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Foreword

This series is dedicated to Electrical
Progress—to all who have helped and
those who may in the coming years help
to bring further under human control
and service to humanity this mighty
force of the Creator..

The Electrical Age has opened new
problems to all connected with modern
industry, making a thorough working
knowledge of the fundamental princi-
ples of applied electricity necessary.

The author, following the popular appeal for practical
knowledge, has prepared this progressive series for the electrical
worker and student; for all who are seeking electrical knowledge
as a life profession; and for those who find that there is a gap in
their training and knowledge of Electricity.

Simplicity is the keynote throughout this series. From this
progressive step-by-step method of instruction and explanation,
the reader can easily gain a thorough knowledge of modern
electrical practice in line with the best information and experi-
ence.

The author and publishers here gratefully acknowledge the
hearty and generous help and co-operation of all thase who have
aided in developing this helpful series of Educators. .

The series will speak for itself and “‘those who run may read.”

The Publishers.
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How to Use This Book

Finder

IMPORTANT

To quickly and easily find information on any subject, read
over the general chapter headings as shown in the large type—
this brings the reader’s attention to the general classification of
information in this book.

Each chapter is progressive, so that if the reader will use the
outline following each general chapter heading, he will readily

come to the information desired and the page on which to
find it.

Get the habit of using this Index—it will quickly reveal a
vast mine of valuable information.

.
“An hour with a book would have brought lo your mind,
The secret that look the whole yecr lo find;
The facts that you learned al enormous expense,
Were all on a library shelf to commence.”
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Radio Principles 4,441

CHAPTER 174

Radio Prihciple_s

Dr. Albert Einstein discards the theory of the ether usually
presented by writers in an attempt to explain radio transmis-
sion. Dr. Einstein derides radio’s ethereal medium as fiction,
calling it a makeshift fabricated to explain something for-
which scientists have not had the correct explanation. Ein-
stein believes it is an electro-magnetic phenomenon; so did
Charles Proteus Steinmetz.

Shortly before his death Steinmetz said: ‘‘ There are no ether waves.” He
explained that radio and light waves are merely properties of an alter-
nating electro-magnetic field of force which extends through space. Scien-
tists, he contended, need no idea of ether. They can think better in the
terms of electro-magnetic waves.

If a coil of insulated wire surround a piece of soft iron and
a direct current be sent through the coil, it is called an electro-
magnet. The space around the coil is the magnetic field.
When the current is increased the magnetic field inereases.
When the current is decreased the breadth of the field is re-
duced. If the current be reversed, the field is reversed. When
an alternating current is sent through the coil the magnetic
field alternates. The field becomes a periodic phenomenon or
a wave, described by Steinmetz as “an alternating magnetic
field wave.” '

Steinmetz, like Einstein, pointed out that the conception of the ether
is one of those hypotheses made in an attempt to explain some scientific
difficulty. He declared that the more study is applied to-the ether theory
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the more unreasonable and untenable it becomes. He held it to be merely
conservatism or lack of courage which has kept science from abandoning
the ethereal hypothesis.

Steinmetz called attention to the fact that belief in an ether is in con-
tradiction to the relativity theqry of Einstein, since this theory holds that
there is no absolute position or motion, but that all pasitions and motions
are relative and equivalent. Thus, if science agreed that the theory of
relativity is correct the ether theory must be abandoned.

No space will be wasted here’in talking about ether waves.

The space surrounding a wire that carries an electric current
is an electro-magnelic field, that is, a combination of a magnetic
field and an electrostatic field.

If the current aad voltage altemate, the electro-magnetic field alter.
nates; that i3, it i3 a p2riodic fizld or an electro-magnetic wave. Thus,
the broadcast listener who wants to forget the ether can think of the
aerial wire at the transmitter, setting up electro-maznetic waves in a field
of electric force, which now, the theories contend, fills all space and there-
fore every receiving wire is within the field. This fizl, however, is sup-
posed to be in a state of rest until the broadcast transmitter causes it
to vidbrate.

The action of the transmitter is like tappinz a mold of jallo. Waves
pass through it, and so radio waves are proda"ed in the electro-magnetic
field.

The transmitter taps the hypothetical medium, causing it to vibrate.
The receiving set is designed to detect the vibrations and so mtelhgence
is carrizd from one point to another.

