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

To develop the type of product 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 selection 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 produets 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 customer 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.

GENERAL RADIO COMPANY
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GENERAL RADIO

* STROBOSCOPES

co.

TuE 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 priuciple 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-tube relaxation 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.

The Strobotron is designed to give an

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.

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

SPECIFICATIONS

Range: The fundamental range of flashing speed is from
600 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 somewliat below 600 rpm can be measured.
Accuracy: +19, of the dial reading abcve 900 rpm
when the Strobotac is standardized in terms of a fre-
quency-controlled power line. Controls for this stand-
ardization adjustment are provided.

Power Supply: 115 volts, 60 cycles. Prices for operation

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. Iligh accuracy
and a wide speed range are further advantages
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 Tyre 648-\ Strobolux
described on page 4.

*Reg. U 3. Pal. Office.
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from lines of other voltages and frequencies will be
quoted on request.

Power Input: 25 watts.

Vacuum Tubes: One TyprE 631-P1 Strobotron, one 6X5-
type and one 6N7-type are required. A complete set of
tubes is furnished with the instrument.

Mounting: Aluminum case 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 Word Price
631-B | BRAVO $95.00
631-P1 Replacement Strobotron ............. .. SENNA 5.00

PATENT NOTICE. See Note 15, page v.

TypE 631-B Strobotac and TypPE 648-A Stroboscope with connecting cables.
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TYPE 648-A STROBOLUX

USES: The Tyvrr 648-A Strobolux extends
the uscfulness 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-
tography is required.

In photography, it can be used with a
continuous-film camera (Tyre 651-AE) to
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: Tyre 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 Tyre 631-B Strobotac and consequently
can be controlled by (1) the self-contained
oscillator in the Strobotac, (2) the a-e line,
(8) an external contactor (Tyrr 549-C), or
(4) an external oscillator such as Tyre 713-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 cuble.

FEATURES: The combination of the TyprE
631-B Strobotac and Typre 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 Type 648-A Strobolux is
an cconomical solution to problems requiring
greater illumination than is provided by the
Strobotac.

SPECIFICATIONS

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

Accuracy: Theaccuracy is that of the source controlling
the flashing speed. See specifications for Tyre 631-B
Strobotac, page 2.

Power Supply: 115 volts, 60 cycles.

Power Input: 250 watts, maximuni.

Type

648-A
PATENT NOTICE. See Note 15, page v.

Vacuum Tube: One 5Z3, 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 incles, over-all.

Net Weight: 25 pounds.

Code Word Price

......... ‘ SCALY J $175.00

THE
STROBOSCOPE
STOPS MOTION

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




R et s —_— R e

STROBOSCOPES

TYPE 549-C CONTACTOR

USES: The contactor is intended for use with
Type 631 Strobotacs and Tyrk 648-A Strob-
olux as a source of accurately timed im-
pulses for flashing. A plug-in cable is pro-
vided for connections bhetween the two
instruments.

DESCRIPTION: The synchronous-motor con-
tactor, Type 549-C, when driven from a
115-volt, 60-cycle line, is capable of flashing
a TypPE 631-B Strobotac at any rate hetween
150 and 3000 flashes per minute. The con-
tactor is driven by an 1800-rpm self-starting
synchronous motor. Flashing rate adjust-
ment is made by turning the knurled handle
which changes the ratio of the friction-drive
mechanism. A calibrated scale gives the
flashing rate in flashes per minute. I’hase can
be adjusted independently at the contactor
head. Two ranges are provided, one covering
speeds from 150 to 1000 rpm, the other from
500 to 8000 rpm. These are fundamental
ranges; speeds which are multiples of them
can, of course, be measured. The shift from
one range to the other involves changing the
size and position of the driven disc. Two scts
of mounting holes in the base are provided.

By removing the contactor head and sub-
stituting a rubber driving tip which is sup-
plied, a hand contactor equivalent to Typr
549-P2 is obtained.

Typr 549-C Contactor.

The uncalibrated head, fitted with rubber
tip so that it can be driven from a rotating
shaft, is available separately as the Typg
549-P2 Hand Contactor. Phase can be varied
by rotating the adjustable head.

FEATURES: The phasc of the flash, ie., its
time in the flashing cycle, can be adjusted
independently in the contactor head. In
many stroboscopic investigations this fea-
ture is valuable.

SPECIFICATIONS

TYPE 549-P2

Dimensions: (Length) 7 x (diameter) 314 inches, over-all.
Cord: Connecting cord is furnished.
Net Weight: 25¢ pounds.

TyprE 549-12 Contactor.

TYPE 549-C

Range of Flashing Speeds: 150 to 3000 flashes per
minute, in two ranges.

Controls: One knob for adjusting speed and the movahle
contactor head for adjusting phase. Each is provided
with a locking arrangement for holding it firmnly in the
desired position.

Accuracy: The drive is a synchronous motor, and hence
the accuracy is determined by the frequency stability
of the power line.

Power Supply: 115 volts, G0 cycles.

Power Input: 15 watts.

Mounting: Motor and contactor are mounted on an
aluminum base. Changing from the high to the low
speed range, and vice versa, necessitates changing the
size and position of the driven disc. T'wo sets of mount-
ing holes are provided for this purpose.

Dimensions: (Length) 934 x (width) 634 x (height) 43¢
inches, over-all.

Net Weight: 1014 pounds.

Ty pe Deseription Code Word Price
549-C Motor-Driven Contactor . . ... ... ...... ‘ MACAW $70.00
549-P2 Hand Contactor ... ... .............. MADAM 30.00

00 Oldvy TV¥INGTO




e STROBOSCOPES
TYPE 621 POWER STROBOSCOPE

GENERAL RADIO CO.

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 1s 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 mechanieal systems not previously
ohservable 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 Tvpe 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-c
voltages and currents. In addition to its
obvious use as a recording d-¢ milliammeter
or millivoltmeter, it has a number of appli-
cations in process control and laboratory
measurements. It ean 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-c 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 amphfier. 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
maintains 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
stimplicity of operation, stability of calibra-
tion with freedom from effects of ambient
temperature and line voltage variations—
features which for so long prevented the
development of the d-¢ amplifier as a com-
mercial instrument.

Operation from the a-c 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.

Tyre 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 circuit 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 19, this accuracy being
maintained over considerable 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
5-milliampere meter mounted on the panel and an
external meter or device such as the Esterline-Angus
5-milliampere recorder, and is provided with a mannally

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 ohins, its calibration is
affected slightly if the total impedance deviates ma-
terially from the 1000-ohm valme.

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 GU-cyclé mains
is approximately 35 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
VR90, one 4A1.

Mounting: The amplifier is mcunted in a cast metal
case identical with that used on the Esterline-Angus
recorder, or in walnut cabinet, as desired.
Dimensions: Tyre 715-AM, (height) 1511 x (width) 9 x
(length) 8Y4 inches, over-all; Tyre 715-AE, (height)
15 x (width) 814 x (length) 824 inches, over-all.

Net Weight: With Esterline-Angns case, 2614 pounds;
with walnut cabinet, 23 pounds.

Type Code Word Price
715-AE In Esterline-Anguscase ................ ‘ ASIDE $250.00
H15-AM In walnut cabinet. ....... .. ... . ...... | ALOFT 225.00

PATENT NOTICE. See Note 1, page v.
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e SOUND-LEVEL METER

GENERAL RADIO CO.

TYPE 759-A SOUND-LEVEL METER

USES: The Typre 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 the acoustical
properties of materials can 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. For this purpose, the Typr 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-

8

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

DESCRIPTION: Tyre 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 a non-
directional microphone, an amplifier, a cali-
brated attenuator, and an indicating meter,
It 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 Society
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 arc:
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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.
2. Unusual sensitivity extending to 24 decibels above a zero reference level of 10-16 watts

per square centimeter.

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

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

SPECIFICATIONS

Sound-l.evel Range: Calibrated in decibels from +24
db to +130 db above a reference level of 10716 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 proposed 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
extrenmely high sound levels or when using 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 attenuator precedes the
third stage of amplification and provides control of the
instrument up to 90 db by means of a single knob. IFor
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 possibility of errors due to amplifier non-
linearity is eliminated.

