses™ on page 44.)
Other Residual Parameters: The series metallic resist-

_Type —
722-N 100 to 1100 uuf, direct reading .
Worm-Correction Calibration . -
When ordering use compound code word, BOXERWORMY,

Deseription

ance is about 0.008 ohm at 1 megacycle and increases
directly as the square root of the frequency, The di-
electric and metallic losses are approximately equal at
a setting of 1000 pul and a frequency of 1 Me.

The series inductance is approximately 0.024 uh, The
increase in capacitance caused by this inducltance
reaches 107 at a setting of 1000 guf and a frequency of
10 Me.

At smaller capacitance settings the effects of residual
parameters are less. The equal division of losses occurs
at 20 Mc for a setting of 100 guf and the 109, capaci-
tance rise oceurs at 30 Me for the same setting.
Maximum Voltage: 1000 volts, peak.

Temperature Coefficient: Approximately +0.0027, per
degree Centigrade.

Mounting: The condenser is mounted on an alumi-
num panel finished in black erackle luequer and enclosed
in a shielded walnut cabinet. A wooden storage case
with lock and carrying handle is included.
Dimensions: Panel, 8 x 014 inches; depth, 834 inches.
Net Weight: 1114 pounds; 2014 pounds with carrying
case.

- Code Waord Price N
BOXER $150.00
WOoRMY 35.00
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TYPE 539 VARIABLE AIR CONDENSER

Tyre 539-K Condenser.
USES: The Tyre 539 Variable Air Condenser
is a general-purpose unit which can be used
in experimental circuits or built into stand-
ard instruments, Many manufacturers, in-
cluding the General Radio Company, have
used these condensers as the wvariable
apacitance in bridges, beat-frequency oscil-
lators, '-;tand.lrd-ulgnal generators, and other
measuring equipment. Different plate shapes
are available for different applications, and
one model is available with an insulated rotor
so that both rotor and stator may be above
ground potential.

DESCRIPTION: Three brass rods, extensions
of which serve as mounting pillars, rigidly
support the two end plates. On each end
plate is mounted a block of isolantite which
carries Lthe two rods to which the stator is
attached. This method of mounting insures
low losses and facilitates the use of special
plate shapes.

In the mounted models, which are supplied
only with semicircular plates, a 100-division
dial, using a friction-drive vernier, is pro-
vided. Capacitance calibrations can be
furnished to order on these units.

FEATURES: This condenser is a rugged and
stable unit which is also low in price. The
mechanical design is such that it may very
easily be built into other instruments, and
the fact that special plate shapes are avail-
able makes it very adaptable for use in
oscillators, signal generators, and similar
apparatus.

\\w .
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SPECIFICATIONS

Capacitance Range: Six unmounted and three mounted
models having the nominal capacitances listed on the
next page are stocked.

Calibration: No calibration is normally supplied with
any of the units, but the mounted models carry an
engraved nameplate which gives the actual maximum
mui minimum capacitance, aceurate within 0.5% of full
scale.

On special order a mounted calibration curve, accu-
rate within 0.5% of full scale, or a mounted enlibration
table for 11 points, accurate within 0.57%, of full scale,
can be supplied for the mounted models. See the price
list on the next page.

Dielectric Losses: The figure of merit, Rw('?, is approxi-
mately 0,04 x 10712,

Insulated Rotor Model (Type 539-TA): Direct capaci-
tance between rotor and stator is given in the price list.
The power factor of this capacitanceis less than 0.00002,
The capacitance between rotor and frame is 24 puf;
that between stator and frame is 12 puf,
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Plate Shape: Semicircular rotor plates giving linear ca-
pacitance variation with setting are used on Tyres 539-J,
539-K, and 539-L and on all mounted models.

Rotor plates for Tyres 339-T and 530-TA are cut to
give a linear frequency variation with setting over 250°
of a possible 270% angle of rotation when a capacitance
of 25 pufl is connected in parallel with the condenser.

Tyre 589-X has a spread-out seale for use on a beat-
frequency oscillator. A counterclockwise rotation from
the minimum capacitance pesition of 40 907, 230°, and
255° i increases the capacitance by 0.4%, 5%. 82%, and
1007, respectively, of the total mcremmt

Maximum Voltage: Tyre 530-] is rated at 1100 volts
peak; Type 539-K at 800 volts, peak; and T'yers 559-L,
539-T, 539-TA, and 539-X at 550 volts, peak.

Knobs and Dials: Mounted models are furnished with
180-division dials and a friction-drive vernier, but none
are supplied mth the unmounted models. Note that all
models have ¥¢-inch shafts and that Tyres 530-T,



530-TA, and 339-X require a scale spread over 270°,
instead of the 180° required by the other types.

CAPACITORS »

Terminals: On unmounted models, soldering lugs are
mounted on the lower isolantite support of all except
Tyrr 539-TA. The rotor connection for this condenser
is brought out through an isolantite hushing in the rear
end plate, Mounted maodels have juck-top binding posts
mounted on the panel.

Mounting: Tyres 539-A, 539-B, and 539-C are mounted
on an aluminum panel and enclosed in a shielded walnut
cabinet. All other models are unmounted.

Dimensions: Unmounted models, see accompanying
outline drawing; depth behind il:lll(:‘l (A) 6 inches, over-
all. Mounted models, panel, 614 x 614 inches; height,
824 mches, over-all.

Net Weight: Approximately 234 pounds for unmounted
models; 634 pounds for mounted models.

UNMOUNTED MODELS

Naom I'M!r' ianee 5 Code
~ Type Maximum  Minimum Description W ard . Prive B
539-J 500 uuf 40 puf Straight-line capacitance. .. .. ... .. .. _. ATLAS $10.00
539-K 1000 puf 40 ppf Straight-line capacitance . . ATONH 11.00
539-L 2000 puf 40 uuf Straight-line capacitance ATTLE 12.00
539-T 500 uuf 30 ppl Straight-line frequency . .. .... ...... CLOSE 12.00
539-TA 500 uuf 18 uuf | Straight-line frequency, insulated rotor . . CLOTH 15.00
539-X Q00 puf | 40 upl Special spread-out scale . — ATGER 12.00
MOUNTED MODELS
Nominal Capacitance
Type - "l{:r.r!'m um Mintmum Coda THard Price )
*539-A | 500 uuf 50 puf ASSAY $92.00
*539.B 1000 ppf 55 upl ASSET 23.00
“539-C 2000 ##f G jlpf ASTER 24.00
Mounted Calibration Curve . ; - N CURVE 4,00
11-point Calibration Table. .. . ... ... ... ... .. ... . ... ... CHART | 3.50

*Calibrations supplied only when ordered. Use compound code words, Assayouant, ABSETCHART, o ASTERCIANT.

PATENT NOTICE. See Note 17, page v.

An antenna measuring set using Tyre 539 Condensers for tuning elements. Note also the Tyrs 358 Condensers
and Type 510 Decade-Resistance Units.
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TYPE 246 VARIABLE AIR CONDENSER

USES: This condenser is for use in measuring
and experimental circuits which require a
high-grade capacitor but where extreme pre-
cision of setting and accuracy of calibration
are not needed. It is ideal as the “balancing
condenser” in the substitution method of
capacitance measurcment.,

DESCRIPTION: The Typr 246 Variable Air

Condenser is rigidly constructed, using cast-

U,
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aluminum end plates, heavy supporting pil-
lars and isolantite insulation. The plates are
of aluminum, separated by ucnnr.lte] y turned
spacers. A geared slow-motion drive giving a
reduction of 10:1 is provided in addition to
direct drive by the main dial.

FEATURES: This condenser is a rigidly con-
structed, stable, and inexpensive variable air
condenser with high values of capacitance.

SPECIFICATIONS

Capacitance Range: Three stock models are available as
listed below,

Plate Shape: Semicircular rotor plates giving linear
capacitance variation with setting are used on all
models.

Calibration: No calibration is supplied with this con-
denser, but theactual values of maximum and minimum
values of capacitance, acenrate within 0,57 of full scale,
are engraved on the nameplate. A mounted calibration
curve, accurate within 0.5 of full seale, or & mounted
calibration table far 11 points, accurate within 0.5% of
full scale, can be prepared to order. (See the price list
below,)

Losses: The figure of merit,
0.06 x 10712,

ReC?, is approximately

Naminal Capacitance

Maximum Voltage: Tyer 246-L and Tyre 246-M are
rated at 800 volts, peak; Tyre 246-P, 500 volts, peak.
Drive: A spur-gear slow-motion drive having a ratio of
10:1 is an auxiliary control for the large knob and dial
mounted on the rotor shaft.

Terminals: Jack-top binding posts are mounted on the
panel.

Mounting: The condenser is mounted on an aluminum
panel, finished in black crackle lacquer and enclosed in
a shielded walnut cabinet.

Dimensions: Panel, 714 x 714 inches. Cabinet, (height)
for Tyre 246-1, 8% inches; for Tyeres 246-M and
246-P, 1134 inches, over-all,

Net Weig[’lt. Tyre 246-L, 1134 pounds; Types 246-M
and 246-P, 15 pounds.

Type Maximum Minimum Code Word Price
*246-L 1500 puf 55 ppf CEDAR | $38.00
“946-M 3000 ypf 70 p:;.lf CHAOS 45.00
*246-P 5000 uuf 72 ppl CHARY 54,00
Mounted Calibration Curve. . . ; CURVE 4,00
Mounted 11-point Calibration Table .. CHART | 3.50

*Calibrations supplied only when ordered. Use compound code m.lrd €.§1., CEDARCHART, CHAOSCHART, cle
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TYPE 739 LOGARITHMIC AIR CONDENSER

Tyre 739-B Condenser.

USES: In vacuum-tube oscillators which
covera wide range of frequency, a Iunralli]lluu‘
variation in frequency with dial rotation is
usually desirable. Typs 739 Logarithmic Air
Condensers are designed to give this fre-
quency vartation in tuned-circuit oscillators
and beat-frequency oscillators. One model,
Tyre 739-A, intended for use with heat-
frequency oscillators, is used in Tyre 713-B
and Typr 700-A Beat-Frequency Oscillalors;
the other, Typr 789-B, is used in Tyrr 605-B
Standard-Signal Generator and T'yre 684-A
Modulated Oscillator.

DESCRIPTION: Two isolantite sections sup-

port the stator from the cast aluminum

Tyre 739-A Condenser.

frame. Both plates and supporting rods are
also of aluminum. The rotor. which has
specially-shaped plates, is mounted in ball
bearings and grounded to the frame; in addi-
Lion, In':m. collars with phosphor-bronze con-
tact springs are used to connect the rotor to
the frame.

FEATURES: The outstanding feature of these
condensers 1s the plate «'.Imp(' which gives an
accuratelylogarithmicvariation in frequency.
The cast frame and rugged construction, low
and constant contact resistance, and low
temperature coefficient insure stable electri-
al characteristies and dependable operation.

SPECIFICATIONS

Capacitance Range: The nominal capacitance runges
are given in the price list.

Plate Shape and Frequency Characteristics: The rotor
plates are so shaped as to give an approximately loga-
rithmie frequency varintion when the condensers are
used as follows:

The Tyre 739-A is to be used as the tuning condenser
of the l.\l‘l.‘{llh_' oscillator of a beat- frl-||lu_-lu oscillator.
With the condenser set at minimum capacitance, suffi-
cient capacitance should be placed in parallel with the
unit to make the effective zeroe: lplvit'illt-ctnf(--uln|l-1|~t-r
tube, and associated eireuit) 1720 gpf. When this is done
and the frequencies of the fixed and varinble oscillators

Sty s ne |
4 R B = e ‘
(I T3
A i1l ‘ “—Exl
1 i l.l»f:;'
o RS Tl =

Mounting dimensions of T'vre

730 Condensers: Left, Tyrr

are made the same with the Tyre 759-A set at its mini-
mum eapacitance, the beat frequency will vary approxi-
mately logarithmically with dial setting over three
decades, about 250°, The actual range of the audio fre-
quency output will depend on the frequency of the
fised oscillator.

The Tyre 739-B is for use in a tuned-eircuit radio-
frequency oscillator. With the effective zero capacitance
exactly one-tenth the maximum capacitance, the effec-

tive frequency range is V 10, covered by a dial rotation
of 165°. The variation of frequency with dial setting is
approximately logarithmie.

Adjustment: Slotted plates are provided on the Tyre

|
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730-B; right, Tyree 739-A.,
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759-A with adjusting screws. When these plates and the
cffective zero capacitance are correctly adjusted, the
variation of frequency with dial setting will he loga-
rithmic within 2.

The Tyre 739-B has no adjustable plates, but, by
proper adjustment of the padding condenser and circuit
inductance, the variation in frequency with dial setting,
over 150°, can be made ]ugur?t(.]:mic within 1%,

Maximum Voltage: 500 volts, peak.

Nominal Capacitance

Losses: The figure of merit, Rw(?, is approximately
0.04 x 10712,

Knobs and Dials: None are supplied; Tyrr 704 or Tyrr
706 Precision Dials are recommended. The Tyre 730-A
has 270° rotation while the Tyre 739-B has 180°.

Terminals: Soldering lugs are provided.
Mounting: See sketch on preceding page.
Dimensions: Sce sketeh on preceding page.
Net Weight: 314 pounds.

Type Maximum Minamim Code Waord Price 1l
739-A 468 uuf 28 uuf | COUPE $98.00
739-B | 1460 m.cf 35 upf COLLY 28.00

TYPE 368 VARIABLE AIR CONDENSER

USES: The TyrE 868 Variable Air Condenser
is useful as an auxiliary balancing or trimmer
condenser in bridges, oscillators, and similar
equipment. It is also used as a tuning or
trimmer condenser in high-frequency re-
ceivers.

DESCRIPTION: Soldered brass plates are used

in this condenser. The stator is mounted on

a single isolantite end plate. An angle bracket
is provided so that the condenser can be
mounted either on a baseboard or on a panel.

FEATURES: The Tyre 868 Variable Air
Condenser is compact and easy to mount.
It has extremely low losses and low mini-
mum capacitance.

SPECIFICATIONS

Capacitance Range: Three stock models are available
as listed below.

Plate Shape: All models have straight-line-capacitance
plates

Dielectric Losses: The figure of merit, Rw(?, is approxi-
mately 0.004 x 10712,

TWO-HOLE MOUNTING . ONE-HOLE MOUNTING
2 HOLES NO 27 DRILL-Z" 3-32 THREADED NECK

Support: A single, isolantite end plate supports the
entire assembly.

Maximum Voltage: 500 volts, peak.

Knob: Tyre 687-A Knob is supplied with all units,
Terminals: A soldering lug is provided as a stator termi-
nal. Contact to the rotor is made through the angle
bracket or shaft bushing.

Mounting: A bushing is provided for single-hole panel
mounting, and a bracket is provided for basehoard
mounting. See accompanying sketch.

Dimensions: See accompanying sketch. Depth (dimen-
sion X) is given in the table below.

Net Weight: Approximately $ ounces, all sizes.

= Capacitanes
Type Maximum._— Minimum Depth (X) Coide Word Price B
368-A 15 uuf | 2 yiu Wein, | wews $0.90
368-B | 50 uuf 4 pul W in. BURIN ' 1.00
368-C | 100 yuf | 4 ppf 114 in, | AZURE | 1.50
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TYPE 568 VARIABLE AIR CONDENSER

USES: The TypE 568 Variable Air Condenser
has been designed for use as a tuning element
in  high-frequency receivers, transmitters,
wavemeters, and experimental cirenits.

DESCRIPTION: The rotor and stator stacks
are made up of several brass plates securely
soldered into an integral piece. The ter-
minals are brought out at the center of the
stacks to reduce resistance and improve the

high-frequency characteristics. Contact to
the rotor is made through an eight-fingered
conical bearing kept under heavy spring
pressure.

FEATURES: This condenser is specifically
designed for high-frequency work. The
losses are low and the terminal arrangement
is convenient where short leads are neces-
sary. The shaft arrangement allows several
units to be ganged for tandem operation.

SPECIFICATIONS

Capacitance Range: Four stock madels are available as
listed below.

Dielectric Losses: The figure of merit, fwC¥ is approxi-
mately 0,05 x 10712,

Plate Shape: Straight-line capacitance for Tyres 568-D
and 568-K; approximately straight-line frequency for
Tyres 568-K and 568-L.

Supports: Eud plates are of isolantite treated to prevent
moisture absorption,

Maximum Voltage: 500 volts, peak.

Knobs: None supplied. Shaft diameter, 3¢ inchs rotation
angle, 180° for Tyres 508-1) and 368-E, 270° for Tyres
368-K and 568-1.

Mounting: See accompanying sketeh. Drilling template
and 3 flat-head screws are furnished.

Terminals: Soldering lugs are provided. These are brought
out from the centers of the plate stacks,

Nominal Capacitance

Dimensions: See accompanying sketeh. Depth (dimen-
sion A) is 21 inches for Types 568-D and 368-K, and
814 inches for Types 568-E and 568-1L.

Net Weight: 3{ pound for Typres 568-D and 568-K;
1 pound for Trees 568-E and 308-L.

S © © i
1
@@)@5 o % . kil |
[©) SEmge 8 |

§ &‘

3MTG HOLES NO.25 DRILL
G'SINK FOR 6-32 F.H.M.S.

Ty pe Maximum Minimum Code Word Price
568-D | 175 puf | 13 pgl CLOVE $4.50
568-E 360 upuf 18 ppf CLOWN 7.00
568-K J 50 uuf 11 ppd CLoUD 450
568-L 100 yuf 14 pged | CAGED 7.00
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TYPES 334 and 335 VARIABLE AIR CONDENSERS

USES: This group of condensers is available
in a variety of sizes for general experimental
use and as components of power oscillators,
Lransmitlers, and receivers,

DESCRIPTION: Brass plates are used and in
each stack all plates are soldered together.
Metal end plates are grounded to the rotor

stacks and to the shaft. The stator stacks
are supported by isolantite insulators.

FEATURES: A wide range of maximum capac-
itances are available in both high- and low-
voltage models. Isolantite insulation keeps
the losses at a minimum.,

SPECIFICATIONS

Capacitance Range: Six stock models are available as
listed below.

Plate Shape: Aplpm\mmr.e]) straight-line wavelength,
decreasing wavelength for clockwise rotation, for all
except the Tyre 335-7Z which has straight-line-capaci-
tance plates.

Dielectric Losses: Itw(? is approximately 0.01 x 10712
for all units except Tyres 334-Z and 8555-Z which have
a figure of merit of approximately 0.02x 10712,
Supports: Small sections of isolantite support the stator.

Maximum Voltage: Peak values are given in table
below.
Knobs and Dials: None are supplied. Shaft diameter,
4 inch; rotation angle, 180° for all sizes.
T&'J'Ps 534-7 and 935-Z have balanced rotors; all
others, a counterweight.
Mounting: Standard General Radio 3- hole mounting.
See accompanying sketeh. Drilling template and 3 flat-
head screws are Turnished.
Four removahle feet are furnished with each of the
high-voltage models.

3 MTG, HOLES NO 25 DRILL
l C’SINK FOR 6-32 FHM.S.

Terminals: Screw terminals are provided; see accom-
panying sketeh.

Dimensions: See accompanying sketch. Depth (dimen-
sion A) is given in the table below.

Net Weight: See table belaw,

— . . Mazimum
Nominal Capacitance Peal:

Tupe Moawimum Minimum 1/ altage Depth () 1 \' ol Weight ("nf@ﬂ’fr{! Price
335-Z 1150 puf 50 puf | 500 v ‘ a4 in. 21g . | BOGUS $7.50
334.-F 500 puf 20 ppl ! 500 v 155 in. 135 b | mmey 4.25
334.K 250 upf 15 puf ‘ 300 v ’ 254 in, 1 b BELOW 2.75

|
334.Z ‘ 500 ppf | 35 pul 1500 v | 1034 in. 344 Ih, ‘ BOGEY 10.00
334.R 9250 upf 80w | 1500 v Gla in. 2 b, BISON 5.50
3347 1000ef | spaf | 1500v | 8} in. 140, | wmy 3.00

54



CAPACITORS *

TYPE 247 VARIABLE AIR CONDENSER

USES: This condenser is useful as a labora-
tory accessory in the development of appara-
tus, and as a component of experimental and
permanenl equipment.

The Tyre 247-G can be used as the
tuning condenser in an absorption type
wavemeter. The coils can be mounted
directly by means of the binding posts, as is
done in the Tyre 358 Wavemeter which
uses a modified Tyer 247 Condenser.

DESCRIPTION: Brass plates are used and are

carefully soldered in each stack to form a
rugged assembly. The end plates are of hard
rubber. The T'yre 247-G is mounted on a
hard rubber panel in a steel case, and fur-
nished with a dial and vernier drive.

FEATURES: The Type 247 Variable Air
Condenser is a compact and low-priced
unit which, because of its rugged construe-
tion, can be given hard usage in the labo-
ratory without impairing its stability.

SPECIFICATIONS

Capacitance Range: Two stock maodels are availuble as
listed below.

Dielectiic Losses: The figure of merit, Rw(?, is approxi-
mately 0.08 x 10712,

Plate Shape: Tyre 247-G, straight-line capacitunce:
Tyre 247-F, straight-line wavelength, decreasing for
clockwise rotation,

Maximum Voltage: 500 volts, peak.

Drive: Tyrr 247-G is supplied with a gear drive having
a G:1 reduction ratio. Tyre 247-F is supplicd without
knob. The shaft diameter is 14 inch.

Mounting: T'vee 247-G is mounted in a deawn-steel
case with hard rubber panel. A drilling template and
three flat-hend screws are supplied with Tyre 247-F,
which is furnished unmounted.

Terminals: Jack-top binding posts on Tyre 247-G and
serew terminals on Typr 247-F.

Dimensions: Tyre 247-G, (diameter) 414 x (height)
414 inches. Tyre 247-F, panel space, 874 x 874 inches;
depth behind panel, 334 inches.

Net Weight: Tyrr 247-G, 212 pounds; Tyer 247-F,
1%4 pounds,

Nominal Capacitance

Mazimum

Type Minimum Code Word Price
247-G 500 uuf 30 gl COLIC $5.75
247-F 500 puf | 20 pul COCOA | 3.00
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TYPE 509 STANDARD CONDENSER

USES: These condensers are fixed standards
of capacitance for laboratory use. When they
are used in conjunction with a Typr 722-D
or a Type 722-M Precision Condenser in a
parallel substitution method of measurement,
precise measurements of capacitance up to
several microfarads can be made. For con-
denser manufacturers who maintain a capac-
itance standardization laboratory, a set of

Typrr 500 Condensers, used with a Tyre
716-A Capacitance Bridge, is recommended.

DESCRIPTION: Each Tyee 509 Standard
Condenser consists of two Tyere 505 Con-
denser units which have been put through an
additional aging process, The final accuracy
and stability are thus increased markedly.
The units are mounted in cast aluminum
cases and are furnished with jack-top binding
posts.

FEATURES: In addition to being very accu-
rately adjusted and stable, the Type 509
Standard Condenser is a compact plug-in
unit which can be used with extreme con-
venience, The terminals are so arranged that
several units may be stacked one upon the
other without using leads. There is no cumu-
lative connection error* when the condensers
are so stacked, so that these units can be
used in parallel in much the same way that
precision gauges are added in mechanical
measurements.

'ﬁm R. F. Field, *"Connection Errors in Capacitance Measurement,”
General Rudio Ezperimenter, January, 1938,

SPECIFICATIONS

Capacitance: Ten stock units are available as listed
Lelow.

Accuracy of Adjustment: Fach condenser is carefully
adjusted within 0.25% of the nominal capacitance value
engraved on the case,

Accuracy of Calibration: Alter each condenser has been
aged,adjusted, and mounted, its capacitance is measured
as carefully as possible, and the value of eapacitance,
accurate within 0.1%, is entered on a certilicate of
calibration which is packed with each unit,

Stability: Over reasonable periods of time (e.g., one
year) each condenser will maintain its calibrated value
within 0.19.

Temperature Coefficient: Less than -4-0.01%, per degree
Centigrade between 10° and 50° Centigrade.

Power Factor: The power factor of all units, when
measured at 1000 cyeles and 25° Centigrade, is less
than 0.05%.

Frequency Characteristics: The [requency chum-&-lerist ics
of these units are similar to those of the Tyrr 505
Condenser, (See page 57.)

Leakage Resistance: The leakage resistance, when

measured at 500 volts, is greater than 100,000 megohms
except [or the Tyres 509-11, 500-X, and 509-Y. In these
units the product of capacitance and leakage resistance
will always be greater than 10 ohm-farads.

Maximum Voltage and Frequency: The maximum peak
voltage is 500 volts, at frequencies below the limiting
frequencies tabulated below. At higher frequencies the
allowable voltage decreases and is inversely proportional
to the square root of the frequency. These limits cor-
respond to a temperature rise of 40° C.

Mounting: Cast aluminum cases nre used.

Terminals: Two jack-top binding posts spaced 2£ of an
inch apart are mounted on the case. One terminal is
grounded, and the other one is insulated by means of
an isolantite bushing.

Dimensions: Small case, (length) 474 inches x (width)
234 inches x (height) 17¢ inches, over-all. Large case,
(length) 6 inches x (width) 834 inches x (height) 234
inches, over-all,

Net Weight: 114 pounds for all condensers mounted in
small cages; 215 pounds to 814 pounds for all condensers
mounted in large cases.

Type Capacitance Peak Volts Frequency {'ase Code Waord Price
509-F 0.001 uf 500 2500 ke Small GOODCONHBOY $12.50
509-G 0.002 uf 500 1250 ke Small GOODCONBLU G 12.50
509-K 0.005 uf 500 500 ke Small GOODCONCAT 12.50
509-L 0.01 uf 500 230 ke Small GOODCONDOG 12.50
509-M 0,02 uf 500 125 ke Small GOODCONEYE 15.00
509-R 0.05 wuf 500 80 ke Large GOODCONPIG 18.00
509-T 0.1 uf 500 40 ke Large GOODCONROD 22.00
509-U 0.2 uf 500 20 ke Large GOODCONSIN 25.00
509-X 0.5 wf 500 8 ke Large GOODCONSI'M 32.00
509-Y 350, 500 4 ke Large GOODCONTOP 48.00
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TYPE 505 CONDENSER

USES: The Tyre 505 Condensers are con-
venient and aceurate plug-in units which can
be used as secondary laboratory standards
and cirenit elements in all types of equip-
ment. An assortment of various sizes is indis-
pensable to any communications laboratory.

DESCRIPTION: The condenser unit, con-
sisting of a mica and foil pile, is held by a
heavy metal clamp. This unit is placed in
the low-loss bakelite case and surrounded by
silica gel and ground cork. The clamp is not
connected to either condenser terminal but is
left floating. The whole unit is covered with
paper and sealed with wax.

FEATURES: In addition to being a small,
convenient and accurate condenser the Tyre
505 has excellent stability and very low

losses. India mica has been chosen because
of its electrical characteristics, and the
mounting method used makes the capacitance
practically independent of temperature, and
the power factor independent of humidity.
Every piece of mica is inspected for mechani-
cal defects and other imperfections which
might cause large dielectrie losses.

Fach unit is carefully aged to increase
stability and is heated to eliminate moisture
before sealing. Silica gel in the case absorbs
any moisture which may collect on the con-
denser after it is in use for some time.

Low-loss (yellow) bakelite cases are used
to insure better power factor and other
characteristics. The plug-type terminals
permit the condensers to be stacked in
parallel and so build up to any required
value of capacitance.

SPECIFICATIONS

Capacitance: The sizes listed in the price list are avail-
-able from stock. Other sizes can be built to order; prices
furnished on request.

Accuracy of Adjustment: All units are adjusted within
195 or 10 micromicrofarads. whichever is the larger.

Temperature Coefficient: The temperature coefficient of
capacitance is less than +0.017; per degree Centigrade
between 10% and 50° Centigrade.

Frequency Characteristics: The effective terminal capac-
itance is essentiully constant over a wide frequency
range. At very low frequencies a very slight rise in
capaeitanee oceurs beeause of dielectric absorption, At
high frequencies a rise is caused by a constant residual
inductance which is effectively in series with the con-
denser. For the wnits in the small cases this inductance
is about .035 microhenry, while for the units in the
large cases it is about 0,085 microhenry. The effect of
this inductance on the eapacitance of several Type 505
Condensers is shown in the accompanying plot.

Power Factor: The power factor of all units, except the
three smallest sizes, measured at 1000 cycles and at 257
Centigrade, is less than 0.0539;. Because of the increasing
eifect of the losses in the bakelite case on the power

This shows the increase in capacitance at high fre-
quencies which is caused by the series inductance of the
condenser terminals and leads.
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factor as the eapacitance decreases, the power factor,
at 1000 eycles and 25° Centigrade, of the Tyres 505-A,
505-B, and 505-E is less than 0.1, 0,089, and 0,06%,
respectively. A change of about +5% of its value occurs
in the power factor for a temperature rise of 1% Cen-
tigrade.

The changes in power factor with [requency are shown,
for some sample condensers, in the accompanying plot.
At very low frequencies, the rise in power factor is
enused by losses due to absorption currents. At the
high [requencies the rise is caused by the effect of the
series resistance in the metal parts of the condensers.
This resistance, practically independent of capacitance,
varies with frequency because of skin effect and is about
0,03 ohm at 1 megacycle and about 0.1 ohm at 10 mega-

Maximum Voltage and quucrtr.? The maximum peak
voltage which the condensers will safely withstand is
500 volts for all but the two smallest units which will
withstand 700 volts peak. As the frequency of a con-
stant applied voltage increases, the power dissipated in
the unit also increases. If an a-c voltage, whose maxi-
mum value equals the allowable peak voltage previously
specified, is applied to the condensers, the following
table shows L[:e maximum allowable frequency. This
table is based on the ability of the units in the small
cases to dissipate 1 watt and those in the large cases
to dissipate 2.5 watts. For higher frequencies the allow-
able voltage decreases and is inversely proportional to
the square root of the frequency.

eyeles. The effect of this resistance on the power factor Type Frequency
is increased as the capacitance increases,
. 505-A 2000 ke
Leakage Resistance: The leakage resistance, when 505-B 1000 ke
measured at 500 volts, is greater than 100,000 megohms 505-F 980 ke
except for the Tyres 505-U and 505-X. In these units 505-F 800 ke
the resistance isgreater than 50,000 and 20,000 megohms 505-G 400 ke
respectively. 505-K 160 ke
505-1L 80 ke
505-M 40 ke
505-R 40 ke
2 MTG. HOLES ggiz Tg tz
.16 DRILL IN LARGE CASE
SMALL CASE ™~ / SwALL O‘E—II 505-X 4 ke
BMLa. HOLER g = v ol Terminals: Screw terminals spaced 34 i
: : paced 24 inch apart. Two
N, 18 DRILL | | 1of'0) } T Tyre 274-P Plugs are supplied with each condenser so
IN LARGE CASE L that it may be converted to plug-terminal model.
"“ 3&"—'2 *_L Mounting: Low-loss (yellow) bakelite cases in two sizes
as shown in the sketch. Tyres 505-R, 505-T, 505-U,
s and 505-X take the large case.
I Dimensions: See sketch.
Net Weight: 4 ounces for small, 12 ounces for large size.
Type Capacitance Code Word Price
505-A i 100 uuf I CONDENALLY §$3.50
505-B | 200 uuf ‘ CONDENBELL 3.50
505-E 500 ppf CONDENCOAT 3.50
505-F | 0.001 uf CONDENDRAM 3.50
505.G 0.002 uf { CONDENEYRE 3.50
505-K 0.005 uf CONDENFACT 4.00
505-L 0.01 uf CONDENGIRL 4.50
505-M 0.02 uf CONDENHEAD 5.50
*505-R 0.05 uf CONDENCALM 6.50
*505-T 0.1 uf CONDENCROW 7.50
*505-U _ 0.2 uf CONDENWIPE 12.00
*505-X | 05 uf | CONDENWILT | 20.00

*Mounted in large case.
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TYPE 219 DECADE CONDENSER

USES: The Tyrr 219 Decade Condensers find
uses in every laboratory as tuned eircuit
elements, bridge impedances, filter elements,
or as components of any cireuit where a
wide-range variable condenser is necessary.

DESCRIPTION: The Tyrr 219 Decade Con-
densers are assemblies of two or three Tyrr
380 Decade-Condenser Units mounted in a
shielded cabinet. Each decade has eleven
positions, 0 to 10 inclusive, so that the dials
overlap. A positive detent mechanism allows
the switeh to be set accurately.

FEATURES: The Type 219 Decade Con-
densers are direct-reading units covering a
wide range of capacitance values. Although
not designed as standards, their accuracy is
good and sufficient for most laboratory work.
The zero capacitance has been kept al a
minimum and its value is marked on each
hox for ready reference. By employing mica
condensers on all decades except the 0.1-
microfarad decade of the Typs 219-L and
Tyrr 219-M, the power factor has also been
held low.

