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Type 213

AUDIO OSCILLATOR

A multitude of Bridge measurements require a dependable source
of alternating current of low power. The frequency must remain con-
stant. The supply source should also be simple in its operation, rugged
and reliable. It was to meet these requirements that the General
Radio Type 213 Audio Oscillator was designed.

The output of this oscillator is about 0.06 watt at 1000 cycles.
External binding posts are so arranged that three output voltages may
be obtained. The outputs obtainable with these three different con-
nections are as follows:

Point Voltage Current

Low 0.5 volts 100 milliamperes
Medium 1.5 volts 40 milliamperes
High 5.0 volts 12 milliamperes

[ Page 600 ]



For some capacitance measurements it is desirable to use a high
voltage. 'This increased voltage may be obtained by connecting an
inductance and capacitance in series across the high voltage output
terminals of the oscillator. By adjusting this circuit to resonance,
voltages as high as 50 or 100 may be obtained by connecting output
leads across the condenser. This instrument will operate satisfac-
torily on from four to eight volts. The input current is approximately
0.13 ampere. When running, the oscillator may be heard for a dis-
tance of approximately twenty-five feet, or may be made silent by
enclosing in a sound-proof box,

The circuits of this oscillator are shown in the diagram. The
closing of the switch places the field magnetizing coil directly across
the battery. Also across the battery is the primary of the input trans-
former in series with the microphone button. The resonance circuit
consists of the secondary of the input transformer, the primary of
the output transformer, the armature coil and the condenser. The
output transformer secondary has three taps to permit the obtaining
of three different output voltages. The use of the two transformers
prevents the output wave from containing any direct current compo-
nent. Each transformer core has a small air gap to prevent distortion
of the wave form. Since; however, the magnetic circuits are all nearly
closed iron paths there is very little outside field. This feature is
particularly important where the oscillator is being used in close prox-
imity to the bridge. The tuning fork insures that the frequency be
kept constant and at 1000 cycles. The resonance circuit is carefully
adjusted to this value. Since the oscillator is self-starting, it may be
located at a point distant from the bridge and operated by a switch
placed at the bridge.

By the use of the field magnetizing coil on one tine of the vibra-
ting fork, instead of relying on its permanent magnetism, the polarity
and intensity of the magnetization of the fork with respect to the
armature are permanently maintained.

Success or failure in the operation of a hummer, or audio oscillator,
lies very largely in the microphone button. If the button heats so
that the oscillator cannot be run indefinitely, if the adjustment of the
button is not permanent, or if slight mechanical shocks change its
operating characteristics, the oscillator has little commercial value.
A distortion of as small an amount as one five-hundredth of an inch
from normal position of the mica will destroy the perfect operation of the
button. In order that the button may be insensitive to mechanical
shocks and yet operate properly at 1000 cycles, use is made of its high
inertia effect at the latter frequency. One side of the button is attached
to the tuning fork by means of a short, flat spring. The other side, which
has a projecting mounting post, is held in position by a specially dcsu-rned
self-centering spring. This combination of springs enables the button
to withstand severe shocks, yet it has sufficient inertia so that perfect
operation is obtained. The adjustment of the button is permanent
and needs no further attention after leaving our laboratory. This type
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of mounting, together with the fact that the electrical constants of the
circuits have been adjusted to their optimum values, insures the con-
tinuous operation of the oscillator without heating.

It should, of course, be understood that this oscillator is not in-
tended to displace the larger types of oscillators used where several
watts of output are required. It is intended rather for general lab-
oratory use where power of good waveform is desired for a single bridge.
As the pureness of waveform is dependent on the load on the oscillator,
whenever a pure waveform is essential the oscillator should not be
overloaded. This oscillator is adapted for the usual alternating current
measurements of inductance and capacitance.

The oscillator is mounted in a polished walnut box and has an en-
graved bakelite panel. The exposed metal parts are finished in pol-
ished nickel. The control switch is easily accessible and is of the
convenient lock button design.

Type 213 ADAI0) OCIIALO .orroermrcersomesomsersisssiisisiissins s s $32.00
Dimensions 6”x434”x5”. Weight 4%% lbs.

Code Word “AUGER.”
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The products of the General Radio Company cover a complete line
of radio and electrical laboratory apparatus. Our line includes the fol-
lowing:

Standards of Inductance Galvanometer Shunt Miscellaneous

Standards of Resistance ~ Vernier Condenser Apparatus
Seandard Corndetsets Audibility Meters Piezo Oscillator
e Wavemeters Artificial Telephone
Pl‘CCIlSIOll (,ogdensers and Oscillograph T ines
; W avernaiers Vibration Artificial Cable Units
Variable Air Condensers Galvanometer Attenuation Networks
Decade Resistance Boxes  Variometers Lab. Potentiometers
Telephone Transformers  Capacity Bridges Ohmmeters

Vacuum Tube Oscillator ~ Impedance Bridge A mplification Test Set
Radio I'requency Oscillator Vacuum Tube Bridge Beat Frequency

Tuning Fork Oscillator Bridge Circuits for Oscillator
Thermo-Couples Cable Testing and Laboratory Amplifier
Hot Wire Meters Other Purposes Transformers, Fixed
Galvanometers Decade Condensers and Adjustable

Information and quotations on special apparatus will be sent on
request.