Circuit: The amplifier consists of four stages of resistance-
capacitance-coupled amplification followed by an out-
put stage arranged to match 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 match 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 Tyrr
760-A Sound Analyzer.

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

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

Tripod: A tripod and exteusion 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 Burgess No-
1FA (little 6’s), or equivalent, two Burgess No. Z30N
15-volt B batteries, or equivalent, and one Burgess No.
2BP 8-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 chromiuin-
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 innoving it about while it isin operation.

Dimensions: The over-all dimensions are approximately
(height) 1115 x (length) 1314 x (width) 914 inches.

Net Weight: 2315 pounds, with batteries; 1714 pounds,
without batteries.

Type Code Word Price

5O A NOMAD $195.00*
Set of replacement batteries for above NOMADADBAT 5.40

59-P1 | Tripod and Extension Cable (25-foot}. ... NOVEL 9.50

*I’rice includes both tubes and batteries.

PATENT NOTICE. See Notes 1, 2. page v.

CALIBRATION

ADJUSTABLE
FREQUENCY
WEIGHTING

Ta . Te
R
/|

/

NETWORK 7 SPECIAL

ADJUSTMENT
7, ADJUSTMENT .,
/
G on 40 db / MAIN
AUXILIARY . / ATTENUATOR
ATTENUATOR A / 30 1080 db
A\ !
SOUND-CELL PRE -AMPLIFIER TUBES

MICROPHONE

RECTIFIER TYPE METER

. /
“MAIN AMPLIFIER TUBES _6 10+ 10db

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

USES: The Tver 760-A Sound Analyzer
was designed particularly for analyzing ma-
chinery noises or noise levels caused mainly
by electrical or mechaniecal equipment. The
fact that the selectivity curve widens pro-
portionally as thc 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 apphecation. 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 application also.

Another important use is the analysis of
vibrations by means of a vibration pickup.
1n 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 Tyre 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 TyprE
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 dial, 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 remotc 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 Type 759-A Sound-Level
Meter, small size and low weight were con-
sidered extremely important, and the in-
strument 1s 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 °

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

SPECIFICATIONS

Frequency Range: Calibrated directly in cycles 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 to 750, 750
to 2500, and 2500 to 7500 cycles. A push-button switch
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 scale is calibrated for reading directly
component tones down to 19 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 selectivity 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 a 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
a bridge-balance indicator.

Tubes: Three 1H4G and one 1F7GV tubes are required.
A neon regulator tube is also used. A ccmplete 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 holding all batteries, and connections are auto-

matically made to the batteries when the cover of this
compartment is closed. A set of batteries is included 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, etc. This case has been designed
to combine durability with light weight and good ap-
pearance. When operating the analyzer, the cover is
ordinarily removed. An additional handle is provided
on the panel of the instrument for convenience in moving
it about while it is in operation.

Dimensions: (Length) 15 x (width) 10 x (height) 11}5
inches, over-all.

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

DEGENERATION NETWORK

7 ﬁ 3.
-2 ! 4}y

H
INPUT 6 |——— 5
> T o
o———-dis8 f
AMPLIFIER .

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 s 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 occurs, and the gain
of the amplifier is greatly reduced.

Type Code Word Price
TO0-A | ATTAR $260.00
Set of replacement batteries forabove ................. ... ... ATTARADBAT 8.00

PATENT NOTICE. See Note 1, page v.
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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
off” any desired portion of the total voltage
across the winding. Since at least one turn
of the winding is covered by the contact at
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-circuited 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
i1s obtained. Most models furnish output
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 watts to 2 kilowatts are
listed on the following pages. Specifications, unless
otherwise stated, are for 50-t0-60 cycle 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, Pat. Off,

TYPE 200-B
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ages or at voltages near the input voltage. It is limited
by losses in the carbon brush.

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

NO-LOAD LOSS is measured at 60 cycles.

VARIAC

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

Dial: The dial reads directly in output voltage with an
accuracy 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 panel mounting is used, the depth
behind panel is 21245 inches.

Net Weight: 334 pounds.
Type
200-8 | ... .

Code Word

Price

$10.00

BALSA




VARIACS o

TYPE 90-B VARIAC

Type 90-B Variac provides several output
voltages. Tt consists of a Type 200-B Variac
controlling the input to a step-down trans-

former.
SPECIFICATIONS

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

Output Voltage Rated Current Maximum
0-135 v la 1.5a
0-74 v 4a 4 a
0-29 v 4a 4 a

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

No-Load Loss: 8 watts.

Dial: The dial is that of Tyre 200-B Variae and reads
directly the output voltage at the 0-135 volt terminals.
Terminals: Your sets of low-voltage terminals are
provided. The 0- to 135-volt output is available at a
standard plug receptacle. A 6-foot line cord and plug
are supplied.

Mounting: Sheet metal case.

Iy Code Word Price

Dimensions: 714 x 5 x 535 inches. it ol 7 or e
Net Weight: 834 pounds. 90-B l ........... | PIVOT $19.00

TYPE 200-C and TYPE 200-CH VARIACS
SPECIFICATIONS
Load Input o] Output No-Load
Type Rating Voltage Rated Martmum Voltage Loss

ggggUM \ 860 va 115 v 5a 758 0-135 v 10 watts
ggg:gUMI:' i 580 va 230 v 2a 2.5 a 0-270 v 10 watts
115 v 0.5 a 2.5 a 0-270 v 10 watts

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

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

Mounting: Tyre 200-CM and Typre 200-CMH are
mounted in cases as shown in the photograph. Tyre
200-CU and T'yre 200-CUH are supplied without case
and can be used for either table or back-of-panel
mounting.

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

Ty pe Code Word Price
200-CM | ... BALMY $17.50
200-CU  |........... BAKER 14,50
200-CMH |..... .. .. BAIRN 21.50
200-CUH |.. ........ BAGUE 18.50

Net Weight: Tyre 200-CM and Tyre 200-CMI, 10
pounds; Tyre 200-CU and Tyre 200-CUH, 9 pounds.
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GENERAL RADIO CO.

VARIACS

TYPE 100 VARIAC

SPECIFICATIONS
Type............. .. . .. 100-K 100-L
Load Rating .. .. . . 2 kva 2 kva
Primary Voltage .. . . 115 v 230 v, 115 v
Rated Current. ... .. . 15a 8a, 4a
Maximum Current. .. .. 175 a 9a,9a
Output Voltage .. .. . 0-115 v 0-230 v
No-Load Loss ... .. .. . . 20 watts 25 watts

Dial: A fixed dial plate bearing 100 divisions is provided,
indicating per cent of maximum output voltage.

Termiqals: Threaded terminal studs with nuts and
soldering lugs.

Mounting: Table or back-of-panel mounting,

- Pime'nsion.s: See sketch on page 15 for base and mount-
ing dimensions. Over-all height for table mounting, 734
= inches; depth behind panel, 55% inches.
” Net Weight: Tyrr 100-K 2034 pounds; TypE 100-L
i 23%4 pounds. =P , ’
: ; Type Code Word Price
. /i 100-K | ... .. . .. BEAMY $40.00
|_ ~ i R A AsrE @;&, 100-L ‘ ........... ' 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
i 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 Line Volts Output Volts No-Load Loss Maximum Current
70-A 115 0-10 Sw 6a
70-B 100-125 115 5w 2a
115 100-125 2a
80-A 115 0-10 10 w 20 a
80-B 90-130 115 10 w 7548
115 90-130 7.5 a
80-C 200-240 220 10 w 7.5a
220 200-240 7.5 a

Load Rating: The rating of Variac 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 TYPE 70 core and
250 watts for the TyprE 80 core.

Mounting: Both mounted and unmounted models are
available, Motnted models are enclosed in drawn steel

14

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

Terminals: Threaded terminal studs with soldering lugs.
Dimensions: Tyrr 70, (length) 434 x (width) 834 x
(height) 4 inches; TypE 80, (length) 814 x (width)
414 x (height) 514 inches, over-all.