Typs 219-K uses mica dielectric through-
out and has many uses where the compara-
tively higher losses of paper condensers
cannot be tolerated. For applications where
still lower losses are desired, boxes using
Tyrr 505 Condensers throughout can be
built to order,

SPECIFICATIONS

Accuracy: Allunits are accurate at the decade terminals
within 1%, except the 0.1-microfarad decades of the
Tyee 219-L and Tyee 219-M which are within 29.
T'o obtain these accuracies at the box terminals, aceount
must be taken of the effective zero capacitance of the
box, which is made up of the true zero capacitance and
the mutual capacitance between units. The values for
the different boxes follow:

Type Effective Zero Capacitance
219-K 35 ppf
a10.1, 20 uuf
219-M 30 puf
219-N 20 pul

These values are engraved on the Instruction Plate
on every box.
Power Factor: The power factor for the individual
decades is given in the specifications for the TrrE 380
Decade-Condenser Units. For the very lowest decades
the power factor may be increased slightly because of
the losses in the switches and mounting,
Maximum Voltage and Frequency: These values for
the different decades are given in the specifications for
thie Tyer 380 Decade-Condenser Units, The limiting
values for the different Tyrn 219 Decade Condensers
are engraved on the Instruction Plate for each box.

Terminals: Standard jack-top binding posts with a 8-

Inside view of Type 219-M
Decade Condenser.
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inch spacing are used. The shield is connected to the
“G" terminal.

Mounting: The decades are assembled on an aluminum
panel and mounted in a shielded walnut eabinet.

Dimensions: Tyres 210-K and 219-M, (length) 1834 x

(width) 514 x (height) 534 inches. Tyres 219-L and
219-N, (length) 1025 x (width) 514 x (height) 534 inches.
Net Weight: Tyre 210-K, 1034 pounds; Tyee 218-1,
614 pounds; Tyre 219-M, 82g pounds; Tyre 219-N,
645 pounds.

No. of Type 380
Type _Ca pf_rcfim'q_ 24 __firja.f.' . an_agex_f." :m.f _( _'nd{ i _ni Price
219K 1.110 uf in 0.001 uf steps | 3 F,M,N | cross | $90.00
219-L | 110 ufin 0.01 uf steps | 2 L. M COVER 35.00
219-M | 1.110 uf in 0.001 uf steps 8 L, M, N BRIER 45.00
219-N 0.110 uf in 0.001 uf steps 2 M, N CRONY | 35.00

TYPE 380 DECADE-CONDENSER UNIT

USES: The Tyepe 380 Decade-Condenser
Units are extremely useful as eclements in
tuned cireuits, wave filters, and other experi-
mental or permanent equipment where a
rather large variable capacitance is desired.
They are also useful in oseillators, analyzers,
amplifiers, and similar apparatus, especially
during the preliminary design period when
exact values for different capacitances are to
be determined by experiment.

DESCRIPTION: Each decade is an assembly
of four individual mica or paper condensers.
A selector switch is arranged to make parallel
combinations of the units so that any one of
ten values may be obtained.

The switch is of rigid construction and
carries a detent mechanism for positive loca-

Tyre 380-M.
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tion of the switch positions. A bakelite shaft
is used and contact is made by means of
cams bearing on phosphor-bronze springs.
This switch together with dial plate and
knob is available separately as the Tyre
880-P3. (See price list.)

All standard units are furnished complete
with knob, photo-etched dial plate, and
stops.

FEATURES: The Tyrr 380 Decade-Condenser
Units are carefully aged and assembled so as
to be stable and rugged. The smaller decades
consist of moulded mica condensers while
the mica 0.1-microfarad decade employs
Tyee 505 Condensers. The paper condensers
which are used are thoroughly impregnated
with molten paraffin during winding. Sue-

Tyre 380-F.



ceeding layers of the conducting foil are
connected thus avoiding the large increases
in power factor and effective capacitance
which occurs at high frequencies when only
the ends are connected.

For applications where losses must be
extremely low, special 0.001 uf and 0.01 uf
decades using Tyer 505 Condensers can be
built to order.

SPECIFICATIONS

Accuracy: All units are within 1%, when measured at
1000 eyecles except the Tyrr 880-L which is aceurate
within 27, The units are checked with the switeh
mechanism high, electrically, and the commeon lead and
case grounded.

Dielectric: The Tyrr 880-F is made up of Tyrm 505
Condensers which have mica as the dielectric. The Tyer
380-L uses paraflin-impregnated paper condenser units
while the Tyre 380-M and Tyrs 380-N use mica con-
densers which are moulded in bakelite cases.

Power Factor: The power factor of the different units,
when measured at 1000 eycles and 25° Centigrade, will
be less than the values in the following table, with the
exception of the lowest settings on the smallest decades.
Here, because of the losses in the switch and mounting,
the tabulated power factor may be exceeded by a slight
amount,

Type Power Factor
980T 0.05%
380-1. 1.0 %
380-M 01 %
380-N 0.25%

Maximum WVoltage and Frequency: The maximum
peak voltage which the units will safely withstand is
300 volts with the exception of the Tyrr 350-F which
will withstand 500 volts, As the frequency of the applied
voltage increases, the current increases and more power
must he dissipated by the unit, In order that this power
does not become excessive, the frequencies Iisleul here
must not be exceeded when peak voltages equal to the
maxima just specilied are applied. For higher frequencies

CAPACITORS

Rear View of T'ypr 380-M.

the maximum sale voltage decreases aml is inversely
proportional to the sguare root of the frequency.

Type Frequency
580-17 ' 5 ke
380-1L 1 ke
$80-M 100 ke
380-N 1000 ke

Terminals: Flexible, rubber-insulated leads are provided.

Mounting: Machine screws for attaching the decade to
a panel are supplied.

Dimensions: Tyre 380-F, panel space, 434 x 414 inches:
behind panel, 4 inches. Tyers 380-L, 380-M, and 380-N,
see nccompanying sketels,

Net Weight: Tver 380-F, 8 pounds, 10 ounces; Tyres
380-L and 380-M, 124 pounds; Type 880-N, 1 pound,
0 ounces.

Over-all dimensions of Tyre
480-L, -M, and -N Decade-
Condenser Units; dimension
A is 8% inches, While Tyer
380-1" uses the same switch
wmechanism, condensers are
mounted on both sides of
the switch and the panel
space required is 434 x 414
inches.

Type Capacitance Code Word Price
380-F 1.0 ufin 0.1  uf steps ACUTE $58.00
380-L 1.0 pfin 01 pf steps ADAGE 10.00
380-M 0.1 ufin 0.01 uf steps ADDER 12.00
380-N 0.01 uf in 0.001 uf steps ADDLE 10.00
380-P3 Switch only............. SWITCHFORD 5.00
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INDUCTORS

TYPE 107 VARIABLE INDUCTOR

USES: The Typs 107 Variable Inductors find
their greatest uses in the laboratory as
standards of moderate accuracy for measure-
ments of self- and mutual induetance, and as
components of bridges, oscillators, and simi-
lar equipment where a variable inductor is
needed as a circuit element.

DESCRIPTION: Two coils, a rotor and a
stator, are mounted concentrically. As the
position of the rotor is changed the coupling
between the two coils changes and the in-
ductance is varied.

The coils are wound with stranded wire in
which the separate strands are insulated
from each other. The coils are impregnated
and baked in a high-melting-point material
before being securely mounted to the bakelite
panel.

FEATURES: The Type 107 Variable Inductor
62

is direct reading in inductance for both
series and parallel connections of the coils.
The inductances of the rotor and stator have
been carefully equalized, and the coils are so
mounted that the inductance for the parallel
connection is exactly one-fourth the value
shown by the dial for the series connection.
This equalization of the two coils also elimi-
nates losses from circulating currents when
the parallel connection is used.

Separate terminals are brought out for
both rotor and stator so that they may bhe
quickly connected in either series or parallel
as a self-inductor, or used separately as a
mutual inductor. The formula for the mutual
inductance is given on the nameplate to-
gether with the value of d-c¢ resistance and
maximum current,

Other features of these inductors are their
permanence of construction, low losses, and
high currenl-carrying capacity.



INDUCTORS

SPECIFICATIONS

Sell-Inductance Range: IMive sizes are available in stock
covering a total range of approximately 1.7 microhenrys
to 500 millihenrys by the use of both the series and
parallel connections, Maximum and minimum values
for both connections are shown in the price list,
Mutual Inductance: Either positive or negative values
of mutual inductance can be obtained. The exact
formula for the mutual inductance is engraved on each
individual instrument, The spproximate ranges are
given in Table 1.

Calibration: The inductance for the series connection,
measured at 1000 cyeles and accurate within 197 of full-
scale reading, is engraved on the dial. The inductance
for the parallel connection is within 0.195 of one-fourth
of the series inductance,

Frequency Eror: Disregarding errors due to skin effect,
the fractional change in inductance with frequency will
ht:f')/_f‘? where f is the operating frequency and f, the
natural frequency. Accordingly, at one-tenth the natural
frequency, the frequency error is but 19. At higher
frequencies skin effect errors, which are different for
the different units, may become appreciable, Table I
gives the natural frequencies for the different standard
units, for full setting with series connection.

Losses: The maximum value of the storage fnctor ) Z‘TI

for full-seale setting with the series connection is given
in Table 1 for each inductor together with the frequency
at which this value of @ is obtained.
Maximum Power and Current: The total amount of
power which each inductor is capable of dissipating is
15 watts This amount causes a temperature rise of 40°
Centigrade.

The maximum allowable current, for the series con-
nection, is given below in Table I and is engraved on
each nameplate.

Direct-Current Resistance: The approximate values of

d-c resistance for the different units are given in Table
1. Bach nameplate is also engraved with the same value.
Terminals: Standard 34-inch spacing, jack-top binding
posts are provided which allow separate connections to
rotor and stator. Connecting links are supplied so that
either a series or parallel connection of the rotor and
stator can be made available at a third pair of binding
posts,

Mounting: All units are mounted on bakelite panels
and enclosed in walnut cabinets.

Dimensions: 614 x 614 x 8% inches, over-all.
Net Weight: 5 pounds, all ranges,

TABLE 1

Mutual b-c Mazimum M aximum Frequency for Natural
Type Inductance Resistance Current Q* Moximum Q* Frequency*
107-J 0-10.8 gh 0.17 &2 85 a 110 400 ke 5000 ke
107-K 0110 gh 07 @ 4.0 a 140 200 ke 1500 ke
107-L 0-1.1 mh &8 O 17 a 125 G0 ke 500 ke
107-M 0~11 mh 40 0 0.60 a 63 20 ke 150 ke
107-N 0-110 mh 660 ] 0.14 a 20 7 ke 30 ke
*For full-seale selting, series connection.
Self-Inductance
Type Series Parallel Code Word Price

107-J 7- 50uh | 1.7-12.5uh HAREN $35.00

107-K 60-500 ph 15-125 uh HARPY 35.00

107-L 0.6~ 5mh 0.15-1.25 mh HAHRY 35.00

107-M 6~ 50 mh 1.5-12.5 mh HOTEL 40,00

107-N 60-500 mh 15-125 mh HOVER l 40.

PATENT NOTICE. See Note 17, page v,

OTHER INDUCTORS

Type 119 R-F Chokes are deseribed on page 201. Because of
their low capacitances, high inductance, and high @, these chokes
are useful as inductance elements in filters and tuned circuits.
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TYPE 106 STANDARD INDUCTANCE

USES: The Tyre 106 Standard Inductance is
an accurate standard of self-inductance for

use in bridge and other measurements at
audio frequencies,

DESCRIPTION: An astatic form of mounting
is used wherein two D-shaped coils are
mounted parallel to each other. The coils are
form wound, bound with tape. and impreg-
nated with wax before being mounted. No
metal is used in the construction.

FEATURES: Low and nearly constant re-
sistance at audio frequencies is insured by
the use of stranded wire in which the separate
strands are insulated from each other.

The inductance has been madeindependent
of surroundings by using an astatic form of
mounting in which the fields of the two coil
scetions neutralize each other in regions
external to the case. Thus, interaction be-
tween external fields and the field of the
inductor is reduced to a minimum.

SPECIFICATIONS

Nominal D-C Maxtmum Maximum Frequency for Natural
Type Resistance Current _ Mazimum Q _ Frequency
106-1, 0,18 2 85 4 210 300 ke 6000 ke
106-G 1.80 @ 1.0 a 190 150 ke 2000 ke
106-] 122 0 0.5 a 170 60 ke ‘ 500 ke
106-1 | 85.9 0 250 ma 50 20 ke 150 ke
106-M | 545 | 150 ma | 40 7 ke 35 ke

Accuracy: The 0.1 millihenry unit is adjusted at 1000
eycles within 0.2% of its labeled value. All the other
units are adjusted within 0.19; at 1000 cycles.

Resistance: The resistance at 1000 eycles is the same as
the d-¢ resistonce. This resistance, together with the
temperature, is entered on a certificate mounted on the
bottom of the cabinet when the inductor is measured in
the Standardizing Laboratory. The nominal values are
given in the table above.

Temperature Coefficient: The temperature coefficient is
less than £0.004%, per degree Centigrade.

Maximum Current: See table. v

Losses: The maximum valueof thestorage fuctor € :i'?‘

and the frequency for which it oceurs for each size are
given in the table,

Frequency Enor: Disregarding skin effect the fractional

- - - - 2/ ] P
change in inductance with frequency is /°/ 2 where  is
operating frequency and fp the natural frequency. At

one-tenth the natural frequency, therefore, the error is
1%.

Type Induetanece
106-L 0.1 mh
106-G 1 mh
106-J 10 mh
106-K 100 mh
106-M 1 henry
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Terminals: Binding posts are provided.

Mounting: All units are assembled in walnut cabinets
with bakelite panels,

Dimensions: Panel, 374 x 374 inches. Cubinet, (h_ci;;h_l'l
314 inches, over-all, except T'yee 106-M which is 524
inches, over-all.

Net Weight: Approximately 29% pounds, except Tyre
106-M which is 5 pounds.

Code Word Price
INNER | $25.00
INERT 25.00
INATE | 25.00
ISLET 25.00
I1SSUE | 30.00
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IMPEDANCE BRIDGES

For the measurement of all types of
impedances, resistive or reactive, in(iuctivc
or capacitive, the Wheatstone bridge circuit
in its many modifications has proved best
fitted on grounds of both accuracy and
convenience,

The balance of the bridge is attained by a
null method, that is, by reducing to zero the
voltage between two opposite corners of
the bridge. The precision of balance is not
limited by the scale length of a deflecting
instrument, but only by the wvoltage which
can be applied to the bridge and by the
sensitivity of the null detector. 1t is, there-
fore, possible to utilize completely the ac-
curacy of the standards.

Because of the variety of possible bridge
circuits, a bridge can usually be devised, the
controls of which can be made direct reading
in any particular impedance or circuit
characteristic. The direct-reading feature
adds greatly to convenience in measurement,
since it obviates laborious calculations which
are always a bar to rapid work.

The fundamental bridge network is shown
in Figure 1. The condition of balance is that
the voltage across the detector is zero. This
will oceur when

A N
B P

The four arms of the bridge are not neces-
sarily simple impedances, but are frequently
series and paralle] combinations of resistance,
inductance, and capacitance. Hence the
bridge arms represented by the symbols used

or AP=DBN (1)

——OGENo————

Ficure 1. General Wheatstone Bridge Cireuit.
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Ficure 2. (Left) A bridge in which two like
reactance arms, N and P, are compared.
(Right) A bridge in which unlike reactance
arms, A and P, are compared.

n I‘I(luutimls (1) are, in general, complex
impedances, and there are two balance
conditions, one for the resistive component
and the other for the reactive component.
The principal balance component of bridges
designed specifically to measure inductance
or capacitance should preferably be inde-
pendent of frequency.

Usually, at least one of these balance
conditions varies with frequeney, but no
frequency limitation on the use of the
bridge is inherent in the variation. Alter-
nating current bridges can be used at fre-
quencies extending to several million eycles.
The upper frequency limit for any particular
design is set by the increasing effect of
1'esi3uul impedances in the various imped-
ance standards and in the wiring.

BRIDGE CIRCUITS: Impedance bridges can
be divided into two classes, the one in which
like reactances are compared, and the other
in which unlike reactances are compared.
Both classes are illustrated in Figure 2. In
bridges of the first class, referred to as
inductance or capacitance bridges, arms A
and B are resistance arms, while arms N and
P are either both inductive or both capaci-
tive, one arm containing the known standard
the other the unknown reactance. Of the
bridges deseribed in this section, Typrs 740,
716, 671, 516, 667 are of this kind, the first
four being capacitance bridges and the last
an inductance bridge. Typre G50 also falls
in this class for the measurement of capaci-
tance,

Bridges in the second class carry the names
of their discoverers, Maxwell, Hay, Owen,
and others, The inductance and capacitance
arms are opposite one another. For bridges
of this class the main component of balance
is independent of frequency. These circuits
derive their greatest importance from the
fact that they use capacitance standards,



As impedance standards, condensers are usu-
ally much better than inductors. The Tyre
650-A Impedance Bridge makes use of the
Maxwell and Hay circuits for the measure-
ment of inductance.

Of the other bridges listed in this seetion,
Tyres 298 and 625 are skeleton bridge cir-
enits which may be utilized for any bridge
network. Tyre 721 Coil Comparator makes
use of a bridged-T' network, the most im-
portant characteristic of which 1s a common
terminal, usually grounded, between genera-
tor and detector. This eircuit obviates the
need of a shielded transformer and simplifies
direct impedance measurements.

The Tyrr 544-B Megohm Bridge is a d-¢
Wheatstone bridge for high resistance
measurements in which the detector is a
vacuum tube voltmeter, which has an input
resistance comparable to the unknown re-
sistunce,

RESISTIVE BALANCE: All impedances
have resistive components and the bridges
used for impedance measurement must be
capable of measuring this resistance in some
manner. Three methods are in general use:
(1) series resistance, in which the balancing
resistor is placed in series with the standard
reactance; (2) parallel resistance, in which
the balancing resistor is placed in parallel
with the standard reactance; and (3) the
Schering bridge method used for capacitance
measurement, and in which a balaneing con-
denser is placed in parallel with the ratio
arm opposite the unknown condenser. Tyres
650, 740, 516, 667 use series resistance, and
Tyrus 716, 671, 516 the Schering circuit.
The parallel resistance method can be used
with T'ypes 516, 716, 630,

Two important characteristics of con-
densers and inductors are the ratios, dissipa-

: = i 2
tion factor ) = ¥ and storage factor ) = s

BRIDGES =

where R and X refer to the equivalent series
cireuit representation of the impedance. For
small numerical values, the power factor,

7 is very nearly equal to the dissipation

factor, }E .
Certain bridges which use the series re-
sistance or Schering method of resistive
balance can have this resistive control cali-
brated in terms of dissipation factor or
storage factor. Tyrms 740, 716, 516 have
dials calibrated in dissipation factor; Tyrr
650 reads both dissipation factor for con-
densers and storage factor for inductors.

ERRORS: A bridge circuit provides a means
of comparing two impedances, an unknown
and a standard. It does not provide an
absolute measurement. The possible error in
the measurement is always greater than the
error in the standard itself by the errors in
the other bridge arms entering into the com-
parison. If, for instance, the error in the
standard and in each of the two ratio arms
is 0.1 per cent, there can then occur in
the most unfavorable case an error of 0.3
per cent in the measurement. This accuracy
limitation is common to all direct-reading
bridges in which a result is obtained from a
single balance of the bridge. The errors in
three of the bridge arms can be eliminated
from the measurement through the use of a
substitution method in which the nnknown
impedance is connected in the standard arm.
Two readings of the standard are required,
one with the unknown disconnected and one
with it connected. With an error in the stand-
ard of =0.1 per cent, the maximum error
of measurement is 0.2 per cent. If auxiliary
balances are provided so that the standard
can always be set initially at the same point,
the error can be reduced. This auxiliary

OGEN.o

Fraure 8, Circuits illustrating the three methods of obtaining a resistive balance: (Lefi) series resistunce,
(eenter) parallel resistance, and (right) Schering method.
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balance is provided in the Type 671-A
Schering Bridge.

RESIDUAL IMPEDANCES: The bridge
equations derived from Equation (1) pre-
suppose an accurate knowledge of the
behavior of the impedances in each bridge
arm. No impedance, however carefully con-
structed, is free from residual impedances.
Resistors have series inductance and shunt
capacitance. Induetors have relatively large
series resistance and shunt eapacitance. Even
air condensers, while more nearly perfect
than other impedance standards, have resis-
tive and inductive residual impedances, All
of these extra impedances must be included
in the values used for caleulation in order to
avoid error. The over-all residuals are greatly
increased by the various connections form-
ing the bridge circuit,

Shunt eapacitance across the various arms
is an important source of error even at audio
frequencies. When oceurring across a resis-
tive arm its effect on Lhe resistive component
of balance varies directly as the magnitude
of the capacitance and directly as the
operating frequency. Errors arising from this
source account for the large differences be-
tween the listed errors in dissipation factor
given for Type 650 and Tyre 740 Bridges.
Tyrk 650 not only operates at a higher fre-
quency but has unavoidably large switehing
capacitances.

Shunt eapacitance across a reactive arm
is also serious. In the Tyre 667-A Inductance
Bridge it increases Lhe inductance error
from 0.2 per cent to £0.4 per cent on the
highest multiplier. In the T'yrg 516-C Radio
Frequency Bridge it is balanced oul by a
compensating condenser. In the Typr 716-A
Capacitance Bridge complete shielding of
the ratio arms reduces it to less than 1 uuf.

Residual series inductance in bridge arms
is ordinarily negligible at audio frequencies,
except in measurements of very small in-
ductors. The T'yrr 667-A Inductance Bridge
uses Tyee 668 Compensated Deecade Re-
sistors in order to avoid change in residual
inductance as the resistance is varied. At
radio frequencies the effect of inductance is
much more serious, In the Tyre 516-C
Radio-Frequeney Bridge, which also uses
compensated resistors, it is necessary to
balance out the resultant constant in-
ductance by means of a compensaling coil.

SHIELDING AND GROUNDING: The
readings of any bridge should he sensibly
independent of its surroundings and the
position of the operator. To satisfy these
conditions, bridges are completely  sur-
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rounded by a grounded shield and care is
taken to use either grounded or insulated
shafts on all controls. It is also common
ractice to ground the junction of the un-
Lum\’n and standard arms to this shield.
Residual capacitances of the bridge arms to
the shield are placed across the two arms
thus grounded. Althongh a relatively 1al‘p,_'t'
error is introduced by these capacitances, it
can be largely corrected by an initial zero
reading. If, on the other hand, neither of the
unknown terminals is grounded, the bridge
will measure the direct impedance across
these terminals, not the total impedance
which includes the terminal impedances to
ground. Types 650 and 740 have neither un-
known terminals grounded and hence meas-
ure direct impedance. They cannot be used
to measure a grounded impedance. TyrEs
716, 671, 516, 617 have one unknown termi-
nal grounded and measure total impedance.
The Typr 544-B Megohm Bridge can be
connected either way and can, therefore,
measure either total or direct resistance.

SHIELDED TRANSFORMER: The bridge
balance should be independent of the type
of generator and detector used. This condi-
tion is met by the use of a Type 578 Shielded
Transformer. The transformer secondary is
connected between two opposite corners of
the bridge neither of which is grounded. It
is immaterial whether the primary is con-
nected to generator or detector, except as
the sensitivity of the bridge is affected. For
bridge balances, the small, constant, and
known terminal capacitances of the trans-
former are then substituted for the large,
variable, and unknown capacitances of the
generator or detector,

SENSITIVITY: The precision to which a
bridge can be balanced depends primarily
upon the voltage applied to the bridge and
the sensitivity of the detector. It also de-
pends upon the ratio of impedances of the
two armns across which the generator is
placed and the ratio of the impedance of the
detector to the bridge impedance. For a d-¢
bridge, in which the detector resistance is
high compared to that of the bridge, the
ratio of output to input voltage is
A

- . )

E: A\2
(i -+ '}—;')

where o1 and B are the arms across which
the generator is connected, and d is the
fractional aceuracy desired in balancing the
bridge. For a-¢ bridges, when A and B are



resistive® arms, the same equation holds for
the reactive component of balance if the
resistance component is small. It also holds
for the resistive component where d is
the minimum value of dissipation factor
lo be detected. From Equation (2) and the
known input voltage, the output voltage
corresponding to the desired ncenraey can be
determined. The ratio of this voltage to the
minimum  voltage which will actuate the
detector is the amplification required. As an
example, consider the Tyrr T16-A Capaci-
tance Bridge. For equal ratio arms 100 volts
qan be applied to the bridge from a 0.5 walt
generator. To make a capacitance balance
to £=0.1 per cent demands the detection of
25 mv. To make a dissipation factor balanee
to =0.00001 requires i sensitivity of 250
pv. The first voltage is easily within the
range of head telephones without an ampli-
fier, while Lhe second is not, The Tyre 814-A
Amplifier has a gain of 77 db or 7000 when
working with head telephones or a rectifier
voltmeter such as the Tyre 483-I' Output
Meter. With the telephones the gairn is more
than sufficient. With the reclifier meter
(minimum deflection =0.2 volt), the gain is
also sufficient, since even for the dissipation
factor balance a gaim of only 800 is needed.
Now suppose these same measurements to
he made on a 1 pf condenser for which the
ratio arms must be 1000 to 1. Using the full
gain of the amplificr, the rectifier meter can
only balance for dissipation factor to
£0.0003, so that telephones must be used
to obtain the required sensitivity.

WAVEFORM: is always desirable in
balancing a bridge to be able to obtain a
complete null balance. Only by so doing can
the maximum precision of balance he real-
ized. Becanse the balance depends to a
greater or less extent upon frequency, the
presence of harmonics in the input lo the
bridge or their production in the bridge by
a non-linear impedance will prevent a com-
plete null balance, unless the detector is
highly selective. Selective networks, such
as the Typr 814-P Tuned Cirenits or the
Tyrr 830 Wave Filters, should be added to
the detector ecireuil. The radio receiver
recommended with the Tyrr 516-C Radio-
Frequeney Bridge is inherently selective.
The Tyre 707-A Cathode-Ray Null Detector
has a gain of 80 db and a diserimination of

If the two bridge arms across which the generator is
connected are not alike, but one is resistive and one
reactive. Equation (2) hecomes
A
By 7

Iy AN#
s ('#)
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40 db against the second harmonie. The
important feature of this instrument is its
ability to indicate separately the resistive
and reactive balances. The Tyer 760-A
Noise Analyzer and the Tyer 786-A Wave
Analyzer ave also very satisfactory selective
bridge detectors. The Tyre 736-A Wave
Analyzer is particularly useful when extreme
selectivity at the higher audio frequencies is
NeCessary.

POWER SOURCES: The main factors to he
considered in selecting a power source for a-c
bridge measurements are frequency, power
outputl, and harmonic content.,

Of the a-e bridges described in this section,
two, T'yrer 740 and Tyer 671 are designed
for G0-cycle measurements and operate
directly from the power line. Typr 650 and
Tyer 625 have self-contained microphone
hummers and require no external generator,
unless measurements are Lo be made at fre-
quencies other than 1000 cycles. For all
other types an oscillator is necessary. Where
the power required is low, Tyee 813 Oscil-
lator and Typr 372 Microphone 1Tummer
are satisfactory for singlefrequency meas-
urements at 1000 cycles. For measurements
over a1 wide range of audio frequencies, T'yegr
613 Beat-Frequency Oscillator can be used.
All these operate from hatteries.

When a highly precise balance is neces-
sary, considerably more power is required
than can be furnmished by battery-operated
oseillators. For measurement at 1000 cycles,
or at a number of fixed audio frequencies,
Typrr 608-A Oscillator is recommended. If o
continnously variable frequency is needed,
Typr 713 Beat-Frequeney Oscillator should
be used. Both are a-c operated and deliver
at least 14 watt,

.\Ie.tburcmcnth at radio frequencies with
the Tyer 516-C Radio-Frequency Bridge
require a radio-frequency oseillator, prefer-
ably modulated. Tvyrr 684-A Modulated
Oseillator is suitable,

CLASSIFICATION: The hridges listed in
this section fall into natural groups accord-
ing to their accuracy, frequency range, and
kind of impedance measured. The following
table separates them by Lype number in
this manner:

Avenracy

U nlnionen 0% 1% Frequeney
Capacitance . ... .| 671 740 [HINE
i 630 1 ke
. 516 1 Me
Induectance . . 667 650 1 ke
di¥id 721 1 Me
Resistance. . ; sita 544 de
Wi 630 | deand 1 ke
Generul. | 205 623 1 ke
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TYPE 650-A IMPEDANCE BRIDGE

USES: Whether in the laboratory or on the
test hench, the uses of the Type 650-A
Impedance Bridge are literally numberless.
Rapid measurements of resistance, capaci-
tance, and inductance are constantly re-
quired in any electrical laboratory. With the
Typr 650 these measurements can be made
conveniently and with sufficient accuracy
for all but precise work.

This bridge is designed to measure the in-
ductance and @ of coils, the capacitance and
power factor of condensers, the d-e resistance
of all types of resistors. In the laboratory it is
extremely useful for measuring the circuit
constants in experimental equipment, testing
preliminary samples, and identifying un-
labeled parts. In the shop and on the tesl
bench, it has many applications in routine
testing and fault location. Hundreds of these
bridges are in use all over the world, in
government and industrial laboratories,
educational institutions, electric generating
stations, and radio broadeasting stations.
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DESCRIPTION: Tyre 630-A Impedance
Bridge is a conventional 4-arm impedance
bridge. It is entirely self-contained, inclod-
ing standards, batteries, and tone source,
and is direct reading over wide ranges of
d-¢ resistance, a-c resistance at 1000
cycles, capacitance and dissipation factor

D= }‘-? at 1000 cyeles, and inductance and

storage factor (@ = 1?? at 1000 cycles.

Results are read direetly from dials having
approximately logarithmie scales. The posi-
tion of the decimal point and the electrical
unit in terms of which the measurement is
made are indicated by the positions of two
selector switches.

Resistance is measured in terms of a stand-
ard resistance arm; inductance and capaci-
tance are measured in terms of mica con-
denser standards, similar in construction to
the Tyer 505 Condensers. Power is supplied
from dry cells, which operate a 1000-cycle



hummer for a-c measurements. The bridge
may also be used with an external generator
of any audio frequency.

The detector for d-c measurements is a
built-in galvanometer. For 1000-cycle meas-
urements, head telephones are used.

FEATURES: The particular value of this
bridge lies in its complete availability and
the speed with which the results can be
obtained. Self-contained, including standards
and power source, it is always set up ready
for use. The only accessory needed is a pair
of head telephones. Direct-reading dials make
its operation simple and rapid. The photo-
graph shows the simplicity of the controls.

BRIDGES

The Tyrr 650-A Impedance Bridge has a
wide variety of uses. The photograph above
shows it in use in a chemieal laboratory.

"0 0OIAVY TVIINID

SPECIFICATIONS

Range: The ranges of the instrument are given in the
following table. The numerical values are the readings
of the calibrated dials multiplied by the settings of the
decade selector switches.

Mintmum M azimum
Resistance ' 1 millichm 1 megohm
Cupacitance 1 micromicro- | 100 miero-
farad farads
Inductance 1 microhenry | 100 henrys
AL : . n
Dissipation Factor (‘;‘) 002 1

1000

X
Storage Factor (ﬁ or Q) 02

Accuracy: The large direct-reading dial covers two
decades, the main decade beingspread out over 12 inches
{three-quarters of the dial). 1t may be set to 0.29.

Aceuracy of readings for capacitance and d-¢ resist-
anee is 1% for the intermediate multiplier decades; for
inductance, 2%. The accuracy falls off in the lower
ringes hecause of the extremely small values to he
measured. The error increases to 3% for very large
values of capacitance and d-¢ resistance, and to 107,
for large values of inductance,

Accurncy of reading for dissipation factor or for
storage [actor in terms of its reciprocal is either 207, or
0.005, whichever is the larger.

The frequency of the microphone hummer is 1000
cycles within 5%,

External Generator: Provision has been made for using
an external generator, although its capacitance to
ground may introduce some error. Subject to this limi-
tation, the frequency may be varied over a wide range
from a few eycles to 10 ke. The reading of the main dial
is independent of frequency, while the readings of the
storage and dissipation factor dials must he multiplied
by or divided by the generator frequency in kilocycles
to give the correct values. Provision is made for adding
external resistance if it is necessary to increase the
ranges of these dials.

Power Supply: Four No. 6 dry cells for the d-c measure-
mernits and for driving the microphone hummer are re-
quired, and space for them is provided in the cabinet.
Batteries are not supplied with the instrument. A higher
d-¢ voltage may be connected to the bridge for high-
resistance measurements,

Other Accessories Required: ITead telephones; Western
Electric No, 1002-C are recommended. To increase the
sensitivity, a Tyee $14-A Amplifier can be used,
Mounting: Black erackle-finish aluminum panel mounted
in a shielded walnut cabinet.

Dimensions: (Width) 12 x (depth) 20 x (height) 814
inches, over-all,

Net Weight: 22 pounds without hatteries; 3014 pounds
with batteries.