(‘This Bulletin replaces Bulletin 720)
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Coupler giving nearly constant amplification over the wide range of fre-
quencies used, to an amplifier tube. The output of the oscillator is taken
off across a 10,000 ohm resistor used as a voltage divider, permitting the
adjustment of the output voltage without changes in the oscillator
circuit proper which might affect wave-form or frequency.

T
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Three variable capacities will be seen in the above diagram. One of
these is a small compensating condenser mounted inside the instrument.
The purpose of this condenser is to correct for any slight inaccuracy in
the fixed condenser in this circuit. Slight changes in frequency of either
oscillator due to changes in circuit conditions may be compensated for
by means of this condenser, which is adjusted so as to bring the two
oscillators to zero beat. The frequency is changed by means of two
other variable condensers, the main tuning unit of 500 MMF maximum
capacity, and a micro-condenser shunted across it for fine adjustment.

The Beat-Frequency Oscillator is designed for use with either
WX-12 or UX-199 tubes, space being provided in the cabinet for three
one and one-half volt dry cells and three twenty-two volt “B” batteries.
UX-201A tubes may be used with an external battery if desired. A
five-volt Weston meter on the panel, and a rheostat inside the cabinet
permit the adjustment of the filament voltage to the rated value. The
Type 413 oscillator has an output of about two and one-half volts. The
variation in output voltage over the frequency range is about 10%. The
wave-form is satisfactory for most purposes, the total of harmonics
being at a maximum but 4% of the wave in voltage.

The Type 413 oscillator is useful in the measurement of all devices
intended for operation in the audio frequency range. It is particularly
helpful in the study of loudspeaker response curves, as the complete
frequency range at practically constant intensity is available by one-
half revolution of the main dial so that peaks or hollows in the response
of the speaker are immediately evident. Any tendency to blast at
particular frequencies is quickly revealed.
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The Type 413 Beat-Frequency Oscillator may also be used to mod-
ulate the output of the General Radio Type 384 Radio Frequency
Oscillator. The modulated radio frequency output thus obtained may
be used in testing receiving sets for both radio and audio frequency re-
sponse. The audio modulating frequency can be quickly compared with
the audio frequency output of the receiver with an oscillograph such as
the General Radio Type 338.

This instrument is licensed under Patent No. 1113149 by the
Radio Corporation of America for experimental laboratory use only
where no commercial features are involved.

Type 413 Beat-Frequency Oscillator. ... Price $210.00
Without batteries or tubes.
Dimensions 12” x 8” x 20”. Weight, 27 pounds; with battery, 40 pounds.
Code Word “ORGAN.”

Type 384

RADIO FREQUENCY OSCILLATOR

A small radio frequency oscillator has a wide range of usefulness
in the laboratory. For maximum utility such an instrument must have
a wide frequency range and be readily portable. The Type 384 Oscilla-
tor has been designed to meet these requirements.

The Type 384 Oscillator is of the plug-in coil ty pe. The range may
be extended from 15 to 30,000 meters by means of nine coils. A single
UX199 tube is used which permits an entirely self-contained instrument.
A plate milliammeter is provided to indicate oscillation.

The Type 384 Oscillator may be used as a source in high frequency
measurements of coils and condensers, or for the checking of receivers.
It 1s particularly useful for the latter purpose w hen combined with the
Type 384 Beat-Irequency Oscillator. The oscillator is provided with
mput terminals so that the beat oscillator may be used as a modulator.
In this manner the over-all receiver characteristics may be readily
checked, both radio frequency and audio frequency tests being made
simultaneously.
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The Type 384 Oscillator is also readily adapted to use as the
auxiliary oscillator in conjunction with the type 275 Piezo Oscillator
when using harmonics of the plate frequency for calibration of frequency
standards.

Type 384 R. F. Oscillator, without coils.......cmmmins Price $80.00
Code Word “ODIUM”. '

The following coils are available for use with the Type 384 R. F.
Oscillator:

Type Range Code Word Price
384-A 15-30 meters HAZEL $3.00
384-B 30-80 ¢ HEAVY 3.00
384-C 70-290 HELOT 3.00
384-D 190-575 & ~ HERON 3.00
384-I 565-1,760 HILLY 4.00
384-F 1,700-4.400  + « HINNY 4.00
384-G 4,400-12,000 « HOARY ' 5.00
384-H 12,000-30,000 HOLLY 8.00
384-D 8 200-600 4 HOBBY 4.00

The products of the General Radio Company cover a complete line
of radio and electrical laboratory apparatus. Our line includes the fol-
lowing:

Standards of Inductance Galvanometer Shunt Miscellaneous

Standards of Resistance Vernier Condenser Apparatus
Standard Condensers Audibility Meters Piezo Oscillator
Precision Condensers and  YVavemeters Artificial Telephone
Wavenieters Oscillograph Lines
Vibration Artificial Cable Units