It is well known that a stone thrown into a pond causes
ripples or waves on the surface of the water, which move away

NOTE.—A4s stated by Dr. Lee de Forest: Radio is simply a cause and an effect. The
¢ause is the radio transmitter. It makes an electro-magnetic splash that sets up radio waves.
These waves travel through space in all directions. The effect is the setting up of delicate
currents in the aerial or loop. These delicate currents are detected and converted into
audible sounds by means of the radio receiving set. Imagine a boy operating a paddle at
one end of a pond of still water. Ripples are set up in the water. They travel farther and
farther away from the paddle, getting weaker as they move along until they reach a piece of
wood which bobs up and down as it rides the waves. Put a.bell on the piece of wood, in order
that it will ring with the action of the waves, this illustrates the mechanical parallel of radio
communication.
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from the point of disturbance in conceniric circles of ever in-
creasing diamelers until they reach the shore. The number of
waves breaking on the shore in one second is called the fre-
quency of the wave motion, and the distance between them
measured from crest to crest, is the wave length.

The waves arc strongest at the point of disturbance and
gradually become weaker as they travel away from that point,
as shown in figs. 7,180 and 7,181. If the distance be sufficiently
great they will bocome so weak as to be invisible.

W

POINT OF DISTURBANCE

F16. 7,180.—Effect of throwinz stone ia still water; production of waves which radiate or travel
from the point where ctone eaters the water, or-'‘point of disturdance.”

NOTE.—According to Marconi radio waves go {7 ouler s»ace. In his inaugural address at
the second meeting of the Italian Society for the Advancement of Science Sept. 11, 1930, Sen,
Guglielmo Marconi expressed belief that radio waves may travel long distances, even millions -
of miles, beyond the eartn’s atmmospheric layer. Fe said that he did not sce any reason why, as
some scientists maintain, waves produced on the earth shou'd not travel such a distance, since
light and heat waves reach the earth from the sun, penetrating the at:nospieric layer. He re-
ferred to observations of such scientists as Stormer and Pedersen and conmented that the
former had said that electri.ied particles derived from the sun and under the magnetic influence
of the earth acted as a reflector of electric waves from the earth after they had passed the so
falled Kenelly-Heaviside layer.



4,444 Radio Principles

Radio communication as has been explained is @ form of
wave moiton which occurs in an electro-magnelic field, these waves
acling in.a similar manner lo waler waves. :

«--In radio communication-it is first necessary to create electro-
magnetlc waves in varying.groups and of varyinz strength, and
second to intercept them -with apparatus capable of changing
them to sound waves.

To create the waves it is necessary to have two surfaces separated by a
distance of from ten to several hundred feet and to create between them
an electrical pressure which changes its direction (first toward one surface
then toward the other) hundreds of thousands of times a second.

POINT OF WAVE LENGTH

IST-U‘RBANCE / O\,

~STRONGEST
FiG. 7,181.—Sectional view of waves produced by throwing stone in still water, illustrating

crest of wave, wave length and gradual weakening of the waves as they travel from the point
of disturbance.

It is the common practice to use the ground for one surface and provide
another surface by erecting a structure composed of one or more wires,
insulated from the earth and suspended many feet above it.

Between these, by means of suitable transmitting equipment an elec-
trical pressure is produced of from one to twenty volts which starts waves
radiating out in all directions. These pressure waves are, hcwever, only
part of a radio wave. From any wire in which current is flowing are
radiated electro-magnetic waves and radio waves are made up then, of
both electro-magnetic and pressure electrostatic waves.

Comparing these waves to the action of hurling a rock into a pool of
water, the amperes of electric current put into the antenna correspond to
the size of the rock, while the volts of electrical pressure are equivalent
to the force with which the rock is hurled. The larger the rock and the.
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greater the force behind it, the bigger the splash and consequent waves.
The more nmperes of current flowing in the antenna circuit and the greater
the pressure (volts) between antenna and ground, the stronger the waves
radiated. These radio waves have similar characteristics to another class
of waves—sound waves.

When the rote C is struck on the piano (as in fig. 7,182) the sound waves
vibrate 256 times per second and either a C tuning fork or a wire tuned
to C and in the immediate vicinity will vibrate 256 times per second also.
The two wires are said to be in resonance.

RESONANCE-,

{256 WAVES PER SEC.

'l i

| X

| 256 WAVES PER SEC.
|

|

[}
\

T'“‘\PIANO STRING VIBRATES

o) - T T

F16. 7,182.—Sympathetic vibration of tuning fork with struck piano string when tuned to same
pitch, illustrating the wave theory of radio.