Type - Code Word Price
650-A e e | BEAST $175.00*
*Without batleries or telephones.
PATENT NOTICE. See Note 17, page v.
Schematic diagrams of the circuits used in Tyre 650-A Impedance Bridge,
INDUCTANCE INDUGTANCE
RESISTANCE ; ; el
(WHEATSTONE) CAPACITANCE [MAXWELL) (HAY)
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TYPE 716-A CAPACITANCE BRIDGE

USES: This direct-reading capacitance bridge
can be used for a wide variety of capacitance
and power-factor measurements. Within its
scope are Lhe determination of power factor,
dielectric constant, dielectric factor,
phase angle, and other dielectric properties
of insulating materials, as well as their
change with such factors as temperature and
humidity.

It has been used for measuring the power
factor of insulated switch and transformer
bushings in power systems. In the General
Radio laboratories the Typr 716-A Capaci-
tance Bridge is used for all capacitance
standardization measurements, In produc-
tion, it is used for the testing and adjustment
of Tyee 505 Condensers and Tyrr 380
Decade-Condenser Units.

By adding an external decade resistance
box, the bridge can be converted to a series-
or parallel-resistance bridge. The latter is
especially useful in measuring the resistance
of electrolytes. A guard cirenit (Tyre 716-P2)
is available for use in the measurement of
gnarded specimens and other three-terminal
condensers. This makes possible the measure-
ment of the power factor of insulating oils
and other materials with power factors as
low as 20 millionths (0.002 per cent).
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DESCRIPTION: The Typr716-A Capacitance
Bridge is a modified Schering bridge, direct
reading in capacitance and in power factor
at 1000 cyeles.

A wide capacitance range is obtained by
providing four sets of ratio arms giving
multiplying factors from 1 to 1000 in decade
steps. The standard condenser is a Typr 722
Precision Condenser calibrated to read di-
rectly in total capacitance. The capacitance
across the unknown terminals is not greater
than 1 pef. All capacitances Lo ground of the
inpul transformer and ratio arms are re-
moved from the capacitance arms by placing
them in a shielded compartment insulated
from the grounded panel and connected to
the junction of the ratio arms,

Power factor is read directly in per cent
from the setting of a Tyre 539 Condenser
connected across the fixed ratio arm. Its
12-inch scale is approximately logarithmic,
so that, while having a maximum reading of
6 per cent, its smallest division near zero is
0.01 per cent, thus allowing the estimation
of 0.001 per cent. The accuracy of the power
factor reading over the wide capacitance
range is made possible by adding capacitance
across the lower-valued ratio arms, so that
the product RC of all the arms is the same.



The bridge is furnished for mounting with
its panel vertical on a standard relay rack.
upon which may also be mounted the oscil-
lator and amplifier. With no change in shield-
ing, it is also furnished mounted in a walnut
cabinet,

FEATURES: Three highly desirable prop-
erties are combined in this bridge: wide

range, high accuracy, and direct-reading
dials. Operation is simple, and both terminals
and controls are arranged for convenience
and flexibility of operation. Because of these
features, it can be used for practically any
type of capacitance measurement.

{Right) A sehematic circuit diagrum of the
Type 716-A Capacitance Bridge,

BRIDGES e
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SPECIFICATIONS

Ranges: Direct Re.ulinh capacitance, 100 opf to 1 ufy
power factor, 0.0027, to G55 (0.00002 to 0.06 expressed
as a ratio).

Substitution Method —capacitianee. 0.1 guf Lo 1000 guf
with internal standard; to 1 uf with external standards;

power factor, 69 x i where €' is the capacitance of
x
the stundard condenser and Cy that of the nnknown.

Accuracy: Direct Rending—eapacitance, =029 or
42 wpf x multiplier reading (0,29 of full scale for o.uh
i uig(} power factor Z£0.0005 or 4207 of dial reading.

Substitution Method —capacitance 20,29 or == 2upf;
power factor, =0.00005 or =24, for change in power
factor observed.

Ratio Arms: The arm across which the power factor
condenser is connected las o resistance of 20,000 olims.
The other arm has four values, 20,000 ohms, 2000 ohms,
200 ohms, 20 ohms, providing the four multiplying
factors 1, 10, 100, 1000. Suitable condensers are placed
avross these nrns, so that the product RC is constant.

Standards: Cupacitanee, Type 722 Precision Condenser
direet reading from 100 puf to 1100 gpf: power factor,
Tyre 539-1T Condenser calibrated directly in power
factor at 1 ke with semilogarithmie scale.

Type Deseription
716-AR For Relay-Rack Mountmg .....
116-AM Cabinet Mounted. . st

PATENT NOTICE. See Note 17, page v,

Shielding: Ralio arms, power-factor condenser, anl
shielded transformer are enclosed in an insulated shield.
The unknown terminals are shielded so that the eapaci-
tance across them is not greater than 1 puf. A metal
dust cover and the aluminum panel form a complete
external shield.

Frequency Range: All calibration adjustments are made
at 1 ke and the accuracy statements above hold for an
operating frequency of 1 ke, The bridge ean be used,
however, al any [frequency between 60 cyeles and
10 ke. Power-factor readings must be corrected by
multiplying the dial reading by the frequency in kilo-
cycles.

Voltage: Voltage applied at the cENERATOR terminals
is stepped up by a l-to-4 ratio shielded transformer.
A\ maximum of 50 volts can be applied to the trans-
former, If desired, power can be applied to the bridge
between the junctions of the pairs of resistance and
capacitance arms. With equal ratio arms, a maximum
of 700 volts can be applied.

Mounting: The bridge is supplied for mounting on a
19-inch relay rack or for cabinet mounting.
Accessories Required: Oscillator, amplifier, and tele-
phones or rectifier meter. Tyer 608-A Oscillator (sec
page 102), Tyre 814-A Amplifier (see puge 110) and
Western Electric Tyrs 1002-C 'lelephum,:. are recom-
mended. If a visual detector is required, Tyrr 485-1
Output Meter (see page 118) or T'yre 707-A Cathode-
Ray Null Detector is recommended.

For substitution measurements, a balancing con-
denser is needed. This may be either an air-diclectrie
model, such as Tyre 246-L and Tyrn 539-C , or a fixed
mica crmnlemr.r of the Tyrr 505 series,

Dimensions: (Length) 19 x (height) 14 x (depth) 9 inches,
over-all.
Net Weight: 41 pounds, relay-rack maodel; 52 pounds,
cabinet model.
(Lefty This photograph shows the Tyer
716-A Capucitance Bridge sel up to measure
the power factor of insulating oil. When
measuring low-power-factor oils, the guoard
circuit shown ahove the bridge is needed.

Cade Word Price
........ BONUS $335.00
ROSOM | 360.00
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TYPE 716-P2 GUARD CIRCUIT

USES: This guard circuit is designed for use
with the Tyrm 716-A Capacitance Bridge so
that measurements can be made with that
bridge on three-terminal condensers and cells
having guard electrodes.

DESCRIPTION: The Tyee 716-P2 Guard
Circuit consists of a capacitance arm and a
resistance arm having the same impedance
values as the standard capacitance arm and
fixed ratio arm of the Typr 716-A Capaci-
tance Bridge. It provides a junction point to
which the guard electrode or third terminal
of any three-terminal condenser may be
connected. Suitable switches are provided for
connecting and disconnecting the three-
terminal condenser and for placing it in
either arm of the bridge so that direct-reading
or substitution measurements can be made.

FEATURES: This guard circuit can be used
with any Tyre 716-A Capacitance Bridge
without altering the bridge in any way. All
switching of ecircuits and measuring cell
occurs in the guard cireuit. Both guard cir-
cuit and coupling circuit are balanced by
connecting them in parallel with the proper
bridge arms. In this way the bridge detector
does not need to be transferred from bridge
to guard. Generator and detector may also
be transposed with no effect on the ease of
guard balance.

Ability to balance the guard eircuit when
the terminal capacitance of the measuring
cell has large power factors is made possible
by placing an inductance, controlled by a
shunt resistance, in series with the resistance
arm of the guard circuit, This in effect intro-
duces a negative power factor into this arm.

SPECIFICATIONS

Ranges: The ranges of the Tyre 716-A Capacitance
Bridge are not altered by Lhe use of the guard circuit.
Accuracy: The accuracy of reading of the bridge is also
unaltered if certain small corrections are made.
Resistance Arm: 0 to 20 k< in series with 0 to 1 h and
in parallel with 20 to 5000 guf.

Capacitance Arm: 40 to 1150 puf with a fine adjnstment.
Coupling Circuit: 150 to 525 pul.

Shielding: The three transfer and disconnecting switches

Frequency Range: The guard circuit is intended to be
used at a frequency of 1 ke, It can be used however
over the same range as the Tyre 716-A Capacitance
Bridge, provided the power factors of the terminal
capacitances are not excessive at the lower frequencies.
Mounting: Relay rack or cabinet mounting,
Dimensions: Panel, 19 x 714 inches; depth behind panel,
9 inches.

Net Weight: 30 pounds.

are mounted in an insulated shield kept at guard poten-  — Type  Deseription  CodeWord _ Price
tial. A metal dust cover and the aluminum panel form  716-P2M| Cabinet........ nosomcuarp |$190.00
u complete grounded shield. 716-P2R | Relay Rack .... moxuvscuarp | 170.00
T — e R R R
;{
Schematic diagram showing
o8t Tyee 716-P2 Guard Cirenit
: connected to Type 716-A
Capacitance Bridge.
o .
e The |
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TYPE 625-A BRIDGE

USES: When used with the proper standards,
this skeleton-type bridge substantially dupli-
cates in performance the Tyrs 650-A Imped-
ance Bridge. Consequently, it can be used
for many of the same types of resistance,
capacitance, and inductance measurements.
It is particularly well suited for student
instruction and demonstration purposes, for
all types of a-c bridge circuits can be assem-
bled using the Type 625-A Bridge as a basis.

DESCRIPTION: Tyer 623-A Bridge is a
bridge in skeleton form. It contains the basic
clements of Tyer 650-A Impedance Bridge.
One arm contains a  10,000-ohm, direct-
reading, logarithmie rheostat, and the other
three arms are brought out to pairs of
terminals on the panel, making provision for
plugging in standard and unknown units to
obtain a variety of circuits. A 1000-cycle
microphone hummer is ineluded.

FEATURES: Where only one quantity is to be
measured at a time, the Tyre 625-A Bridge

is a simpler and more economical instrument
than the Tyrk 650-A.

SPECIFICATIONS

Range: With the recommended accessories the ranges
are: for resistance, 1 milliohm to 1 megohm; for capac-
itance, 1 micromicrofarad to 100 microfarads; for
inductance, 1 microhenry to 100 henrys.

Accuracy: The accuracy of results depends upon the
type of standards used. With the accessories recom-
mended, an accuracy of 29 for measurements of induc-
tance, capacitance, and d-¢ resistance can be obtained.
The aceuracy of the component parts of the bridge
itself is 197. The frequency of the microphone hummer
is 1000 eycles to within 4= 57,

Power Supply: Two 414-volt batteries (Burgess No.
W70, Eveready No, 711, or equivalent) for the d-c¢

Schematic  diagram

of the Typrr 625-A

Bridge.  The gener-

ator and switehes are
not shown,

measurements, and for driving the microphone hummer,
are required, and space for them is provided in the
cabinet. Batteries are not supplied with the instrument,
An external a-c voltage source having any frequency
up to 5000 cycles may be used.

Accessories Recommended: In addition to head tele-
phones for a-¢ measurements and a zero-center, 200-ua,
full-seale galvanometer for d-¢ measurements, purchase
of the following units is recommended if the full range
is to be covered. Omission of some items is possible if
narrower ranges are satisfactory.

Condensers
1—Tyrr 505-1 0,001 gl
1-—Typrr 505-L 001 uf
1—Tvyer 625-P1  1-uf

Reststors
1—Tyre 500-A 1 Q
1—Tyee 500-B 10 0
1—Tyer 500.D 100 @

1—TyeE 500-1T 1000 © _Condenser .
! {Adjusted to within + 29,
2—Tyre 500-] 10,000 Q Dimensions: 23§ x 1 _«x
515 inches -l Net
1—Tyrr 526-B Mounted Weight: 4 ounees.
Rheostat and Potenti-
ometer  required  for

dissipation and storage

factor measurements,
Mounting: This instrument is assembled on a black
crackle-finish aluminum panel and mounted in a shielded
walmut cabinet. A drawer in the lower part of the
cabinet provides space for storing the standards
suggested.
Dimensions: (Width) 9 x (depth) 13 x (height) 7 inches,
over-all,
Net Weight: § pounds without batteries: 11 pounds with
batteries.

Type Deseription Cade Word Price
625-A Ll R (P I Ry . BEACH $65.00
625-P1 1-uf Condenser. . ... .. A BAIZE 2.00

PATENT NOTICE. See Note 17, page v.
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TYPE 671-A SCHERING BRIDGE

USES: The Tyre 671-A Schering Bridge is
designed to measure the dielectric properties
of insulating materials at power-line fre-
quencies. Among ils applications are Lhe
testing of materials used as dieleetries in
capacilors and as insulation in transformers,
cables, and electrical machinery. In general
industry it can be nsed for a multitude of
tests on ceramie, fabric, paper, and plastic
products to determine such properties as
composition and moisture content, as well
as the change in these characteristics with
temperature, humidity, and voltage gradient.

DESCRIPTION: Measurements are made by
the substitution method. Capacitanee is read
directly from a Tyer 722 Precision Con-
denser; power factor is caleulated [rom the
capacitunce of the specimen and the reading
of the power-factor dial.

The inverted Schering bridge circuit is
used, as shown in the schematic diagram on
page 77. Compensating condensers are pro-
vided so that both the ecapacitance and
power-factor dials can be set to zero in the
mitial balance of the bridge before the un-
known is connected. The capacitance range
is from zero to 1030 upuf. The product of
dissipation factor and capacitance of the
unknown can have a maximum value of 80,
where the capacitance is expressed in micro-
microfarads.
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A voltage control is provided, by means
of which the voltage applied to the bridge
(and, in effect, to the unknown) ecan bhe
varied between zero and 10 times line volt-
age. A panel meter reads the r-m-s value of
this voltage,

The enlire assembly is mounted on a
relay-rack panel and a dust-cover shield is
provided.

FEATURES: This bridge is simple to operate
and gives accurate resulls, Operation at
power-line frequeney eliminales the necessity
of a separate oscillator, and, for tests on most
insulating materials, has the advantage of
making the measurements at the frequency
al which the materials will be used.

Both input and oulput transformers are
astatically wound, and the bridge is electro-
statically shielded, so that external fields do
not affect the enclosed bridge circuits.
Moderate external fields impinging upon the
unknown capacitor are of no consequence
providing that they do not vary during the
period of measurement. The use of a sub-
stitution method of measurement avoids a
number of errors which are difficult to elim-
inate in direct-reading bridges. In the con-
templated uses of this bridge no guard cireuils
are required, so the bridge measures two
terminal capacitors only.



The ability to vary the voltage applied to
the sample under measurement is also a
considerable advantage.

A doubly-shielded output transformer

BRIDGES ¢

permits one terminal of the unknown capaci-
tor, one terminal of the detector, and one
side of the power line to he grounded directly
during measurements,

SPECIFICATIONS

Capacitance Range: 0 to 1080 guf direct reading; larger
values can be measured by using a series substitution
method.

Accuracy of Capacitance Measurements: The seale is
calibratedl in steps of 0.2 guf, The absolute accuracy of
capacitance measurement is 4017, of full scale or
+ 1.0 ppf. Small lllﬂf.‘lt"ll((’\ hetween two capuacitors, or
swall chunges in o given capacitor with time, tempera-
ture, humidily, voltage gradient, ete, may he de-
termined with an acenracy of from =01 ppf Lo 0.3 pul.
Power-Factor Range: Readings of the power-factor dial
are in terms of the product D20 where Dris the issi-
pution factor of the unknown and € is the mmknown
capacitance expressel in guf., The maximum seale value
of this produet is 80 on the x1 multiplier setting and
8 on the x.1 setting. Larger values of D0 may he
measured by a series substitution method. The smallest
seale division is unity on the x1 position and 0.1 on the
w1 position, Hence, Tor a 100 pul capacitor under
measurement, the maximum measurable dissipalion
factor is 0.8 or 8077, and the minimum is 1/5 the smallest
division, 0.0002 or 00200, Both of these limits vary
inversely as the capacitance of the sample,

Accuracy of Power-Factor Measurements: The accu-
racy of 11E‘i<i}nlliun factor readings is also l?\'pr("v-f'd in
terms of the DO product, The maximum error in the
determination of this pmrlmt is, for the x1 multiplier,
+0.2 or 429 of the dial reading. whichever is larger.

For the x.1 multiplier, the error is =0.05 or £2%,
whichever is larger,

Power Supply: 0-130 volts, 40-60 cycles, The power
input is approximately 30 watts. A constant corréction
factor must be applied to the power-factor dial reading
for any line frequency other than 60 eycles,

Applied Voltage: A transformer and potentiometer
apply from zero up to 10 times line voltage to the bridge,
and, in effect. to the unknown capacitor.

Controls: Main capacitance dial, capacitance zero ad-
justment, power-factor dial, power-factor zero adjust-
ment, power-factor multiplier switeh, voltage control,
power ON-0FF swilch.

Meters: A panel voltmeter indicates the voltage applied
to the bridge.

Null Detector: Some form of halance detector, or null
indicator, is required. This is not ineluded in the hridge.
Headphones cunnot be used, owing to the low supply
frequency, The Tyee 707-A Cathode-Ray Null De-
tector (see page 92) is strongly recommended. An
alternative detector for GO-cyele use consists of Tyre
S14-A Amplitier (page 110), Tyee 814-P3 Tuned Cireuit
(puge 112), and Tyri 488-1 Output Meter (page 118},
Accessories: Supplied with the bridge are a shell for
holding specimens under measurement, a cord and plig
assembly for power connection, and a shielded cord for
joining the bridge to the external detector unit.
Mounting: 18-inch reluy-rack panel.

Dimensions: Panel, 19 x 12!5 inches; depth behind
punel, 924 inches.

Net Weight: 3614 pounds.

Ty pe Code Ward Price
671-A (P—— s BEGET $325.00
PATENT NOTICE, See Note 17, page v,
Schematie cirenil diagram of Tyes 671-A Schering Bridge.
‘ ‘-'L DETECTOR
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TYPE 516-C RADIO-FREQUENCY BRIDGE

USES: The radio-frequency bridge extends
to radio frequencies bridge methods of im-
pedance measurement which formerly were
useful only at low frequencies. This bridge
has been widely used for measuring the
impedance of radiators, r-f transmission lines,
coupling units, and other elements of radio
antenna systems. Other applications include
measurements of the inductance and storage
factor, @, of coils, the capacitance and power
factor of condensers, the resistance and re-
actance of resistors, and the frequency char-
acteristics of the circuit elements at radio
frequencies up to about 4 megacycles.
Although this bridge is designed primarily
for use at radio frequencies, the useful fre-
quency range can be extended down to 60
cycles by changing the ratio arms and the
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output transformer. Both ratio arms and
transformers are listed on page 93.

DESCRIPTION: The Tyre 516-C Radio-
Frequency Bridge is a capacitance bridge and
can be used as a Schering bridge with direct-
reading power-factor dial, or as a series-
resistance bridge. The resistance decade is a
Tyre 670 Compensated Decade Resistor
(see page 22) which has a constant low value
inductance regardless of setting.

The Typr 516-C Bridge is direct reading
up to 110 ohms and 1150 puf. FFor the meas-
urement of inductanee or of higher values of
capacitance, a small fixed condenser may he
placed in series with the unknown. When the
resistance of the unknown is above 111 ohms
a parallel condenser or a combination of series



Schematie cireuit dingram of the Typr 516.C

Radio-I'requency Bridge, By using the capac-

itance C'pp to balance the stray capacitance

('wvo, and the inductance Lo to balance the

inductance Ly of the standard resistor, the

bridge is made direct reading in both capaci-
tance and resistance.

or parallel units can be selected to produce a
balance. While in neither of these cases is the
bridge direct reading, the necessary cal-
culations are not difficult. The substitution
method for capacitance and resistance meas-

BRIDGES =«

urements is recommended where precise
results are desired. When the bridge is used as
a direct-reading instrument, some accuracy
issacrificed. The over-all accuracy obtainable
is, however, extremely good in the range
where the bridge is direct reading. Even at
frequenciesin the vicinity of 5 Me, the direct-
reading accuracy is about 5 per cent. At
broadeast frequencies it is about 1 per cent.

FEATURES: The accuracy, wide range, and
ease of operation of the Tyrr 516-C Radio-
Frequency Bridge make it the most satis-
factory device available for radio-frequency
impedance measurement. It should be em-
phasized, however, that the bridge requires
on the part of the user an appreciation of the
fundamental problems involved in high-
frequency measurement if erroneous results
are not to be obtained. Stray eapacitanceand
the reactance of leads, factors which are
negligible at lower frequencies, are often an
appreciable part of the impedance measured
at radio frequencies. A recognition of the
importance of these factors is necessary to a
correct interpretation of the results,

SPECIFICATIONS

Capacitance Range: Main dial, 40 uul to 1150 puf;
vernier dial, £0.1 puf to 10 guf. The range can be
extended to 10 uf by using a series condenser.
Resistance Range: 0.1 ohm to 111 ohms. The range can
be extended to 11 kQ by using a known condenser in
parallel with the unknown.
Power-Factor Range: 0.005%, to 397 at 1 Mc. The range
can be extended to 30%, by using a known condenser
i parallel with the unknown.
Frequency Range: 500 ke to 4000 ke with output trans-
former furnished, With suitable output transformers
and ratio arms (see below), range can be extended down
to include audio frequencies.
Accuracy: As a direct-reading bridge, 5 puf or £1%
at 1 Me for measurements of capacitance, 0.2 @ or
4+2% for resistance, and ==0.001 or =59 for power
lactor. With substitution methods, greater accuracy
can be obtained.
Controls: Large and small capacitance dials, three
decade resistance switches, power-factor dial, power-
factor zero adjustment dial.
Accessories Recommended: The bridge is supplied with
100-ohm ratio arms and a Tyes 516-P10 Output Trans-
former for the 500-ke to 4000-ke band. A suitable radio-
frequency generator and detector are required.

The Tyre 684-A Modulated Oscillator (see page 104)
is suggested. As a detector, & radio receiver covering
the desired range is recommended. Two shielded con-
ductors are needed for generator and detector connec-
tions. Two Tyre 274-NE Shielded Plugs are furnished.
See also “Condensers” below,)
Condensers: If measurements outside the direct-reading
runge of the bridge are to be made, plug-in fixed con-
densers are required. Tyre 505 Condensers are recom-
mended. A set of four of these with capacitances of

Ty pe

516-C S

PATENT NOTICE. See Notes3, 10, 17, page v.

100 pgf, 200 puf, 500 puf, and 1000 guf, respectively, is
adequate for most purposes. (See page 57.)

Dimensions: (Length) 18 x (width) 12 x (height) 8 inches,
aver-all.

Net Weight: 2134 pounds,

The photograph above shows the bridge with

Tyre 684-A Modulated Oscillator set up for

measuring antenna characteristics in a radio
broadeasting station.

Price

$225.00

Code Word

BATCII |
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TYPE 740-B CAPACITANCE TEST BRIDGE

USES: The Tyre 740-B Capacitance Test
Bridge is a 60-cycle capacitance and power-
factor bridge for use in both laboratory and
production testing. Condenser manufacturers
can use it for checking the capaecitance and
power factor of paper, electrolytic and mica
condensers: cable and wire manufacturers for
measuring dielectrie constant, interconductor
and conductor-to-shield capacitance; trans-
former manufacturers for measuring inter-
winding and winding-to-shield eapacitance;
spark-plug manufacturers for testing spark-
plug capacitance on the production line; and
power companies for measuring the power
factor of insulators.

DESCRIPTION: The circuit used in this
instrument is that of a series-resistance
capacitance bridge. It is the capacitance
portion of the TypE 650-A Impedance Bridge
adapted for 60 eycles. One ratio arm is
variable in decade steps, and the other is
continuously variable and ealibrated directly
in eapacitance.

By means of this combination, capacitances
between 5 micromicrofarads and 1100 micro-
farads can be measured. Power factor is
measured by means of a dual-range variable
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resistor in series with the standard condenser,
The dial is direct reading in dissipation factor
(RwC) and, in conjunction with a multiplier
switch, has a total range of 0 Lo 30 per cenl.

Operating instructions are conveniently
mounted in the cover of the instrument, and
a complete cirenit diagram is attached to the
base of the cabinet.

Power is obtained from the 60-cyele line
through a shielded isolating transformer.

A visual null indicator is used, consisting
of tuned amplifier and an electron-ray tube
(the so-called magic eye). A sensitivity con-
trol is provided. With this type of null indi-
cator, it is possible to nse the bridge as o
limit bridge in production testing,

The complete bridge assembly is mounted
in an airplane-luggage type of carrying case.

FEATURES: For production testing, this
bridge has many advantages, Power-line
operation and the visual indicator make it
completely self-contained. Tt can be used in
noisy locations where headphones would be
useless. Its small size and light weight ar
important features, since it can he moved
easily and sel up wherever necessary.

The range of measurement is wide, the



operation is simple, and the construction is
rugged and practically foolproof.

Care was taken in the design and con-
struction of the power transformer to insure
a minimum of capacitance between generator
terminals and ground. As a result of this and
other design features, an accuracy of 1 per
cent for capacitance, and 1.5 per cent of full
scale for power factor, has been obtained
over most of the range.

In testing electrolytic condensers, a pola-
rizing voltage is frequoutlv needed. Although
1no provision for this is made in the standard
bridge, terminals for introducing such a
voltage can be added at a slight extra charge.

BRIDGES

Testing condensers with the Tyer 740-B
Capacitance Test Bridge.

SPECIFICATIONS

Capacitance Range: 5 micromicrofarads to 1100 micro-
farads in six ranges. Capacitance values are read
directly from a logarithmic dial and multiplier switch.
Capacitance Accuracy: Within =19 over the main
decade (1 to 11) of the caracrrance dial for all multi-
plier settings except L0001, Within =1.59% or =3 micro-
microfarads, whichever is the larger, on the .0001
multiplier on the main decade of the cxvacreaxce dial.
Below 100 micromicrofarads the error gradually in-
creases to =3 micromicrofarads as zero is approached.
Dissipation Factor Range: 0 to 307 in two ranges.
Dissipation factor values are read directly from an
engraved scale and multiplier switch,
Dissipation Factor Accuracy: Within 1.5% of full-scale
reading for all capacitance multipliers except .0001,
On the 0001 eapavitance multiplier a correction of
0.3%¢ should be subtracted from the dial reading. When
this eorrection is made the calibration is within -2
divisions on the x1 multiplier and within =1 division
on the x10 multiplier.
Voltage Applied to Unknown: The voltage impressed
across the unknown terminals varies con l;imums‘?v with

Type

740-B ‘ ;
Extra terminals installed for po!anzlng voltage

the bridge setling. For very small capacitances in the
lowest range, this voltage is approximately 83 volts, and
it decreases with increasing capacitance, so that at
100 gf, it is approximately one volt.

Polarizing Voltage: No provision is made for connecting
a polarizing voltage, butl terminals for this purpose can
be added. (See price list helow.)

Power Supply: 115 volts, 60 eyeles. The power input
is 15 watts,

Controls: Capacitance dizl and multiplier, dissipation
factor control and multiplier, sensitivity control.
Accessories: Attachment corid and plug for power con-
nection are supplicd.

Vacuum Tubes: One each of types 6X3, 6J7, 6155 all are
supplied with the bridge.

Mounting: Portable carrying case, of airplane-luggage
construction,

Net Weight: 19 pounds.

Dimensions: (Length) (414 x (width) 15 x (height)
014 inches, over-all, including cover and handles.

_f'mft: Ward Price
BABEL $140.00
POLAR 10.00

BRIDGE

VISUAL

UNKNOWN

 STANDARD

DISSIPATION

AMPLIFIER INDICATOR

FACTOR

Schematic circuit diagram of the Tyes 740-B Capacitance Test Bridge,
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GENERAL RADIO CO.

BRIDGES

TYPE 667-A INDUCTANCE BRIDGE

USES: This bridge is designed for accurately
measuring the inductance of small coils
having a low value of storage factor, @, at
audio frequencies, such as are used in radio
receivers, It is used by many coil and receiver
manufacturers for all andio-frequency meas-
urements on the tuning coils for radio re-
ceivers. It is capable of measuring higher
values of inductance (up to 1 henry) and
hence can be used as a general-purpose
inductance bridge. When connected as a
Campbell mutual inductance bridge, it can
be used to measure mutual inductance in
terms of the internal standard. Terminals are
provided so that the bridge can be connected
as a resonance bridge for such measurements
as the ratio of a-¢ to d-c resistance. The d-e
resistance can be delermined by using a
battery and galvanometer in place of the
usual a-¢ generator and detector.

DESCRIPTION: The schematic diagram of
Type 667-A Inductance Bridge is shown on
page 838. Tt differs little from that of the usual
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inductance bridge. Certain design features,
however, have been introduced to eliminate
residual sources of error and to make the
bridge direct reading. The variable resistors
in both the standard and the unknown arms
are inductance compensated, identical in
construction with Type 668 Compensated
Decade-Resistance Units and Type 669
Compensated Slide Wire.

The variable inductor, L,, in series with
the unknown makes it possible to obtain a
final inductance balance independent of the
resistive balance of the bridge. The standard
inductor is wound on a ceramic toroidal form
in order Lo minimize magnetic coupling with
the variable inductor. The switch, K, is used
when the bridge is connected as a resonance
bridge.

FEATURES: High accuracy (within 0.1 gh)
for the measurement of small inductances
is one of the outstanding features of this
bridge. Coils of a few microhenrys inductance
cannot be measured accurately on the ordi-



nary bridge, owing to the errors introduced
by the (1) sliding-zero balance (reactive and
resistive balances not independent), (2) varia-
tion of inductance with setting of any decade
resistors used in the bridge, and (8) capaci-
tance across the resistive component of any
of the arms. These are eliminated in the
Tyre 667-A Inductance Bridge. The small
variable inductor in series with the unknown
eliminates the sliding-zero halance. An in-
ductance-compensated resistor (similar to
Tyee 670 Compensated Decade Resistor)
is used to eliminate the effect of reactance
changes when obtaining the resistive balance.
The constant residual inductance of the re-
sistance decades is compensated for by a
small change in the standard inductor. The
effect of shunt capaecitance is minimized by
keeping the resistive components of the
various arms at a low value. The resull is a
bridge that has independent balances for
resistance and inductance, is capable of
measuring inductance with an accuracy of
0.1 microhenry, and which is direct reading.

SPECIFICATIONS
Range: Inductuance, 0.1 mierohenry to 1 henry. The
range can be extended to 1000 henrys by using TypE 106
Standard Inductors or external standards. The bridge
will balanee for storage factors between 0,06 and
infinity at 1 ke.
Accuracy: Inductance, £0.29, or £0.1 b, whichever
is the greater, for three smaller multiplier settings and
at 1 key 049, for the largest multiplier at 1 ke. The
larger error is caused by the capacitance across the
unknown terminals and is reduced at lower frequencies,
Frequency Range: All calibration adjustments are made
at a frequency of 1 ke, The bridge can be used at any
frequency hetween 60 cycles and 10 kiloeycles.
Ratio Arms: The ratio arm controlled by the multiplier
switeh has four values, 1, 10, 100, 1000 ohms. The other
ratio arm which is calibrated to be direct reading in
inductance, is identical with a four-dial Tyre 602-K
Decade-Resistance Box.
Standards: The standard inductor is a 1 millihenry
Loroid wound on a ceramic form, Resistance balance of
the bridge is made by means of a three-dial inductance-
compensated resistor, identical with the Tyee 670-F\WW
Compensated Decade Resistor, placed in series with
the standard imductor. Twa switches, having logarithmi-
cally spaced resistors ranging from 1 to 10,000 ohms,
are connected in series with the unknown inductor.
Shielding: The bridge arms are shielded from one
another by grounded shields connected to the panel and
copper lining of the cabinet.
Mounting: The bridge is supplied for cabinet mounting
only.
Accessories Required: Oscillator, amplifier, and head
telephones. Tyrs 605-A Oscillator (see page 102), Tyer
514-A Amplifier (see page 110), Tyrr S814-P Tuned
Circuits (see page 112) are recommended.
Dimensions: (Length) 1714 x (width) 16 x (height) 915
inches, over-ull.

Net Weight: 3074 pounds.
Tiype
667-A

BRIDGES

GENERATOR

Qs

- UHKROWN
7

Schematic cireuit diagram of the
Tyerr 667-A Inductance Bridge.

Interior view of the bridge, showing
details of construction.

Code TWard Priee
ABIRE | $325.00
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e BRIDGES

GENERAL RADIO CO.