Variable Air Condensers

. jalve Attenuation Networ
Decade Resistance Boxes - Q_al\ gndracics tte AUALOR INehval ks
Talethone Tianstar Variometers Lab. Potentiometers
- FEPLONS L MANSIACIners Capacity Bridges Ohmmeters

Vaa{um Tube Oscillat.or Impedance Bridge  Amplification Test Set
Radio Frequency Oscillator Vacuum Tube Bridge Beat Frequency

Tuning Fork Oscillator Bridge Circuits for Oscillator
Thermo-Couples Cable Testing and lLaboratory Amplifier
Hot Wire Meters Other Purposes Transformers, Fixed
Galvanometers Decade Condensers and Adjustable

Information and quotations on special apparatus will be sent on
request.

(This Bulletin replaces Bulletin 726)
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ELECTRICAL AND RADIO LABORATORY APPARATUS

CAMBRIDGE, MASSACHUSETTS

BULLETIN 7050

JULY 1927

Type 222
PRECISION CONDENSER

Condensers used as standards and for precision measurements
must have many features not usually found in ordinary laboratory
condensers. For variable standards it is essential that the plates be
sufficiently rigid and well spaced so that handling the condenser will
not cause a change in capacitance. It is not alone sufficient that the
power factor be low, but it is also important that the dielectric losses
be substantially constant throughout the entire range of the condenser.

The General Radio Type 222 Precision Condenser is intended
tor those places where precision is essential, rather than for use as an
ordinary laboratory experimental condenser. In its design, the me-
chanical as well as the electrical features have received special attention.

MECHANICAL.  The plates are of heavy aluminum, widely
separated by accurately turned spacers, and firmly clamped between
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substantial cast metal end-plates. A steel shaft, carrying the rotating
plates, turns in cone-shaped bronze bearings. The adjustment is
locked after the condenser has been .t-»UbJ(.LtQLl to a rotation test to
insure the proper fit of the bearings.

The rotary plates are turned by a worm and -gear, thus permitting
fine control. Th(, worm is held b\' spring tension in position against
the gear to prevent backlash. This is the same method used in accurate
dividing engines. The worm is lapped in to insure perfect fit, and the
condenser then tested for backlash in the laboratory.

ELECTRICAL. The stator plate assembly is insulated from the
ngld end-plates, carrying the rotar assembly, by Isulantite blocks.
As these blocks are small in volume, and placed in a weak, non-varying
clectrostatic field, the condenser has a very low power factor, .007%

at 1000 MMF.

When using this condenser in measuring the power factor of ab-
sorbing condensers the fact that the field, where the Isulantite supports
are locatcd does not vary with condenser setting is of importance.
because it permits the assumption that the precision condenser is the
equivalent of two condensers in parallel, one being a perfect condenser
of variable capacity, the other a small fixed condenser with which is
associated all the dielectric losses.
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The temperature coeflicient of this condenser is practically nil,
and there is no change in capacity with frequency. 'The equivalent
series resistance at 1000 cycles and 1000 MNMIF. is approximately 11
ohms. The breakdown potential 1s about 1000 volts.

SCALES AND CALIBRATION. Attached to the main shaft
is a scale, divided into 25 equal parts, while on the worm shaft is a
second scale, the circumference of which is divided into 100 equal parts.
Since one complete turn of the worm shaft moves the main scale through
one division, the position of the rotary plates may be read directly to
1 part in 2500—equivalent to about 0.6 MMLE. Since these sub-scale
divisions are % of an inch apart, it is easy to estimate to one-fifth of a
division. Each condenser is supplied with a chart giving, with an
accuracy of 1 MMF., the condenser calibration at 26 points.

MOUNTING. The condenser is mounted cn a %4 inch aluminum
plate, finished in permanent crystalline black. This plate forms the
top of the case, which is of polished walnut and lined with a copper
shield. In order that the condenser may be kept free from dust the
two scales are read through glass windows set into the aluminum top.
A hard rubber rotating handle extends into the box and engages the
worm shaft. The carryving handle and other metal parts are finished
in polished nickel.

A substantial whitewood carrying case, provided with lock and
carrying handle, is furnished with each instrument.

Type 2221 Precision Condenser.........mmmmmemmmmn 9 O000
Dimensions 824" x 834” x9”. Weight 16 Ibs.
Code Word “COPAL.”

Type 224
PRECISION WAVEMETER

Range 75-24,000 meters (4,000-12.5 kilocycles)
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This wavemeter is designed to provide an accurate instrument for
laboratory service, yet sufficiently portable for general measurement
work where precision is essential.

MECHANICAL. Since the condenser is the Type 222 described
above, it is not necessary to repeat its description here. The coil
mounting is rugged, and particular care has been taken to lock or pin
all parts to keep them secure. The coils are wound and mounted in
such a manner that the turns cannot become loose.