The waves radiated by a radio transmitter always have a definite num-
ber per second and in order to hear a station, the receiving equipment
must be put in resonance with the waves radiated by the transmitter. This
operation is known as tuning.

Technical Terms.—For the convenience of the student defi-
nitions of the terms commonly used are here given; the list
should be used as a reference in studying the text.
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RADIO FREQUENCIES AND CORRESPONDING WAVE LENGTHS.

!‘reci;uency Wave Length Frequency _Wave Length
n in i

in n
KILOCYCLES METERS KILOCYCLES METERS
300, 000 1 1,200 250
160, 000 2 1,150 261
100, 000 3 1,100 273
75,000 4 1,050 286
60,000 5 1,000 300
50,000 8 950 316
40,000 8 900 333
30,000 10 850 353
25,000 13 800 . 875
20,000 15 750 400
15,000 30 700 429
12,000 25 650 462
10,000 30 600 500
8,000 38 550 545
6,000 50 500 600
5,000 60 450 667
4,000 75 400 750
3,000 100 350 857
2,500 120 300 1,000
2,000 150 250 1,200
1,700 177 200 1,500
1,600 188 150 2,000
1,500 200 100 3,000
1,450 206 : 50 6,000
1,400 214 40 7,500
1,350 222 30 10,000
1,300 231 0 15 000
1,850 240 10 50, 000

To convert frequency to wave length and wave length to frequency,
the following formulas are used:

300,000,000
frequency.(cycles per second)
300,000,000
wave length (in meters)
Kilocycles =1000 cycles

Wave length

Frequency =
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Radio Principles
Questions and Answers

What is meant by an ‘“‘A” power supply?

Ans. A power supply device providing heating current for
the cathode of a vacuum tube.
What is an alternating current?

Ans. A current, the direction of which reverses at regularly
recurring intervals, the algebraic average value being zero.
What is meant by amplification factor?

Ans. A measure of the effectiveness of the grid voltage rela-
tive to that of the plate voltage in affecting the plate current.
Describe an amplifier.

Ans. A device for increasing the amplitude of electric cur-
rent, voltage or power, through the control by the input power
of a larger amount of power supplied by a local source to the
output circuit.

What is an anode?

Ans. An electrode to which an electron stream flows.
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What is an antenna?

Ans. A conductor or a system of conductors for radiating or
receiving radio waves.

What is meant by the term atmospherics?

Ans. Strays produced by atmospheric conditions.

Describe what is meant by attenuation.

Ans. The reduction in power of a wave or a current with
increasing distance from the source of transmission.

What is the approximate length of audio frequency waves?

Ans. A frequency. corresponding to a normally audible
sound wave. The upper limit ordinarily lies between 10,000 and
20,000 cycles per second.

What is an audie frequency transformer?

Ans. A transformer for use with audio frequency currents./

What is meant by autodyne reception?

Ans. A system of heterodyne reception through the use of
a device which is both an pscillator and a detector.

Describe an automatic volume control device.

Ans. A self-acting device which maintains the output con-
stant within relatively narrow limits while the input voltage
varies over. a wide range.
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What is meant by a ‘‘B” power siipply?

Ans. A power supply connected in the plate circuit of a
vacuum tube.
Describe and give the function of a ‘‘Baftie.”

Ans. A partition which may be used with an acoustic radi-
ator to impede circulation between front and back.
Describe a band-pass filter.

Ans. A filter designed to pass currents of frequencies within
~a continuous band limited by an upper and a lower critical or
cut-off frequency and substantially reduce the amplitude of
currents of all frequencies outside of that band.

What is meant by the ierm ‘‘Beat’?

Ans. A complete cycle of pulsations in the phenomenon of
beating.
What is meant by beat-frequency?

Ans. The number of beats per second. This frequency is
equal to the difference between the frequencies of the combining
waves.

What is meant by the term beating?

Ans. A phenomenon in which two or more periodic quanti-
ties of different frequencies react to produce a resultant having
pulsations of amplitude.

What is meant by broadcasting?

Ans. Radio transmission intended for general reception.
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Describe a by-pass condenser.
1

Ans. A condenser used to provide an alternating current
path of comparatively low impedance around some circuit
element. ' '

What is meant by a ““C”’ power supply?