TYPE 293-A UNIVERSAL BRIDGE

USES: The Typr 203-A Universal Bridge is
a fundamental bridge cireuit which ecan
be comnected to produce a wide variety
of direet- and alternating-current bridges.
Among these are bridges for the measurement
of inductance, capacitance, and resistance
overa wide frequency range (0-50,000 eycles).
It can also be set up as a frequency meter.
The instrument has, therefore, 1« much wider
general usefulness in a college or measure-
ment laboratory than the usual form of
permanently connected bridge circuil.
DESCRIPTION: The bridge consists of three
resistance arms and a terminal board by
means of which the various cireuits can be
set up with plugs and jacks.

The resistance arms of the bridge consist
of two similar arms, each having a total
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resistance of 11,110 ohms in four decade dials
(1, 10, 100, and 1000 ohms), and a third arm
having resistances of 1, 10, 100, 1000, and
10,000 ohms.

The bridge elements are shown diagram-
matically in the accompanying drawing,
which illustrates the points in the circuits
where terminals are located. The bridge
circuit is shown conneeted for the standard
Wheatstone bridge. The dotted lines are
connections made by means of the plug
connectors on the terminal board. The plugs
are arranged in two groups, each group
terminating the elements of one side of the
bridge. The plug arrangement permits the
connection of additional elements in series
with any of the bridge arms. The input and
output (power and null detector) cirenits ean



be brought out directly or through trans-
formers for which plug-in jacks are provided.

When used for resistance measurements no
additional standard is required, the S8 arm
of the bridge being used as a standard. For
inductance and capacitance measurements,
an external standard is required. The bridge

BRIDGES

does not include a null detector or power
supply.

FEATURES: The advantage of this bridge
lies in its extreme flexibility, which makes
possible a variety of measurements with a
minimum of equipment.

SPECIFICATIONS

| RESISTANCE

S
| UNDER TEST 1410, 100, 100G,10000 A

A 8

1=10=10041000 A .;‘-“.;3 s'-'-o-w.q-,rm:h
s B =

Schematic diggram of a Tyrr 203-A Uni-
versal Bridge set up for measuring resistance,

Bridge Arms: The A and B arms each consist of four
decade resistors covering a range of 1 ohm to 11,110
olms in 1-ohm steps. The S arm is & resistor with 1-,
-, 100, 1000-, and 10,000-0hm sections, The char-
acteristics are similar to those of the Tyre 602 Decade-
Resistance Box.

Accuracy: All resistors are adjusted to within 0.17 of
the specified value except the l-ohm units which are
adjusted to within 0.259;.

Type

The absolute nceurney of any measurement will
depend upon the aceuracy of the standard and upon
the magnitude of the residual impedances (series in-
dut-.tun:e and shunt  capacitance} occurring in the
varions arms,

Frequency Range: The bridge can he used at all fre-
quencies [rom divect current up to 50,000 eycles.

Shielding: The cabinet is copper lined, and the A, B,
and 8 arms are shielded from each other. The panel
is shielded over the A and B arms,

Accessories: To facilitate making the connections re-
quired by this flexible bridge, there are supplied with
each instrument 10 double plugs, 2 double shielded
connector cords, and 2 single cords.

A suitable generator and null delector are required.
For a-c measurements, either Tyre 608-A Oscillator or
Tyer 718-B Beat-Frequeney Oscillator (see pp. 102 and
98) is satisfactory, For measurements in the vicinity of
1000 exeles, a pair ol head telephones with Tyre 814-A
Amplifier (see page 110) is recommended. For lower
frequencies, T'yrr 483-1 Outpul Meter (see page 118)
can be substituted for the head telephones. For higher
frequencies, Tyrn 720-A Vacuum-Tube Voltmeter (see
page 116) ean he used.

Shielded input and output transformers, and a slide
;\'ife for fine adjustments of resistance are deseribed
pelow.

Dimensions: Panel, (width) 1514 x (depth) 1634 inches.
Cabinet, (height) 824 inches, over-all.
Net Weight: 2114 pounds.

Code Ward Price

293-A ...

$140.00

HACON {

TYPE 293-P ACCESSORIES

In using the Tyer 293-A Bridge for alter-
naling-current measurements, shielded input
and output transformers are desirable. The
following transformers are available and are
satisfactory for measurements in the audio-
frequency range. Bolh transformers can be
used with either coil as luput or output.

When the impedance under measurement
is low, it is desirable to extend the range of
the bridge arms downward. This may be
done by the use of one or two Tyre 293-1'3
Slide-Wire Resistors, a shielded resistor
calibrated directly and having a range of
0-1.8 ohm. The slide-wire calibration is accu-
rate to 0.02 ohm at any setting. The unit is
arranged for plug mounting on the bridge
terminal hoard.

Tyer 203-P3 Slide Wire.

Cirewtt I pedanee

Turns  Inductance Irequency Net Cade
Type  Ratio High Side Range Wigh Side  Low Side  Weight Word Price
293-P1 3:1 I 2.5 h 30-5000 cycles 2700 2 | 800 @ 21, papce | $12.00
293-P2 2.5a:1 25 h 30-5000 cycles | 23,000 & | 4000 2 2 b, BAFFY \ 12.00
9293-P3 Slide-Wire Resistor, 0=1.3.2 .. .. .o0ieiiiiieiieannnnranss 8 oz. BAGGY 20.00
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* BRIDGES

GENERAL RADIO CO.

721-A COIL COMPARATOR

| BTANDARD SETTING

USES: The coil comparator is used for pro-
duction measurements of the reactance and
resistance of r-f coils and condensers. It is
intended to be used solely as a comparator,
i.c., the coil under test is compared with a
standard sample and the difference noted.
Although the comparator is also capable of
making direct measurements, il is not recom-
mended for this purpose.

DESCRIPTION: The Tyre 721-A Coil Com-
parator uses a bridged-T circuit as shown in
the diagram on page 87. Like a bridge, it is
capable of being balanced for a perfect null
indieation, but, unlike a bridge, one side of
the generator, the detector, and the coil
under test are connecled to a common
grounded point.

The elements of the comparator are the
two-gang condenser, C,(,, and the variable
resistor, R,. The coil under test is indicated
by the inductance, L, and the resistance, It
The conditions for balance, if the two con-
denser sections are approximately equal and
if the coil has a reasonably high @, are as
follows:

1 .

B ((-'l"{" Colw M
R,

- (2)

In other words, the sum of the capacitance
of the two sections of the tuning condenser
must be sufficient to tune the coil to reso-
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nance, and the bridging resistance must be
equal to four times the coil resistance.

The two condensers, €'y and (s, are equal
and are operated by a single control which
determines Lhe reactance selling. A small
condenser, also in two sections, is in parallel
with the main condenser and is used to show
small differences in reactance in comparison
measurements, The resistor, R, is non-
reactively wound and reads directly in coil
resistance,

The procedure for checking coils with this
instrument is extremely simple and straight-
forward.,

The small condenser, marked vrimits, is
set at the center-scale zero, and balance
obtained for the standard coil by varying
the resistance control and the control of the
main condenser, marked STANDARD SETTING.
The reactance setting is locked by a clamp
provided, the standard coil is replaced by the
production coil, and balance restored by
varying the auxiliary vLimits condenser and
the resistance control. If the production
coil is similar in construction to the standard,
the test can almost invariably be made with
sufficient precision by adjusting only the
Livars condenser, leaving the resistance
selting unaltered.

Condensers can be checked as readily as
coils, but it is necessury to use an external
coil to obtain balance.

Production coils can also be checked for
resistance or for ) in comparison with a



standard coil. Although a correction factor
for the effects of stray capacitance must be
applied when making absolute measurements
of Ror @, it need not be considered for com-
parisons with a standard coil. For coils of the
same reactance the setting of the resistance
control is always directly proportional to the
coil resistance, The percentage deviation in
Ror@Qis equal in magnitude to the percentage
deviation of the resistance control setting.

FEATURES: The circuit used in the Tyre
721-A Coil Comparator combines the simplic-
ity of a resonant method with the precision
of a null method. Readings are completely
independent of both generator and detector
impedances, The effective low impedance of
the eircuit, moreover, makes other effects,
such as eapacitance between input and out-
put and capacitance to the operator’s body,
almost unnoticeable.

The new circuit makes it possible to pro-
vide an almost ideal arrangement: a single
control, with an incremental adjustment, for
reactance, and an independent control for
resistance.

Although a single frequency test is gen-
erally adequate for production checking, the
circuit of the comparator lends itself particu-
larly well to more detailed tests. For example
a convenient arrangement for checking coils
at two frequencies to obtain o measure of the

BRIDGES

Measuring radio-receiver coils with the Tyer
721-A Coil Comparator.

distributed capacitance can be made by em-
ploying two Tyrn 721-A Coil Comparators
side by side, each with its separately-tuned
detector. If the oscillator fundamental and
second harmonic are used for the test fre-
quencies, the two inputs can be connected
together. It is then only necessary to shift
the high-potential coil lead to test at the two
frequencies and to insure that the reactance
value in each case falls within the specified
limits.

SPECIFICATIONS

Tuning Capacitance: The effective Luning eapacitance is
adjustable between 75 puf and 1200 gul when the aux-
iliary condenser is set at zero (mid-scale). This includes
a stray capacitance of 25 to 32 uul, depending on the
setting of the main condenser.

Resistance: The resistance control reads direetly within
3% the “nominal” coil resistance from 0.5 ¢ Lo 95 ¢,
in two ranges. The correction for stray capacitance,
however, lowers the maximum measurable coil resist-
ance to 4G © when the tuning capacitance is 100 guf,
and to 85 @ at 1000 guf.

Inductance Range: Any coil can be tested which can be
tuned to resonance at the test frequency by a capaci-
tance between the limits given above, and which has a
series resistunce lying within the range specified above,
Calibration: An approximate capacitance ealibration is
supplied for the main dial; this is actually the average
of a number of instruments and is within 259%,. The
auxiliary condeners dial is direct reading in micromicro-
farads and the resistance dial in ohms. A correction
curve for the effects of stray capacitance is supplied.
Mounting: The instrument can be supplied in a walnut
cabinet for table use, or with a metal dust cover for
building into test equipment.

Terminals: Panel terminals are provided for connecting
generator detector and coil under test.

Controls: Main tuning condenser, with dial lock, re-
sistunce dial with 10:1 multiplier, and capacitance
umrrs dial,

Accessories Required: Tvie 684-A Modulated Oscilla-
tor is recommended as a power source. A sensitive radio
receiver is a satisfactory detector. Shielded cables such
as Tyre 274-NC or Type 274-NE should be used for
connections to the generator and detector.
Dimensions: Panel, 12 x 0 inches; depth behind panel,
Tyrr 721-AM, 914 inches; Tyre 721-AR, 834 inches.
Net Weight: Tyre 721-AM, 1274 pounds; Tyen 721-AR,
834 pounds.

O | G Ce

. To
GENERATOR

Schematic circuit dingram of the T'yre 721-A
Coil Comparator with coil under test con-
nected. The test coil is designated by the
induetance L and resistance I, Cyis the stray
capacitance of the comparator itself,

Type Deseriprion Code Word Price
721-AM WHE COBINEE: . o conitiin otisunsminvs Ty BIBLE $85.00
721-AR With Metal Dust Cover........... | BIGOT | 80.00
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GENERAL RADIO CO.

BRIDGES

TYPE 561-C VACUUM-TUBE BRIDGE

I

USES: This instrument makes possible aceu-
rate measurements of the three fundamental
vacuum-tube  parameters;  amplification
factor, mutual conductance or transcon-
ductance, and plate resistance; over wide
ranges of values, The aceuracy is sufficient
so that the bridge has found acceptance
among tube manufacturers as a standard of
reference for tube measurements, particularly
where extreme values of the paramelers are
encountered and where ordinary measuring
cirenits become untrustworthy.

In the field of development and research
the instrument, in addition to providing
accurate measurements of the usual tube
parameters, affords a means of studying the
behavior of tubes used in unconventional
and special cirenits, when any one of the
electrodes may be used as the operaling
electrode and where negative values of the
parameters may be encountered.

The tube eircuits have large enough cur-
renl-carrying capacity and sufficient insula-
tion so thal low-power transmitling tubes
may be tested in addition to receiving tubes.

88

DESCRIPTION: The bridge makes use of
improved alternating-current null methods
of measurement, in which phase shift and
capacitance errors have been given special
consideration in order that the operaling
range of the bridge may be as wide as
possible. Iach of the three coeflicients is ob-
tained in terms of the ratio of two alternat-
ing test voltages. A third voltage is employed
in the capacitance balancing circuit, but its
value does not enter into the results. A
complete analysis of the bridge cireuits will
be found in the paper “Dynamiec Measure-
ment of Electron-Tube Coefficients™ by

W. N. Tuttle, Proc. I.R.E., June, 1933,
FEATURES: The procedure in making meas-

urements is simple and straightforward, and
is exactly the same for the three coefficients:
amplification factor, plale resistance, and
transconductance. A three-position switch
is turned to whichever guantity is desired,
multiplier switches are set at the appropriate
value for the tube being tested, and balance
is obtained by adjusting a three-decade at-
tenuator and a variable condenser. At balance



the decades read directly, to three significant
figures, the quantity being measured.

The three main tube parameters are
measured independently, ie., none of the
balances depends in any way on any other
so Lhat independent cross checks can he
obtained from the known relationship among
the three coefficients. Negative values of the
tube coeflicients may be measured as readily
as positive values.

The method of balancing out the effects
of the tube inter-electrode capacitances is a
more satisfactory one than has heretofore
been available. Not only is the accuracy of
the measurement thereby considerably im-
proved, but all three of the usual parameters
may he measured independently over a much
wider range. For instance, the mutual con-
ductance of a tube having a high value of
grid to plate capacitance can be measured
without any error from this capacitance.

The measuring eircuits and the tube-
control cireuits may be separated by open-
ing link connectors on the top of the panel.
This not only facilitates the testing of tubes
associated with other control apparatus,

BRIDGES

STANDARD
. /RESISTANCE
i1 ] &
L-]] Lm 1 ‘:2
ATTENUA | cepaciTance
DECIMAL
0SC.

Simplified dingram of cirenit employed for

measurement of transconductance. The points

of introduction of the test voltages e; and s

are changed by a switch when the other
constants are measured.

but also makes it possible by changing the
cross connections in a very simple manner
to measure grid-cireuit parameters, or pa-
rameters referred to any pair of electrodes.

SPECIFICATIONS

Range: Amplification factor (u): 0.001 to 10,000,

Dynamic internal plate resistance (rp); 50 ohms to
20 megohms.

Mutual conductance (s5); 0.02 to 20,000 micromhos.

Under proper conditions, the above ranges can be
exceeded. The various parameters can also be measured
with respect to various elements, such as screen grids,
ete. Negative, as well as positive, values can be meas-
ured.

Range of Tubes Covered: All standard four-, five-, six-,
and seven-prong receiving tubes can be measured on this
instrument without the use of adapters, except that
fives, six-, or seven-prong tubes not huaving sepurate
heaters require the nse of a single Ty rr 561-P2 Universal
Adapter furnished with the bridge. A switeh is provided
for switehing the control-grid connection from the hase
to the cap.

An octal adapter is also supplied, by means of which
all octal-hase tubes, either glass or metal, can be Leste:]
with any desired connections to the electrodes.

The Universal Adapter supplied permits the testing
of tubes with non-standard base connections. Un-
mounted tubes are connected directly to the panel bind-
ing posts for test measurements.

A special shield terminal is provided so that long
leads to an external socket can be effectively shielded
and will not impair the aceuracy of meysurement.

The tube circuits have large enough current-carrying
capacily nnd sufficient insulation go that low-power
transmiltingtubes may be tested in addition to receiving
tubes. Maximum allowable plate current is 130 milli-
amperes and maximum plate voltage is 1500 volts.

Filament Supply Circuits: A double-range rectifier-type
alternating-current and direct-current filament volt-
meter and a source of alternating-current heater power

Type

are contained in the instrimment. No external filament
connections need be made for alternating-current tubes,
unless voltage greater than 8 volts or current greater
than $.5 amperes is required. The filament rheostat for
direct-current filament supply has a capacity of 750
milliamperes.

When measuring alternating-current heated tubes,
the bridge requires connection to a source of 113-volt,
60-cycle alternating current.

Electrode Voltage Supply: Batterics or suitalile power
supplies are necessary for providing the various voltages
required by the tube under test,

Bridge Source: A source of 1000 cveles is required. The
Tyre 608-A Oscillator is suitable for this purpose.
Null Indicator: A suitable null indicator is required.
The Tyre 814-A Amplifier used in conjunction with a
sensitive pair of telephones is recommended for this
purpose.

Constructional Features:: “I'ie lower half of the front
panel of the instrument contains the special bridge
cireuit used in measuring the coefficients. The upper
half of the pnnel contuins tube sockets, alternating-
current filament supply, flament voltmeter, rheostats,
terminals for various voltages, and terminals for direct
connection of an external fube to the bridge cireuit. This
arrangement provides the greatest flexibility for general
use,

Mounting: The instrument is mounted on o black
erackle lacquered aluminum panel and is furnished in
a polished walnut cabinet. A leatherette cover is suppliel
to protect the instrument from dust when not in use.
Dimensions: (Length) 18%¢ x (width) 1534 x (height)
11 inches.

Net Weight: £3 pounds.

Code Ward Price

561-C |siininrasis s
PATENT NOTICE. See Note 17, page v.

BEIGE $£375.00
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* BRIDGES

GENERAL RADIO CO.

TYPE 544-B MEGOHM BRIDGE

USES: The megohm bridge is very useful for
measuring cartridge-type resistors in the
megohm ranges, such as those used as grid
leaks and coupling resistors in vacuum-tube
circuits. It is also capable of measuring the
insulation resistance of electrical machinery
such as generators, motors, and transformers,
of electrical equipment such as rheostats and
household appliances, of single conductors,
cables, and condensers; of sufficiently long
sections of high-voltage cables; of paper
condensers; and of slabs of insulating ma-
terials, Volume resistivity can be determined
and its change with temperature and hu-
midity. Guard connections are provided for
the measurement of three-terminal resistors
such as multi-wire cables, three-terminal con-
densers, networks, and guarded specimens of
insulating materials.

(Right) The mreonys dial of Tyrs 5448
Megohm Bridge. The scale is logarithmic
over the main deeade from 1 to 10,
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DESCRIPTION: The Tyer 544-B Megohm
Bridge isa combination of Wheatstone hridge
and vacuum-tube voltmeter.

The bridge is composed of the four arms,
A, B, N, P,as shown for the operATE position
in the diagram at the top of the next page,
with the power applied across the arms,
A and B, and the vacuum-tube voltmeter
connected across the conjugate pairs, A-N
and B-P. For checking the galvanometer
zero, the tube is isolated from the bridge
voltage as shown in the cueck position,
with the high resistors, N and P, con-
nected to the grid exactly as in the opEraTE
position. The effects of any voltages, alter-
nating or direct, in the unknown resistor, P,
and of any grid current of the tube will not
appear in the bridge balance because they
are balanced out in the zero adjustment.
There is also a cuaree position, in which
the unknown resistor, P, is placed across the
arm, . This is valuable in measuring the
resistance of large condensers because full
voltage is applied directly to the condenser
which can then charge at a maximum rate.
The zero of the galvanometer can also be
checked at any time without being affected
by the residual charge in the condenser.

FEATURES: The use of a

vacuum tube

detector, which absorbs a negligible amount
of power, makes possible the direct measure-
ment of resistances up to 1,000,000 megohms.
The resistance scale is approximately loga-
rithmie over one decade, which gives a con-
aceuracy,

stant fractional regardless of
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These diagrams show the bridge connections for the three positions of the cHECK-OPERATE-CHARGE switch.

setting, The effective scale length for the
range of 100,000 ohms to 10,000 megohms is
35 inches.

Approximately constant voltage is applied

to the unknown resistor. Both a-c power
supplies are voltage stabilized. This eliminates
surges in charging current when measuring
the leakage resistance of condensers.

SPECIFICATIONS

Range: 0.1 megohm to 10,000 megohms, covered by a
dial and a 3-position multiplier switch, A resistance of
1,000,000 megohms can be detected.

Accuracy: .
Reststance Eirror
O MO~ 100 M@ + 89
100 MO- 1000 Mo - - ﬁ‘?};
1000 MQ-10,000 M +=10%

Above 10,000 megohins, the error is essentially that
with which the seale on the muconms dial can be read,

Terminals: The terminals for connecting the unknown
resistor include connections for guard electrodes so that
either two- or three-terminal resistors can be measured.
Controls: Megohms dial, with multiplier; zero adjust-
ment; CHECK-OPERATE-CHARGE switch; power ox-oFp
switch,

Power Supply: Three types of power supply are availa-
ble: (1) an a-e¢ unit delivering 90 volts to the bridge,
(2) an a-¢ unit delivering 500 volts and 100 volts, and
(3) a battery power supply of 90 volts. Both a-c units
aperate upon a 115-volt, G0-cycle line.

Operating Yoltage: Terminals are provided so that the
bridge voltage can be obtained from an external source
if desired. Up to 500 volts can be applied.

Vacuum Tubes: With battery power supply, a 1D5G
detector tube is used; the 90-volt a-c power supply uses
a GK7G detector, two 6X5G rectifiers, and two 874
ballast tubes; the 500-volt power supply uses a 6K7G
detector, a 6X3G rectifier, a 5U4G rectifier, and, in the

Ty pe Deseription
544-B | Battery Operated . ... ... ..
544-B A-C Operated (90 volts). . .
544-B A-C Operated (500 volts) . . .
544-P2 90-volt a-c Power Supply Only .
544.P3 500-volt Power Supply Only . .
544-P10 Battery Power Supply Only . . .

vaoltage regulators, a 6J5G, o 6K6G, and two CD-2005
neon lamps. All tubes are supplied.

Mounting: Shielded oak cabinet.

Dimensions: Cahinet with cover closed, (width) 8L x
(length) 2214 x (height) 8 inches, over-all.

Net Weight: With hattery power supply, 5014 pounds;
with a-¢ power supply, 2514 pounds,

Schematic cireuit diagram of the Megohm
Bridge.

(Codle Word Price
| ALOOF $175.00
ANNOY 2925.00
AGREE 235.00
ANNOYAPACK 65.00
AGREEAPACK 75.00
Y ALOOFAPACK 15.00

on page 123,

Tyen 487-A Megohmmeter, a direct-reading instru-

ment operating on the ohmmeter principle, is described
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OATHOOL RAY
NULL DETECTON
TIPLFTA e, b

BERLRAL AADNG 0O
s

BELEOTIVITY

TYPE 707-A CATHODE-RAY NULL DETECTOR

USES: This visual null indicator is intended
for use as u bhalance detector in bridge and
other null-method measurements at power-
line and andio frequencies. When calibrated
for a given frequency, it can be operated as
a limit indicator. It can also be used for
comparing frequencies by means of Lissajous
figures or, when calibrated, used as an a-c
millivoltmeter,

DESCRIPTION: The output of the bridge is
applied through an 80-db highly selective
amplifier, operating on the degenerative
principle, to the vertical deflecting plates
of a one-inch cathode-ray tube. The bridge
generator voltage is applied through an
adjustable phase-shifting network to the
horizontal plates. The tilted ellipse so formed
is reduced to a horizontal straight line at
balance.

FEATURES: Independent indications are
given of the effect of balancing either the
reactive or the resistive bridge control sepa-
rately. This adds considerably to the speed
and convenience of routine bridge measure-
ments, and permits either bridge control
to be balanced aceurately without necessi-
tating an accurate balance of the other.
Indieation is also given of the direction off
balance of either one of the bridge controls,
chosen at will.

This null indicator eannot be injured by
overloading and is instantancous in response
and recovery. External fields do not affect
its operation, and it radiates no appreciable
field.

For bridge balancing, it is less Fatiguing
than headphones and can be used in noisy
locations.

SPECIFICATIONS

Input Impedance: One megohm.

Sensitivity: 100 uv at 60 eyeles: 200 to 800 gy at 1000
eyeles.

Selectivity: #) decibels against second harmonic.
Frequency Range: Plug-in units tune the amplifier for
any desired operating frequency between 20 and 2000
eyeles. Continuons tuning range -£597 for each unit.
Controls: Panel controls are provided for adjusting the
foeus and brillinnee of the cathode-ray paltern, the
phase and amplitude of the horizontal sweeping voltage,
and the gain, selectivity, and tuning of the amplifier,
Accessories Supplied: One power cord and one shielded
input cord.

Type

707-A ...

PATENT NOTICE, See Notes 1,9, page v.
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Accessories Required: One plug-in phasing circuit is
used at any frequency below 400 eyeles; one plug-in
tuning unit. These are not inelnded in the price of the
instrument. (See price list on page 93.)

Power Supply: 115 volts, 40 Lo 60 eyeles.

Power Input: 20 watts at 60 cycles.

Vacuum Tubes: One 6K7G pentode, one 6FSG twin
triode, one 6J5G triode, one 913 eathode-ray tube, and
one GX35 rectifier: all are supplied with the imstrument.
Mounting: Standurd 19-inch relay-rack panel.

Dimensions: Panel, 19 x 7 inches; depth behind panel,
0 inches.

Net Weight: 3014 pounds.

(‘_mh' Word
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PLUG-IN UNITS FOR TYPE 707-A
CATHODE-RAY NULL DETECTOR

These units are required for use with Typre
707-\ Cathode-Ray Null Detector and are
not included in the price of that instrument.

A phasing unit is necessary for operation
al any frequency below 400 cyeles. At 400

cveles and above, none is required. A tuning
unit 13 required for cach operating frequency.
The tuning range is =35 per cent.

All units plug into mounting jacks pro-
vided inside the null detector.

PHASING UNITS

Tupe Deseription f'_'rﬂ(' Fl_'r_m-’ Priee
707-P1 For Frequencies below 100 Cycles. . . ... .. NULLTECANT $7.00
707-P2 | For Frequencies between 100 and 400 Cycles . . NULLTECBOY | 7.00

AMPLIFIER TUNING UNITS
?'i_'..r__nf'_ Frequeney l"un‘_r W ord Price
707-P42 \ 42 cycles NULLTECCAT $25.00
707-P50 50 cycles NULLTECDOG 25.00
707-P60 60 cycles NULLTECEYE 25.00
707-P400 400 cycles NULLTECKIG 25.00
707-P1000 1000 cycles NULLTECGUM ' 25.00
707-P2000 2000 cycles NULLTECHIM 25.00

Units designed for use at any other frequency may be supplied on order.

ACCESSORIES FOR TYPE 516-C RADIO-FREQUENCY BRIDGE

By changing the ralio arms and shielded
transformer, the frequency range of the
Tyre 516-C Radio-Frequeney Bridge can be
extended downward to frequencies as low as
60 cycles.

Ratio arms for frequencies other than 1
Me are listed below. The resistance of the
ratio arms is chosen to make the power factor
dial read correctly al the frequency specified.

Transformers for other frequencies are

listed under T'yre 578 Trausformer, page 95.
These are fitted with plug bases to fit the
jack plate in the bridge.

Ifor frequencies below 150 ke, the Typr
814-A Amplifier (page 110), used with a tuned
cirenit, and the Types 726-A Vacuum-Tube
Voltmeter (page 116) arve recommended for
use as the bridge detector. At audio [re-
quencies, headphones ean he used.

RATIO ARMS FOR TYPE 516-C RADIO-FREQUENCY BRIDGE

Type Resistance Frequency Cade Waord Pries
516-P2 10 o 10 Me ADAPTORANT $6.00
*516-P3 100 © 1 Mc ADAPTORBUG 6.00
516-P4 1 ku 100 ke ADAPTORIIG 6.00
516-P5 10 ka2 10 ke ADAPTORTOE 6.00
516-P6 100 ko 1 ke ADAPTORTOP 8.00
516-P7 1667 ka 60 c ADAPTORYIZ | 15.00

SHIELDED TRANSFORMERS
Tupe Fn'mn'm_".-_,r Range (lade ||'_r_:r:f - Price

"516-P10 500 ke - 10 Mc ADAPTORWAY $8.00

578-AR 50c - 10 ke TABLEMOUNT 20.00

578-BR 20c - 5ke TENORMOUNT 20.00

578-CR | 2 ke =500 ke TEPIDMOUNT [ 20.00

sl with the Liridge.
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BRIDGES

TYPE 578 SHIELDED TRANSFORMER

USES: A shielded transformer is necessary
in a direct-reading a-c bridge to isolate the
bridge from changes of electrostatic potential
in the external circuit and to reduce the effect
of the capacitance of this external circuit to
ground. Obviously, the transformer can be
used to isolate the bridge from either gen-
erator or detector.

Tyre 578 Transformer has been designed
for this application. It is also useful in other
types of circuits to isolate measuring circuits
from the generator and to produce a balanced
output from a grounded generator.

DESCRIPTION: This transformer is provided
with two shields, one around each winding.
A third shield effectively grounds the core
laminations. The accompanying diagram
shows the arrangement of shields and the
capacitances between elements.

FEATURES: The direct capacitance between
windings is less than 0.8 gut. The capacitance
placed across the bridge arms by the inter-
shield eapacitance is only 30 uuf in place of
the large generator-to-ground capacitance
which exists when no transformer is used.
This small value of capacitance is obtained
by maintaining an air space between primary
and secondary shields, using eight hard
rubber spacers 0.1-inch thick.

This shows the winding used in Tyrr 378

Shielded Transformer. The capuacitance be-

tween shields is kept at a low value by spucing
the windings as shown,
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Each transformer covers a wide range of
frequency and load impedance, and can be
used in either direction, i.e., can be used to
step up or step down from generator to
bridge. Used thus, the frequency range is 200
to 1 and the impedance range 100 to 1.

Transformers for intermediate frequency
and impedance ranges can be supplied on
special order.* A transformer similar to that
used in the Type 716-A Capacitance Bridge
can also be built to order.* (See page 72.)
In this unit a fourth shield is placed between
the two winding shields. With this shield, the
case, and the core connected to the junction
of the ratio arms, no extra capacitances
are placed across the bridge arms whose
junction is grounded.

*Prices on request.
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This dingram shows a grounded bridge sup-
plied through a doubly-shielded transformer.
When the case is grounded, the capacitance
placed avross ench capacitance arm is 40 ypf,
This value is known and is considerably
smaller than the unknown generator-to-
ground capacitance which usually exists
when o transformer is not used.

SPECIFICATIONS

Ratio: The transformer has a turns ratio of 4:1, It may
be used in either direction.

Frequency and Impedance Range: See Luble,

Capacitance: The direct capucitance between primary
and secondary windings is less than 0.3 guf; that hetween
the primary and secondary shields is less than 30 ugf.
Average values for the capacitances in the diagram at
the right are:

(rl, f-"g. (.'5. ‘:5 oo . «aw s v s ccach 200 ,w.lr
e v v ois wio g T e T
G R oo et st b S cowceach 70 upl
R ey o 30 uul

Shielding: Each winding is separately shielded, and a
third shield effectively grounds the core laminations.

Mounting: Three types of mounting are available:
(1) mounted in a Model B case (see page 188) with wind-
ings and both shields brought out to soldering lugs;
(2) same as (1) with a plug base for use in Tyrs 516-C
Radio-Frequency Bridge; (3) mounted in clamps with
no external shield, leads terminated on soldering lugs.
This model is for use where external shielding is pro-
vided by the user. All three types are illustrated on
page 94,

Dimensions: Dimensions for Model B case are given on
page 188. The over-all height of -R models is 534 inches,
including plugs. Dimensions for -T models are 234 x 234
x (height) 87y inches, over-all.

Net Weight: -R models, 234 pounds; all others, 214 =
pounds.
o _ Impedance Range*
Type Frequency Range® Primary Secondary
578-A, -AR, -AT 50 eyeles to 10 ke 50 2 ko 5 kO 1 k2 to 100 kQ
578-B, -BR, -BT 20 eycles to 5 ke 60 € to 6 ko 1.2 kQ to 120 ko
578-C, -CR, -CT 2 ke to 500 ke 20 £ to 2 kO 0.4 k2o 40 ke

"I'Iajr,a‘e ranges are for transmission within 6 db. At extremes of botl impedanee and frequeney rauges, the transmission may be down by
12 adb,

Type Mounting Code Word Price
578-A WIatRl B CHe . covireaiceasmasiim @5 oTesaais ‘ TABLE $15.00
578-B Model B Case. . . A Pl AT e ..| TENOR | 15.00
578-C Model H Case. .....o.cocuviins L TR S AT e ey ..| TEPID 15.00
578-AR Plug-in for Tyre 516-C Radio-Frequency Bridge. . . | PABLEMOUNT | 20.00
578-BR Plug-in for T'yee 516-C Radio-Frequency Bridge. . . TENORMOUNT 20.00
578-CR Plug-in for Tyre 516-C Radio-Frequency Bridge. . TEPIDMOUNT 20.00
578-AT Without case, inelamps............... e TABLEFLACE 12.50
578-BT Without case, in clamps. . .. LS P e ‘ TENORPLACE 12.50
578-CT Without case, inelamps............ovivenieinn... TEPIDPLACE 12.50
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GENERAL RADIO CO.