ELECTRICAL. A standard wavemeter must be sharp tuning.
This has been accomplished in the Type 224 wavemeter by the use of a
low loss condenser and by proper inductance design. In the design
of these inductances, of which there are five, attention also has been
given to the necessity for low dielectric losses, low distributed capacity,
good form factor, and a reasonable amount of overlap in wave length.

To insure accuracy under all conditions no extra circuits such as
a buzzer or detector are incorporated in the wavemeter. There is but
one circuit, the calibrated oscillating circuit, which consists of the
condenser, an inductance and a Weston thermo galvanometer for indi-
cating resonance. This circuit is so connected that the condenser rotor
plates, the condenser shield, the thermo galvanometer and the outside
of the inductance coil are at low potential. This prevents disturbances
due to variation in stray capacities.

SCALES AND CALIBRATION. The scale arrangement is the
same as is used on the Precision Condenser. Mounted calibration
curves are furnished for each coil. The standards used in calibrating
are checked by means of a series of quartz plates, used as described in
Bulletin 718. Harmonics of the plates were checked at low frequency
against a standard clock.

The accuracy of calibration of the Type 224 is 0.25%.

MOUNTING. The condenser is mounted in a polished walnut
case similar to that of the Precision Condenser. Each inductance coil
is enclosed in a walnut box with an engraved hard rubber panel stating
the wavelength range. The terminal blocks are so shaped that they
will fit on to the connecting bars in one way only, thus insuring that
each coil will always be connected in the same manner in which it was
calibrated.

A strongly built whitewood shipping case is furnished with each
wavemeter. Separate compartments are provided for the condenser
and coils. This case is fitted with a carrying handle and lock.

Type 224 Precision Wavemeter .$190.00
Dimensions 18” x 11”7 x 11”. Weight 34 Ibs.

Code Word “WAGER”

The Type 224L Precision Wavemeter is similar in general con-
struction to the Type 224, with such modifications as proved necessary
for short wave work.

Type 224L.. 15—600 meters . e PTICE $200.00
Dimensions 1874"” x 12%4” x 13”. Weight 4134 Ibs.
Code Word “UNDER.”

(This Bulletin replaces Bulletin 719)
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QUARTZ

Type 275
PIEZO ELECTRIC OSCILLATOR

The piezo electric properties of crystalline quartz make it particu-
larly well adapted for use as a frequency standard. Plates of this ma-
terial when properly prepared, and placed in the circuit shown on page
804, will hold the frequency within very narrow limits. The oscil-
lating frequency is nearly independent of the electrical constants of the
circuit.  The frequency is entirely dependent on the physical dimen-
sions of the quartz plate which may be ground very closely to specifica-
tions. 'The frequency is practically unvarying with temperature and is
not affected by any mechanical shock which does not fracture the plate.

The General Radio Company, working in conjunction with Dr. W.
G. Cady and Dr. G. W. Pierce, has developed a commercial application
of this principle.
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the plate or in the holder clearances. The development of a small, reli-
able frequency standard suggests the possibility of uniform frequency
standards, provided by a central laboratory.

Type 375
STATION PIEZO OSCILLATOR

For broadcast station use there has been developed the Type 375
Oscillator. This instrument incorporates an oscillator, similar to the
Type 275, and a two-stage amplifier. The addition of the amplifier
makes this unit suitable for monitoring in the operating room. When
the Type 375 Oscillator.is placed in the operating room, and connected
to a loudspeaker, the beat note becomes plainly audible when the sta-
tion frequency differs from that of the standard. The plate is supplied
in an adjustable holder which may be given its final adjustment at the
Bureau of Standards at the request of the broadcast station.

Licensed under U. S. Pats. Nos. 1450246 and 1472583 for experi-
mental use only.
Type 275 Oscillator
Dimensions 10”x11”x8”. Weight 16 pounds.
Price $60.00 Code Word “LABEL.”
‘T'ype 375 Station Piezo Oscillator, including two-stage Amplifier.

Dimensions 13%4”x13”x8”. Weight 19 pounds.

Price, without plate, $100.00 Code Word “LATIN.”
Type 276A Plates, unmounted, for amateur use, 150-170 meters.

Price $15.00 Code Word “LABOR.”
Type 376B Plates, mounted 25%.

Price $25.00 Code Word “LAGER.”
Type 376C Plates, mounted, ground to & 5% of specified frequency.

Price $35.00 Code Word “LAPEL.”
Type 376D Plates, mﬁuntcd, ground to £0.1% of specified frequency.

Price $50.00 Code Word “LARVA.”
Type 356 Plate Holder, for use only with Type 276A Plate.

Price $1.00 Code Word “LASSO.”