Ans. A power supbly device connected in the circuit be-
tween the cathode and grid of a vacuum tube so as to apply a
grid bias.

What is meant by a capacity coupling?

Ans. The association of one circuit with another by means
of capacity common or mutual to both.

Describe a carbsn microphone.

Ans. A microphone which depends for its operation upon
the variation in resistance of carbon contacts.

Describe the meaning of the term carrier.

Ans. A term broadly used to designate carrier wave, carrier
current or carrier voitage.

What is meant by carrier frequency?

Ans. The frequency of a carrier wave.

What is meant by carrier-suppression?

Ans. That method of operation in which the carrier wave is
not transmitted.
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What is a carrier wave?

Ans. A wave which is modulated by a signal and which en-
ables the signal to be transmitted through a spzcific physical
system.

What is a cathode?

Ans. The electrode from which the electron stream flows.

Describe and give the function of a choke coil.

Ans. An inductor inserted in a circuit to offer relatively
large impedance to alternating current.

Describe a condenser loud speaker.

Ans. A loud speaker in which the mechanical forces result
from electrostatic reactions.

Describe a condenser microphone.

Ans. A microphone which depends for its operatior{ upon
variations in capacitance.

What is meant by continuous waves?
Ans. Continuous waves are waves in which successive cycles
are identical under steady state conditions.

Define the meaning of Conversion transconductance.

Ans. The ratio of the magnitude of a single beat-frequency
component (f;+f;) or (f,—fz) of the output current to the mag-
nitude of the input voltage of frequency f; under the conditions
that all direct voltages and the magnitude of the second input
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alternating voltage f. must remain constant. As most pre-
cisely used, it refers to an infinitesimal magnitude of the
voltage of frequency f,.

Describe a converter generally as applied to super-heterodyne
receivers.

Ans. A converter is a vacuum tube which performs simul-
taneously the functions of oscillation and mixing {first detec-
tion) in a radio receiver.

What is meant by coupling?

Ans. The association of two circuits in such a way that

energy may be transferred from one to the other.

What is meant by cross modulation?

Ans. A type of intermodulation due to modulation of the
carrier of the desired signal in a radio apparatus by an unde-
sired signal.

What is meant by current amplification?

Ans. The ratio of the alternating current produced in the .
output circuit of an amplifier to the alternating current supplied
to the input circuit for specific circuit conditions.

What is a cycle?

Ans. One complete set of the recurrent values of periodic

phenomenon.

What are damped waves?

Ans. Waves of which the amplitude of successive cycles at
_ the source, progressively diminishes.
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What is a decibel?
Ans. The common transmission unit of the decimal system,
equal to 1/10 bel.

E I
1 bel=2 logu.f; =2 l.ogm—I;—
What is meant by detection?

Ans. Any process of operation on a modulated signal wave
to obtain the signal imparted to it in the modulation process.

What is a detector?

Ans. A device which is used for operation on a signal wave
to obtain the signal imparted to it in the modulation process.

Describe a diode vacuum tube.

Ans. A type of thermionic tube containing two electrodes
which passes current wholly or predominantly in one direction.

What is meant by direct capacitance (C) between two con-
-ductors?

Ans. The ratio of the charge produced on one conductor by
the voltage between it and the other conductor divided by this
voltage, all other conductors in the neighborhood being at the
potential of the first conductor.

What is meant by direct coupling?

Ans. The association of two circuits by having an inductor,
acondenser, or a resistor common to both circuits.
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What is a direct current?

Ans. An unidirectional current. As ordinarily used, the
term designates a practically non-pulsating current.

Describe what is meant by distortion.

Ans. A change in wave form occurring in a transducer or
transmission medium when the output wave form is not a faith-
ful reproduction of the input wave form.

What is meant by double modulation?

Ans. The process of modulation in which a carrier wave of
one frequency is first modulated by the signal wave and is then
made to modulate a second carrier wave of another frequency.

Describe an R.C.A. dynamic amplifier.

Ans. This is a variable gain audio amplifier, the gain of
which is proportional to the average intensity of the audio sig-
nal. Such an amplifier compensates for the contraction of
volume range required because of recording or transmission
line limitations.

What is meant by the dynamic sensitivity of a phototube?

Ans. The alternating current response of a phototube to a
pulsating light flux at spzcified values of mzan light flux, fre-
quency of pulsation, degree of pulsation, and steady tube
voltage.

What is an electro-acoustic transducer?