Net Weight: Tyre 70, 414 pounds; TyrE 80, 1314
pounds.



VARIACS »

Type Code Word Price
70-A Unmounted. ...... ................... BASIN $10.00
70-AM Mounted......... ... . ... ... ... PLAZA 14,50
70-B Unmounted.............. .. .. ...... BASSO 10.00
70-BM Mounted......... ................... POKER 14.50
80-A Unmounted....... .. .......... ...... BATON 15.00
80-AM Mounted......... ... ... ... .. ... TABBY 20.50
80-B Unmounted....... ................ ... BATTY 15.00
80-BM Mounted............................. TESTY 20.50
80-C Unmounted....... ... ................ BARON 15.00
80-CM Mounted. ............. ... ... ........ TIGER 20.50

SPECIAL VARIAC TRANSFORMERS

Only ten models of Variac Transformers
are carried in stock. Other models are built
to individual customer’s specifications.

For good efficiency the design limitations
on the special transformers are 10 amperes
and a maximum voltage variation of 30 volts
for the Tyrr 70 Core and 20 amperes and 60
volts variation for the Typre 80 Core, pro-
vided the product of voltage variation and
current does not exceed the variable power

rating for the core. (See preceding page.)
Within these limits speeial transformers can
be supplied promptly and cconomically.

Prices for special designs are as follows:

Quantity Type 70 Type SO

1 $37.00 $44.50

M 17.00 24.50

10 14.50 20.00

20 13.25 18.25

25 12.75 17.75
50 11.00 16.00
100 10.00 15.00

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

3 MTG HOLES {3 DIAMETER

3 MTG HOLES NO 8

[ 5l
|
O
s

DRILL

CSINK FOR 10-32 f.H.M.5.

3 MTG. HOLES NO.8 DRIRL
C'SINK FOR 10-32 F.H.M.S.
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e VARIACS

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

In three-phase circuits, two- and three-gang Variac as-
semblies can be used in exactly the same manner that single
Variacs are used in single-phase circuits. The most com-
mon methods of connection are the wye and open-delta. .\
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:

GENERAL RADIO COC.

Code Word Price
$85.00
130.00
85.00
130.00
36.50
56.00
44,50
68.00

Type

100-KG2
100-KG3
100-LG2
100-LG3
200-CUG2
200-CUG3
200-CUHG?2
200-CUHG3

Description

2-gang 100-K
3-gang 100-K
2-gang 100-L
3-gang 100-L
2 gang 200-Cl
3-gang 200-Cl
2-gang 200-CUI
3-gang 200-Cl

BEAMYGANDU
BEAMYGANTY
BEARDGANDU
BEARDGANTY

] BAKERGANDU
J BAKERGANTY
[ BAGUEGANDU
TH BAGUEGANTY

=
o

Line Current

Volt--Amperes Input

3-Phase

At Maximwon At Input Line

MULTIPLE OPERATION OF VARIACS

At the left are shown wye and
open-delta connections for ganged
Variacs, The diagram shows the
Variac connected across the full
phase or line voltage. By connecting
a tapped portion of the winding to
the line or a phase, obviously out-
put voltages greater than input
voltage can be obtained.

Type of

Voltage Voltage Rated Maximum  Voltage  Line Voltage Variae Assembly Circuit
115-VOLT CIRCUITS
235 500 0.5 ‘ 2.5 0-270 115 200-CUIIG2 Open-delta
1170 1500 S5 7.5 0-135 115 200-CUGR Open-delta
1600 1800 4 ’ 9 0-230 115 100-LG2 Open-delta
3500 3500 15 17.5 0-113 115 100-KG2 Open-delta
230-VOLT CIRCUITS
430 1000 0.5 2.5 0-500 220) 200-CUHGS3 Wye
700 1000 1.3 2.5 0-270 230 200-CUIHTGR Open-delta
3000 3000 3 7.5 0-230 230 200-CUG3 Wye
3000 3600 4 9 0—440 230 100-LG3 Wye
36C0 3600 8 9 0-230 230 100-LG2 Open-delta
6000 6000 13 15 0-230 230 100-KG3 Wye
440-VOLT CIRCUITS
1900 1900 1.5 2.5 0—440 ’ 440 ’ 200-CUHIG3 Wye
6000 6000 7 8 0-440 440 100-LG3 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 TypE 602 Decade-
Resistance Boxesalso permits them to be used
as laboratory standards and as ratio arms for
direct- and alternating-current bridges.

DESCRIPTION: The Type 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
TypE 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 Typrr 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 1s used in all boxes except in the
highest decades of the Types 602-M and
602-L, no difficulty is encountered in direct-
current measurements because of thermal
emf’s (see discussion under T'ypPE 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 kilocycles. Frequency
characteristics 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

— 1

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 eliminates guesses as to how
much current can be carried by a given
decade.

The temperature cocfficient 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 Tyre 510
Decade-Resistance Units, page 20.

Accuracy of Adjustment: All cards are adjusted within
0.19, of the stated value between card terminals, except
the 1-ohm cards which are adjusted within 0.25%, and
the 0.1-ohm cards 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 Resistance

2 0.004—0.006 ohm
3 0.006-0.009 ohm
4 0.008-0.012 ohm
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. At higher frequencies the error results
from skin effect and the effect of the reactance in the
cards, and from the inductance of the box wiring which
is about 0.1 microhenry per dial.

For characteristics of the individual decades, see
tabulations for Type 510 Decade-Resistance Units,
page 21,

Maximum Current: See specifications for Type 3510
Decade-Resistance Units, page 21. Values for 40° Centi-
grade rise are engraved on panels directly above switch
knobs.

Switches: Quadruple-leaf, phosphor-bronze switches
bear on contact studs 3% 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: 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,
18 for 4-dial, and 1594 inches for 5-dial boxes. Panel
width, 5 inches. Over-all height, 5 inches.

Net Weight: 314 for 2-dial, 414 for 8-dial, 5 for 4-dial,
and 614 pounds for 5-dial boxes.

This shows the interior con-
struction of a Tyre 602-J
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 DECOY $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 3 A B C DELTA 35.00
602-G 1110 ohms, total, in steps of 1 ohm 3 B, C, D DIGIT 35.00
602-K 1111 ohms, total, in steps of 0.1 ohm 1 ABCD DEFER 45.00
602-J 11,110 ohms, total, in steps of 1 ohm 1 B, C D, E DEBIT 50.00
602-N 11,111 ohms, total, in steps of 0.1 ohm 5 ABC D E DEMON 62.00
602-M 111,110 ohms, total, in steps of 1 ohm 5 B,C D, EI DEMIT 70.00
602-L 111,100 ohms, total, in steps of 10 ohms 1 C,D,EF DECAY 58.00
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GENERAL RADIO CO.

RESISTORS

TYPE 510 DECADE-RESISTANCE UNIT

USES: The Tyre 510 Decade-Resistance
Units are precision resistors admiirably 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 Typr 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 50
kilocycles. Complete infornation 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 Tyrgs 510-F and 510-G. Since the ther-
mal emf’s generated at a manganin-copper
junction are very small, no difficulties arise
m low-voltage direct-current measurements
when these boxes are used. Since the 10,000-
ohm and 100,000-ohm cards are not wound
with manganin, care should be taken in low-
voltage direct-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
onc-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

Accuracy of Adjustment: Resistors are adjusted to be
accurate at card terminals within the tolerances given
in Table I on next page.

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

Frequency Characteristics: Tables IT and L1 list, respec-
tively, the percentage change in resistance and imped-
ance for each decade, at 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 a voltage divider, respectively. For the

low-resistance decades the errors are almost entirely due
to skin effect, while in the high-resistance decades the
shunt capacitance causes most of the error. When these
decades are shunted across a tuned circuit 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-ohm
steps. At maximum setting this unit has a —19, change
in series resistance at 1 kilocycle, but its parallel re-
sistance is changed by only —1%, at 10 kilocycles.