This Bulletin replaces Bulletin No. 724.
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Type 338
STRING OSCILLOGRAPH

In many lines of work and experimentation with alternating cur-
rents the need is frequently felt for a simple, sensitive, portable, and
inexpensive oscillograph, with which one may view with ease either sus-
tained wave forms or transient currents and voltages existing at any
point in an electrical circuit or network. To meet this requirement the
General Radio Company has designed a compact and moderately priced
instrument which may be used for two distinct purposes:

1. As a string oscillograph which operates with much less power
than 1s usually required by such instruments, but which affords a satis-
factory means for the visual examination of wave forms over a wide
range of frequencies. The wave of either current or voltage is traced by
the shadow image of a very fine vibrating wire rather than by a spot of
light reflected from a mirror attached to a moving system. The vibrat-
ing element can, accordingly, be made much lighter, resulting in an
increased sensitivity of the instrument. The uses for such an instru-
ment are manifold, as, for example: the observation of large or small
alternating currents in the laboratory, power house, or class room; the
visual examination of telephonic currents in simple or complicated cir-
cuits; the study of mechanical vibrations (when combined with some
form of microphone or magnetophone) occurring in moving machinery
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or in bridges or other structures subject to intermittent stresses, etc.
For many such lines of work the portable nature of the equipment is of
especial value. If the oscillograph is connected in series with the loud
speaker of a radio receiving set, an instructive and entertaining result
will be obtained.

2. As a reliable vibration galvanometer, the string of which may
be tuned to give a good degree of sensitivity at any desired frequency
over a considerable range. In this respect the instrument is especially
useful as a null point detector in A. C. bridge measurements when using
low frequencies at which the telephone receiver becomes insensitive and
otherwise unsatisfactory. As the galvanometer has no coil in the mag-
netic field, its reactance is practically nil when the string is not vibrat-
ing, a feature which is desirable for certain applications.

An idea of the sensitivity of the instrument may be obtained from
the following data: using a string of 0.0004 inch tungsten wire, un-
damped, and tuned to the fundamental of the applied A.C. frequency,
the following potentials are required to produce a wave form having an
amplitude of one millimeter:

At 60 oyeles. .o 0.2 millivolts
At 250 ¥ Gaeseclamamdial 1.0 "
At 500 “ .. 2.4 =
Rt TOUD: % lmi 8.5 i

The D. C. sensitivity of the same string when tuned at various fre-
quencies is seen from the following data, which gives the D. C. potentials
required to give a deflection of one millimeter on the screen:

At 60 cycles .inmiiiiatod 0.0047 volts
At 250 “ L0065 - ¢
At 500 ¢ . -0.30 i
Af T % | e 1.31 .

The resistance of the instrument strung with the 0.0004 inch tung-
cten wire is of the order of 65 ohms.

The complete equipment of the string oscillograph comprises the
following items:

1. A galvanometer, Type 338-20.

2. A rotating mirror box, Type 338-21.

3. An oscillograph base cabinet, Type 338-22.

4. A carrying-case, Type 338-12, for readily storing or transport-
ing the instrument.

-

5. A convenient piece of auxiliary apparatus consists of an ad-
justable rheostat, Type 340, having a total resistance of 100,000 ohms.
This, placed in series with the oscillograph, enables the same to be used
with voltages up to 500.

6. Another useful piece of auxiliary equipment consists of a step-
down transformer, Type 285-N, to adapt the oscillograph for efficient
operation in high impedance circuits.

The appearance of the instrument may be seen from the photo-
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graph. A walnut base cabinet serves to support and properly align the
parts. In the left portion of this is a drawer for holding spare string
mountings and other equipment.

The galvanometer is mounted upon the right-hand end of the
cabinet. It is sensitized by two permanent magnets, thus eliminating
the need of a source of direct current for producing the necessary mag-
netic field. Two specially shaped pole pieces afford a long, narrow,
vertical gap in which the string vibrates, and at the same time serve to
support the optical system, which consists of a large and a small con-
denser lens, together with a microscope objective. The large lens and
the standard automobile headlight bulb used are located in the lamp
chamber seen on the extreme right, while the two small lenses are
located within a tube passing through the pole pieces. All three lenses
are adjustable along the optical axis, while the lamp is adjustable in
three dimensions. This makes it easy to focus the system to give a
uniform field of illumination. A thumb-screw, located on the left end
of the lamp chamber, slides the optical system as a whole with reference
to the string and theieb} focuses the shadow image of the same upon
the observing screen.

The string is mounted upon a metal rocker arm, which, in turn, is
attached to the rear of a vertical bakelite strip, shown in the photo—
graph. Two adjustment screws will be seen ptotrudlng through the
front of this strip. One of these varies the tension on the string, while
the other serves to move the string across the light beam in order to
center the image on the screen. Provision is made for damping the
vibration of the string, if desired, by means of two drops of oil. The
whole string assembly is readily rcmovable electrical contact being made
through two springs on the galvanometer base. Two str ing mountings
are provided with the equipment, one strung with a very fine tungsten
wire about .0004 inch in diameter, while the other is strung with a
coarser wire. These strings, which are each 4}% inches in length, may
be considerably overloaded without damage. As they carry no mirror
their replacement, if accidentally broken, is a comparatively simple
operation.

On the left of the galvanometer base is mounted an enclosed poten-
tiometer for adjusting the potential applied to the string, and hence
controlling the amplitude of vibration.