TYPE 610-A RATIO-ARM BOX

USES: A ratio-arm box is a suitable nucleus
around which to assemble any bridge cirenit.
When combined with suitable capacitance
and inductance standards, any of the con-
ventional bridge cireuits can be set up.

DESCRIPTION: This box contains a pair of
ratio arms giving ratios from 0.001 to 1000
in twelve steps, ranging in value from 1 to
1000 ohms. The switches, as well as the in-
dividual resistance cards used in the ratio-
arm box, are similar lo those employed in

Tyre 510 Decade-Resistance Units.  (Sec

deseription on pages 20 and 21.)

FEATURES: ']‘I]l' il“ii"illuﬂ.l rilli” Arins arc
brought oul to separate pairs of terminals so
that, if desired, they need not be adjacent
arms in the bridge. The ground shield is
extended between the ratio arms to eliminate
capacitance between them. Links are pro-
vided for connection between the arms and
Lo the shield.

SPECIFICATIONS

Resistances: Eachiarm, 1, 3, 10, 30, 100, 500, 1000 ohms.
Type of Winding: Ayrton-Perry, manganin wire,

Accuracy: Correct at box terminals to within 0.25%
for 1-olm, 0.159; for Solm, and 0,19, for other units.

Switches: T'yrr 510-P1, 7-point. Enclosed contaets,

Mounting: Switches and terminals mounted on black
erackle-finish aluminum panel and enclosed in a shielded
walnut cabinel.

Terminals: Jack-top binding posts with separate ground
terminal.

Dimensions: (Length) 734 x (width) 3 x (height) 514
inches, over-all,

Net Weight: 3% pounds.
Tupe

610-A
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Interior view of the Tyee 610-A Ratio-Arm
Box, showing the grounded shield.

Code Waord Price

| $392.00
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GENERAL RADIO CO.

OSCILLATORS

TYPE 713-B BEAT-FREQUENCY OSCILLATOR

USES The Tyere 713-B B(‘:ll-l"l‘('qllulu“_\'
Oscillator is a convenient power source at
audio and supersonic frequencies for studying
the frequency characteristics of transformers,
transmission lines, amplifiers, broadeast
transmitters, and similar equipment. It is
also an excellent generator for bridge meas-
urements and general testing. Its power out-
put is sufficient for use as a modulating
source for signal generators where over-all
fidelity tests are being made.

DESCRIPTION: 1In this instrument the out-
puts of two high-frequency oscillators are
fed through a buffer amplifier into a balanced
detector from which the difference or beat-
frequency is obtained. This beat frequency
is then amplified and is the low-frequency
output of the system. The frequency of one
of the oscillators is varied by means of a
specially designed condenser, the plates of
which are shaped to give a logarithmie varia-
tion of frequency with dial rotation.

A frequeney range switch is provided so
that the frequency of the fixed oscillator may
he changed by 20 kilocycles to give an out-
put frequeney range from 20 to 40 kilocycles.
A cycues iNnerement dial also varies the
fixed frequency over a narrow range. This
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control allows small changes in frequeney Lo
be made easily at any frequency.

A degenerative audio amplifier is used,
with the output tubes coupled through a
doubly shiclded transformer to a constant-
impedance attenuator and a tapped auto-
transformer. The autotransformer provides
three different output impedances and is
enclosed in a shield to prevent hum pickup.

FEATURES: Among the more important
features of this oscillator are its wide fre-
quency range, 0 to 40,000 cycles, excellent
waveform, and very low hum level. An im-
proved output circuil with three impedances,
which remain practically conslant regardless
of setting of the volume control, is also an
outstanding feature. Furthermore, the out-
put circuit may be operated either grounded
or ungrounded.

Slightly over one watl of power may he
obtained into a matehed load, and the output
voltage remains constant over a wide range
of frequencies. A vacuum-tube voltmeter is
provided for measuring the output voltage.

The large logarithmic dial facilitates the
taking of frequency response data. The dial
may be geared directly to a recorder using
logarithmic or semi-logarithmic paper.
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SPECIFICATIONS

Frequency Range: 0 to 40,000 cyeles. position, the total harmonic content is less than 0.29;
Frequency Control: The main control is engraved with  between 250 and 2000 cyeles and less than 19 between
u logarithmic frequency scale extending from 20 cycles 70 and 10,000 eyeles. At 20 cyeles the harmonic content
to 20 kilocyeles, the total scale length being approxi- 18 approximately 3. When operating on the Low out-
mately 17 inches. The frequency range switch extends — put position, the harmonic content is practically un-
the range to 40 kilocyeles. There is also an incremental — #ffected by any load impedance between one-half of the
frequency control. mt‘li[[t;'n Is;c- nmllaﬂlu[mgt l‘]ll'(:lllt. ! - I
SR s . : = ith the output switch on the meu position an
r::l?;?’n?;tﬁi‘;'bln(::;: :tl‘sn"fléli;;u:li:: 's’;ﬁi':;: t‘?:“:';:z_ wj!.h a matched load, tlle_tnl.ﬂl distortion is less Lhan
Hritiait fo zaca hest Tharslibratin ol the frequency - 27 of Ehe output voltage in the audio-frequency range
control. dia! can. be: relied upon within =29, 21 cycle above 70 ‘<.-,\'cles. regardless of the setting r?_f the volume
after the oscillator has been correctly set to zero heat. control. The harmonicsinerease toabout 8% at 20 cycles.
The incremental frequency dial is marked with one  A-C Hum: When the oscillator is operated from a 60-
division for every l-cyele interval over n range of  cyvele line, the lnnrcr-supply ripple iz less than 0,197 of
—a0 to +50 cyeles. Its calibration is correct to 42  the output voltage for either position of the ovrecr
eyeles or better. switeh and for any value of output voltage which can
Frequeney Stability: Adequate thermal insulation and e read on the panel voltmeter.
ventilation are provided to minimize frequency drifts due  Voltmeter: A halanced vacuum-tube voltmeter is pro-
totemperature changes. Theoscillator may be accurately  vided on the panel for indicating the outpul voltage of
reset Lo zero beat at any time, eliminating errors eaused  the oseillator. i

by any small remaining frequency drifting. Terminals: Jack-top binding posts with standard 34-
Qutput Impedance: The output cirenit is sufficiently  inel spacing are provided for the output connections.
}mll halanced for openllting {ntu tlh(-. ﬂvlcrugl: andio- :
requency transmission lines throughout the entire fre- V) i - 2
quency range of the oscillator when using the 50-o0lun f'ﬂhl““l't-'_!‘; l;'h t‘tt{r_\.mg dlimntllc.si_ﬂr % metal. dust icover
output terminals, When using the 500-ohm output L1 FHEE 0P TEVTTICR Motntng.

terminals, the balance is satisfactory up to 15 kilnu_wr\m. P_°“"" s’-'PP'Y’, 105 to 125 vol_ts. 40 Lo 60 cycles, nc. A
When using the 5000-ohm output terminals, the balance  Simple change in the connections to the power trans-
is satisfactory up to $ kilocycles. Obviously, the output ~ former fl]lnws the instrument to be used on 210 to 230
circuit may be operated ungrounded at higher fre- volts. The total consumption is about 115 watls.
uencies than those specified, provided a close balance  Tubes: The following tubes are supplied:

Mounting: T'his instrument is available in cither an onk

to ground is not necessary. 2— Type 41 2 — Type GL6
Output Power: One watt maximum when the output ; — Typa (fl_?ﬁ 2 — Type '-"l' 16
control s in the WG position: in the Low position, ap- 2 — Type 6C6 1 — Type 5T4
proximately 0.02 watt maximum, Accessories: A 7-foot connecting cord and spare

Output Voltage: Approximately 150 volts, open eircuit. fuses are supplicd.

For o matched resistive load the output voltage varies  Dimensions: Panel, (width) 19 x (height) 2415 inches,
by less than 0.5 db between 30 and 12,000 cyeles, and  over-all. Cabinet size, including handles, (width) 2015
by less than ==1 db between 15 and 16,000 cycles. x (height) 25 x (depth) 11 inches.

Waveform: When the ovreor switch is on the tow  Net Weight: 93 pounds.

Type Doserintion ‘ode Word Price
713-BM L 103 T T Y e S DEBAT I $£485.00
713-BR Relay-Rack Model. . ............. ... DETER 510.00

PATENT NOTICE, See Notes 1, 3, 10, puge v.
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TYPE 700-A WIDE-RANGE

USES: This oscillator is useful for taking
selectivity curves on tuned cirenits over a
wide range of frequencies, for measuring the
transmission characteristics of filters, and
for testing wide-band systems such as tele-
vision amplifiers and coaxial cables. The
instrument is also an excellent general
laboratory oscillator for use as a source for
bridge measurements and as a modulator
for standard-signal generators,

DESCRIPTION: Two high-frequency oscil-
lators, one fixed and the other variable,
feed a detector from which the difference
frequency is obtained. The detector is fol-
lowed by a low-pass filter and a two-stage
wide-band amplifier.

Both oscillator circuits are mounted in a
heavy ecast-aluminum box to assure uniform
heat distribution and practically perfect
shielding. Two ranges are provided for by
changing the frequencies of both the oscil-
lators by a factor of one hundred. A single
swilch on the panel changes from one range
to the other.

Degeneration is employved in the amplifier
to minimize hum and distortion, and to
equalize the frequency response, Low-pass
filters are provided to maintain a high ratio
of desired output voltage to beating voltage.
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BEAT-FREQUENCY OSCILLATOR

A pentagrid mixer tube and a buffer ampli-
fier are used to isolate the two oscillators
electrically.

An automatic volume control circuit is
included for maintaining the output voltage
constant with frequency, and a vacuum-tube
voltmeter is used to measure the output
voltage. A grounded potentiometer output
circuit is used. The potentiometer is Ayrton-
Perry wound.

FEATURES: The outstanding feature of this
oscillator is the wide range of frequencies
which is covered with a single control, direct
reading in frequency. The frequency varia-
tion with dial setting is approximately
logarithmic. Small variations in frequency
can be made at any point by the use of an
ineremental frequency control which is also
direct reading. A low-frequency range has
been incorporated in the Tyer 700-A Wide-
Range Beat-Frequency Oscillator for conven-
ience in working in the audio-frequency
range,

A constant delay voltage is used in the
automatic volume control circuil, The auto-
matic volume control therefore tends to
maintain the output voltage constant as a
function of line voltage as well as a function
of frequency and load.



OSCILLATORS

SPECIFICATIONS

Frequency Range: Two ranges are provided: 50 cycles
to 40 kiloeyeles, and 10 kiloeyeles Lo 5 megacyeles,

Frequency Control: The main dial is direct reading in
frequency and carries two approximately logarithmic
frequency scales covering the ranges specified above. A
frequency range switeh is provided for rapidly changing
from one range to the other. There is also an incremental
frequency vontrol which is calibrated between —100 and
4100 eyeles on the low range and —10 and 10 kilo-
cyeles on the high range. Any frequency change made
with this control adds algebraically to the frequency of
the main control,

Frequency Calibration: The calibration may be stand-
ardized nt any time by setting the instrument to zero
beat with the zero adjustment control. This adjustment
ean be made within 5 eycles on the low range or 500
cyeles on the high range.

After the oscillator has been correctly set to zero
heat, the calibration of the main frequency-control
dial ean be relied upon within 429, <5 cycles on the
low range and 2% =500 cycles on the high range.
The calibration of the incremental frequency dial is
within =5 cycles or =500 cycles on the low and high
ranges, respectively,

Frequency Stability: Through careful design adequate
thermal distribution and ventilation are provided for
minimizing frequency drifts. The oscillator can be
accurately reset to zero beat at any time, therehy
climinating errors caused by any small remaining [re-
quency drifting,

Output Impedance: The output is taken from a 1500-
oam Ayrton-Perry-wound potentiometer. One output
terminal is grounded.

Output Voltage: The maximum open-circuit output
voltage of the oseillator is between 10 and 15 volts.
Because of the automatic volume control eireuit, this
voltage remains constant within £1.5 decibels over
ezch entire frequency range.

Waveform: The total harmonic content of the open-
circuit voltage is less then 39, for frequencies above
200 eyeles on the low range and above 20 kilocycles on
the high range.

A-C Hum: When the oscillator is operated from a 60-
eycle line the power-supply ripple is less than 2% of
the output voltage on either range.

Voltmeter: A vacunm-tube voltmeter circuit is used in
the oscillator for measuring the output voltage. The
indicating meter on the panel is ealibrated directly in
volts at the output terminals,

Controls: Tn addition to the main frequency-control dial
and the incremental frequency dial, there is a frequency
range switch, and a zero beat adjustment. The cutput
voltage is varied by a potentiometer control provided
near the output terminals.

Terminals: The output terminals are jack-top binding
posts with standard ¥4-inch spacing. The lower terminal
1s grounded to the panel and shields.

Mounting: The instrument is normally supplied for
table mounting, but can be easily adapted for relay-
rack mounting by removing two walnut brackets at the
ends of the panel.

Power Supply: A-C power supply, 110 to 120 volts,
40 to 60 cycles, is used. A simple change in the con-
nections to the power transformer allows the instru-
ment to be used on 220 to 240 volts.

The total power consumption is approximately 85
watts,

Tubes: The following tubes are used:
2 — Type 6C5 2 — Type 2516
1 — Type 6J7 1 — Type 6HE
1 — Type 6L7 1 — Type 5T4
All tubes are supplied.

Accessories: A T-foot power cord, spare luses, and a
Tyrr 274-ND Plug are supplied.

Dimensions: Panel, (width) 19 x (height) 1015 inches,
over-all; depth behind panel, 11 inches.

Screw holes in the panel are the standard spacing for
mounting the instrument in a standard 19-inch relay
rack.

Net Weight: 55 pounds,

Tupe Code Word Price
700-A R | ORGAN | $555.00
PATENT NOTICE. See Notes 1, 10, puge v,
VARIABLE
OSCILLATOR
1 BUFFER
v AMPLIFIER DETECTOR f-—-ﬂMPLIFlER'_hi
— ]
N |
Main Tuning Condenser 1‘
OSCILLATOR OUTPUT
— | L T T 17 ; °
@f— : 5}! ——} _[
=T T AAAA [ :___
/ \ LAMLAE e ) / \
Cycles ‘Increment Zero Set AVC
V.T.VM.

Functional schematic diagram of the Tyre 700-A Wide-Range Beat-Frequency Oscillator.
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TYPE 608-A OSCILLATOR

USES: The Tyrm 608-A Oscillator was de-
signed particularly for use as a tone source
for distortion measurements and a power
source for bridge measurements at audio
frequencies. Because of the lurge number of
frequencies at  which this oscillator will
operale, il is also satisfactory for measuring
frequency characteristics and for use as a
general laboratory oscillator.

The output frequencies obtainable include
those generally used in distortion measure-
ments on broadeast transmitters,

The unusually pure waveform delivered
by this oscillator at low frequencies malkes
distortion measurements possible at con-
siderably lower frequencies than have hither-
to heen practicable.

DESCRIPTION: This oscillator operates on
the inverse feedback principle. By means of
a resistance capacitance network all fre-
quencies exeept the oscillation frequency are
fed from the output of an amplifying cirenit
back into the input in such a manner as Lo
ancel the gain at all but the oscillation fre-
quency. Sufficient regeneration is introduced
into the circuit to produce self-oscillation
and, since this is controlled by the resistance-
capacitance network, no inductances or
transformers are rvequired in the oscillating
circuit. A functional block diagram of the
circuit is shown on the next page.

The amount of feedhack is controlled
from the panel, and an electron-ray tube is
used to indicate the strength of oscillations
and the harmonic content.

The desired Irequency is selected by push-
button switches. Another push-button switch
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determines the outpul impedance. An output
control is provided for regulating the output
\-‘U[hlg('.

FEATURES: Both electrically and mechani-
cally the design of this oscillator is new and
represents a considerable advance over pre-
vious practice.

In the electrical circuil, the prineiple of
inverse feedback is applied to the production
of electrical oscillation with the result that a
high power outpul is obtained with low dis-
tortion. Since the feedback cirenit is highly
selective, the frequency of the oscillator is
unusually stable. The absence of iron-core
inductances minimizes the amount of power-
supply hum picked up hy the cireuit elements.

An outstanding mechanical feature is the
push-hutton system for selecting the fre-
(quency.

The Tyer 608-A Oscillator will operate at
any one of 27 frequencies, ranging from 20
to 15,000 eyeles per second, and the frequency
can he changed rapidly and simply by means
of the push-button switches.

Provision is made for obtaining frequencies
within the range, but other than those for
which push-huttons are provided, by merely
plugging in three external resistances.

For any additional frequency three re-
sistors are required, and for any set of three
resistors, three frequencies, in decade steps.
can be obtained.

A harmonie control and eleetron-ray tube
are provided so that the unit can be adjusted
for minimum distortion under all conditions
of operation.
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SPECIFICATIONS

Frequency Range: 20 to 13,000 cycles.

Frequency Control: The frequency is controlled by two
push-button switches. The first provides frequencies of
20, 25, 30, 40, 50, 60, 73, 100, and 130 cycles, while the
second multiplies these frequencies by 1, 10, and 100,
The frequencies included cover practically the entire
audible range in increments small enough so that oscil-
lator may be used for measuring frequency character-
istics. Furthermore, these frequencies include all im-
portant standard bridge and broadeast test frequencies,

Other frequencies within the operating range of the
instrument may be obtained by plugging in external
resistances.

Frequency Calibration: Each instrument is adjusted
within £99, or 1 eyele, whichever is the greater, of the
frequency engra ved on the panel. The hest :u-(-.umt_-i' is
seenrerd when the harmonic control is adjusted for low
distortion, x

Frequency Stability: When this oscillator is t.:|lwmlt'.rl at
normal room temperatnres, the frequency will not drift
by more than 1% over a period of several howrs. The
haemonie control provides a means wherehy the oper-
ating conditions of the oscillator may be brought back
to the correct values regardless of ordinary changes in
load or line voltage.

Output Impedance: T'hree output circuits are providesd,
Selection among them is obtained by means of a push-
button switeh on the panel. The output impedances
are as follows:

1. 300-0hm balanced to ground.

2. 500-0hm unbalanced.

3. 3000-phm unbalanced.

The volume eontrol is a potentiometer in the 5000-
ohm circuit, The actual ontput impedance of the 3000-
ol output circuit will vary between 1000 and 8500
ohms, depending upon the setting of the volume control,
Suitable resistance pads keep the impedance of the
S00-0hm output circnit bhetween #00 and 600 ohms
regardless of the volume control setting.

Qutput Power: The 5000-0hm outpul cirenit provides
an ontput power of approximately 0.3 into a matched
load watt when the instrmment is operated on . 115-volt
line, The maximum power obtainable from the 300-0hm
output eirenil is approximately 80 milliwatts.

Waveform: Witli the harmonie control turned full on,
and the oscillator delivering its maximum power output,
the harmonies will be approximately 57 of the output
voltage.

The harmonie control provides & means of obtaining
unusually pure waveform at some sacrifice in outpnt
voltage. When thiz control is adjusted to reduce the
output voltage by approximately 109, the total har-
monie content will be reduce:d to approximately 0997
of the fundamental voltage. A further reduction in the
output voltage reduces the total harmonic content to
less than 017 for all output frequencies on the 5000-
ohm output circuit. Because of the impedance-matehing
transformer, the harmonic distortion on the 300-0lun
ontput terminals is slightly greater at frequencies below
a0 r_\‘ult's(.

Hum Level: When the oscillator is properly grounded

Type

and operated from a 60-cyele line, the hum level is less
thun 0.05% or 0.1 millivolt, whichever is the greater.

Controls: In addition to the push-button switches for
adjusting the frequency and the output impedance,
harmonic output controls are provided on the panel.
An electron-ray tube provides a means for adjusting the
harmonic control correctly under all conditions of opera-
tion. Except where minimum harmonic distortion is an
ahsolute necessity, the harmonic control need not be
readjusted.

Terminals: Jack-top binding posts with standard 34-
inch spacing are provided for the output connection.
A ground terminal is also provided.

Mounting: The instrument is designed for either table
or relay-rack mounting. The wooden ends supplied with
the oscillator are removed when it is used on a relay
rack. A perforated metal shield is provided.

Power Supply: 110 to 120 volts, 25 Lo 60 cyeles, ae. A
simple change in the connections to the power trans-
former allows the instrument to be used on 220 to 240
volts. The total power consumption is approximately
00 watks,

Tubes: The following tubes are used: 1 6F3G, 1 6Y6G,
1 6X5G, 1 6E5. A complete set of tubes is supplied with
each instrument.

Accessories: A 7-foot connecting cord and spare fuses
and pilot bulb are supplied.

Dimensions: (Length) 1914 x (depth) 1114 x (height)
74% inches, over-all. Panel, 19 x 7 inches.

Net Weight: 35 pounds,

DEGENERATIVE
NETWORK
ey
e f r, }
AMPLIFIER
o  p—
“ > | OUTPUT

Functional schematic diagram of Type G08-A
Oseillator. The amplifier, which has a propaga-
tion constant g, is made degenerative, except
at the frequeney of oscillation, by means of
the network with propagation constant 3,
thus providing a sharply selective circuit.
Sufficient regeneration is provided to cause
sell-oscillation,

Code Waord Price

608-A

PATENT NOTICE, Sece Notes 1, 8, page v.

$260.00

anRBrr ‘
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TYPE 684-A MODULATED OSCILLATOR

USES: This wide range radio-frequency oscil-
lator is an important item in the equipment
of any communication laberatory. It is a
suitable power source forimpedance measure-
ment at high frequencies by either bridge or
resonant-circuit methods, and can be used
with the Tyee 721-A Coil Comparator and
the Tyre 516-C Radio-Frequency Bridge.
IFrequency measurements to an accuracy of
one per cent can be made with this oscillator,
and a heterodyne detector is provided for
this purpose. The 1000-cyele output fre-
quency is useful in audio-frequency measure-
ments and testing.

DESCRIPTION: A master oscillator, which
uses the same tuned circuit as the Tyry
(05-B Standard Signal Generator, is followed
by an amplifier which also acts as a buffer
to isolate the output circuit from the oscil-
lator. A 1000-cycle modulating oscillator is
provided, and a 1000-cycle voltage is avail-
able at terminals on the panel.

The main frequency econtrol is a Tyeg
789-B Condenser which gives a logarithmic
variation in frequency with angular rotation
of the dial. The frequency ratio for each
range is equal to 4/10, and seven bands are
used to cover the frequency range of 9.5 ke
to 30 Mec. The condenser dial reads directly
in frequency.
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A heterodyne detector is built into the
instrument, and terminals are ])'mviu‘m_l for
introducing unknown frequencies which can
then be measured by the heterodyne method.

A removable power supply is used in
order that the instrument may be easily con-
verted from a-¢ to battery operation and
vice versa.

FEATURES: The Typr 684-A Modulated
Oscillator furnishes a wide range of frequen-
cies without the bother of plug-in coils. The
ability to change the frequency rapidly and
the direct-reading frequency dial save a con-
siderable amount of time in measurements.

The main tuning dial is driven by a slow-
motion vernier which is calibrated in per-
centage frequeney change. This control is
very useful in obtaining small known changes
in frequency.

The output of the oscillator is ample for
measurement purposes. The oscillator eircuit
has been designed for frequency stability
and a voltage-regulated power supply min-
imizes frequency and output changes caused
by line voltage fluctuations.

The general usefulness of the oscillator is
greatly inereased by the inclusion of a hetero-
dyne detector and a 1000-cycle generator,
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SPECIFICATIONS

Carrier Frequency Range: 9.5 kilocycles to 830 mega-
cycles, direct reading; 30 to 50 megacycles, not direct
reading.

Frequency Calibration: Direct-reading dial accurate to
+1% up to 10 Me and accurate to £29 up to 30 Me. A
correction curve is supplied for the 10- to 30-Mec range,
vielding an accuracy of calibration of +1%,. A frequency
calibration curve is supplied for the 30- to 50-Mec range.

Open Circuit Output Voltage: 15 to 25 volts up to 2
Me, decreasing with frequency to 1.0 volt at 30 Me,
when using the a-c supply or 225-volt battery plate
supply. This ontput is approximately halved when
using a 135-volt battery plate supply.

Output Impedance: Essentially 1800 @ shunted by
85 uuf.

Medulation: Internal modulation of about 359 at
1000 eyveles (4=39;) controlled by switch,

1000-Cycle Tone: A 1000-cycle (£5%) voltage of 10
ar 20 volts (depending on power supply) is available
at the proxe terminals. The output impedance for this
frequency is 20 k&2,

Heterodyne: A heterodyne detector for checking
frequencies is built into the instrument.

Controls: A frequency-range switch and the main tuning
dinl determine the output frequency. A slow-motion
drive. which carries a disl calibrated in divisions repre-
senting a change of 0.1%, in the frequency, is used on
this frequency-control dial. A modulation control turns
the modulation on or off, and an output control regulates
the output voltage.

Power Supply: Either a-¢c operation or battery opera-
tion is possible. The a-¢ power supply operates from
40- to 60-cyclelinesof 110 to 120 volts, but connections on
the transformer can be easily changed for use on 220 to
240 volts. The power supply includes a voltage regulator
to compensate for ordinary line voltage fluctuations,
With the battery model, a battery control panel is
supplied which provides filters and connections for an
external G-volt battery and for an external 225-volt

“B" battery. If desired, three 45-volt “B” batteries
can be installed inside the instrument.

Power Consumption:

A-C Operation: 60 watts,

Battery Operation: 6 volts, 1.2 amperes; 135 volts,
20 ma or 225 volts, 40 ma,
Shieldin?: Sufficient shielding has bheen provided to
permit the use of the instrument for bridge measure-
ments.

Mounting: The instrument is supplied for table mount-
ing, bul can be easily adapted for relay-rack mounting
by removing two brackets at the ends of the panel.
Either power supply is mounted directly in the
instrument.
Terminals: Jack-top binding posts with standard 34-inch
spacing are provided for the output and for listening
for heterodyne beats. The lower terminals are grounde:d
to the panel and shield,

Tubes:
With battery supply:
One 89-type
Two 76-type
With a-e supply:
One 574-type
One 6F6-type
One 6F5-tyvpe
Four type T-414 neon lamps
One 89-type
Two T6-type
All necessary tubes are furnished,
Avccessories Supplied: One each of Tyre 274-M, 274-
ND, and 274-NE.
One 7-foot cable for line connection, with Tyree
684-P'1 Power Supply.
One 10-foot shielded cable for battery connection,
with Tyre 684-P10 Battery Supply Panel.
Weight:
With a-c power supply: 47 pounds.
With battery supply panel: 88 pounds.
Dimensions: 19)% inches wide, 10Y4 inches high, 11
inches deep, over-all. Panel, 19 x 1013 inches.

T_f;!.m Deseription Code WWord Price
684-A Oscillator with a-c Power Supply, 115 or|
230 Volts, 40 to 60 Cycles. . . ... ... BANJO $340.00
684-A Oscillator with Battery Supply Panel. .. RANDY 320.00
FATENT NOTICE. See Notes 1, 10, puge v.

Schematic wiring diagram of Tyre 684-A

Maodulated Oscillator. The power supply is

omitted lor purposes of simplicity, as is the

switching system for using the modulator
tube as a detector.

-
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TYPE 613-B BEAT-FREQUENCY OSCILLATOR

BLAT FREOUERTY CECALATIA
it

e ——
SLMLRAL RASSD OO
rmsp—ry

USES: For applications where portability is a
major consideration and where a convenient,
low-power audio oscillator is desired, the
Tyrr 613-B Beat-Frequency is very useful.
Thus, it is valuable in physiological and
psychological research at audio frequencies,
especially when used with the Tyee 539-P
Incremental Pitch Condenser. (See page 108.)
Being balttery operated, the oscillator has a
low capacitance to ground, and hence can be
used as a power source for ungronnded
bridges, such as the Tyrr 650-A Impedance
Bridge.

DESCRIPTION: As can be seen frum the
schematie diagram, this oscillator is similar
in principle of t)pemlmn to the larger T'yre
718-B Oscillator in that the output of two
high frequency oscillators is fed into a de-
tector which is followed by a low-pass filler.
One stage of audio amplification is then used,

following the detector, to provide the neces-
sary power outpul.

The output frequency is read directly from
a large dial which has been pre-engraved with
the frequeney ealibration. The scale is spread
oul to facilitate the setting and reading of
the scale markings, The calibration can be
standardized at any time by means of a
one-hundred-cyele  tuned reed which is
placed behind a hole in the panel.

Space has been provided in the cabinet for
the necessary batteries or for the Typer
613-P1 Power Supply which converts the
oscillator for a-c operation.

FEATURES: Low

harmonic content and
good frequeney stabilily are among the
features of this compact and portable
oscillator. The instrument also has a con-
venient open seale which is spread out over
nearly 14 inches,

SPECIFICATIONS

Frequency Range: The frequency-control dial is cali-
brated between 10 cycles and 12,000 cycles.

Frequency Calibration: The frequency calibration can
be standardized at any time by setting the main tuning
control to the 100-cycle graduation and then adjusting
the compensating condenser until the tuned reed
vibrates at maximum amplitude.

After the oscillator has been correctly adjusted al
100 eyeles by means of the tuned reed, the calibration
-an be relied upon within 29 at frequencies above 80
eyeles, For lower frequencies the error will be less than
3 eyeles.

Frequency Stability: The high-frequency oscillators are
stable, and under uniform temperature conditions the
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beat frequency will stay within a few cyeles over a
period of several hours. Changes in ambient temperature
will cause slight changes in frequeney becanse of the
temperature coefficient of the tuned circuits. When a
drift in frequency is observed, it can be corrected hy
readjusting for maximum amplitude of the tuned reed.
Output Impedance: The output impedance is 3000
ohms. One terminal of the output is grounded.

Output Voltage and Power: The maximum open-
cireuit ontput voltage is approximately 16 volts. This
voltage remains constant within £1.5 decibels over
the entire frequency range.

The maximum power output varies slightly with
different instruments but is approximately 15 milliwatts,
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VARIABLE
OSCILLATOR
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CONTROL

DETECTOR

AMPLIFIER

Waveform: Ou open circuit the total harmonic content
i= less than 29 of the fTundamental above 100 eycles.
With a 3000-0hm load it 1s less than 5% above 100
eveles: below 100 eyeles it increases rapidly as the
frequency is reduced.

Controls: In addition Lo the main tuning control and
the auxilinry control for adjusting to the 100-¢ycle
reference frequency. there are the output voltage divider
wnd the filament and tuned-reed ox-orr switches,
Meters: A filament voltmeter and a detector plate-
current meter are mounted on the panel.

Tubes: Three 30-type and one S1-type tubes are used
and are supplied as initial equipment.

_ Type

Coie TWard

Terminals: Two binding posts on the panel are provided
for making conneclions to the oscillalor,
Power Supply: Space for mounting three £3-volt plate
balleries and two No. 6 dry cells for flament supply is
provided inside the vabinet, No hatteries are supplicil.
The Tyre 618-1"1 Power Supply (see below), for a-c
operation, will also fit into this compartment.
Mounting: The instrument is mounted on an aluminum
panel finished in black erackle lnequer and contained
i a polished waluut cabinet with carrying handles.
Dimensions: Panel. (width) 19 :\ (height) 834 inches.
Cabinet, (width) 22 x (height) 1214 s (depth) 9 inches,
over-all.
Net Weight: 35314 pounds without batteries.
Pricy

613-B |
PATENT NOTICE, See Notes 1, 8, 10, 17, page v.

NAVAL

$210.00

TYPE 613-P1 POWER SUPPLY

USES: When the Tyrr 613-B Beat-Frequency
Oscillator is operated in a laboratory where
alternating eurrent is available, the Tyrpr
613-P1 Power Supply is a very convenient
battery eliminator for use with the instru-
ment.
DESCRIPTION: The filament supply is ob-
tained from an oxide rectifier whose output
is completely filtered to eliminate hum. The
high-voltage supply is voltage regulaled by
means of a vacuume-tube cireuil which follows
the conventional rectifier and filter.

The entire unit is so built that it fits into
the battery compartment of the Type 615-B
Beat-Frequency Oseillator. Binding posts are

provided for convenience in making the
Necessary connections.

FEATURES: The ehmmdtwn of frequent
battery replacements when the oscillator is
being used constantly in a laboratory is the
great advantage obtained when this power
supply is used. And since the power supply
can be slipped into the battery compartment
without being permanently installed, the
shift from a-c to battery operation and vice
versa can be made in a few moments. The
performance of the oscillator is in no way
lowered since the power supply has a voltage
regulator eirenil, and the hum voltage in the
oulpul is very low al all times.

SPECIFICATIONS

OQutput: 2 volts at 0.3 ampere. and 135 volts at 8.5
millinmperes,

Regulation: The high voltage varies bhetween 134 and
137 volts as the line voltage is varied from 100 to 130
volts.

A-C Hum: The hum voltage in the oscillator output is
less than & millivolts when the line frequency is 50 Lo
60 eyeles. The hum vollage rises slightly for lower line
{requencies.