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

Marimum Power

Maztmum Current per Resistor

Reststance
Type per Step Accuracy  Type of Winding  20° C. Rise 40° C'. Rise 40° C. Rise
510-A 0.1 +1.09, Bifilar 1 a 1.6a 0.25 watt
510-B 1 Q +0.259, | Ayrton-Perry 550 ma 800 ma 0.6 watt
510-C 10 Q +0.19, Ayrton-Perry 170 ma 250 ma 0.6 watt
510-D 100 Q +0.19, Ayrton-Perry 55 ma 80 ma 0.6 watt
510-KE 1000 @ +0.19, Unifilar on Mica 16 ma 23 ma 0.5 watt
510-F 10,000 Q +0.1% Unifilar on Mica 5 ma 7 ma 0.5 watt
510-G 100,000 @ | *£0.1% Spool 1.5 ma 2.3 ma 0.6 watt
TABLE II
Percentage Change in Resistance
for Maximum Setting of Kach Decade as a Function of Frequency
Decade Frequeney in ke

50 100 200 500 1000 2000 5000

0.1-ohin steps 0 0.1¢7, 0.29%, 1.5%, 5 9% — —

1-ohm steps 0 0 0.19, 0.39, 1 9 4 9 —

10-ohm steps 0 0 0 0.19 0.5%, 2 1

100-ohm steps 0 0 0 0.19, 0.3% 0.8%, 49,

1000-ohm steps 0 —0.19, —0.5% -3 &, | —11 7 — =

10,000-0hm steps —2.59%, —12 % — — — — —

TABLE IIT
Change in Impedance (as a percentage of nominal resistance)
for Maximum Setting of Each Decade as a I'unction of Frequency
Decade Frequency in ke

50 100 200 500 1000 2000 5000

0.1-ohm steps 0.2% 0.7% 2 % = — — —

1-ohm steps 0.1% 0.25% 1 % 3 % — — —

10-ohm steps 0 0 0.19, 0.2% 2 % — =

100-ohm steps 0 0 0 0.1% 0.3% 19, 5%

1000-ohm steps 0 —0.1¢, —0.59% -2 o -6 7, — —

10,000-ohm steps -2 9 —10 ¢, — — — — —

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

Dimensions: See sketch; shaft diameter is 34 inch.
Net Weight: TyrE 510 Units, 11 ounces; I'yPE 510-P3,

914 ounces.

provided. There are eleven contact points (0 to 10

inclusive). The switch resistance is between 0.002 and “ .

0.008 ohm. ) 2 N_H'g. holes #8 Drill

Temperature Coefficient: The temperature coefficient ¢'sink for 10-32 F.H.M.S.

of resistance is less than £0.002%, per degree Centigrade _

at room temperatures. iy

Resistance Wire: Manganin is used on all the smaller Iy

decades. The 10,000-ohm cards are wound with a |

combination of Nichrome and Ohmax, which gives a : |

nearly zero temperature coefficient. Advance wire is !

used on the 100,000-ohm units. : : R

Terminals: Soldering lugs are provided. [T I

Mounting: Each decade is complete with dial plate and 3o \

knob and can be mounted on any panel between 14 inch 8e

and 34 inch in thickness.

Resistance
Type Total Per Step Code WWord Price

510-A 1Q 0.1 @ FLATE $8.50
510-B 10 @ 1 Q ELDER 8.50
510-C 100 @ 10 @ ELEGY 8.50
510-D 1000 © 100 @ ELBOW 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. . . ... ... ENVOY 5.00
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e RESISTORS
TYPE 670 COMPENSATED DECADE RESISTOR

GENERAL RADIO CO.

USES: The Type 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 TyprE
516-C Radio-Frequency Bridge. It is equally
useful in tuned-circuit substitution methods
of measurement. In the Type 667-A In-
ductance Bridge, for the precise measure-
ment of inductance at audio frequencies, this
decade resistor is also necessary.

DESCRIPTION: The TyprE 670 Boxes are as-
semblies of Type 668 Compensated Decade-
Resistance Units and TyprE 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 inductance 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
Type 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
TyrE 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-ohm steps are
Ayrton-Perry resistance cards, while the 0.1-ochm 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: Resistance increments are
correct within 0.19, for the 10-ohm steps, 0.25%, for
the 1-ohm steps, and 19 for the 0.1-ohm steps. The
1-ohm and 0.1-ohm slide wires are correct within 1%,
and 5% of full-scale value, respectively.
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Zero Resistance: The zero resistance of the different
boxes is given below.

Type Zero Resistance Zero Inductance
670-BW 0.035-0.055 ohm 0.70 microhenry
670-F 0.030-0.050 ohm 1.05 microhenry
670-I'W 0.070-0.090 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 Type 668
Compensated Decade-Resistance Unit and Tyre 669
Compensated Slide-Wire Resistor on pages 2+ 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 TyprE 668 and Type 669 Units
which are used in the boxes. However, the box wiring
and cabinet shield affect these characteristics somewhat.

Temperature Coefficient: Less than +0.0029 per degree
Centigrade at room temperatures.

Switches: Double-leaf, phosphor-bronze switches bear

on contact studs 14 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 668-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 0 to 111 ohms, total, with slide wire 668-B, -C; 669-A | ADOWN 55.00

*PATENT NOTICE. See Note 17, page v.

These two diagrams show the construction of TyrE 668
Compensated Decade-Resistance Units and Tyre 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 cireuit, 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.

|1| — 1 |
- COPPER < i ; 3il
O_ MANGANIN : i—

=il

SECTION -
THRU A-A

SLIDER
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* RESISTORS
TYPE 668 COMPENSATED DECADE-RESISTANCE UNIT

GENERAL RADIO CO.

USES: The TypE 668 Compensated Decade-
Resistance Unit is the basic unit for the
TypE 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 TypE 668 Units are indispensable as
bridge elements.

DESCRIPTION: The TypE 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 Tyrr
670 on page 23.)

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

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

Since it is impossible to build a resistance
with no inductance, the next best condition
is a unit with a low but constant inductance.
Accordingly, the Tyre 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-ohm and 1-ohm cards are
Ayrton-Perry wound, while the 0.1-chm steps are bifilar
ribbon. Compensated windings are used on all decades
to maintain 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 arc of travel, thus
avoiding cutting. A cam-type detent is provided and
there are eleven contact points {0 to 10 inclusive).

Maximum Current: The 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 1
Current for Current for
Type 20° C. Rise 40° C. Rise
668-A 1.0 a 16 a
668-B 300 ma 500 ma
668-C 100 ma 160 ma

Accuracy of Adjustment: Resistance increments are
correct within 19, for the 0.1-ohm steps, 0.25% for the
1-ohm steps, and 0.19, for the 10-ohm steps.

Zero Resistance: The zero resistance of the different
units is given in Table II.
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TABLE 11
Type Zero Resistance Inductance
668-A 0.001-0.010 ohm 0.15 microhenry
668-B 0.015-0.025 ohm 0.30 microhenry
668-C 0.010-0.020 ohm 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 40.0029, per degree Centigrade
at room temperatures.

Frequency Characteristics: The frequency characteristics
of TyrE 668 Compensated Decade-Resistance Units are
similar to those of TypE 510 Decade-Resistance Units,
page 20. Because 10-ohm cards are the largest used,
the effects of shunt capacitance 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.
Accordingly there is a 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 —0.89, for the units decade
and about —0.69, for the tens decade.




RESISTORS

Terminals: Soldering lugs are provided. Dimensions: Diameter, 314 inches; depth behind panel,
Mounting: Interchangeable (except for switch stops) 3 inches, over-all; shaft diameter, 34 inch.
with TypE 510 (see page 21.) A combination dial plate  Net Weight: 10 ounces.
and drilling template is furnished.
Resistance
Type Total Per Step Code Word Price

668-A 1Q 0.1 @ GABLE $10.00

668-B 10 @ 1.0 Q GAILY 12.50

668-C 100 @ 10.0 @ GALOP 12.50

TYPE 669 COMPENSATED SLIDE-WIRE RESISTOR

USES: The Type 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 Type 668 Compensated
Decade-Resistance Unit. It is also used in
TyrE 670-BW and Type 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 dise. 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

‘0D Oldvid TVYIINIO

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 24 points giving the incre-
mental slide-wire resistance within 19, of full-scale
value for the 1-ohm units and 59 of full-scale value for
tae 0.1-ohm units.