On the left of the cabinet is mounted the mirror box, which is like-
wise made of walnut. This contains a rotating octagonal metallic mirror
which affords the necessary time element of lincar motion perpendicular
to the vibration. The mirror is mounted on the shaft of a small induc-
tion motor and is provided with jewelled bearings. This motor 1s of
simple construction, consisting of a circular disc, the periphery of which
passes through a gap in a rectangular, laminated core. The core is ener-
gized by a high impedance coil can)mg a 60-cycle current and is sur-
rounded by two copper rings acting as shadlng coils” around one half
of the cross section of each pole. The unsymmetrical distortion of the
resulting field affords the driving torque. This motor is not inherently
synchronous, as its speed may be controlled over a wide range merely
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by varying the voltage impressed on the energizing coil. This is done by
means of a potentiometer, the knob of which is seen in the center of the
cabinet. A very constant speed of any desired value may be maintained
in this manner, which makes it easy to synchronize the motor to any fre-
quency impressed on the string, producing thereby a stationary wave
pattern. For observing transient phenomena of some duration, it is
desirable to have the mirror run quite slowly, while the maximum speed
of the motor is necessary to separate the individual wave forms at the
higher frequencies. The 60-cycle wavelength at maximum speed is from
2)% to 3 inches, giving a wavelength of about 4% inch at 3000 cycles.

A screen bent on the arc of a circle is seen by looking down into the
box, which is provided with an adjustable metallic cover that serves as a
hood for shielding the screen when desired. The observer may stand at
some distance from the screen and still watch the wave form while
manipulating other apparatus. This is a convenient feature. A cylin-
drical lens is mounted in the mirror box for concentrating the light
beam into a narrow line. 'This sharpens and intensifies the image con-
siderably. The front vertical wall of the mirror box is easily removable
for inspection and adjustment of the enclosed parts.

Terminal posts, together with a cord and plug, are provided for
attaching the equipment to a source of 60-cycle, 110-volt current which
may conveniently be turned on or off by a small toggle switch mounted
on the center portion of the cabinet. This is the only source of power
required, as the lamp is lighted through a step-down transformer mount-
ed in the cabinet. The whole instrument takes about 40 watts.

The cabinet contains a 3 MF. paper condenser which is frequently
useful for eliminating a D. C. component from the string.

Type 338 Oscillograph, with Carrying-Case........oo..... 200.00
Dimensions, 30”x 11”7 x 17”. Weight, 61 Ibs.
Code Word: “OFFER”

When the instrument is desired for use only as a vibration galvano-
meter it may be procured without the mirror box, but provided with a
tube having a small translucent screen for observing the image of the
vibrating string. In front of this is a small cylindrical lens for concen-
trating the light beam and intensifying the image. A metallic support
is provided for the outer end of this tube.

Type 338-20 Vibration Galvanometer Complete, with
Carrying-Case $140.00
Dimensions, 30” x 11”7 x 17”.  Weight, 53 Ibs.
Code Word: “OFTEN?”

Rheostat, Type 340 e $16.00
Transformer, Type 285-N......ooeeeo s 8.00
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Type 355
AMPLIFIER TEST SET

The widespread interest in audio amplifier characteristics makes
the development of a standard and reliable method of taking them
highly desirable. The test method should reproduce as nearly as pos-
sible the working conditions of the amplifier. It should neither omit
any factor tending to affect the characteristic, nor introduce any effects
not present in the amplifier.

The coupling device of the audio amplifier is always used in the
plate circuit of a vacuum tube whose impedance affects the action of
the amplifier very greatly. It is therefore necessary that the test
instrument either be so arranged that the coupling device is connected
in the plate circuit of a vacuum tube, or that the effect of the plate
impedance be reproduced in some manner. It is also important that
no current be allowed to flow in the transformer secondary, as even a
very slight secondary current will entirely alter the characteristic.

In the Type 355 Test Set all the necessary elements of a reliable
test set are assembled in a compact unit. All changes in connections
are made with quick throw switches. The cabinet also contains the
vacuum tube voltmeter and its plate and grid batteries. The whole
unit is assembled in a walnut case with bakelite panel.
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The circuit used in the Type 355 Test Set was chosen after an
examination of the test methods used in a number of leading labora-
tories. A resistance (Rp in the diagram) is used to simulate the im-
pedance in series with the transformer primary. This resistance s
variable in 5000 ohm steps and covers the usual range of tube impe-
dances. A vacuum tube voltmeter is used as a measuring device. The
constants of the voltmeter are so adjusted that the grid of the voltmeter
tube cannot take current while the galvanometer is on scale.
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Figure 1

The input voltage to the transformer under test is taken off across
a portion of the high resistance across which the oscillator output is
impressed. The remainder of this resistance is used for checking the
secondary voltage of the transformer. The voltmeter is used only as a
transfer instrument.

In order that the effect of winding capacitances may be reproduced
correctly it is desirable that the F minus terminals are connected to-
gether, both will be at ground A. C. potential, as under working con-
ditions.