Input: The power supply will operate on 100- 1o 150-volt
supplies of from 23 to 60 cyeles, The input power is
approximately 15 watts.

Type
613-P1

Deseri ption

| A-C Power Supply .. .......

Control: An ox-orw switeh is provided.

Tubes: One 6X3, one 65, and one T-413 neon hnnp

are used. All tubes ave supplied.

Terminals: Binding posts are provided.

Mounting: Sheel aluminum frame aml base to fit

batters compartment of Tyee 613-B Beat-Frequency

Oscillator,

Accessories: Line cord, spare fuses, and a spare neon

lamp are furnished.

Dimensions: 1514 x 8%« x 25< inches, over-all.

Net Weight: 1214 pounds,
Code Ward

Price

£70.00

POWPACKANT J
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TYPE 572-B MICROPHONE HUMMER

USES: The hummer is intended for use as a
low-power a-¢ source for bridge and other
measurements where extreme purity of wave-
form and frequency stability are not essential.
It is used in the Tyre 650-A Impedance
Bridge as the 1000-cycle internal generator.

DESCRIPTION: A tuned reed determines

the frequency of this electro-mechanical

oscillator. A microphone button is mounted
near the reed to pick up energy for continuing
the oscillations. Mounting holes are provided
on the east aluminum mounting base for a
0.5 ul condenser which can be added for im-
proving the waveform of the output.

FEATURES: The Type 572-B Microphon
Hummer is extremely compact, convenient,
simple to use, and inexpensive.

SPECIFICATIONS

Frequency: 1000 cycles =107,

Ol.llpl.ll Power: .\ppn_r:\'hn;alcl_\' 15 milliwatts with 4!
volt drive.

Internal Qutput Impedance:
available, 10 or 500 ohms,

Two impedances ar

Power Supply: The hummer is designed to operate
from a 4M-volt battery. A G-volt drive may be used if
more power is desired.

Terminals: Soldering lugs are provided.

Mounting: A cast-aluminum mounting base is used
(See sketch).

Dimensions: (Length) 5'4 x (width) 21§ x (height) 15¢
inches, over-all.

Net Weight: 0 ounces.

Type Code Word Price

5728 | $10.00

APHIS |

TYPE 539-P INCREMENTAL-PITCH CONDENSER

USES: Tn many psychological tests it is often
desirable to change the frequency by small
known amounts al any point in the audio
range. The Type 539-F Incremental-Pitch
Condenser when connected to the Tyrn
618-B Oscillator is used for producing such
changes.

DESCRIPTION: This condenser is identical
in construction with the mounted Tyrr 559
Condensers deseribed on page 48.
FEATURES: The Tyrr 539-P Condenser is o
convenient attachment for obtaining small
frequency increments from the Tyer 613-1
Beat-Frequency Oscillator.

SPECIFICATIONS

Calibration: 0 to 100 ¢ycles, frequency increase, in steps
of one cycle.

Construction: [dentical with the mounted Typz 539
Condensers, (See page 48.) Continuous rotation is
possible and the unit may be driven by a motor for pro-
ducing “warble” tones,

Deseription

Type

Dimensions: Panel, 614 x 614 inches; height, 824 inches.
over-all.

Net Weight: 634 pounds.

Code Word Price

539-P

| Incremental-Pitch Condenser . .. ..

AUDIT | $50.00*

]

*Price includes necessary modifications to Tyrr 618-B Beat-Frequency Oseillitor, calibration, and also o shiclded connecting cable,
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TYPE 813 AUDIO OSCILLATOR

USES: A compact, fixed-frequency, and stable
oscillator, such as the Type 813, is useful
as a power source for alternating current
bridges, as a modulating source for signal
generators, radio beacons, and similar equip-
ment, and as a source for transmission
measurements on lines and ecables,

DESCRIPTION: This instrument is a battery-
operated  electro-mechanical  oscillator in
which the frequency is determined by a
tuning fork. Two microphone buttons, one
for the driving eircuit and one for the output
circuit, are mounted at the side of the fork
in such a manner as to load the tines equally
and to affect only slightly the free vibration
of the fork.

The fork itself is mounted rigidly at the
heel beneath a metal base panel which car-
ries the driving electromagnet. This base
panel is suspended from the bakelite panel
with four resilient mountings.

A filter and output transformer are placed
inside the cabinet underneath the fork. A
hattery compartment is also provided al-

OSCILLATORS ¢

though external batteries may be used, if
desired.

FEATURES: Excellent waveform and fre-
quency stability are among the features of
this convenient tuning-fork oscillator. The
mechanical construction is rugged and the
fork is protected from dirt and external
injury.

SPECIFICATIONS

View of the interior of Tyre S§13-A Audio

Oscillator showing the tuning fork and its

mounting. Inside the cabinet are a filter and
an output transformer.

Frequency: 'I'wo models are available, one operating at
1000 cycles and one at 400 cyeles, but special instru-
ments can he constructed for any frequency hetween

Type Fregueney
813-A 1000 cycles
813-B 400 cycles

300 eveles and 1000 eveles. Designs for multiples of 100
eyveles are on file; prices on request.

Frequency Stability: The temperature coefficient of
frequency is =0.007%; per degree F. The voltage coeffi-
cient is less than 0.019; per volt. The frequency is
entirely independent of load impedance,

Accuracy: The [requency is adjusted within 0.5% of
its specified value. The actual frequency is measured
and recorded on the base of the cabinet to an accuracy
of 019,

Output: The output to a matched load impedance is 20
to 80 milliwatts with G-volt drive and 10 to 15 milli-
watts with 425-volt drive. The output is somewhat less
on special forks baving frequencies greater than 1000
eveles,

Internal Output Impedance: Output impedances of 50,
300, and 5000 ohms are provided.

Waveform: The total harmonic content is approximately
17 with #M4-volt drive and approximately 1.57% with
ti-volt drive,

Power Supply: Tor intermittent operation with a
moderate power output, an internal 4'5-volt battery
can be used. For greater output or continuous opera-
I.iuni an external battery of 415 to 6 volts should be
usel.

Terminals: Binding posts for the power supply and for
the output circuit are provided on the pancl.

Mounting: The fork is suspended from 2 metal plate on
a bakelite panel and is enclosed in a walnut cabinet.
Dimensions: Both models, (length) 9 x (width) 5 x
(height) 6 inches, over-all.

Net Weight: 814 pounds.

I'_’mh' _II “ord Price
ANGEL $34.00
AMISE 36.00
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TYPE 814-A AMPLIFIER

USES: A high-gain portable amplifier is ex-
tremely useful in any laboralory in connec-
tion with bridge measurements and oseillo-
graphic work, It is also convenient as a pre-
amplifier with erystal microphones and
vibration pickups.

DESCRIPTION: The Tyrr 814-A Amplifier
is a three-stage screen-grid amplifier which
operates from balteries which are contained
in the cabinet, A switch is provided for
attennating the input by about 20 decibels
when the input voltage is high. Blocking
condensers are used in both the input and
output circnits for preventing the flow of
direet eurrent.

FEATURES: High gain, extreme portability.
a logarithmic gain control, and good fre-
queney response are Lhe important charae-
teristics which make the Tyrr §14-A Ampli-
fier outstanding. The high gain is sufficient
to inerease the sensitivity of ordinary head-
phones by 80 decibels at 1000 eycles.
Furthermore, a simple and effective means
has been provided for restricting the ampli-
fier response to a narrow range of frequencies,
thus eliminating harmonics and noise when
balancing a bridge. A jack on the panel is
connected to the grid eivenit of the last stage,
and it is only necessary to plug in anti-
resonant filters such as the Typr S14-P (see
page 112) to make the amplifier selective.

SPECIFICATIONS

Amplification: The gain of the amplifier thronghout
the greater portion of the aulio-frequency range is
approximately 90 db when operating into a high im-
pedance (1 megohm or more) such as a vacuum-tube
voltmeter or a eathode-ray oscillograph. When operat-
ing into a 20,000-0hm load such as. for instance, a Tyre
485-F Output Meter, the gain is approximately 77 db.
About this same amount of gain is secured at 1000
eycles when operating into an average pair of telephones.

The above figures for gain in the amplifier represent
merely voltage ratios and do not take into account the
fact that the input impedance of the amplifier is gener-
ally considerably higher than the impedance to which
it is connected. Naturally, an input transformer greatly
increases Lhe sensitivity in cases where the amplifier is
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operating from a low impedance. Care must be taken,
however, to see that the transformer does not introduce
undesirable hum pickup.

It is also possible Lo increase the sensitivity in many
cages by using an output transformer for matehing the
output cireuit to the load.

Frequency Range: From 20 cycles up, the gain of the
amplifier is practically constant throughout the audio-
frequency range, dropping approximately 4 db at
10,000 cyeles, The amplifier has sufficient gain at higher
[requencies to be useful for many purposes. For instance,
when operating into 1 megohm the maximum gain at
20 ke is slightly over 80 db, and at 50 ke, it is about 65

dh.
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Over-all amplificalion characteristies of Tyee 814-A Amplifier.

Gain Control: The gain varies by approximately 10
decibels For each large division on the dial.

Input Voltage: The row position of the ineur voLracs
switeh should be used for input voltage up to 0.5 volt
and the miGu position for voltages up to 5 volts. Higher
input voltages will result in distortion in the output.

Input Impedance: In order that the amplifier may he
used direetly from conventional Lypes of piezo-electric
microphones or vibration pickups. the resistance leak
i the input cireuit hasg been made 5 megohms. The
actnal input impedance, aceordingly, consists of this
leak in parallel with a shunting capacitance. This
capacitanee mumultb to .lpprt;\n:mto]\ 35 ppf when the
wpeT vonrace is on the ow position. When this
switch is set on the s position, the eﬁ'ectne shunting
apacitance is reduced to approximately 22 uuf. A series
capacitanee of 0.02 uf is provided in the input cireuit so
that the application of a direct voltage to the iuput
terminals will not atfect the operation of the amplifier.

Output Impedance: The output impedance of the
amplifier is approximately 70,000 ohms. A blocking
condenser of 1 pf 1= included in series with the ontput
terminals.

Tuning: A parallel resonant cireuit ean be plugged into
i juck on the panel to modify the frequency charac-
teristic of the amplifier. The Typrs 814-P3 (60 cveles)
il Tyee 814-P2 (400 and 1000 eyeles) Tuned Circuits

Tubes: The amplifier requires three 3d-type tubes,
which nre included in the price of the instrument.
Power Supply: Batteries are supplied. The following
butteries are furnished for the Type 814-AM Amplifier:
two La-volt No. 6 dry cells, three 43-volt hatteries,
Burgess No. 3308, and one Eveready type 950 1.5-volt
hattery.

For use with the reluy-rack mounted Tyrm 814-AR
the following batteries are used: two Burgess No, $FA
(Little 6's), three Burgess No. Z80N 43-volt batteries
and one Burgess No. 2370 1.5-volt battery.
Accessories: One Tyer 274-ND Plug and one Tyre
274-M plug are furnished.

Mountlng The amplifier is supplied in two types of
mounting. The Tyrr S14-AM Amplifier is mounted in
a walnut cabinet Immu., spice for hatteries, The Tyre
S14-AR Amplifier is provided with a pemel extension
for relay-rack mounting, This P nel extension includes
h.l!tr*r_v spagce and provision is made for mounting a
rectifier-bype meter.

Dimensions: Panel size, (width) 12 x (height) 7 inches.
Cahinel size for Tyre 814-AM, (width) 15 x lhelqh!l
814 x (depth) 1215 inches, over-all. Size for Tyre
‘-}H AR, (width) 1.] « (height) 7 x (depth) 10 inches,
over-all.

Net Weight: Tyrr S14-AM, 1734 pounds; necessary
batteries, approximately 14 pounds, Tyes Hi-l AR, 13

see page 112) are designed for this purpose. pounds; necessary batteries, approximately 714 pounds.
Type Deseription lode W ord Price
814-AM ‘ Cabinet Mounting .. .. ............ APPLE $97.50*
814-AR For Relay-Rack Mounting . ........... ALONE 97.50*
Price includes both tubies and batteries.  PATENT NOTICE. See Note 1, page v.
—||
>
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TYPE 814-P TUNED CIRCUIT

|

DRI D3R MO L0 i

Attenuation characteristics of Tyee 814-F
Tuned Circuits.

USES: These tuned-circuit filters are pri-
marily designed for use with the Type 814-A
Amplifier for suppressing harmonics, noise,

SPECIFICATIONS

Frequency: Two units are stocked, one for 60 cyeles
and the other for hoth 400 and 1000 eyeles, Units for
other frequencies ean be made on special order.
Asttenuation: (See accompanying curves.) Note that the
Tyre 814-P2 is effective in removing 60-cycle hum as
well as harmonies of the resonant frequency.
Mounting: Standard drawn-steel case,

Dimensions: Base, 354 x 4 inches; height, 44 inches.
Net Weight: 4 pounds.

and hum in single-frequency measurements,
such as the balancing of a bridge.

DESCRIPTION: The Tyee 814-P Tuned
Circuits are parallel resonant circuits. The
400- and 1000-cyele circuits are mounted in
the same case, and a toggle switch is in-
stalled for selecting the desired frequeney.
A plug and a length of shiclded cable are
furnished with all units.

FEATURES: A convenient means of eliminat-
ing harmonics as well as hum and noise from
the detector circuit of a bridge is provided
without sacrificing gain. The insertion loss
of the filter is small and quite negligible for
most cases because of the high gain of the
amplifier. Furthermore, when the Tyes
814-P Tuned Cirenit is used with the T'yre
814-A Amplifier the frequency characteristic
obtained is independent of the terminating
1mpo{hnc~m
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Type Frequency Cade Word Price
814-P2 400 and 1000 cycles . ... ... RS AVBLE ] $17.50
814-P3 O EvelRs iios wnmeaiiias i AMPLE 12.00

Panel view of Tyre 814-AR Amplifier with a Tyeg 814-P Tuned Cirenit installed. The relay-rack amplifier
(Tyre 814-AR) consists of a Tyre 814-A Unit and a Tyrr 814-P1 Panel Extension. Space is provided for
mounting an ontput meter as shown.
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TYPE 714-A
USES: The Tyrr 714-A Amplifier is a high-

gain and wide-range instrument which has
heen designed mainly for use with cathode-
ray oscillographs. It is also useful as a bridge
amplifier and for general purpose work.

Its excellent performance characteristics
make it suitable for nearly any laboratory
application.

Because its low-frequency response ex-
tends to 5 cycles, this amplifier has a number
of applications where ordinary amplifiers are
not suitable, as, for instance, in amplifying
the voltages encountered in the study of
vibrations in machinery and other mechan-
ieal systems.

DESCRIPTION: A three-stage resistance-
capacitance-coupled amplifier circuit, em-
ploying pentode tubes, is used. An inter-

AMPLIFIER

stage potentiometer and an input attenuator
pad control the gain. The mstrument oper-
ates directly from Lhe a-c supply mains,

FEATURES: A-C operation, high gain, and a
wide frequency range are several points of
superiority in the Tyre 714-A Amplifier.
The power supply filter has been carefully
designed to prevent low-frequency “motor-
hoating’ as well as to keep the hum level
very low. The hum is equivalent to 10 micro-
volts on the grid of the first tube. All stages
are completely shielded, and mierophonie
effects have been minimized by the use of
tubes with indirectly-heated cathodes.

FFor a given output, the amplifier can work
over a range of 60 db in input levels, or, for
an output variation of 10:1, the input range
is 80 db.

SPECIFICATIONS

Gain: The gain is continuously adjustable between 20
db and 80 ab, by means of a gain control and a switch.
With the switeh set at 50 db, the range of the gain
contral is from 20 to 50 db; with the switch on 80, the
range is from 50 to 80 db.

Frequency Characteristics: The zain al 5 cyeles and at

30 ke is down 8 db from the flat portion of the character-
istic.

Maximum Input Voltage: 14 volts, maximum peak: 10
volts r-m-s on a sinusoidal wave.

Maximum Output Voltage: 140 volts, maximum peak;
100 volts r-m-s on a sinusoidal wave,

Load Impedance: Although the internal output im-
[je!lﬂ nee is about 20,000 ohms, the load resistance should
not be less than 100,000 ohms for an undistorted output

=l = kil | F T o T TTIT f T ::\‘I: [|1—1'|'
1 | AR
S DTN T 1 TR 2 =L
B ol 1 G I 3 9 1 4 s B R R | TR
: L "|!:ii |"§1 Ili\ll\i“
u.,s : .100 : aoa : II‘NIOO l feeood

FREQUENCY IN CYCLES PER SECOND

Amplification characteristic of Tyre 714-A Amplifier,
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of 100 volts. As a bridge null detector this is not im-
portant, and maximum power gain will be obtuined into
i load of about 20,000 ohms. One output terminal is
grounded.

Input Impedance: The input resistance is over one
megolun. The shunt capacitance isabout 15 gl with the
gain switeh on 30 and about 40 pul with the switch set
at 80,

Power Supply: 110 to 190 volts, 40 to 60 cyeles, a-c
mains.

Power Consumption: 25 walts.

A-C Hum Level: Equivalent to approximately 10
microvolts on the grid of the first tube.

GENERAL RADIO CO.

ype

714-A | Y S
PATENT NOTICE. See Note 1, page v.

out

1A

Schematic wiring diagram of Tvie 714-A Amplifier. Power supply and its filters are not shown.

Vacuum Tubes: Two 6C6, one 80 and one 80, all of
which are supplied with the instrument.

Mounting: \\"nmle_u ends are uso_ll for table mounting
and are removable if the amplifier is Lo be used on a relay
rack.

Accessories Supplied: Spure fuses, 7-foot power cord,
spare pilot light, Tyee 274-ND Plug, and Tyee 274-M
Plug.

Dimensions: (Length) 19 x (depth) 1015 x (height) 7
inches, over-all,

Net Weight: 40 pounds,

Prive

$190.00

Code Word

AURAL |

TYPE 715-A DIRECT-CURRENT AMPLIFIER

114

Tyre 715-A Direct-Current Amplifier is
described on pages 6 and 7 in the section on
Industrial Devices. Designed mainly for use
with graphie recorders in industrial applica-
tions, this amplifier has many nses in the
laboratory. It is particularly useful in ampli-
fying to usable levels the small d-¢ voltages
obtained from photo-electrie cells, resistance
thermometers, sound-level meters, and simi-
lar instruments. In conjunction with the
graphic recorder it can be used as a recording
d-¢ milliammeter or millivoltmeter.

Some of the features of this amplifier are
high gain, simplicity of operation, and sta-
bility of ealibration. It is essentially un-
affected by variations in line voltage and
changes in ambient temperature.

The amplifier is available in either the
walnut cabinet shown in the photograph, or
in a case to match the Esterline-Angus 3-
milliampere recorder, as shown on page 7.
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METERS

TYPE 726-A VACUUM-TUBE VOLTMETER

USES: A high-impedance wide-range volt-
meter, such as the T'yre 726-A Vacuum-Tube
Voltmeter, which can be used at both audio
and radio frequencies, is an extremely valu-
able instrument to the communications
engineer. In the Typn 726-A Vacuum-Tube
Voltmeter the frequency range, by special
design, has been extended to correspond to
that of a high-frequency thermocouple. In
addition to its use as a voltmeter, it is an
excellent ammeter at radio frequencies when
used with capacitive shunts.

Although calibrated to give readings of
the r-m-s values of approximately sinusoidal
voltages the voltmeter may be used, except
on the lowest voltage ranges, to determine
the peak value of complex voltage waves.

DESCRIPTION: An improved type of diode-
condenser rectifier circuit, using an acorn
tube, is built into a small probe which is
made of low-loss bakelite. A eable, which also
supplies heater voltage to the tube in the
probe, carries the rectified voltage to a d-c
amplifier and indicating meter in the cabinet
of the instrument.

The d-¢ amplifier is of the degenerative
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type using but one tube. The rectified voltage
is applied directly to the amplifier control
grid, rather than through a voltage-
dividing network, and the change from one

Meter scales of Tyvrr 726-A Vacuum-Tube
Voltmeter,

VOLTS
. OF SINE iy

ok Bian OF Col
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voltage range to another is accomplished by
varying the degeneration factor.

FEATURES: The arrangement described
above makes it possible to use constants in
the diode eireuit which will maintain high
input impedance over all the ranges of the
instrument. Thus, very little power is taken
from the source under measurement.

The degeneration in the d-¢ amplifier
stabilizes the gain and results in the calibra-
tion being permanent and substantially inde-
pendent of tube characteristics. Except on
the lowest range, the calibration is substan-
tially linear. There is sufficient overlapping
of the various ranges, in consequence, so
that all readings may be made well up on
the scale.

A regulated power supply is employed,
so that line variations do not result either
in fluctuating readings or zero shifts. One
zero adjustment serves for all ranges. There
is a slight initial zero drift when the instru-
ment is first turned on, but this becomes
negligible after a brief warming-up period.
Severe overloads will not damage the instru-
ment, so that in making measurements it is
merely necessary o connect the unknown

METERS »*

Schemalic circuit diagmm of Tyee 726-A
Vacuum-Tube Voltmeter.

voltage to the terminals and vary the range
switch until the reading obtained is on scale.

Since the entire a-c measuring circuil is
mounted in the small probe, the leads to the
source of voltage can be kept short, and good
accuracy is obtained even at high radio fre-
quencies. The plug terminals of t%m probe can
be removed when necessary to shorten the
leads still more. For measurements at low
frequencies, where the effect of the leads is
not important, the probe and cable can be
placed inside the instrument and connections
made to terminals on the panel.

SPECIFICATIONS

Range: 0.1 to 150 volts iu five ranges (1.5 - 515 - 50 -
150 volts, full scale),

Accuracy: =29, of full scale on all five ranges, on
sinusoidal voltages,

Waveform Error: The instrument is essentially a peak
voltmeter calibrated Lo read r-m-s values of a sine wave,
or 0.707 of the peak value of a complex wave. On dis-
torted waveforms the percentage deviation of the
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Equivalent parallel reactance and resistance
of the input circuit as a function of frequency.

Power Supply

reading from the r-m-s value may be as large as the
percentage of harmonics present.

Frequency Error: Less than 19, between 20 eycles and
50 megacycles, At 100 megacycles, with the probe tips
removed, the voltage indieated is about 87 larger than
the voltage across the probe terminals.

Input Impedance: Plots of parallel reactance and resist-
ance are given on this page. The reactance component
is caused by a capacitance of 6 ppf between the input
terminals, The parallel resistance is about 5 megohms
at low frequencies but is reduced at higher frequencies
by the effect of the power factor of the shunt capaci-
tunce. This power factor is about 2.5%,

The resonant frequency of the input circnit is about
380 megacycles with the probe tips in place and about
500 megacycles with them removed.

Power Supply: 100 to 130 valts, ac, 60, 50, or 42 eycles
and 200 to 260 volts, 50 cyeles. (See price list.) The
instrument incorporates a voltage regulator to com-
pensate for supply variations over this voltage range.
I'he power input is less than 30 watts.

Tubes: One type 955, one type 6Q7-G, and one type 1-V
are used; all are supplied.

Mounting: Black ecrackle-finish  aluminum
mounted in a shielded walnut eabinet.
Dimensions: (Width) 914 x (depth) 14 x (height) 83
inches, over-all.

Net Weight: 1714 pounds.

panel

Type Frequency Voltage ('ode Ward Price
726-A | 60 cyles 100 to 130 v l ALLOY $165.00
726-A 50 cycles 100 to 130 v ABAFT 165.00
726-A 50 cycles 200 to 260 v ALTER 165.00
726-A 42 cycles | 100 to 130 v ' AMASS 165.00
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TYPE 483-F OUTPUT METER

USES: The Typr 483-F Output Meter finds
its grealest uses in the routine laboratory
measurements of voltages at audio fre-
quencies and for comparison measurements
of various types, where the meter is used to
mateh two voltages,

When used in conjunction with a Type
814-A Amplifier, this meter is an excellent
bridge null detector for commercial and
audio frequencies.

DESCRIPTION: A copper-oxide-rectifier volt-
meter is used as the indicating meter. An
L-type mulliplying network is used to extend
the range and to furnish a constant mput
impedance.

FEATURES: Ruggedness and convenience
are the great advantages which the Tyrg
483-1" Output Meter offers for audio-
frequency voltage measurements. Its wide
range and its high and essentially constant
input impedance are also features which
make it an essential laboratory instrument.

SPECIFICATIONS
Voltage Range: Below 0.3 volt to 200 volts in seven
ranges (2-4-10-20-10-100-200 volts, full seale),
Accuracy: The fundamental acenracy is =57 of full
seale, which is equivalent to 0.1 volt multiplied by the
multiplier setting. This accuracy applies only when
the instrument is operated on sinusoidal voltages and
on the flat portions of the characteristic curves shown
below.
Input Impedance: The impedance on the 100 multiplier
is 20,000 ohms =207, For lower multiplier settings,
however, the impedance varies slightly with voltage.
The greatest change in impedanee occurs on the 1 multi-
plier where the impedance inereases by approximately
159, as the voltage is dropped from [ull scale, 2 volts,
to quarter scale, (1.5 volt.
Scale Length: 213 inches,
Terminals: Juck-top binding posts are provided. Stand-
ard $4-inch spacing is used.

|
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FREGUENGY ™ CYSLES PER SECOND

Average frequency  characteristic of  the

meter. The dotted lines show the maximum

deviation from average found in a gronp of
instruments tested.

Ty pe Range

Mounting: The copper-oxide-reclifier voltmeter and
the multiplier switeh are mounted on an aluminum
panel which is mounted in o walnat eabinet.
Dimgnsions: (Length) 9% x (width) 44 s (height)
314 inches, over-all,

Net Weight: 315 pounils,

METER ALAONG (N VOLTS
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Plot showing the effect of Lemperature on the

meter indication. Note that in the normal

room temperature range the temperature co-

efficient is practically zero. Data plotted here

are the average from a number of instruments.
Code Wand Priee

0-200 volts

See Note 3, puge v.

483-F
PATENT NOTICE.
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TYPE 583-A OUTPUT POWER METER

GHMB

IMPEDANGE

MULTIPLIER
o o
S 5 Yo

OQUTPUT POWER METER
LM A, B
BENTRAL RADSD OO
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USES: This unusual instrument reads directly
the amount of andio-frequency power that a
sonree is capable of delivering into any de-
sired load, Thus, the effect of load impedance
on power delivered can be easily measured,
and the characteristic impedance of tele-
phone lines, phonograph pickups, oscillators,
and similar equipment can be found by
observing the 1mpedance which gives the
maximum reading on the instrument.

In testing radio receivers the Tyre 583-A
Output Power Meter is very useful as an
output indicator for standard sclectivity,
sensitivity, band-width, and fidelity tests,
and an auxiliary deeibel seale is furnished on
the meter for this purpose.

DESCRIPTION: This instrument may be
considered to be an adjustable load imped-
ance across which is connected a voltmeter
that is calibrated directly in watts lost in
the load. Actually the input is connected
through a multi-tap transformer and a
resistance network to an outpul meter,

FEATURES: The Typr 583-A Outpul Power
Meter covers a wide range of both power and
impedance values, The power range is
50,000:1, and the impedance range is 8000:1.
All readings can be made directly and
quickly. The indicating element is a rectifier-
type voltmeter and will stand considerable
overload for short periods,

SPECIFICATIONS

Power Range: 0.1 to 5000 milliwalts in four ranges
(5-50=-500-5000 milliwatts full scale). The copper-oxide
meter is calibrated from 1 to 50 milliwatts with an
auxiliary secale reading from 0 to 17 decibels above a
reference level of 1 milliwatt.

Irnpedance Range: 2.5 to 20,000 ohms. Forty discrete
impedances, distributed approximately logarithmically,
are obtained by means of a ten-step ouss dial and o
four-step MULTIPLIER,

WERIABLE 2ATIO
TRANSFORMLA

Type Power Ranae

Accuracy: The acenracy of hoth power and impedance
measurements varies with frequency. The maximum
error in Tull-scale power reading does not exceed 0.5
decibel between 150 and 2500 eycles, nor does it exceed
1.5 decibels at 20 and 10,000 ¢ycles, The average error
is 0.3 decibel at 80 and 5000 cycles, and 0.6 decibel at
20 and 10,000 eyveles.

The maximum error in impedance does not exceed
7% between 150 and 3000 eveles, nor does it exceed
075 al 20 and 10,000 cycles, The average error is 89
at 80 and 5000 eyeles and 2077 at 20 and 10,000 cycles.

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

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

Net Weight: 814 pounds,

Code Word Price

| 0-5000 milliwatts . . . . ..

See Notes 3, 6, page v.

583-A
PATENT NOTICE.

$95.00

, ABUSE |
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TYPE 586 POWER-LEVEL INDICATOR

USES: For monitoring and measuring signal
levels in telephone lines, broadeasting and
sound-recording systems, and amplifiers, a
power-level indicator is necessary.

DESCRIPTION: The Type 3586-A Power-
Level Indicator utilizes the copper-oxide-
rectifier typeof indieating meter. The moving
clement of the meter is of the high-speed
type for the models, Typrus 586-DM and
-DR, and is normal speed for the more sensi-
tive models, Types 586-EM and -ER.
Because of the design limitations imposed by
meter dynamics a high-speed movement can-
not be achieved in the high-impedance
ultra-sensitive meters,

An adjustable L-type attenuator is in-
serted between the line and the meter. This

pad acts as a multiplier to increase Lhe
measuring range of the instrument while
maintaining constant the input resistance
of the power-level indicator.

FEATURES: This assembly is compact,
rugged, and accurate, and, because no
batteries or other power supply is needed, is
entirely portable. The indicator is sensitive
to low levels and has a range of 36 decibels.

The standard panel finish is black erackle
lacquer, but in order to mateh the finish of
other studio or transmitter equipment, panels
for the rack-mounting models are also avail-
able, to order and at a small additional
price, finished in either Western Electric or
RCA gray. or RCA flat black.

SPECIFICATIONS

Power-Level Range: (Sce price list.) All ralings are for
a zero level of 6 milliwalts in a 500-0hm line. A chart is
supplied showing the correction to be uplylied when the
meter is used across impedances other than 500 ohms,

Accuracy: The average error is from 0.5 decibel to 0.7
decibel. Near the lowest reading of the meter the error
may be as much as 1.0 decibel.

Internal Input Impedance: 5000 ohms resistive. There
is, therefore, an insertion loss of 9.8 decibel. Essentially,
no distortion is introduced into the line,

Frequency Characteristics: There is no appreciable error
for frequencies up to 10,000 cycles.

Scale Reading: For Tyre 586-DM and Tyre 586-DR
zero level is at midscale. I'he meter is graduated in 2-
decibel steps hetween —10 and -6 decibels.

For Tyre 486-EM and Tyre 586-ER —10 decibel
level occurs at midscale, Midscale is, however, marked
zero. When both multiplier switch and meter are at
zero, the level is —10 decibels.

The multiplier attenuator of all models is adjustable
in 2-decibel steps over a tolul range of 20 decibels.
Indicating Element: A copper-oxide-rectifier voltmeter
calibrated to read power level in decibels. High-speed

movement for models -DM and -DR; normal speed for
models -EM and -ER,

Terminals: Jack-top binding posts are provided on all
models. Binding posts are located behind the panel on
relay-rack models. Standard 34-inch spacing is used.
Mounting: The Tyer 586-DM and Tyre 586-EM are
mounted on an aluminum panel in a polished walnut
cabinet, I'ver 586-DR and Tyrn 586-KER are designed
for mounting on a standard 19-inch relay rack. All
switches are back-of-panel mounted.

Dimensions: For the cabinet models, (length) 93¢ x
(width) 414 x (depth) 414 inches, over-ull. For the relay-
rack models, (length) 19 x (width) 814 x (depth) 3,’.-;;'
inches, over-all.

Net Weight: 374 pounds for cabinet models, 314 pounds
for relay-rack models,

Type Pmwer-Level Range Mounting Code Word Prier
586-DM ‘ —10 to +26 decibels ‘ Cabinet Model | manm ‘ $55.00
586-DR —10 to +26 decibels | Relay-Rack Model HANDY 55.00*
586-EM —20 to +16 decibels Cabinet Model HONEY 60.00
586-ER — 90 to +16 decibels | Relay-Rack Model HONOR 60.00*
586-P6 High-speed meter for Type 586-DM or -DR OURMETBELL 25.00
586-P5 Normal-speed meter for Type 586-DM or -DR OURMETIOOT ‘ 20.00
586-Q1 | Normal-speed meter for Type 586-EM or -ER OURMETPIPE 30.00

*Panel ﬁnisl\_ Lo mnl:-h Western Eleclric or RCA gray, or RCA flat black, 37.50 additional.

PATENT NOTICE.
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TYPE 686-A POWER-LEVEL INDICATOR

USES: The Tyrr 686-A Power-Level Indica-
tor has been designed in collaboration with
broadeast engineers to eliminate the diffi-
culties and shortcomings of previous types
of power-level indicators which have been
used to monitor program level in the studio,
control-room, and transmitter. In addition
to its application in the broadeasting field,
the Tyrr 686-A Power-Level Indicator is
useful for monitoring sound recording and
other audio channels.