Zero Resistance: The zero resistance of the Tyre 669-A
is 0.04 to 0.06 ohm while that of the Tyre 669-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 for 20° C. Rise  for 40° C. Rise
669-A 10 a ‘ 1.6 a
669-R 3.0a 5.0a

For a 40° Centigrade rise a maximum of 2.5 watts

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

Inductance: The 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 =4:0.002%, 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 —2Y, at 550 kilocycles and —49, at 1 megacycle.
Terminals: Soldering lugs are provided.

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

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

Net Weight: 8 ounces.

Incremental
Type Reststance Code Word Price
669-A 1.15 ohms GAMIN $17.50
669-R 0.115 ohm GAZEL 22.50

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

TYPE 249 ATTENUATION BOX

USES: The Tyre 249 Attenuation Box is
useful in power-level measurements, trans-
mission-efficiency 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 Tyre 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 othier attenuation ranges can be made on
special order.

Terminal Impedance: 500 ochms. 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 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 bal-
anced-H 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 units.

Maximum Voltage: The maximum permissible voltage
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
Typre 249-T is kept below 25 volts and that applied to
the Typre 249-H below 35 volts.

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

Type Range

Impedance

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 34-inch spacing.
I gp

Dimensions: Panel, (length) 16 x (width) 51{ inches.
Cabinet, (depth) 514 inches, over-all.

Net Weight: 714 pounds.

N‘O
20

T-SECTION

Type of
Section

Code Word

Price

249-H
249-T
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110 db in steps of 1.0 db
110 db in steps of 1.0 db

500 chms
500 ohms

$120.00
100.00

NETWORKROD

Balanced-H
T NETWORKTOP
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TYPE 329-J ATTENUATION BOX

USES: The Tyrr 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 increased from zero
by turning a large knob. A positive detent
mechanism is used which centers 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 Type 329-J Attenuation
Box is made of balanced-H sections and has
separate ground terminals on the panel. The
two attenuation sections may be used either
separately or together, since separate 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

Attenuation Range: Two 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-
cycles the maximum error is 0.2 decibel.

Type of Section: The Tyre 329-J uses balanced-1I
sections which present a constant impedance in both
directions. Both sides of the circuit must be balanced
to ground when this type 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: The 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 435 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.
Cabinet, (depth) 6 inches, over-all.

Net Weight: 12 pounds.

BALANCED-H SECTION

Ty pe of
Type Range I'mpedance Section Code Word Price
329-) l 55 db in steps of 0.5 db 500 ohms Balanced-H l TENUTORPIG ‘ $155.00
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RESISTORS

TYPE 449-A ADJUSTABLE ATTENUATOR

USES: The Type 449-A Adjustable Atten-
uator has been designed as a convenient and
compact unit to be used in broadecast speech
circuits, motion-picture recording channels,
or any other audio-frequency circuit where
definitely known amounts of attenuation are
to be easily 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-H 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 tapers the impedance
from 500 to 250 ohms and inserts 10 decibels
attenuation, in one position, and tapers from
500 to 50 ohms and 1nserts 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 small
cast aluminum case together with standard
input and output jacks. Mounting 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
Type 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 umt 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 impe«-
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 ohms in one
direction, and either 50, 250, or 500 ohms in the other
direction. Either end may be used as the input.

Accuracy: Each individual resistor is adjusted witliin
19, of its correct value. For frequencies below 20 kilo-
cycles, the greatest possible error in attenuation is 0.2
decibel.

Type of Section: A balanced-II 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 watts 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 Tyrs
241-A Plugs, are provided at both input and output.

Type

Code Word

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

Dimensions: Pancl, (length) 744 x (width) 334 inches.
Case, (depth) 514 inches, over-all.

Net Weight: 414 pounds.

soon-scan
08
v 8 3,
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[

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

Price

449-A
28
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$70.00
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TYPE 646-A LOGARITHMIC RESISTOR

USES: The TypE 6146-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 ohms would cause no
trouble. Tt can be used as a test load in
transformer or amplifier measurements where
the logarithmic 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-
rithmic 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-
rithmic steps.

Accuracy of Adjustment: Individual resistors are
adjusted as follows:

Between 0.1 k2 and 2 kQ, 0.1%; between 5 kQ and
1.0 MQ, 0.25%; 2 MQ to 20 M, 5%; 50 MQ and
100 Mg, 109,

Type of Winding: The construction of the units below

KiLO

@ 2

Ty pe Resistance

the 20,000-2 point is similar to General Radio standard
resistance-card construction. Between the 20,000-€! and
the 1-MQ steps, wire-wound units are used; above
1 M, 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 be
made for a 2 puuf 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 k2
and 0.5k will safely carry 70 ma. Between 1 kQ and
1 M each resistor will dissipate 1 watt. Resistors
greater than 1 MQ will dissipate 2 watts.

Maximum Voltage: 500 volts.
Terminals: Jack-top binding posts with 34-inch spacing.
Mounting: A copper-lined cabinet with an aluminum

panel completely encloses both switches and resistors.
The panel finish is black crackle lacquer.

Dimensions: (Length) 734 x (depth) 5 x (height) 5 inches.
Net Weight: 31{ pounds.

Code Word Price

646-A

100.1 megohms, total . ........

$50.00

AWAKE x
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¢ RESISTORS
TYPE 654-A DECADE VOLTAGE DIVIDER

GENERAL RADIO CO.

USES: The TyeeE 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: This instrument 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 Tyrr 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
0.29.

Frequency Characteristics: If the external capacitance

ouT

Ty pe Voliage Ratio

which is placed across the output terminals is less than
20 uuf, the frequency error is less than 0.19, for all
frequencies below 10,000 cycles.

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.

Qutput Impedance: The voltage divider is accurate
only when the output impedance is essentially infinite.
Maximum Voltage: The maximum allowable input
voltage for a 40° Centigrade temperature rise is 230
volts. This value is engraved on the panel.

Temperature Coefficient: The temperature coefficient
of the resistors is less than £0.0029 per degree Centi-
grade at normal room temperatures.

Terminals: Jack-top binding posts are provided and
standard 34-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) 51/ inches, over-all.

Net Weight: 814 pounds.

Price

Code Word

654-A 0.001 to 1.000 in steps of 0.001
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RESISTORS

TYPE 526 MOUNTED RHEOSTAT-POTENTIOMETER

USES: A calibrated slide-wire resistor is an
extremely useful laboratory accessory. TypE
526 Mounted Rheostat-Potentiometer is
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 Tyre 471 Rheo-
stat-Potentiometer 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 accurate 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 hox of equal resistance. Conse-
quently, where accuracy permits, it is much
more convenient to use.

Tyre 526-B Mounted Rheostat-Potentiometer.

SPECIFICATIONS

Panel view of TyprE 526-C, showing dial and

Range: The ranges listed in the table below are stocked.
Other ranges can be made to special order.

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

Avccuracy: The total resistance has been adjusted within
+2.59, 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 case may be used as an
electrostatic shield.

Terminals: Two pairs of jack-top binding posts, one for
input and one for output, on standard #4-inch spacing,
are provided.

Dial Plate: Each unit has a 3-inch photo-engraved dial
plate with 50 divisions and is calibrated directly in
ohms.

Finish: Black crystalline lacquer.

Dimensions: (Diameter) 414 x (height) 434 inches, over-
all.

connections. Net Weight: 114 pounds.

Type Resistance Mazx. Current Code Word 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
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RESISTORS

TYPE 663 RESISTOR

WA -

-

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

USES: The Typr 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 and asa circuitelement in bridges
and similar equipment. Tt is also useful as a
terminating resistor for matching radio-
frequency transmission lines and, generally,
asalow-resistance standardin 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
insnlates 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
ideal more closely than any other type
through the use of short pieces of fine wire.
In the conventional form, however, two dis-
advantages occur. First, the fine wire has
relatively high series inductance 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.