The vacuum tube voltmeter is also used to check input voltage, a
transfer switch being provided.

The method of test is as follows: The input voltage is adjusted to
the desired value by adjusting the oscillator output. The voltmeter
is transferred to the transformer secondary, and the deflection of the
galvanometer observed. If the transformer secondary voltage is high
enough to send the galvanometer off scale, an additional adjustable
bias 1s switched in and the meter needle brought on scale. The volt-
meter is again switched to the oscillator output, and the potentiometer
adjusted until the reading is repeated. The voltage amplification of
the transformer is then indicated on the scale attached to the poten-
tiometer.
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When impedances, or other coupling devices whose ratio is less
than unity, are being checked, the multiplier resistance R? is connected
in circutt,

Amplification factors as high as 1:10 are measurable with this
imstrument.

Operating Instructions

When the test set is received, the panel should be lifted out by
removing the eight thumb nuts and lifting straight out. A UX-199 or
C-299 tube should be placed in the socket and the two 22.5 dry batteries
connected. The dry cells should be Eveready No. 763 or like size. The
red wires are connected to the plus battery terminals. The batteries
are not connected together. The batteries are held in place by spring
clips.

In making amplification measurements with the Type 355 set, the
following procedure should be followed:

The transformer to be measured is connected to the proper ter-
minals, and connections made to the battery supplying the vacuum tube
voltmeter. The oscillator is connected and set in operation.

Rp is set at a value corresponding to the plate impedance of the
tube which would normally be with the transformer.

In adjusting the input voltage the position of the switch should
be as follows: Mult Scale—XI: Bias—Out; Fil—on; amp—amp. and
Input Voltage.

The galvanometer is set to zero deflection by adjusting Fil Rheostat
while the oscillator is disconnected or inoperative, and the input voltage
adjusted as follows: The AMPLIFICATION dial is set to the recipro-
cal of the desired voltage (0.5 for 2 volts, 1 for 1 volt, 2 for .5 volts,
10 for 0.1 volts, etc.). The oscillator output is adjusted until the volt-
meter registers 1 volt. :

The voltmeter is switched to the transformer by throwing the
fourth switch from the left back. If the meter reads off scale, the bias
should be thrown in and adjusted to bring the meter on scale. Observe
the meter reading and throw the meter transfer switch forward. Ad-
just the AMPLIFICATION dial until the meter reading is the same as
with the transformer. The figure appearing under the indicator on the
AMPLIFICATION scale is the amplication of the transformer.

The process outlined above is repeated for each point on the curve.
The input voltage should be checked at each point.

Where impedances or other units where the amplification is less
than unit, the X.1 scale multiplier is used. The procedure in measure-
ment is the same as with transformers, except that the reading of the
AMPLIFICATION scale in measuring amplification is multiplied
by 0.1.

In setting the input voltage the AMPLIFICATION dial should
read as follows: For 1 volt read 10, for 2 volts 5, for 5 volts 2, etc.

Impedance coupling units are connected as shown in Iig. 2.
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Figure 2

If it is desired to measure the effect of direct current saturation
in the transformer primary, a battery and meter may be connected
externally, in series with the transformer. If this is done, the battery
should be disconnected when checking input voltage.

Type 355 Amplification Test Set............. Price $180.00

Dimensions 975" x 534” x 16. Weight 16 lbs.
Code Word “ABOVE.”
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MISCELLANEOUS TRANSFORMERS

There are many instances in radio and telephone work where cir-
cuits of different impedance are coupled together, requiring some form
of impedance adjusting device.

The General Radio Company manufactures an extensive line of
impedance adjusting units for various requirements. These include
both fixed ratio transformers for specific needs and variable ratio trans-
formers for laboratory use which may be adapted to a wide range of
circuit impedances.

VARIABLE RATIO TRANSFORMERS

For general laboratory purposes a transformer of variable ratio is
frequently convenient. Such a transformer may be connected in circuit
and the ratio adjusted until the maximum energy transfer is obtained.

The Type 359 Transformers are provided in several models, each
having a power rating of 25 watts. The ratio is varied on all types by
means of the switch, as illustrated. The primary coil in each case is
fixed, while the secondary may be adjusted to step down (ratios less
than unity) or to step up (ratios greater than unity) the impedance.

Types 359A to 359D inclusive are adapted for working out of cir-
cuits having impedances of from 6000 to 20,000 ohms, at frequencies
above 60 cycles. Types 359E to 359H inclusive are designed to give the
same variable ratios with the primary working out of circuits having an
impedance of the order of 600 ohms. Types 359C, D, G and H are
auto transformers, while Types 359B, E and F have separate primary
and secondary windings. They are provided with terminals to fit the
Type 274 plug, a convenient feature which facilitates circuit changes.
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Type 359A Transformer

Turns ratio (sec. to pri.) 0.025, 0.35, 0.5, 0.7, 1.0, 1.4.
Type 359B Transformer

Turns ratio (sec. to pri.) 0.06, 0.09, 0.13, 0.18, 0.25, 0.35.
Type 359C Auto Transformer

Turns ratio (sec. to pri.) 0.025, 0.35, 0.5, 0.7, 1.0, 1.4,
Type 359D Auto Transformer

Turns ratio (sec. to pri.) 0.06, 0.09, 0.13, 0.18, 0.25, 0.35.