DESCRIPTION: The input circuit consists
of a doubly-shiclded transformer and an
attenuator which controls the voltage applied
to the grid of the first tube, a linear degenera-
tive amplifier. The second stage acts hoth
as an amplifier and a phase divider for feed-
ing the full wave rectifier. The output of this
rectifier is fed through a delay discharge
cirenit to the vacuum-tube voltmeter which
has in its plate circuit the large indicating
microammeter,

FEATURES: From the standpoint of the
station operator and engineer, the outstand-
ing feature of the Tyre 686-A Power-Level
Indicator is the indicating meter and its
action, The scale is large and the calibration
points are clearly marked. Both a decibel and
a percentage scale are printed on a soft yellow
hackground, and the entire meter is so
illuminated from above that readings are
casily made from positions several feet away
even in dimly-lighted monitoring booths.
Eyestrain, even in close quarters, is elim-
inated.

A high-speed movement is used in the
meter itself, so that a maximum deflection
is reached in approximately 0.15 second. This

fact means that it will respond to the shortest
pulses ocenrring in most speech and musie
circuits. The mechanical damping stops the
swing al maximum amplitude with no appre-
ciable overshoot, and an electrical delay
circuit then allows the needle to slowly
return to zero. Therefore, the meter registers
accurately each peak, but appears to “float”
on the peaks without any erratic jumping
movement. Accordingly, the psychological
effect is excellent and the meter seems to
show the audio wave as it sounds to the ear
from a monitoring speaker,

Provision has heen made on the terminal
strip in the rear of the instrument for con-
necting an external extension meter which
can be used for remote monitoring.

A balanced input circuit is used, and the
impedance is made high and resistive, so
that only a very low bridging loss oecurs,
and no distortion is introduced into the line.
The input can be connected in the rear of
the instrument as well as plugged in at the
panel.

Besides having a good frequency charac-
teristic, the mstrument covers the extremely
wide operating range of 73 decibels. Tt can,
therefore, be used on both low- and high-
level lines with the same satisfactory results.

A self-contained a-¢ power supply is used
and is so designed that no transformers or
other inductors are necessary. Consequently,
no hum can be induced from surrounding
equipment which may be operating at a
high level.

All vacuum tubes, as well as the terminals,
are available from the rear, and so the instru-
ment does need to be removed from the relay
rack for changes in tubes and connections.
The a-c line is brought in at the side through
a standard connector for supply conduit.
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Schematie eireuit diagram of the Tyrr 686-A Power-Level Indicator.

SPECIFICATIONS

Power-Level Range: Zero decibels on the meter seale
(100 on the blaek seale) will represent from —20 to 430
decibels depending on the attenuator setting. The total
over-all calibrated range is —40 Lo +33 decibels. All
ratings are for a zero level of 6 milliwalts in a 500-o0hm
line. Calibrations al other reference levels or for other
line impedances can he supplied on special order.
Meter and Scale: A large high-speed meter with a 314-
inch scale is used. Connections are provided for an
external meter.

The scale has two sets of figures, the principal one
reading from 0 to 100 in black figures. With the peak
operating point set at 100, indieating 1009, modula-
tion, the other black figures indieate percentage utilizn-
tion of the channel, The auxilinry seale is printed in
red and gives the power level in decibels. The seale
above the 100 mark is also red o warn against over-
modnlation.

Two lamps are set above the meter so as to illuminate
the seale completely for use in dark locations.
Calibration: The instrument is precalibrated at the
factory, but any change because of tube replacements
cun be easily corrected.

Ty pe

“686-A
686-P1

Description

| Power-Level Indicator. . .
| Extension Meter. .. ..

Frequency Characteristics: ‘The frequency response is
flat within = 1 decibel from 60 to 10,000 cyveles and
within 42 decibels from 40 to 12,000 eyeles,

Internal Input Impedance: The input impedance is
b Pt : X >

greater than 15,000 ohms, There is an insertion loss of

0.15 decibel, but no distortion is introduced hecause

the impedance is resistive and linear. The input trans-

former is balanced to ground and doubly shielded.

Power Supply: 110 to 120 valts, 50 to 60 cyeles, ac.
Approximately 50 walls are taken from the line.
Vacuum Tubes: The following tulies are used: 3 type
615, 1 type 60, and 1 Lype 2576, All are supplied.
Terminals: Screw terminals are provided at the rear for
the a-c power, the input, and an external meter. A set
of double patch-cord jacks is also provided on the panel
for the input,

Mounting: Standard 19-inch relay-rack mounting.
Dimensions: Panel, 19 x 5314 inches; depth behind panel,
815 inches.

Net Weight: 2314 pounils.

Code Word AL _Pn'('d-' 1
r ANGER $195.00
| 45.00

Panel can be fuenished in Western Eleetrie and RCA gruy or RCA flat black on specinl order at a slight additional eust.

PATENT NOTICE.

See Note 1, page v,

Rear view of the Tyrr 686-A Power-Level Indicator. Note the easily accessible tubes and terminals,
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TYPE 487-A MEGOHMMETER

MEGOUMMETE R
NS st e
GENERAL RADID 0D,
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MuLnpecy gy

USES: The Tyer 487-\ Megohmmeter is a
direct-rending ohmmeter for measuring rela-
tively high resistances, such as carbon re-
sistors, and the leakage resistance of cables
and samples of insulating material. Tt can
also be used to loeate defective insulation in
clectrical equipment.,

The leakage resistance of condensers can
also be mieasured, but in measuring large
condensers with low leakage, the time con-
stant resulls in equilibrium being reached
slowly. For example, a condenser of 1 uf
capacilance, having a leakage resistance of
1000 megohms, could be shown in a few
seconds to have a resistance greater than
500 megolims, but perhaps o minute would
be required to obtain the resistance within
10 per cent, If a higher test voltage or a

lower time constant is required, the Typn
- Megohm  Bridge is recommended.
(See page 90.)

DESCRIPTION: This instrument is very simi-
lar to the Ul‘di].]:ll‘}' ohmmeter, except that.in
order to obtain high ranges, a vacummn-tube
voltmeter is used instead of the conventional
indicator, A zero adjustment is provided for
rapidly checking any of the lour ranges.

FEATURES: The Tyrr 487-A Megohmmeter
indicates resistance directly on the large
meler scale. Its operation is just as simple
as that of an ordinary ohmmeter, and a
wide range of resistances can be measured
on the four overlapping ranges. The instru-
ment 1s completely a-c operated and takes
only ten watts of power.

SPECIFICATIONS

Range: 20,000 oluns to 30,000 megoluns in four over-
lapping ranges.

_Sca]e: The standard direct-reading olunmeter calibration
is nsed: center seale values are 1, 10, 100, and 1000

megohms, Length of seale, 3115 inchies; center decade,
134 inches.

Accuracy: Within 57, on the 1, 10, and 100 multipliers;
within 87, on the 1000 multiplier.

Voltage on Sample: The applied voltage on the un-
known wvaries with indication and is between 50 and
100 volts over the greater portion of the scale.

Type
487-A L e e e .

Tubes: The necessary lubes, one type 1-V, and one
type 85, are supplied.

Power Supply: 110 1o 120 volts, 42 Lo 60 cyeles, ac, The
power required is 10 watts.

Accessories: A 7T-fool connecting cord and spare fuses
are supplicid.

Mounting: The instrument is supplied in o walnut ease
and is mounted on an engraved black crackle-finish
aluminum panel.

Dimensions: (Width) 10 x (height) 8 x (depth) 514
inches.

Net Weight: 914 pouns,

Coade Wond Prive

$95.00

ONION
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TYPE 546-A MICROVOLTER*

HETATEVR. 8

USES: This audio-frequency microvolter
furnishes small, known, a-¢ voltages. It can
be used to measure other small voltages by
substitution methods. It provides an excel-
lent means for measuring the input voltage
in gain tests on amplifiers, transformers, and
similar equipment.

DESCRIPTION: The T'yrr 546-A Microvolter
consists, essentially, of a constant-impedance
attenuator and a voltmeter by means of
whichthe input to the attenuator is standard-
ized. The output is varied by means of

switches, for the large steps, and a continu-
ously adjustable dial for small steps.

An input transformer is used to transfer
the low impedance of the attenuator to a
higher level, but since it precedes the volt-
meter, it does not enter into the measure-
ments in any way.

FEATURES: An extremely wide range of low
audio-frequency voltages is made available
by using this instrument which is compact
and simple, and requires only a small
amount of power from the driving source,

SPECIFICATIONS

Output Voltage Range: From 1 microvolt to 1 volt for
u reference voltage of 2 volls, The use of other reference
voltages produces proportional changes in the output
voltage.

Acecuracy: For output voltage ratios the error is less
than 29 above 100-microvolt settings. The error is some-
what greater for smaller output voltages. In absolute
measurements the charaeteristics of the copper-oxide
voltmeter must be considered. For output voltages
greater than 100 microvolts the error is less than 109,
12.5%, or 179 at 1000, 5000, or 10,000 cycles, re-
spestively.

Power Source: To obtain the standard 2-volt reference
voltage it is necessary to have an audio-frequeney source
capable of maintaining approximately 9 volls across
7000 ohms, It is, of course, necessary to have a voltage

control on the source in order to set the reference
voltage aceurntely.

Output Impedance: The internal output impedance is
200 ohms. This fact must be taken into account when
the instrument works into low-impedance loads,

Input Impedance: Approximately 7000 ohms. The fre-
quency-characteristic is reasonably flat but in any case
it does not alfect measurements since the voltmeter is
on the secondary side of the input transformer.
Terminals: Jack-top binding posts with standard 34-inch
spacing are used.

Mounting: The instrument is mounted on an aluminum
panel in a shielded walnut cabinet,

Dimensions: (Length) 10 x (width) 715 x (height) 6%
inches, over-all.

Net Weight: 82< pounds.

Type B Code Ward Price
546-A I CROWN I $80.00
*Reg. U. S. Pat. OF.,
A oS '
% ks ‘ Functional  sche-

ALAAAR

152,
MULTILY  BY

matic diagram of
the microvolter.
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TYPE 492-A OXIDE RECTIFIER

USES: When only direct-current instruments
are available, and it is desired to measure
alternating current and voltage, the Tyer
492-A Oxide Rectifier ean be used, in con-
junction with suitable shunts or multipliers.
This unit can also be nsed where it is neces-
sary to rectify alternating voltages to operate
relays, recorders, or similar equipment.
DESCRIPTION: The Tyes 492-A Oxide
Rectifier consists of four copper-oxide recti-
fier units arranged in the form of a bridge, as
shown in the accompanying diagram. Each
of these units consists of the type of copper
oxide junction which has the property of
unilateral conduction. Accordingly, the
bridge is so arranged that two of the junc-

tions pass current on one-half of the cycle
and the other two pass current, in the same
direction, during the other half of the eycle.
In this manner full-wave rectification is
obtained.

The oxide units are mounted in a bakelite
protecting case which is furnished with plugs
and a nameplate.

FEATURES: Although extremely good ac-
curacy cannot be obtained when copper-
oxide units are used, and their characteristics
do change with load and temperature, the
Tyre 492-A Oxide Rectifier is offered as a
compact, simple, and convenient unit which
is very useful for experimental work.

SPECIFICATIONS

Input Voltage: This rectifier may be used safely with
a-c input voltages up to 4 volts, rms. This value is
engraved on the nameplate,

Load Impedance: Maximum power is transferred to the
load, for a given input voltage, when its resistance is
between 500 and 1000 ohms. Short eircuit will not injure
the rectifier.

Meter: If a I-milliampere meter, of about 500 ohms
resistance, is used, full-scale deflection will be ohtained
with about 2 volts, rms, across the input of the rectifier.
If the Tyere 588-AM Direct-Current Meter is used,
about 1 volt on the rectilier input will be sufficient to
produce full-seale deflection.

Input Impedance: The a-c input impedance varies with
the d-¢ load impedance. It also varies somewhat with
the input voltage, but by the proper use of shunt and
series resistances on the input, it is possible to greatly
reduce this apparent change with voltage.

Frequency Characteristies: TFor frequencies below 5000
cyeles the frequency error is negligible, For higher fre-
quencies the sensitivity of the unit decreases shightly.
Temperature Characteristics: Over the normal range of
room temperalures the sensitivity of the rectifier unit
may change by as much as 59 beeause of temperature
effects.

Mounting: The rectifier units are mounted in sinall
bakelite cases which are provided with & nameplate and
Tyre 274 Plugs using the standard spacing which fits

Type

Deseription

the Tyre 274-RJ Mounting Base. The base is not sup-
plied. (See page 199.)

Dimensions: (Length) 21§ x (breadth) 134 x (depth)
34 inches, exclusive of plugs.

Net Weight: 2 ounces.

Tyre 492-A Oxide Rectifier is made up of
four individual rectifiers connected in & bridge
cireuit as shown here,

(Code Waord Priee

492-A

l Oxtde Rectilor oo s v viisvinios i

$7.00

FLORA |
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TYPE 493 VACUUM THERMOCOUPLE

[

(Lefty Mounted Type 498 Thermocouple; (eenier) Unmounted model in shipping cases (righ!) Unmounted model.

USES: Tyre 493 Vacuum Thermocouples are
designed for use in measuring accurately
voltage and current at frequencies extending
into the ultra-high radio spectrum.

DESCRIPTION: The thermocouple consists of

two elements mounted in vacuum in a small
glass bulb. These elements are: (1) the
heater, which is a short, straight piece of
resistance wire through which the current to
be measured passes and, (2) the couple which
consists of a thermo-junction attached to the
center of the heater. The current to be meas-
ured raises the temperature of the heater
wire and the thermo-junction generates a
d-¢ voltage which is proportional to the tem-
perature rise. The output voltage, as meas-
ured on a d-¢ meter, varies approximately as
the square of the heater current.

Both monnted and unmounted models of
Typs 403 Vacuum Thermocouples are avail-
able. For work at high radio frequencies the
unmounted thermocouples arve preferable be-
canse the lead mmductance is much smaller
than for the mounted units.

FEATURES: The Tyri 493 Vacuum Thermo-
couples are specifically designed for use up
to ultra-high frequencies. The constructional

R Li Ce

S mam BEAD
THERMOJUNCTION

Equivalent circuit of the Tyre 403 Thermocouple.
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features particularly chosen for this serviee
are as follows:

1. The heater and couple leads are brought
oul al opposite ends of the glass bulb. In
addition, the presses are so oriented that the
planes in which the leads lie are normal to
each other. This method of construction de-
creases to a minimum both capacitive and
mutual inductive coupling bhetween the
heater and thermo-junction eireuits.

2. The thermo-junction is separated from
the heater wire by a small insulating bead
This separate heater type of construction
has been improved so that the sensitivity is
practically the same as that obtained with
the conventional contact type of construc-
tion. The advantage gained is that the hieater
and thermo-junction are electrically isolated
except for a minute capacitance through the
bead.

3. The leads to the healer wire are made
as short as possible and are led through only
one glass press. The residual inductance and
apacitance of the heater leads are thereby
minimized. The spacing of the wires is
chosen to effect a compromise belween in-
ductance and capacitance. The lead wires
may be considered as a transmission line of
approximately 280 ¢ characteristic imped-
ance,

4. The heater wires are all made of non-
magnetic materials — platinum, platinum-
silver, and ecarbon. They therefore have
minimum inductance and skin-effect.

From a general standpoint, the thermo-
couple is an excellent device for measuring
current and voltage at any frequency, when
a loss of 6 to 20 milliwatts can be tolerated,
Since the reading depends upon heating, it
indicates r-m-s values of current or voltage
truly, irrespective of waveform. The high
vacuum type of mounting results in maxi-
mum sensitivity, since thermal losses from
the lLeater are minimized. The separate-



heater construction prevents current flowing
in the heater circuit from straying into the
couple circuit. The thermocouple is therefore
independent of polarity on de and may be
calibrated on either ac or de interchangeably.

T'o a first approximation, the thermocouple
can be represented by the equivalent cirenit
shown on page 126.

In this circuit R, and L, are the resistance
and inductance of the heater leads; €', is the
wpacitance between the heater leads, mostly
concentrated in the glass press; R, and I,
are the resistance and mductance of the
liealer wire; (', is the capacitance between
heater and thermo-junction; M is the mutnal

METERS °

inductance between heater and thermo-
junction circuits; €y is the capacitance
through the insulating bead. Typical values
for these quantities, with 2 em leads to the
heater wire, are:

R, =0.059 (al 300 Me)

L,=0.01 uh M <0.0003 ph
O\ = 0.7 puf
Ly =0.007 ph Cy <005 ppf

(', =0.3 pul

The curves below illustrate the effect of
these residual parameters on the performance
of the thermocouples at high frequencies.

SPECIFICATIONS

Heater Resistance: Healer resistances, al rated current,
are adjusted approximalely to the nominal values
given in the table, The nctual value, at rated heater

current, is given within 195 for ench thermocouple,

Temperature Coefficient: The temperature coefficient of
resistunce for the heaters is —0.0005 per degree Centi-
grade for Tyrr 493-L, and 40.004 per degree Centi-
grade for Tyres 493-P, -Q. and -R.

Frequency Characteristics: See discussion above re-
garding residual parameters. The curves helow show
the frequency characteristics when the thermocouples
are used to measure either current or voltage.
Overload Characteristics: All heaters will withstand a
continnous overload of 509 of rated heater current,
given in table below.

Thermo-junction Resistance: The resistance is adjusted
between 10 and 12 ohms for all couples. The actual
value, accurate to 0.1 ohm, is given for each thermo-
couple,

Qutput Voltage: With rated heater enrrent the open-
vireuit output voltage is 10 millivolts == 10%,,

Thermal Sensitivity: 47 microvolts per degree Centigrade,

Meter: The T'ver 588-AM Direct-Current Meter, de-

seribed on page 128 is specifically recommended for use
with the Tyre 498 Thermocouples,

The couple may be considered as a generator of
internal impedance 10 Lo 12 ohms, and an open-circuit
valtage of 10 millivolts, at ruted heater current, Maxi-
mum power is transferred to the meter when it also has
a resistance of about 10 ohms,

Mounting: The thermocouples are supplied either
mounted or unmounted, (See price list.) T!m letter “M™
distinguishes the mounted from the unmounted models.
That is, Tyre 493-L is unmounted, and Tyre 493-ML
is mounted.

The unmounted units are shipped in small rectangular
tubes as shown in the photograph. Lugs are provided
so Lhat the tube may be used as a protective mounting.

The mounted models are supplied in yellow bakelite
cases with Tyre 274 Plugs. The Tyee 274-RJ Mounting
Bise is recommended for use with the mounted units.
Dimensions: Mounted models, (length) 214 x (breadth)
1%% x (depth) 24 inches, exclusive of plugs.

Unmounted models: Dimensions of thermocouple,
length 11§ inches; diameter 14 inch. Over-all dimensions
of packing tube, (length) 214 x (breadth) 1 x (depth)
94 inches.

Net Weight: 2 ounces, all models.

Heater Resistaney

~ Tupe Rated (Murvent al Rated (Turrent (lale Waord Price
493-L 3 ma GO0 © ESTOP $10.00
493.P 10 ma 0 © EXCEL 10.00
493-Q 30 ma §Q EXERT 10.00
493-R 100 ma 24 EXULT 10.00
493-ML 3 ma G0t 0 FABLE 12.50
493-MP 10 ma 60 FACET 12.50
493-MQ 30 ma 8 Q FAIRY 12.50
493-MR 100fma 29 FATTY 12.50
T R ) e
e I ,ilrl =
i Fo st impmmaroh, i sl
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TYPE 588-AM DIRECT-CURRENT METER

;
|

USES: This meter and mounting have been
designed for use with the Tyrg 498 Vacuum

Thermocouples and the Tyre 492-A Oxide
Rectifier.

The Type 588-AM Direct-Current Meter
is also suited as a galvanometer or micro-
ammeter for use in balancing direct-current
bridges.

DESCRIPTION: The meter is a low-resistance
galvanometer, having a full-scale sensitivity
of 500 microamperes or 5 millivolts. The
scale is laid out with fifty equal divisions
marked from 0 to 50.

The meter mounting is a moulded bakelite
case which supports Lhe instrument at an
angle of about 80° from the horizontal. Jacks
are provided for plugging in the thermo-
couples and oxide rectifiers and separate
binding posts are furnished as the input
terminals.

FEATURES: The Tyre 588-AM Direct-
Current Meter is a sensitive instrument re-
quiring but 2.5 microwatts of power for full-
scale deflection. Its mounting is complete
with jacks for both the Tyre 492-A Oxide
Rectifier and Tyepe 493 Vacunm Thermo-
couples. The meter is held at an angle, thus
making it easier to read, and the linear scale
makes easy the preparation and reading of
calibration curves.

SPECIFICATIONS

Rdngc: 0 to 500 microamperes, or 0 Lo 5 millivalts,
Calibration: Full-scale sensitivity is adjusted within 27
of the rated value of 300 microamperes. The scale is
2L inches in length and is divided into 50 equal divi-
sions marked 0 to 50, Points other than full scale are
not calibrated, but deflection is closely proportional to
current over the entire scale,

Resistance: The resistance of the meter is adjusted
wilhin 29 of the ruted value of 10 olims.

Type

588-AM

Ruuge

0-500 microamperes, 0-5 millivolts

Zero Adjustment: An adjusting screw is provided in the
glass face,

Terminals: Jack-top binding posts and plug terminals,
all with standard $4-inch spacing, are provided.
Mounting: The bakelite case with terminals is provided.
Dimensions: (Length) 5374 x (width) 83§ x (height)
274 inches, over-all,

Net Weight: 114 pounds.

Price

$26.00

Cude n .ﬂr.'.iI

OUHMETMUSH

GEREARL MADIO 1
Uil p TTCRRE R

TYPE 664-A THERMOCOUPLE

An accurate voltage standard for use
at ultra-high frequencies. Complete with
plate for mounting in the shield or panel
of an r-f generator. (See deseription on
page 182.)
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FREQUENCY AND TIME

THE PRIMARY STANDARD

The determination of frequency directly
in terms of time is a fundamental measure-
ment, since frequency is the time rate of re-
currence of a eyclical phenomenon. A primary
standard of frequency is, therefore, defined
as one whose frequency may be determined
directly in terms of time. A secondary stand-
ard of frequency is one whose frequency is
determined by comparison with a primary
standard or by comparison with other
secondary standards some one of which
originally was compared with a primary
standard.

[ ROTATIONAL

STANDARD TIME
INTERVAL

TIME ¢ COMPARISON

TIMING
EQUIPMENT

USEFUL
QUTRUT

CONSTANT-FREQUEMCY
0SCILLATOR

Figure 1. Punctional diagram of a primary stand-
ard of frequency. The frequency of a primary
standard is measured by direct comparison with
the rotational period of the earth. Hence any
primary standard will consist of a constant-fre-
quency oscillator (such as a pendulum, or a piezo-
electric crystal) and some means for counting the
number of its oscillations in a given standard
time interval,
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In order to establish a primary standard
of frequency, it is first necessary to establish
a reliable standard of time. A eyclical system,
having a substantially constant rate, then
becomes a primary frequency standard when
referred to the time standard.

In practice, the responsibility of establish-
ing and maintaining accurate time deter-
minations hy astronomical observations is
not assumed by the individuals desiring a
primary standard of frequeney. The time
determinations are carried out by observa-
tories especially equipped for the purpose,
and the results are made available to a large
number of users by standard time trans-
missions by radio and wire. In the United
States, the U, S. Naval Observatory trans-
mits high-precision time signals by radio
through the facilities of the U. S. Naval
Radio Service. The Arlington transmission
on 118 ke is now available 21 of the 24 hours
of the day and can be received over a large
part of the continental United States. Less
frequent transmissions on high frequencies
can be received nearly all over the world.

The user of a primary frequency standard
an then conveniently determine the fre-
quency of the standard in terms of the stand-
ard time interval sent to him by radio. In the
General Radio equipment means are pro-
vided for quickly and conveniently making
this comparison.

In principle, the constant-frequency oscil-
lator, checked in terms of time, 1s a primary
frequency standard, but is a single-frequency
device. For convenience in use, it is desirable
to have means of obtaining from such a
source many other frequencies above and
below the oscillator frequency.

FREQUENCY MULTIPLICATION
AND DIVISION

TFor practical reasons it is desirable to
divide a standard frequency, if this frequency
be a low radio frequency, to obtain an output
frequency such that an easily constructed
synchronous motor can be operated for the
purpose of counting the number of cycles
exceuted by the standard oseillator in a
standard time interval. In measurements of
frequencies and particularly of high radio
frequencies, it is desirable to multiply the
standard frequency by some factor to obtain
an output frequency near the frequency
being measured. Both of these objectives are
obtained by using a relaxation oscillator
alled a multivibrator.
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Ficvne 2. Showing functionally the opera-
tion of a frequency division system,

An oscillator of this type is characterized
by its susceptibility to control by an intro-
duced voltage whose frequency lies near its
ftuldaum.-ntaf ot a low-order harmonie fre-
quency. In this condition of control, the
relaxation oscillator locks into step with the
control voltage, and the frequency bears an
integral relationship to the frequeney of the
controlling voltage.

If the frequency of the standard oscillator
is f, a multivibrator, controlled by it and
acting as a frequeney divider, would have a
fundamental frequency of f/m,, where m,
is a whole number (generally less than 10).
This frequency divider can, in turn, control
a second divider operating at a frequency
1/m; below its fundamental frequency. The
two dividers then give a division of 1/mm,
for the standard oscillator.

From each of the three fundamental fre-
quencies f, f/my, and f/mm, a series of
multiple frequencies can be derived by the
generation of harmonics. The multivibrators
have extremely distorted waveforms, and
their ontputs contain hundreds of harmonics
useful for measurement purposes.

By these two processes, a greal number
of standard frequencies, each of which is
known with the same accuracy as the fre-
quency of the standard oscillator, can be
produced from a single-frequencey source. By
suitable choice of the factors by which the
standard frequency is divided, the derived
frequencies may be made to cover a large
part of the communication-frequency spec-
trum, from low audio frequencies to high-

and even ultra-high radio frequencies. The

range of output frequencies obtainable from
the Genm-:{ Radio Primary TFrequency
Standard is shown in Figure 8. Complete
specifications for this standard are given
on page 134.

Ficore 3. Functional diagram of Crass

C-21-HLD Primary Standard of Frequency,

The output frequencies are shown in the
spectra at the right of the diagram.

FREQUENCY o

THE SECONDARY STANDARD

In many cases an elaborate and costly
primary frequency standard may not be
Jjustified for the work at hand. Satisfactory
secondary standards can be assembled to
meet the particular requirements of measure-
ments at some loss in accuracy, but at a con-
siderable saving in cost. Since accurate
standard frequencies are now available by
radio, it is possible to check the standard
frequently, and, if necessary, readjust the
frequency into agreement with standard-
frequency radio transmissions. A secondary
standard of moderately good performance
will maintain its frequency sufficiently well
over the periods between standard-frequency
transmissions so that entirely satisfactory
average accuracy may be maintained.

In general, a secondary frequency stand-
ard consists of a standard-frequency oscil-
lator and one or more multivibrators,
depending upon the output harmonic fre-
quencies desired and the purposes for which
they are required. A generally useful com-
bination is shown functionally in Figure 4
and is deseribed under the Crass C-10-H
Secondary Standard, page 138.
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¢ FREQUENCY

GENERAL RADIO CO.

TYPE 675-M
PIEZO-
ELECTRIC
OSCILLATOR

TYPE €92
MULTIVIBRATOR [~
50 KC

e S|

TYPE 682
MULTIVIBRATOR=

10 KC

HARMONIC
QUTPUT

HARMONIC
QUTRUT

Tigure 4, Functional diagram of Cuass
C-10-H Secondary Frequency Standard.

FREQUENCY MEASUREMENT

Having established a series of standard
frequencies embracing a portion of the fre-
quency spectrum in which measurements of
frequency are to be made, the next step is
to evaluate any unknown frequency in terms
of one of the standard [requencies. Any un-
known frequency will lie between two of the
standard-frequency harmonics, as shown in
Figure 5. The simplest process is to deter-
mine the difference in frequency hetween
the unknown frequency and the nearest of
the standard frequencies. This difference is
added to the standard frequency if the un-

Fx
1 fz
" s
-2 el n el n+z
HARUORIC NUMB LR |

Frevre 5. This diagram shows the relation
between an unknown frequency and a
standard harmonie series.
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known lies above the standard, or subtracted
if the unknown lies below the standard
frequency.

INTERPOLATION METHODS

For evaluating the frequency difference
(A or B, Figure 5), either of two methods is
ordumrlly used, the direct-beating method
and the linear interpolation method. The
direct-heating method, outlined in Figure 6,
consists of beating the standard and unknown
frequencies in a detector, and measuring
the beat frequency by comparison with a
calibrated audio oscillator.

The linear-interpolation method uses a
radio-frequency oscillator whose output fre-
quency varies linearly with scale setting.
This linear scale is used to interpolate
directly between the two standard fre-
quencies to locate the unknown. Figure 7
shows how this is accomplished.

When the oscillator is successively ad-
justed to zero beat with the unknown fre-
quency f: and with each of the standard
frequencies f; and f,, between which f, lies,
three dial settings S, S;, and 8§, are obtained.
Since the frequency intervals are propor-
tional to corresponding scale intervals,

f:"“fl — S:_‘_S:I

o= S =
and
fo=fit =5 (10
or .
Je=1 = ‘S,_I 2—J1)-

Assemblies of frequeuq -measuring equip-
ment for measuring unknown frequencies in
terms of standard-frequency harmonies are
described on pages 136 and 138.

|
PHOMNES OR
BEAT INDICATOR

b

Figure 6, Functional diagram showing the
operation of the direct-beating method of
frequency measurement,

CALIBRATED
__AUDIO
OSCILLATOR

When portability and simplicity are im-
portant requirements for a frequency measur-
ing system, the secondary standard and
interpolation device can be combined in a
single cabinet. The heterodyne frequency
meter, with built-in crystal calibrator, de-
scribed on page 150, is an example of this
type of instrument. For rapid operation and
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Fioune 7. Plot of frequency va. scale setting
for a linear-scale oscillator.

freedom from ambiguity in the identification
of harmonies, a direct-reading dial is pro-
vided. Numerous checking points are ob-
tained on each range of the heterodyne fre-
quency meter so that any drift caused by
aging or by temperalure is easily corrected
for. Interpolation between known checking
poiilts is accomplished by use of the main
dial.

FREQUENCY MONITORING

As contrasted with the problem of fre-
quency measurements over wide ranges of
frequencies, certain operaling requirements
demand the continuous measurement of a
single, or a very few, frequencies. The con-
tinuous monitoring of the frequency of a
radio Lransmitter is one instance. Frequency
monitors are now required by law for many
classes of service in the United States and
foreign countries,

For continuous monitoring, the process
of measurement must be reduced either to
automatic or very simple operation. In the
monitoring of a broadcast transmitter fre-
quency, the carrier frequency is compared
with that of a piezo-electric oscillator which
is generally offset from the assigned carrier
frequency by a definite amount, such as
1000 cycles. The carrier and secondary-
standard frequencies are fed to a detector,
where the beat-frequency difference is ob-
tained and is then amplified. The amplified
output is then passed to a frequency-indicat-
ing device, usually referred to as a frequency-
deviation meter. If the transmitter frequency
varies with reference to the frequency of the
secondary standard, the beat-frequency also
varies, and the departure from the normal
value is a measure of the carrier-frequency
deviation in both magnitude and sign. The
carrier-frequency deviation may thus be
continuously indicated on a meter; the
operating personnel can easily check the
frequency at any time and make any neces-
sary adjustments to correct any deviations
which occur. If desired, such deviations may

EREQUENCY ¢

be recorded, so that a permanent record of
the station performance is obtained.

In some cases, a simpler type of monitor
is more desirable, for example, one in which
the station deviation is indicated only if it
exceeds a prescribed limit. One such type is
described on page 154, where the operating
range of the monitor may be adjusted to
meet the requirements imposed on the par-
ticular channel to which a station may be
assigned. Once adjusted, the monitor oper-
ates either of two signal lights, one for posi-
tive and one for negative deviations, but
only if the carrier frequency deviation ex-
ceeds the limit for which the monitor has
been set. Since the sign of the deviation is
indieated, the operating personnel may at
once make the proper readjustment of the
transmitter to bring it within the tolerance

permitted.
WAVEMETERS

For making preliminary adjustments on
transmitters, and for general experimental
work, the simple resonant-cirenit wavemeter
is still a valuable tool. Sufficient aceuracy is
possible so that preliminary adjustments
may be made closely enough to be represent-
ative of final conditions. Several models of
wavemeters are described on pages 161 to
164, covering different frequency ranges,
with various accuracies and with different
Lypes of resonance indicators adapted to the
type of service for which the instruments are
intended.