32

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

Residual inductance and eapacitance 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 . . .
pared to \/(——,, where L is the effective series

resistance and C the effective shunt capaci-
tance, the resistive component decreases
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with frequency; if the resistance is small
L . .
compared to 0 the resistance increases

with frequency up to a peak beyond which
it decreases, For values of R large compared

. L . .
with \/Z" the reactance is capacitive; for
L .
values of R less than G the reactance is
inductive up to the resistance peak. It is

) o T
desirable to maintain \/F of the same order

of magnitude as the resistance in order to

— ———taf v 4t Emm—mee =

RESISTORS

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

The accompanying curves illustrate the
hehavior of Typr 663 Resistors as a function
of frequency when mounted on a pair of
Type 138-VD Binding Posts with one end
grounded to a 4-inch metal panel upon
which the binding posts are assembled with
Tyre 274Y Mounting Plates. With this
setup, the effective shunt ecapacitance 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 uuf 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. I. Field, “Direct Capacitance and Its Measurement,”
General Radio Erperimenter, Vol. VIII, No. 6, page 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 195,

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

Current for

Resistance L 40° C. Rise
1 ohm 0.0065 ph 14 a
2 ohms 0.013 uh 1.0 a
5 ohms 0.015 uh 05 a
10 ohms 0.029 uh 0.35 a
20 ohms 0.032 uh 0.2 a
50 ohms 0.084 wuh 0.1 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 0.0029, 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 i-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, 24 inch.

Net Weight: 2 ounces.

" 2.0-2.2 ppf

1
1 R
o—4-200 —AAN—+—
ji0.75;1pf T o75upf

Squivalent circuit of TYPE 663 Resistor.

Type Resistance Code W ord Price
663-A 1 ohm PANIC $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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RESISTORS

TYPE 500 RESISTOR

USES: The Tyre 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 circuit elements in either experimental
or permanent equipment,

DESCRIPTION: This resistoris an accurately-

adjusted resistance card, sealed in a bakelite

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

FEATURES: In the Tyrr 500 Resistors both
convenience and accuracy are combined. The
terminal arrangement allows either perma-
nent or temporary connections to be made in
the simplest possible manner. Low tempera-
ture coeflicient 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 l-ohm unit which is adjusted within
0.25%,

Frequency Characteristics: The error is less than 0.1
below 50 kec. At higher frequencies errors result from
skin effect and the effect of reactance in the resistor.
The tables on page 21 represent accurately the perform-
ance of the l-ohm through 600-ohm 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.

Temperature Coefficient: At normal room temperature,
the temperature coefficient is less than =£0.0027, per
degree Centigrade.

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

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

Mounting: Fach resistor is sealed in a case of black
moulded bhakelite with an impregnating wax. Two
mounting holes are provided.

Dimensions: (Length) 234 x (width) 134 inches. Over-all
height, exclusive of plugs, 1 inch.

Net Weight: 2 ounces.

2 MTG. HOLES &
NO.i6 DF}ILL IN CASE

._
Q)
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~

Type Resistance Maximum Current Code Word Price
500-A 10 1.0 a RESISTBIRD $2.00
500-B 10 @ 310 ma RESISTDESK 2.00
500-C 50 @ 140 ma RESISTFORD 2.00
500-D 100 @ 100 ma RESISTFROG 2.00
500-E 200 Q 70 ma RESISTGIRL 2.00
500-F 500 @ 45 ma RESISTGOAT 2.00
500-G 600 40 ma RESISTGOOD ‘ 2.00
500-H 1000 @ 30 ma RESISTHYMN 2.00
500-J 10,000 Q 10 ma RESISTMILK 2.00
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TYPE 525

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

DESCRIPTION: The Tyre 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
accurale calibration,

RESISTORS

RESISTOR

SPECIFICATIONS

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

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

Accuracy of Adjustment: All resistors, except the
f-ohm unit, are adjusted within 0.19% of the rated value
at the terminals of the unit. The +4-olim resistor is
adjusted within 0.25%.
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 increase is greater when the shield
is connected to one side of the resistor than when it is
floating. The 600-ohm unit shows an increase in resist-
ance at frequencies up to several megacycles when the
shield is floating, but with the shield grounded to one
side of the winding. the resistance decreases with fre-
queney and never rises above its nominal value.
Power and Cumrent 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 100° Centigrade rise in
temperature are given in the table below.
Temperature Coefficient: IFor temperatures below 100°
Centigrade the temperature coefficient is less than
-£0.0029, per degree Centigrade.
Terminals: Jack-top binding posts mounted on isolantite
washers are provided. Standard 34-ineh spacing is used.
Shielding: The aluminuin castings can be used as an
electrostatic shield, hoth resistor terminals heing insu-
lated from thein.
Mounting: Resistors are wound unifilarly on mica and
clamped hetween two pieces of mica and two heavily
ribbed aluminum castings, the whole unit being sup-
ported on porcelain insulators.

Dimensions: (Length) 4 x (width) 4 x (height) 214 inches.
Net Weight: 114 pounds.

C'urrent,

Type Resistance 100° €. Rise Code Word Price
525-C 4 ohms 3.5 a CABAL $8.00
525-D 10 ohms 2.2 a CABIN 8.00
525-F 40 ohms 1.1 a CABOB 8.00
525-H 100 ohms 0.7 a CADDY 8.00
525-L 600 ohms 0.09 a CADET 8.00
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* RESISTORS

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. Tt can also be
used as a multiplier for a vacuum-tube
voltmeter,

DESCRIPTION: The Tyre 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 resistors are adjusted within 19, of their
correct value. Accordingly, the attenuation is accurate
within +0.2 decibel.

Frequency Characteristic: If the external capacitance of
tube and wiring which is placed across the output is less
than 20 uuf, 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

Type Total Per Step

Mounting: This unit is similar in construction to the
TypE 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 connecting wires.

Dimensions: Shield diameter, 3l inches; depth behind
panel, 3 inches.

Net Weight: 16 ounces.

t 3
—] r—-——-—*:)
L
| /ci:\
L.(._a\'l\vl\v‘\v\
\';“;(
-——l————-——c:l
2 4
VOLTAGE DIVIDER
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TYPE 653 VOLUME CONTROL

USES: The Typre 653 Volume Controls are
intended for use as microphone mixers and
master gain controls in broadcasting 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

¥
ER B

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

FEATURES: The Typre 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 is linear with dial setting, and the imped-
ance remains practically constant in both
directions throughout the attenuationrange.

SPECIFICATIONS

Asttenuation 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 45
decibels. There is an initial insertion loss of 6 decibels.
Above 45 decibels the attenuation increases rapidly to
“infinity” (about 120 decibels with the usual type of
mixer wiring).

Terminal Impedance: 50-, 200-, 250-, and 5G0-ohm units
are stocked but others can 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
cycles.

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

Shielding: A two-section aluminum cover is provided.
™e section is removahle and gives access to the con-

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

Switch: A 3-bladed beryllium-copper switch makes firm
contact with beryllium-copper contact points.

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

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

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 3§ inch in thickness. Holes are
spaced 114 inches apart.

Dimensions: Maximum over-all radius, 134 inches.
Maximum depth behind panel, 23g inches. Shield
diameter, 234 inches.

Net Weight: 13 ounces.

Ty pe I'm pedance Code Word Price
653-MA 50 @ CLUMP $12.50
653-MB 200 Q COACH 12.50
653-MD 250 Q@ CARAT 12.50
653-MC 500 ¢ COAST 12.50
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GENERAL RADIO CO.

RESISTORS

RHEOSTAT-POTENTIOMETERS

(Voltage Dividers)

USES: Variable resistors and potentiometers
are useful in assembling experimental equip-
ment where tube voltages and circuit ele-
ments are to be varied until the final design
1s 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
logarithmic type can be made to satisfy
particular requirements.