Types 359A to D inclusive are dLS]glled to work out of circuits
having impedances of from 6,000 to 20,000 ohms.

Type 359E Transformer

Turns ratio (sec. to pri.) 0.025, 0.35, 0.5, 0.7, 1.0, 1.4.
Type 359F Transformer

Turns ratio (sec. to pri.) 0.06, 0.09, 0.13, 0.18, 0.25, 0.35.
Type 359G Auto Transformer

Turns ratio (sec. to pri.) 0.025, 0.35, 0.5, 0.7, 1.4
Type 359H Auto Transformer

Turns ratio (sec. to pri.) 0.06, 0.09, 0.13, 0.18, 0.25, 0.35.

Types 359E to H inclusive are demgned to work out of circuits
having impedances of 500 to 600 ohms.

Direct current (primary) resistance all types 400 ohms.
.......... Price $15.00
Dimensions 424” x 334” x 414",
The Type 284 transformers are designed for remote control and
line amplifier work. Their power rating is 20 watts.
Type 284C Double or Single Microphone to Grid Coupling Trans-
former.
Turns ratio 1:15.7.
This transformer is designed for coupling a microphone of either
the single or double button type to the grid of the modulator tube.
Type 284D Plate to Telephone Line Coupling Transformer.
Turns ratio 3.6:1.

Type 359 Transformers.......

A transformer designed to work out of the plate of a vacuum tube
into the standard telephone line (500-600 ohms impedance).

Type 284E Telephone Line to Grid Coupling Transformer.
Turns ratio 1:7.3.

A coupling unit for working out of the low impedance of a telephone
line into the high impedance grid circuit of a vacuum tube.

Type 284F Plate to Grid Coupling Transformer.
Turns ratio 1:2.

An interstage coupling transformer for use where good quality is
essential. The power rating is double that of our standard Type 285.
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Type 284 Transformers............... - Price $12.00
Dimensions 434" x 3%4” x 234”. Weight 2%4 Ibs.

Type 285M Single Microphone to Grid Coupling Transformer.
Similar to the type 284C, but designed for use with a single bottom
microphone. The power rating is 10 watts,

Turns ratio 1:15.7.
Dimensions 325" x 354" x 234”. Weight 174 lbs.
Type 285M Price $7.00

Type 285T is designed for use between circuits having approximately
the same impedance, in the neighborhood of 500 to 600 ohms where
it 1s desired to insulate such circuits {from each other, as when
direct current flows in one, and is undesirable in the other.

Impedance Ratio 1:1.
Dimensions 3%2” x 314" x 2%4”. Weight 1% lbs.
8175 b1 10 7] B e i o e ot e N S e Price $7.00

The Type 285N is designed to adapt the elements of the Type 338
Oscillograph to bridge circuits.
Ratio—Turns 18:1; Impedance 325:1.
Dimensions 325” x 34" x 215”. Weight 114 lbs.
Type 285N ... : Price $8.00

POWER TRANSFORMERS

A number of other transformers will be found listed in Bulletin
No. 927. They include small power transformers, iron cored chokes,
coupling transformers, and filters for use between the plate of various

types of vacuum tubes and loudspeakers.

Special transformers, both power and impedance adjusting, may
be made to order along the lines of those listed above. The usual price
for such special transformers is $15.00 each net.

The Engineering Department of the General Radio Company
would be glad to determine specifications for any such transformers
designed to serve any particular purpose.
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Type 166
TELEPHONE TRANSFORMERS

For many purposes in a laboratory a small iron core transformer
of high and adjustable impedance is extremely useful. It may be used
to advantage in impedance bridges employing a telephone receiver to
detect the balance point. With this transformer it is possible to adjust
the impedance of the telephone circuit to the most satisfactory value
for the bridge circuit, independent of the telephone receiver impedance.

The winding is all on one leg of the core, but is in two separate
parts so as to be used as a primary and bemndaly These windings,
however, may be connected in series should it be desired to use an
auto transformer connection. Taps are brought out on both the pri-
mary and secondary windings so that it is possible to vary the impe-
dance and the ratio of transformation. A small air gap is left in the
iron core to prevent any possible distortion of wave form due to satu-
ration of the iron. The panel is of bakelite with engraved lettering.
Nickel plated binding posts are used as terminals for the taps. The
following table shows the number of turns between each set of binding
posts:

PRIMARY SECONDARY
TRl s 150 Turns i PSR e 1200 Turns
253 it 3OO - TUrns B-T i 2800 Turns
34 600 Turns T8 4800 Turns
Type 166 Telephone Transformer.....oe. $7.00

Dimensions 234" x 215" x 2%4”. Weight 2 lbs.
Code Word “TOPIC.”
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