Ans. A transducer which is actuated by power from‘ an
electrical system and supplies power to an acoustic system or
vice versa.
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Describe what is meant by electron emission.

Ans. The liberation of electrons from an electrode into the
surrounding space. In a vacuum tube it is the rate at which
the electrons are emitted from a cathode. This is ordinarily
measured as the current carried by the electrons under the in-
fluence of a voltage sufficient to draw away all the electrons.

What is an electron tube?

Ans. A vacuum tubz evacuated to such a degree that its
electrical characteristics are due essentially to electron emission.
What is meant by emission characteristics?

Ans. A graph plotted between a factor controlling the emis-
sion (such as the temperature voltage or current of the cathode)
as abscissas, and the emission from the cathode as ordinates.

What is meant by facsimile transmission?

Ans. The electrical transmission of a copy or reproduction
of a picture, drawing or document. This is also called picture
transmission.

What is fading?

Ans. The variation of the signal intensity received at a given
location from a radio transmitting station as a result of changes
occurring in the transmission path.

What is meant by fidelity?

Ans. The degree to which a system, or a portion of a system,
accurately reproduces at its output the signal which is impressed
upon it, .
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What is a filament?

‘Ans. A cathode in which the heat is supplied by current
passing through the cathode.

Generally define and give the function of a filter.

Ans. A selective circuit network, designed to pass currents
within a continuous band or bands of frequencies or direct cur-
rent, and substantially reduce the amplitude of currents of un-
desired frequencies.

What is meant by the term frequency?

Ans. The number of cycles per second.

Describe 4 full-wave rectifier.

Ans. A double element rectifier arranged so that current is
dllowed to pass in the same direction to the load circuit during
each half cycle of the alternating current supply, one element
functioning during one-half cycle and the other during the
next_half cycle, and so on.

What is meant by fundamental frequency?

Ans. The lowest component frequency of a periodic wave or
quantity.

What is meant by fundamental or natural frequency of an
antenna?

Ans. The l'owest'resonant frequency of an antenna, without
added inductance or capacity.
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What is a gas phototube?

Ans. A type of phototube in which a quantity of gas has
been introduced usually for the purpose of increasing its
sensitivity.

" What is a grid?

Ans. An electrode having openings through which electrons
or ions may pass.

What is meant by grid bias?
Ans. The direct component of.the grid voltage.

What is a grid condenser?

Ans. A series condenser in the grid or control circuit of a
vacuum tube.

What is a grid leak?

Ans. A resistor in a grid circuit, through which the grid
current flows, to affect or determine a grid bhias.
What is meant by the grid-plate transconductance?

Ans. The name for the plate current to grid voltage trans-
ronductance. This has also heen called mutual conductance.

Describe a ground system of an antenna.

Ans. That portion of the antenna system below the antenna
loading devices or generating apparatus most closely associated
with the ground and including the ground itself.
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What is a grcund wire?

Ans. A conductive connection to the earth.

Describe a half- wave rectifier.

Ans. A rectifier which changes alternating current into
pulsating current, utilizing only one-half of each cycle.

‘What is meant by a harmonic?,

Ans. A component of a periodic quantity having a fre.
quency which is an integral multiple of the fundamental fre-
quency. For example, a component the frequency of which is
twice the fundamental frequency is called the second harmonic.

Describe a heater.

Ans. Anelectrical heating element for supplying heat to an
indirectly heated cathode.

Describe heterodyne reception.

Ans. The process of receiving radio waves by combining in
a detector a received voltage with a locally generated alternat-
ing voltage. The frequency of .the locally generated voltage is
commonly different from that of the received voltage. Hetero-
dyne reception is sometimes called beat reception.

What is meant by homodyne reception?

~ Ans. A system of reception by the aid of a locally generated
voltage of carrier frequency. Homodyne receptlon is some-
times called zero-beat reception.
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Describe an expansion type hot-wire ammeter.

Ans. An ammeter dependent for its indications on a change
in dimensions of an element which is heated by the current to be
measured.

What is meant by an indirectly heated cathode?

Ans. A cathode of a thermionic tube in which heat is sup-
plied from a source other than the cathode itself.
Describe an induction loud speaker.

Ans. It is a moving coil loud speaker in which the current
which reacts with the polarizing field is induced in the moving
member. :

What is meant by inductive coupling?