GEN.ERAL DESCRIPTION: The resistance

wire is wound on a stvip of insulating material

TYPE 533
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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 Typr 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 screw 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 TypE 533 and Tyre 833,
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 A{Inches) B(Inches)
214-A 3l 1Y
314-A 34 134
371-A 314 24
171-A 34 254
333-A 4 254
154-A 314 14
1548 314 l 214

~3 MTG.HOLES 1
NO 25 DRILL
ON 'RAD.
[»a»‘ l—%’
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RESISTORS

TYPE 371 RHEOSTAT-POTENTIOMETER

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

In Type 371-T the resistance is approxi-
mately proportional to the square of the

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

SPECIFICATIONS

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

Power Rating: 20 watts except for the Tyer 371-T
which is 8 watts.

Rotation Angle: 303° (approx.). No orF position.
Shaft: Steel, 1{-inch diameter. Knob: TyrE 637-G.

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

Net Weight: 6 ounces.

Marimum  Marimum Code
Type  Resistance Current Word Price
371-A 1Q +5a raLLy | $4.00
371-A 5 Q 2.0 a RELAY 4.00
371-A 1000 ¢ | 140 ma | REDAN 4.00 _
371-A 2500 90 ma | REFIT 4.00
371-A 5000 60 ma | ROTOR 4.00
371-A | 10,000 ¢ 45 ma | ROWDY 4,00
371-A | 18,000 ¢ 33 ma | RULER 4,00
371-A | 50,000 ¢ 20 ma | SATYR 4.00
*371-T 10,000 @ 28 ma | SULLY 4.00

*Papered 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: 315° (approx.). No OFF position.
Shaft: Steel, 1{-inch diameter. Knob: Typr 637-G.

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

Net Weight: 5 ounces.

Maximum Marimum Code
Type Resistance  C'urrent Word Price
214-A 0.75 2] 3.5 =a SHINY $1.50
214-A 2 9| 21 a RUDDY 1.50
214-A 7 {2 1.1 a RURAL 1.50
214-A 20 Q| 067a RAZOR 1.50
214-A 50 1| #25  ma| RAPID 1.50
214-A 100 Q13800 ma| RIVET 1.50
214.A | 200 ¢[210  ma| EMPTY 1.50
214-A 400 Q150 mal rosix 1.50
214-A | 1000 Q| 95 mal| ENACT 1.50
214-A | 2500 Q] 60 ma| syrup 1.50

The construction of this unit is similar to
that of the Type 871. Owing to its smaller
size, the power rating of this type is some-
what less than that of the Typg 371.
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GENERAL RADIO CO.

RESISTORS
TYPE 471-A RHEOSTAT-POTENTIOMETER

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 cireuits.

SPECIFICATIONS

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

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

Shaft: Bakelite, 34-inch diameter. Knob: Typr 637-11.
Mounting: Standard 3-hole; machine screws. nuts, and
template furnished. (See page 38.)

Net Weight: 9 ounces.

Mazimum  Maximum Code
Type  Resistance  Current Word Price
This rheostat-potentiometer is suitable for *2:’111 Q 1888 Q .‘1320 ma | EQUIP $288
0 e , _ o -0 o Q 4 ma ERASE .

u:sle in }ll}glll 11‘nlpedali}('_e \.ﬂ("uum tu})f ({I(,ll.lts 471A | 10,000 & 93 ma | meees 6.00
where high values of resistance and low noisc 471-A | 50,000 I5ma | Erope 6.00
level are required. o 471-A 100,000 0 10ma | Eruer 6.00
The high resistance is obtained by winding ~ 471-A | 200,000 ¢ 7ma | Esken 6.00

the card with fine wirc and then protecting

*Does not have linen-bakelite protecting strip.

TYPE 314-A RHEOSTAT-POTENTIOMETER

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 TypE 214-A but
hecause of the protecting strip the Type
314-A has a reduced power rating.

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

SPECIFICATIONS

Maximum Resistance: Five stock models are listed
below. Units having total resistance between 2 ohms
and 100,000 ohms can be made on special order.

Power Rating: 6 watts.
Rotation Angle: 294° (approx.). No orF position.
Shaft: Bakelite, 34-inch diameter. Knob: TyrE 637-H.

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

Net Weight: 6 ounces.

Mazimum Maximum Code

Type Resistance  Current Word Price
314-A 200 | 170 ma | ENATE $4.00
314-A 600 | 100 ma | ExDOW 4.00
314-A 2000 | 55 ma | ENEMY 4.00
314-A 6000 Q! 32ma | Exjov 4.00
314-A | 20,000 ¢| 17 ma | ENROL 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 watts maxi-
mum except on the 10,000-ohm 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 capacity.

SPECIFICATIONS

Maximum Resistance: Six stock models are available
as listed here. Units with total resistance from 0.25
ohm te 50,000 ohms can be wound on special order.
Power Rating: 6 watts except for 10,000-ohm and
20,000-ohm models which will dissipate 3 watts.
Rutation Angle: 254° (approx.). No oFF position.

Shaft: Steel, 14-inch diameter. Knob: TyrE 637-A.
Mounting: Two-hole mounting is used; machine screws,
nuts, and template are furnished. (See page 38.)

Net Weight: 3 ounces.

b= == el

RESISTORS
TYPE 301-A RHEOSTAT-POTENTIOMETER

Type 410-A. Type 301-A.
Maximum  Maximum  Code
Type Resistance Current Word Price
301-A 6Q 1 a PALSY $1.00
301-A 12 @ 0.7a REMIT 1.00
301-A 25 © 0.5a RENEW 1.00
301-A 200 Q@ | 175 ma | RERUS 1.00
*301-A | 10,000 @ 17 ma | CURRY 1.50
*301-A | 20,000 @ 12 ma | cRUMB 1.50
*Supplied with linen-bakelite protecting strip.

TYPE 410-A RHEOSTAT-POTENTIOMETER

This type is identical with the Typrg 301-A
Rlieostat-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: Four stock models are available
as listed here. Units with total resistance from 0.25
ohm to 50,000 ohms can be made on special order.

Power Rating: 6 watts.

Rotation Angle: 250° (approx.). No oFF position.
Shaft: Steel, 14-inch diameter. Knob: TyrE 637-.\.
Mounting: Single-hole panel type only. (See page 38.)

Net Weight: 3 ounces.
Marimum Maximum  Code
Type  Resistance  Current Word Price
410-A 6Q 1 a SABOT $1.00
410-A 12 Q 0.7a SALON 1.00
410-A 25 05a SALTY 1.00
410-A 200 @ | 175 ma | SATIN 1.00

TYPE 154 VOLTAGE DIVIDER

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

Total Mazximum Code

Type Resistance  Current Word Price
154-A 5000 | 35ma  DIVIDARMY | $6.50
154-A 10,000 Q 24 ma  DIVIDBOAT 6.50
154-A 20,0002 17 ma  DIVIDCAPE 6.50
154-B 50,000 | 15 ma | DIVIDEYRE 8.50
154-B 100,000 Q | 10 ma | DIVIDTACT 8.50
154.B | 2000002 | 7ma | prvivemL 850

Power Rating: Tyre 154-A, 6 watts; Tyre 154-B, 11
watts.

Mounting: Standard 3-hole. Supplied as table mounting.
Net Weight: TypE 154-A, 6 0z.; TypE 154-B, 9 oz.
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GENERAL RADIO CO.

RESISTORS

TYPE 533-A

TYPE 333-A

TYPE 533-A RHEOSTAT-POTENTIOMETER

This is a heavy-duty unit which can
dissipate 250 watts under continuous load.
The frame is of moulded bakelite, 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 ameansof ventilation has
not been provided to keep the temperature
of associated apparatus at a reasonable value.
The standard jack-top binding posts used
on 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 3500 ohms can be made on special order.

Power Rating: 250 watts.

Rotation Angle: 305° (approx.). No orF position.
Shaft: Steel, 34-inch diameter. Knob: Tyrx 637-Q.
Terminals: Jack-top binding posts are provided. Stand-
ard 34-inch spacing is used.