In the following pages assemblies of stand-
ard frequency and frequency-measuring
equipment, which kave been found to meet
conveniently most general requirements, are
deseribed. Modifications in choice and group-
ing of units are possible to meet efficiently
many and varied special requirements.
Suggestions on equipment will gladly be
made by our Engineering Department.

RADIO
FRANSMITTER
CETECTOR

o
L
AND

FREQUENCY METER
J on
AU AMP TR WARNWNG FiOMAL
mﬂn':m - s |
OECILLATOR

Ficere 8. General functional diagram of a
frequency monitoring system. The difference
in frequency Af between transmitter and
piezo-electric oscillator is obtained in the de-
tector, is amplified, and operates the fre-
quency meter. To overcome ambiguity as to
the sense of the deviation, Af is made to
have a definite value, say 1000 cycles, when
the transmitter is at correct frequency, by
adjusting the piezo-electric oscillator for a
frequency 1000 cycles above or below the
assigned transmitter frequency.

133

0D Olavy TVIINIS



* FREQUENCY

GENERAL RADIO CO.

PRIMARY FREQUENCY STANDARD
Class C-21-HLD

The Crass C-21-1ILD Standard-Frequency Assembly
is o complete and highly precise primary standard of
frequency.  Units have been installed and are now
operating in all parts of the world in industrial or-
ganizations, research laboratories, observatories, and
frequency monitoring stations. Many of them are used
as national standards of frequency by communications
administrations in Ameriean, FEuropean, and Asiatic
countries.

The nssembly is provided with a means of measuring

its pulput frequencies in terms of standard time without
reference to any other standurd of frequency. Harmonic
series based on fundamentals of 0.1, 1, 10, and 50 kilo-
eveles are available at its output terminals to furnish
standard frequencies over the entire communication-
frequency spectrim, From it ean also be oblained one-
second pulses. The aceuracy of all output frequencies is
belter than -5 parls in 10 million over periods of
several months. Each of the output frequencies is known
with the same acenracy.

SPECIFICATIONS

Frequency Range: Standard frequencies runging from
one pulse per second to freguencies of several megacyeles
can be obtained from this equipment.

The output frequencies are as follows. The upper
frequeney limit depends upon the method used to detect
and utilize the harmonics, The values here quoted are
easily resched when using the Tyer 619-1 Heterodyne
Detector.

From 30-ke Multivibrator, 30 ke and ils harmonies
up to 25 megacycles (limit of 619-15).

From 10-ke Multivibrator, 10 ke and its harmonics
up to 10 megacycles.

From 1-ke Multivibrator, 1 ke and its harmonies in
the andio-frequency range,

From 100-cyele Multivibrator, 100 cycles and its
harmonies in the lower audio range.

I'rom the Syncronometer unit, one-second contactor.
The time of oceurrence of the contacl may be phased
to oceur at any instant over a range of one second,
Output Voltage: The harmonic outputs of the 50 and
10 ke are at low impedance (65 ohms), The r-m-s
voltages, measured at the terminal strip of the [requency
standard, across u 63-ohi load are: at 30 ke, 0.8 volt,
and 10 ke, 0.3 volt, The audio-frequency outputs are al
high-impedance (10,000 to 20,000 ohms). The r-m-s
voltages measured at the terminal strip of the standard,
across o 10,000-0hm load. arve: 1 ke, 25 volts: 100 eyeles,
15 volts, These voltages are representative only: they
are not guaranteed values,

Frequency Adjustment: The frequency of the quariz
bar in its oscillator eircuit is adjusted to within 1 part
in ten million of its specified frequency in terms of
standard time. Slight changes i frequency may oceur
during shipment. A control is provided for adjusting the
frequency over a range of approximately plus or minus
5 parts in ten million. Complete instructions for making
adjustments over a wider range are given,

Frequency Stability: When the assembly is aperated in
aceordance with instruetions, the frequeney will remain
within 3 parts in ten million over long periods ol liue,
Since time comparisons can be wade several times daily,
the frequeney is known with a high degree of precision
at all times.

The temperature coefficient of frequency of the quartz
bar is of the order of 2 parts per million per degree C,
I'he temperature regulation is within 0.01° C. so that
the effect of ambient temperature fuctuations shoull
not canse any change in frequency greater than 0.2
part in ten million. The voltage coeflicient of frequency
of the oscillator is approximately 5 parts per ten million
for line voltage changes of 1097, The average frequency
virigtion from this cause will be substantinlly less,

Output Terminals: The various outpul frequencies are
maide availableat shielded plug connections ona Lerminal
panel at the front of the rack. This panel is permanently
wired into the cable assembly. Since all necessary wiring,
for all interconnections between units of the assembly,
is provided in the form of enbles, no connections need
be made by the user other than power-supply con-
neetions, and a connection to the point where the
standard Frequencies are to be used.

Vacuum Tubes: The following tubies are supplied with
the assembly:
Wi—Type €J3-G
1—"Type 6J7-C;
1—Type 6K6-G
1—Type VR-90
1—Type 83
Power Supply: 115 or 230 volts, 50 to 60 eyveles. Pro-
vigion is made Lo change from 113-volt to 230-volt
snr.t{a Iy by change of translormer primary connections.
When the Tyre 696-B Power Supply is used, no
balteries of any kind are required,
When the Tyre 695-B Charging Equipment. is used,
the following lead-type storage batteries are required:
Two G-volt, 150 ampere Lour
Tour 48-volt, 6 ampere hour
In addition, & reserve power supply for the heaters is
recommended. This should be capable of supplying 100
watts at 1135 volts, Batteries must be purchased sepa-
rately. None are supplied.

Power Input: The power demand from the supply line
is approximaltely 210 watts: with heaters off, the power
required is approximately 128 watts. The average heat-
ing power at norinal room temperatures is approxi-
mately 80 watts.

Accessories Supplied: Complete set of tubes, spare sets
of fuses, fusible links, pilot lights. All connecting cables,
inchuling power-supply leads, and complete operating
instruetions.

Mounting: All units are mounted on standard 19-inch

relay-rack panels. A cabinet rack, black wrinkle finish,
is supplied for mounting the units of the assembly.

"Dimensions: The over-all dimensions of the assembly in

cabinet rack are: (height) 7616 x (width) 22 x (depth)
2414 inches.

Net Weight: 530 pounds for lloating-hatlery assembly
{"Pyer 695-B Charging Equipment): 500 pounds for a-¢
operation (Tyre 696-B Power Supply). Cabinet rack is
included in hoth eases.

(fass Deseription - Code Word Prive
C-21-HLD For Complete a-c Operation. . . .. LAYER $2595.00
C-21-HLD For Floating-Battery Operation. N LYRIC 2720.00

PATENT NOTICE.
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TYPE 693-B SYNCRONOMETER
T'his panel ineludes a 1000-eyele synchronous
motar for (‘ﬂ'r‘rii\'u]‘\- counting the numhber of
eveles execented by the standard piezo-clectric
oscillutor in a standard time interval. A large,
illuminated, 2&hour dial with o long sweep
hand makes [or easy visibility, A microdial
coutactor, operaling once each 50,000 eyeles of
the standard oseillator, is provided for com-
parison with time signals. The microdial
mechanism may be phased by means of # panel
control. Comparison of the Syneronometer
reacding with standard time may be made on
the mieradial scale to one part in ten million
over a 24-hour interval. The 1000-¢yele syn-
chronous motor is started by a G0-cvele motor

controlled by o push-button on the panel

TYPE 692-B MULTIVIBRATOR

The 10-ke and 1-ke mmltivibrators act as
frequency dividers to divide the standard fre-
queney of 50 ke down to 1 ke for operation of
Lhe Syneronometer, The 50-ke and 100-cyele
wdtivibrators provide additional ontput fre-
quencies for use in measurements of high radio
frequencies and audio frequencies, respectively,
See also puge L}

TYPE 698-A DUPLEX
MULTIVIBRATOR
The Tyrr 698-A Duplex Multivibrator sup-
plies frequencies of 9 and 11 ke and is for the
purpose of avoiding measurements near zero
beat, particularly  on channels whose  fre-
fquencies lie at multiples of 10 ke.

TERMINAL BOARD
Shielded low-impedance cable is used for all
radio-frequency cireuits. On the connecting
punel, shielded output plugs are provided for
putputs at 50, 10, and 1 ke, 100 eycles, and for
the mierodial.

TYPE 690-C PIEZO-ELECTRIC
OSCILLATOR
TYPE 691-C TEMPERATURE CONTROL
TYPE 676-A QUARTZ BAR
Thisgroupconstitutes the standard-frequency
oscillutor of the system. Double temperature
control of the quartz bar holds the temperature
to hetter than 0,017 C. over a range in ambient
temperature from —6° to 507 (. A dial at
the rear permits adjustment of the oscillutor
over a range of plus or minus (.75 part per
million, ;l;n|l|‘l|xillllill'|_\'.

TYPE 694-C CONTROL PANEL
This unit contains the necessary meters,
relays, controls, and signal lights for operation
of both the piezo-electric oscillator and the
temperature control system.

TYPE 696-B POWER SUPPLY

For complete alternating current operation,
the Type 606-13 Power Supply is lm-dl_ In this
case no batteries of any kind are vequired. If
flonting-hattery operation is desired, to avoid
mterruptions due to supply line failures, replace
this unit by the Tyre 695-B Charging Equip-
ment.

TYPE 480-P RELAY RACK
A enbinet rack is furnished to house all the
equipment of the Standard-Frequency As-
sembly, Openings, with removable finished
covers, are provided in the sides for cabling
between the frequency standard and measuring
equipment. (See page 136.)
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GENERAL RADIO CO.

FREQUENCY

FREQUENCY-MEASURING EQUIPMENT

FOR USE WITH CLASS C-21-HLD PRIMARY FREQUENCY STANDARD

CLASS C-2I-HLD
FRIMARY FREQUENCY
STANDARD X

50 xe
HARMONICS

This diagram shows in
functional form the opera-
tion of the frequency-
measuring assembly. The
Tyre 012-C  Coupling
Panel is the central unit
from which all operations
are controlled,

Both the unknown fre-
quency, X, and a series
of standard-frequeney har-
HETERODYNE monics areapphed through

6l6-C
HETERODYNE
FREQUE|

Audio
Oulput
| £

6I9-E

I
|
|
|1 'VOLUME GONTROLS

DETECTOR radio-frequency attenua-

MICRODIAL <
Ihe -
100, -

-]

- MATCH.
b 3 " INTERPOLATION [
OSCILLATOR

detector. The unknown
can then be measured by
the direct-beating method,
using the interpolation os-
cillator, or by the linear-

|
[ tors to the heterodyne

| 6i7-¢

< interpolation method,
e using the heterodyne fre-

819 & arg mé

Switching is provided
~ : unknown radio-frequency
circuits; for connecting
the output of the detector

iy
b

|

|

'[ SELEGTIVE quency meter.

AMPLIFIER

| —l for the standard and
|

|

1

1

S5 7
to the mterpolution oseil-

612-C COUPLING PANEL

(S lator and to headphones
or loudspeaker; for stand-
ardizing the interpolation

oscillator in terms of 1000-
cycle and 100-cycle har-

monics; and for controlling the operation of the selective amplifier and comparison oscilloscope. In order to keep
the diagram as simple as possible, connections to the oscilloscope are not shown.

This assembly of frequency-measuring
equipment, in conjunction with the primary
frequency standard, makes possible the
direct precision measurement of any fre-
quency up to 25 megacycles, At frequencies
above 25 megacycles, measurements can be
made with almost equal ease by making use
of heterodyne methods. Other uses include

the calibration of audio- and radio-frequency
equipment in terms of the primary standard.

The assembly is illustrated on the opposite
page. Brief descriptionsof the units are given,
and each instrument is more completely
described on another page. Each instrument
can be purchased separately, if desired.

SPECIFICATIONS

Terminalsand Connections: Allinstruments are equipped
with multi-point protected plug connectors on the rear
of each unit. A complete interconnecting cable, using
low-impedance shielded cable for all radio-frequency
circuits, and shielded eable for all audio-frequency
circuits, is furnished with the Crass C-21-HLD Stand-
ard Frequency Assembly.

Power Supply: 105 to 125 volts, 50 to 60 cyeles, Other
voltages or other frequencies on special order only.
Power Input: 100 watts with heaters of Tyre 616-C
Heterodyne Frequency Meter off. Heater demand is

Deseription

Frequency-Measuring Equipment ... ... ... ..
PATENT NOTICE. See Notes 1, 8, 14, 17, 19, page v.
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182 walts; avernge heater power is 60 walts, approxi-
mately. Average power inpul is 160 watts.

Mounting: The complete assembly mounts in a standard
10-inch Typre 480-M Cabinet Rack. The Tyre 480-M
Rack includes power service outlets [or each instrument.

Dimensions: (Height) 7614 x (width) 22 x (depth) 2414
inches, over-all. The total rack space is 40 rack units,
or 70 inches.

Net Weight: 530 pounds. including eabinet rack.

(lade Waord

BASIC

Price

$2325.00




TYPE 699-A COMPARISON
OSCILLOSCOPE

This unit contains a eathode-ray oscilloscope,
with its power supply, 100-cycle and 1-kilocycle
smoothing filters, networks for obtaining circu-
lar sweeps at these [requencies, and switching
far the interconnection of units of the frequency
standard and measuring equipment to the
vscilloscope. Over twenty different operations
in comparing the frequency of one source with
that of another may be quickly carried out,
without the use of any temporary connections.
(See also page 141.)
TYPE 616-C HETERODYNE FREQUENCY

METER

This frequency meter covers a fundamental
frequency range of 100 to 5000 ke, Harmonic
frequencies, or the fundamental frequency, may
be utilized in measurements, through a low
impedance output cireuit. For quick measure-
ments, the interpolation dial, used in con-
junction with the direct-reading finder dial,
will give results with sufficient accuracy for
many purposes. For more accurate measure-
ments, use is made of the Interpolation Oscil-
lator. (See also page 142.)

TYPE 617-C INTERPOLATION
OSCILLATOR

A direct-reading linear-scale audio-frequency
oscillator covering frequencies between 0 and
5000 eycles. It is used to measure the audio-
frequency difference between the unknown fre-
quency and a standard 10-kiloeycele harmonie,
A mixer cirenit is included to obtain maximum
heat amplitude between the oscillator fre-
quency and the frequency under measurement.
(See also page 144.)

TYPE 619-E HETERODYNE DETECTOR

The heterodyne detector is used to obtain
beats between standard and unknown radio
frequencies, The instrument includes a tuned,
regenerative detector and an audio-frequency
amplifier. Low-impedance radio-frequency in-
put cireuits are provided. The detector is more
sensitive and more stable than in previous
models. Plug-in coils for & range of 25 ke to
25 Me are furnished. (See also page 145.)

TYPE 612-C COUPLING PANEL
This unit is the centralized control point at
which all switching and level control, necessary
for using the varipus combinations of the
measuring equipment, may be easily and

quickly carried out. (See also page 146.)

TYPE 619-P1 COIL DRAWER
Space for all coils normally supplied with the
I'yee 619 Heterodyne Detector is provided.

TYPE 614-B SELECTIVE AMPLIFIER

A regenerative selective amplifier which is
employed to select any multiple of 1 ke between
1 and 10, These selected output frequencies are
very useful in cases where a frequency is to be
adjusted to a multiple of 1 ke, or when the
Cathode-Ray Oseilloscope is to be used in
calibrating oscillators in the upper andio-
frequency and low-frequency ranges. (See also

page 140.)
LOUDSPEAKER

The permanent magnet speaker and its baffle
are permanently mounted in the relay rack. A
grilled opening is provided in the panel.

TYPE 480-M CABINET RACK

Power outlets are provided for all instru-

ments in the rack,

FREQUENCY o
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CLASS C-10-H SECONDARY FREQUENCY STANDARD AND
FREQUENCY-MEASURING EQUIPMENT

Where the extreme precision of the primary standard
is not required, the less expensive secondary standard
is usually quite satisfuctory. It can be used as a source
of standard frequencies for the laloratory or as the
basie unit of a frequency-measuring assembly as shown
on the next page.

The Crass C-10-11 Secondary Frequency Standard
consists of the following instruments:

Tyre 673-M Piezo-Electric Oscillator
Tyee 676-A Quartz Bar (50 ke)
Tyre 692-B Multivibrator (50 ke)

Output Frequency Range: When the Tyre 619-F
Heterodyne Detector is used for detecting and utiliz-
ing the standard-frequency harmonics, the output
frequency ranges of the mullivibrator are:

10 ke and its harmonics up to 10 Me

50 ke and its harmonics up to 25 Me
Qutput Amplitude: 0.5 volt, rms, across a 63-4 load,
Accuracy: Before shipment, the frequency of the piezo-
electric oscillator is adjusted within == 1 part in 1,000,000
of its specified frequency. Slight changes in frequency
may oceur during shipment. The frequency is, therefore,
guaranteed to ==20 parts per million, Means for adjust-
ing the frequeney are provided, and the frequency ean
be brought into ngreement with standard-frequency
transmissions such as those of the U. 8. Bureau of
Standards. Periodic checks against these transmissions
make it possible to maintain the frequency to an ac-
curacy of 1 part in 1,000,000 over long periods of time.
Quartz Bar: A 50-ke quartz bar (Tyrr 676-A) is sup-
plied. On special order, Type 476-A Quartz Bar can he
furnished, The 30-ke bar is recommended hecause of
its better frequency stability.
Temperature Control: A single-stage Lemperature-control
unit is provided, at 60° Centigrade. Control of the

GENERAL RADIO CO.

Tyre 602-B Multivibrator (10 ke)
Tyre 480-B Relay Rack
Terminal strip and connecting eables

The

frequency-measuring equipment consists of :
Tyrer 616-C Heterodyne Frequeney Meter
Tyre 619-E Heteradyne Detector
Tyre 612-K Coupling Panel

When the measuring equipment is supplied, I'vee
480-A Relay Rack replaces Tyre 480-B. Blank panels
to fill the rack are provided with each assembly.

SPECIFICATIONS
CLASS C-10-H SECONDARY FREQUENCY STANDARD

temperature of the inmer space is maintained within
017 Centigrade for ambient lemperature changes of
=+ 20° Centigrade from a normal of 257 Centigrade.
The frequency changes by 02 part per million for
w change of 0.1 Centigrade.

Terminals and Connections: All interconmnecting cables
are supplied, and the outpul is available at shielded
plug connections on the terminal panel.

Vacuum Tubes: The following tubes are required und
are furnished:

1—Type 77 1—Type 83

2—Type 76 10—Tyvpe GJ3G
Power Supply: 105 to 125 volls, 50 to 60 exeles, Other
voltages or other frequencies on specinl order only.
The power supply of the Tvrk 675-M Piezo-Electric
Oscillator will furnish power to a maximum of three
Tyre 692-B Multivibrators.
Power Input: Maximum, 175 watts; average, |13 waltts,
Mounting: Tyre 480-B Relay Rack,
Dimensions: (Height) 44 & (width) 20 x (depth) 13
inches, over-all.
Net Weight: 125 pounds.

Cluss Deseription (Conle I ord Price
C-10-H | & dary Freq y Standard . ...... .. EPOCH \ $805.00
PATENT NOTICE. See Notes 1,8, 8, 11, 12, 19, 20, page v.

CLASS C-10-H Functional dingram of
SECONDARY FREQUENCY the frequency-measuring
SIANDARD % assembly. All switching
50 Kkt ——o—] - and amplitude adjustment
HARMONICS BI6-C is accomplished by means
- “':n: GUEI::YE igf I.III(: '.[')'II-F. G12-K Coup-

(L TR g ranel.
Ll r 1 L METER The unknown and
: | standard frequencies are
|_ | applied through attenua-
| 1 tors to the heteradyne
Ie—— | ] E.:B_-t - tlicl:!t.-lnr. The imlknnl\\-u is
HETERODYN then measured by linear
| VOLUHE CONTROLS } DETECTOR —| interpolation, using the
. heterodyne frequency

: t | e’ Guroet meler.
| A ——— The interpolation oscil-
i [ an-c fatar (shown: by brok

=od] L tllnr_ _l.-l 10wn by broken
1 oL AT lines) is not included with
I {_OSCILLATOR ) this assembly. It can be
: ordered  separntely  or
| \6 1Iuid(:cl later, if desired.
Yrovision for using it is
I_ ________ sewn 9 made in the Tyex 612-K
612-K COUPLING PANEL Coupling Panel as shown.
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TYPE 616-C HETERODYNE FREQUENCY METER

The heterodyne frequency meter is used to measure
unknown frequencies in terms of standard-frequency
harmonies by the linear-interpolation method. (See
page 132), This instrument 15 completely described on
page 112,

TYPE 619-E HETERODYNE DETECTOR

Beats and zero-heat settings hetween the heterodyne
frequency meter and a standard or unknown frequency
are obtained in the heterodyne detector. (See page 148
for a complete description.)

TYPE 612-K COUPLING PANEL

This is a simplified form of the Tyre 612-C Coupling
Panel used with the assembly deseribed on page 137,
All mmplitude control and switching necessary in mak-
ing frequency measurements are accomplished here.
(Sce page 147 for description.)

TYPE 619-P1 COIL DRAWER

This deawer for storing the heteradyne deteclor coils

is supplied as an accessory with the heteradyne detector.

TYPE 692-B MULTIVIBRATORS
Two multivibrators are supplied with the secondary
frequency standard, one operating at 10 ke, the other
at 30 ke, (See also page 140.)
TERMINAL STRIP AND CABLE
Complete shielded interconnecting cables are supplied
and the multivibrator outputs are brought out to
shielded plugs on the terminal strip.

TYPE 675-M PIEZO-ELECTRIC OSCILLATOR
TYPE 676-A QUARTZ BAR

This piezo-clectric oscillator, like the Tyres 690 and
691 units used in the primary standard, is especially
designed for use as u low-frequency standard. The Tyre
G76-A Quartz Bar is identieal with that used in the
primary standard. Sinee the acenrney requirements for
the secondary standard are less severe, only » stuge
of temperature control is provided. The power supply
furnishes power for operating the multivibrators and is
vapible of supplying o maximum of three such units.

TYPE 480-A RELAY RACK AND
BLANK PANELS

Blank panels to fill the rack are supplied. The Crass
C-10-H Secondary Frequency Standard, when sold as
a single unit, is mounted on a Tyrr 480-B Relay Rack.
The secondary stondard and measuring equipment
shown here uses a1 Typee 480-A Relay Rack. (See page
208.)

SPECIFICATIONS

SECONDARY STANDARD AND MEASURING
EQUIPMENT

Frequency Range: Frequencies up Lo 25 megaeyeles can

be measured directly by the linear interpolation method.

Through the use of heterodyne methods, higher fre-

quencies are easily measured,

Connections: All connecting cables are supplied,

Mounting: Tyre 180-A Relay Rack.

Power Supply: 105 to 115 volts, 50 to 60 eyveles, ac.

Other voltages and frequencies on special order only.

Power Input: Maximum demand, 375 walts; average,

200 walts.

Dimensions: (Ileight) 6014 x (width) 20 « (depth) 18

inches, over-all.

Net Weight: 540 pounds.
Deseription Code Ward Price

Class C-10-H Secondary Fre-|
quency Standard with Fre-
quency-Measuring Equip-
ment. . ... 5 . pavax | $1920.00

PATENT NOTICE. See Noles 1, 3, 8, 12, 14, 17, 19, 20, page v.

FREQUENCY ¢«
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FREQUENCY

TYPE 692-B MULTIVIBRATOR

USES: These multivibrators are designed for
use as frequency dividers and multipliers in
General Radio standard-frequency assem-
blies. They are also available for general
laboratory or experimental use.

DESCRIPTION: Each multivibrator includes
an input amplifier, a two-tube multivibrator,
and two oulput amplifiers. Protected screw-
driver adjustments provide for regulation of
the control voltage input and for adjustment
of the fundamental frequency over a limited
range; protected controls are used to avoid
unauthorized tampering.

FEATURES: The frequency adjustment per-
mits the uncontrolled frequency to be set
exactly to the desired controlled value, lead-
ing to greatest reliability of control over long
periods of time,

One output amplifier is provided for the
control of succeeding multivibrators, where
a number of stages of frequency division are
desired. The other output amplifier is de-
signed for use with low-impedance circuits
(65 ohms, approximately) and is intended
for use on the harmonie frequencies of the
multivibrator. Either or both amplifiers may
be used as desired.

TYPE 698-A DUPLEX MULTIVIBRATOR

The Tyrr 698-A Duplex Multivibrator is
a special-purpose unit intended for use in
standard-frequency assemblies to avoid
measurements very near zero beat on multi-
ples of 10 ke (as in the broadeast band). The
multivibrator operates at either 9 or 11 ke
controlled by selected harmonies of the 10 ke

standard output, either frequency being
selected by a switch, If a frequency lies very
close to a multiple of 10 ke, giving a very
low-heat frequency, it will give a beat which
is very close to 1 ke, or to a multiple of 1 ke,
when referred to a harmonie from the 9 or 11
ke multivibrator.

SPECIFICATIONS

Frequency: Standard models are available for operation
at the frequencies listed below, Multivibrators for opera-
tion at other frequencies can be supplied on special
order,

Vacuum Tubes: Five type 615-G tubes are supplied with
Tyre 692-B: four 6J5-G tubes with Tyre 698-A.
Power Supply: 6 volts, ac or de, for cathode heaters;
180 volts for plates. Power supply is not incorporated
in instruments.

Terminals: All external connections are made through
multipoint enclosed connectors.

Mounting: Standard 18-inch relay rack.

Dimensions: Panel, (length) 19 x (height) 51{ inches:
behind panel, (length) 1794 x (height) 5 x (depth) 1034
inches.

Weight: Tyrr 692-B Multivibrators, 16 pounds; Tyre
698-A Duplex Multivibrator, 18 pounds.

-
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Schematic circuit diagram of a Tyre 602-B

Multivibrator., The circuit of Tyre 6958-A

Duplex Multivibrator is the same in prin-

ciple, but switching is provided for operating
on either of two frequencies.

Type Frequency Code Word Price
692-B | 100 cycles STANFREAPE $140.00
692-B 1 ke STANFREANT 140.00
692-B | 10 ke STANFREBOY 140.00
692-B 50 ke STANFRECAT 140.00
698-A 9 or11 ke STANFREFIB 220.00

PATENT NOTICE.
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TYPE 699-A COMPARISON OSCILLOSCOPE

USES: This instrument is intended for use
with a Crass C-21-HLD Primary Frequency
Standard and interpolation equipment as a
useful aid in making interpolations with high
accuracy, in ealibrating the interpolation
equipment in terms of the standard, and in
calibrating or measuring the frequencies of
audio-frequency or low radio-frequency oscil-
lators external to the frequency measuring
assembly.

DESCRIPTION: The Tyr 699-A Comparison
Oscilloscope contains a 8-inch cathode-ray
tube, with its power supply. Filters are
supplied for smoothing the 100-cycle and
1-kilocyele outputs of the Crass C-21-11
Primary Frequency Standard, so that sharply
defined patterns may be obtained. Circular
sweep cireuits are provided for both 100- and
1000-cycle operation.

Ten key-type switches are provided for
selection of the type of pattern to be observed
and the sources whose frequencies are to be
compared. Over twenty different comparisons
are casily and quickly carried out by simple
settings of these switches. While a full list of

all the possible operations cannot be given
here, it may be said that comparisons for
calibration or measurements may be made
between any pair of the following sources:
external source, selective amplifier, inter-
polation oscillator, heterodyne detector,
100-c¢yele standard frequency, and 1000-
evele standard frequency.

FEATURES: Shiclded cabling; all connections
to the various sources are made Lhrough
shielded cable, supplied as part of the fre-
quency-measuring equipment, page 136.

Built-in  power supply; brillianey and
focusing adjustments for cathode-ray tube.

Key-type switches for setting up all re-
quired circuit arrangements, No temporary
connections are needed except those to an
external source for measurcment.

The eircular sweep circuits for standard
frequencies of 100 and 1000 cycles result in
very simple and easily interpreted patterns,
particularly when the frequency being meas-
ured or checked is a rather high multiple of
the standard frequency. The usual Lissajous
figures may also be obtained.

SPECIFICATIONS

Frequency Range: Useful patlerns may be obtained
over the range from very low audio frequencies to radio
frequencies of the order of 50 ke, or more, dependent
upon the voltage available from the source heing cali-
brated or measured,

Controls: Ox-orr switel; pranuiaxey and rocus adjust-
ments for cathode-ray tube; ten key-type cireunit
selecting switches.

Terminals: All interconnections to other units of the
frequency standard and mensuring equipment are nmade
through protected multipoint connectors at rear of in-
strument. Connections to an external source are made
through panel terminals on the front of the instrument,

Type

Mounting: Standard 19-iuch relay rack.
Dimensions: Panel, (length) 19 x (height) 7 inches;
behind panel, (depth) 15%4 inches.
Power Supply: 103 to 125 or 210 to 250 volts, 50 to 60
cycles. Other vollages or other frequencies on special
order only.
Power Input: 13 walls, approximately.
Tubes Supplied:
1—Type 906 three-inch Cathode-Ray Tube
1—Type 870 Rectilier
Net Weight: 41 pounds.

Price

Code Waord

699-A Lz

$215.00
141
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GENERAL RADIO CO.

TYPE 616-C HETERODYNE FREQUENCY METER

e S :

USES: The Tyer 616-C Heterodyne Fre-
quency Meter may be used either as a cali-
brated frequency meter or as an important
element in an interpolation assembly for use
with a frequencey standard.

A deteetor and audio-frequency amplifier
are included, so that when the instrument is
used as a calibrated frequency meter, beats
can be obtained between the heterodyne fre-
quency and Lhe |'|'r'qn('!u"\' under measure-
ment. Frequencies both below and above the
fundamental frequency range of 100 to 5000
ke may be measured by harmonie methods,
provided only that a reasonable signal
voltage is available.

When used in t'nnjlllu'l ion with a fre-
quency standard, the heterodyne frequency
meter provides a means of rapid identifica-
tion of standard frequency harmonies and
harmonies of the frequency meter itself
which may be used in the measurement of an
unkrown frequency. The instrument also is
used in the measurement of high frequencies,
as a “stepping stone,” to pass from the fre-
quency range where direct beating of the
unkrvown against the frequency standard
may be accomplished into the higher fre-
quency ranges where such direct beating is
not feasible.

In either the fundamental or harmonic
ranges, the heterodyne frequency meler pro-
vides n means of linear interpolation between
standard frequencies for the measurement of
an unknown frequeney.

DESCRIPTION: The instrument contains a

very stable temperature-controlled radio-

142

frequency  oscillator  with  tube-controlled
plate voltage supply. A detector and audio-
frequency amplifier are provided for listening
for heterodyne beats between the frequency
being measured and that of the oscillator,

The oscillator tuned eirenit includes a
heavy east-frame, straight-linefrequency
variable condenser with precision worm drive.
Spring-pressed ball bearings are used, which
maintain the condenser adjustment, wilh
practically no backlash, over long periods of
time. Phosphor-bronze conlactor springs
make contact between the frame and brass
contactor cups mounted on the condenser
shall. l'wenty-five Lurns of the control knob
are I'(‘(Illil‘l‘d to traverse the condenser scale.

The oseillator inductances are wound on
isolantite forms, the windings being im-
pregnated with low-loss wax for moisture-
proofing. Each coil is individually shielded.

The direct-reading finder dial is nearly 6
inches in diameter and carries a separale
seale for each of the sixleen ranges of Lhe
instrument. The dial is deiven through spring
pressed gearing directly from the main con-
denser shaft. Nearly 360-degree rotation of
the dial is utilized. Since the variation in
frequency is very closely linear with dial
rotation, each seale is essentially uniformly
divided and can he easily read.

FEATURES: Temperature control, a ruggedly
conslructed precision condenser, low-loss in-
ductances, and stabilized plate voltage make
this instrument an aceurate and stable fre-
quency meter.

The direct-reading finder dial is very useful



for obtaining a quick approximation to the
frequency measured, for presetting the in-
strument to a desired frequency, or for
identifying harmonies of the heterodyne fre-
queney meter which may be used in making
the measurement.

When the heterodyne frequency meter is
used with a harmonie frequeney standard,
the finder dial makes possible the rapid
identification of standard-frequency  har-
monics  without reference to ealibration
charts. Direct interpolation (see page 132)
is, of course, always possible using the read-
ings of the main scale. As a convenience, an
auxiliary dial is provided which makes pos-

FREQUENCY o

sible interpolation without the need of taking
differences ol dial readings, as must he done
when the main scale 15 used. By means of a
panel control the anxiliary dial may be set to
zero al a known standard frequency: when
the heterodyne frequency meter is set to the
unknown frequency one reading is obtained;
when set to the next higher standard fre-
quency a second reading is obtained. The
ratio of these two readings gives the fractional
part of the standard-frequency interval that
the unknown frequency is above the lower
standard frequency. This fractional part is
readily determined from a simple chart con-
structed from standard cross-section paper.

SPECIFICATIONS

Frequency Range: Tlie fundamental fre