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

Net Weight: 174 pounds.
Mazimum Maximum  Code

Type Reststance  Current Word Price
533-A 10 158 a MOLAR $6.00
533-A 3¢ 9.1a  MONAD 6.00
533-A 10 @ 50a | MORAL 6.00
533-A 30 @ 29a MOTTO 6.00
533-A 100 @ 1.6a  Mucey 6.00
533-A 300 @ 09a  ymumvy 6.00
533-A 600 ¢ 0.6 a MUSTY 6.00

TYPE 333-A RHEOSTAT-POTENTIOMETER

This type, although smaller, has, in
general, the same constructional features
as the Type 533-A. The ashestos-covered

aluminum strip is used, and jack-top binding

posts are used for the terminals. A single-
blade 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 ohms can be made on special order.

Power Rating: 100 watts.

Rotation Angle: 289° (approx.). No orr position.
Shaft: Steel, 34-inch diameter. Knob: Tyrz 637-11.
Terminals: Jack-top binding posts are provided. Stand-
ard 34-inch spacing is used.

Mounting: Standard 3-hole: machine screws, nuts, and
template furnished. (See page 38.)
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Net Weight: 11 ounces.
Maximum Marimum  Code

Ty pe Resistance  Current Word Price
333-A 10 10.0 a VALOR $4.00
333-A 30 58a VAPID 4.00
333-A 10 @ 3.2a VENUS 4.00
333-A 30 0 18a VIGIL 4.00
333-A 100 © 1.0 a VIGOR 4.00
333-A 300 ¢ 0.6 a VILLA 4,00
333-A 600 ¢ 0.4a VIPER 4.00
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GENERAL-PURPOSE
CONDENSERS WITH
AIR, MICA, AND
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GENERAL RADIO CO.

CAPACITORS

LOSSES IN AIR CONDENSERS

Equivalent cireuit of a variable air condenser,
showing residual impedances.

As a continuously adjustable standard of
impedance the variable air condenser ap-
proaches very closely the ideal ecircuit 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 at
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
metallic structure, and (8) inductance 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 capacitance,
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 Type 722 Precision Condensers. The di-
clectric 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 increases
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 Mec).

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

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

G
R.=R+ ——
(w(')?
in series with a perfect capacitance, or to a
conductance

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

The residual inductance, I, causes the
effective terminal capacitance, (Y, to depart
from the static capacitance. (, according to
the law

C
Ce= 1—-wlLC’

At low frequencies the effect of the residual
paramcters, It and L, is negligible, and the
condenser acts like a pure capacitance, C, in
parallel with a conductance

G.=G
or in series with a resistance

G
Be=gop

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 te 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 frequency until they are first compara-
ble to and finally in excess of the losses in
the dielectric parts. At high frequencies it is,
therefore, necessary to consider both com-
ponents of loss.*

*R. F. Field and D, B. Sinclair, “A Method for Determining the
Residual Inductance and Resistance of a Variable Air Condenser
at Radio Frequencies,” Proc. I.R.E., 24, 2, February, 1936.




USES: The Typr 722 Precision Cendenser is
a variable air condenser intended for use as
a standard of capacitance.

It is widely used in a-c¢ 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 Ifs-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 alimost inevitable when a worm gear is
mounted on a shaft, the worm in the Tyre
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 drum. This method assures
a positive electrical contact.

FEATURES: Both the materials and the
mechanical arrangement used in the Typg
722 Precision Condenser have been carefully
sclected 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
heen 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 is used, and this
is placed in a weak electric ficld. When it is
desired to reduce the diclectric losses still
further, quartz insulation may be used instead
of the standard isolantite.

All models can be set to one part in 25,000
of full scale, a precision of setting which is
more than adequate for most measurement
uses. Standard calibrations are 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
uuf. The accuracy at the terminals, however,
may still be limited to approximately 1 uuf
by the lack of a standard technique for con-
necting the condenser into a measuring
circuit. (See General Radio Experimenter,
Vol. XII, No. 8, January, 1938, for a com-
plete discussion of connection errors.)

Interior view of a TYPE 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 to 110 wuf, and 100 to 1100 uuf; TyrE 722-T,
calibrated every half-worm turn, 500 wuf maximum;
TypE 722-M, intended for bridge-substitution measure-
ments and direct reading in capacitance remored from
the condenser over a range of 1000 puf.

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

Standard-Calibration Accuracy: Tyre 722-D: The ca-
pacitance of the niGH section, 100 to 1100 wuf, is indi-
cated directly in micromicrofarads by the dial and
drum readings within %1 uuf. The capacitance of the
Low section, 25 to 110 uuf, is indicated directly in
micromicrofarads by one-tenth of the dial and drum
readings within 40.2 uuf.

TypE 722-F: The capacitance at every half-worm turn
is given in a mounted chart to 0.1 uuf, accurate within
+0.5 puf. The capacitance differences between suc-
ceeding half-worm turns is also given to 0.1 uuf, and is
accurate to 41 uuf.

TypE 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 1150 uuf
in magnitude, is given to 0.1 uuf, and is accurate within
=1 upf. The condenser is adjusted to indicate directly
in micromicrofarads the capacitance removed from the
circuit to an accuracy of =£1 uuf.

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.

TypE 722-D: When this correction is used, the capac-
itance of both sections can be determined within =£0.1
puf or £0.19%, whichever is the greater, and capacitance
differences can be measured to an accuracy of -£0.2 uuf
or £0.1%, whichever is the greater, with the nrcm
section; and =4£0.04 puf or 40.19, whichever is the
greater, with the Low section.

Type 722-F: The capacitance can be determined
within £0.1 wuf or 2£0.19, whichever is the greater.
Capacitance differences can he measured within 0.1
ppf or £0.1%, whichever is the greater.

TypE 722-M: Capacitance differences, in capacitance
removed, can be measured within 0.2 wuuf or ££0.19,
whichever is the greater,

Maximum Voltage: All models, 1000 volts, peak.

Dielectric Supports: Two 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(2, when
measured at 1000 cycles is approximately 0.04 x 10712
for isolantite insulation and 0.003 x 1071Z 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 uh.

Temperature Coefficient: The temperature coefficient
of capacitance is approximately +0.0029, per degree
Centigrade.

Drive: A worm and gear drive is used. To reduce irregu-
larities and backlash the worin is cut integral with the
shaft. The backlash is less than one-haif worm division
(there are 250 divisions per worm turn for the Typk
722-D and the TypE 722-M; 200 divisions for the TypPE
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 crackle lacquer and enclosed
in a shielded walnut cabinet. A wooder storage case
with lock and carrying handle is included.

Dimensions: (Mounted models) Panel, 8 x 914 inches;
depth, 81% inches. (Uninounted models) 734 (length) x
634 (width) x 7 (depth) inches.

Weight: 1114 pounds; 2014 pounds with carrying case.

MOUNTED MODELS

Type Capacitance Range Code Word Price
722-F 45 t0 500 wuf ... CUBIT $85.00
722-D 25 to 110 wuf and 100 to 1100 uuf, direct reading. .. ........ .. .. CRUEL i 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 792-D.................... ... . .. ... WORMY 50.00

When ordering, use compound code word, cuBITWORMY, etc.

UNMOUNTED MODEL

Type Mazimum Capacitance

Code TWord Price

722-FU 500 uuf

$65.00

CUBITPANEL 1

QUARTZ INSULATION

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

Code Word Additional Price

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

$55.00

QUATZ l

When ordering, use compound code word, cuBrrQuarz, ete.
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TYPE 729-N PRECISION CONDENSER

Details of Brushes and Disc.

Right: Interior photograph of a TyrE

722-N 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-
Jarly for use at radio frequenciesin series- or
parallel-resonance methods of impedance
measurement. It is also useful as a variable
capacitor in radio-frequency bridges.

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

722N Precision Condenser connection is
made at the center 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 its low metallic 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 uuf, direct reading.
Rotor Plate Shape: Semicircular to give a linear capaci-
tance characteristic.
Standard-Calibration Accuracy: The capacitance,
measured at 1000 cycles, is indicated directly in micro-
microfarads by the dial and drum readings to +1 uuf.
Worm-Correction Calibration: A worm correction can
be supplied on special order. (See price list.) A mounted
chart is supplied giving the corrections to at least one
more figure than the guaranteed accuracy stated below,
When this correction is used, the capacilance can be
determined within +0.1 guf or 40.19,, whichever is
the greater, and capacitance d