Ans. The association of one circuit with another by means
of inductance common or mutual to both.
What is meant by interelectrode capacitance?

* Ans. The direct capacitance between two electrodes.

Describe what is meant by interference.

Ans. Disturbance of reception due to strays, undesired sig-
nals, or other causes; also that which produces the disturbance.

What is meant by intermediate frequency in superheterodyne
reception?

Ans. A frequency between that of the carrier and the sig-
nal, which results from the combination of the carrier frequency
and the locally generated frequency.
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What is meant by intermodulation?

Ans. The production in a non-linear circuit element, of
frequencies corresponding to the sums and differences of the
fundamentals and harmonics of two or more frequencies which
are transmitted to that element.

Describe what is meant by interrupted continuocus waves.

Ans. These are waves obtained by interruption at audio
frequency in a substantially periodic manner of otherwise con-
tinuous waves.

What constitutes an ion?

Ans. It is an atom or molecule having an electrical charge
either positive or negative.
What does the term ‘‘kilocycle’’ stand for?

Ans. When used as a unit of frequency, it is one-thousand
cycles per second.
Describe a lead-in.

Ans. That portion of an antenna system which completes
the electrical connection between the elevated outdoor portion
and the instruments or disconnecting switches inside the build-
ing.

What is meant by linear detection?

Ans. That form of detection in which the audio output
voltage under consideration is substantially proportional to the
modulation envelope throughout the useful range of the de-
tecting device.
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Describe and give the function of a loading coil.

Ans. Aninductor inserted in a circuit to increase its induc-
tance but not to provide coupling with any other circuit.

What is generally meant by a loud speaker?

Ans. A telephone receiver or apparatus designed to radiate
acoustic power into a room or open air.
What is meant by a magnetic loud speaker?

Ans. One in which the mechanical forces resuit from mag-
netic reactions.

What is a magnetic microphone?

Ans. A microphone whose electrical output results from the
motion of a coil or conductor in a magnetic field.

Describe a master oscillator.

Ans. An oscillator of comparatively low power so arranged
as to establish the carrier frequency of the output of an amplifier.

How many cycles per second is one megacycle?

Ans. When used as a unit of frequency, it is one million
cycles per second.

Describe a mercury-vapor rectifier.

Ans. A mercury-vapor rectifier is a two electrode, vacuum-
tube rectifier which contains a small amount of mercury. Dur-
ing operation, the mercury is vaporized. A characteristic of
mercury-vapor rectifiers is the low voltage drop in the tube.
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Describe a microphone.

Ans. A microphone is an electro-acoustic transducer actu-
ated by power in an acoustic system and delivering power to an
electric system, the wave form in the electric system correspond-

-ing to the wave form in the acoustic syStem. This is also called
a telephone transmitter.

What is generally understood by a ‘“Mixer tube” in super-
heterodyne receivers?

Ans. A mixer tube is one in which a locally. generated fre-
quency is combined with the carrier signal frequency to obtain
a desired beat frequency.

What is a modulated wave?

Ans. A wave of which either the amplitude, frequency or
phase is varied in accordance with a signal.
Describe what is meant by modulation.

Ans. Modulation is the process in which the amplitude,
frequency or phase of a wave is varied in accordance with a sig-
nal, or the result of that process.

Describe what is meant by monochromatic sensitivity.

Ans. The response of a phototube to light of a given color,
or narrow frequency range.
What is a moving-armature speaker?

Ans. A magnetic speaker whose operation involves the vi-
bration of a portion, of the ferromagnetic circuit. This is
sometimes called an electromagnetic or a magnetic speaker.
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Describe a moving coil loud speaker.

Ans. A moving coil loud speaker is a magnetic loud speaker
in which the mechanical forces are developed by the interaction
of currents in a conductor and the polarizing field in which it is
located. This is sometimes called an electro-dynamic or a
dynamic loud speaker.

What is meant by Mu-factor?

Ans. A measure of the relative effect of the voltages on two
electrodes upon the current in the circuit of any specified elec-
trode. It'is the ratio of the changz in one electrode voltage to
a change in the other electrode voltage, under the condition
that a specified current remains unchanged.

What is an oscillator?

Ans. A non-rotating device for producing alternating cur-
rent, the output frequency of which is determined by the char-
acteristics of the device.

Describe an oscillatory circuit.

Ans. A circuit containing inducfance and capacitance, such
that a voltage impulse will produce a current which periodically
reverses.

Describe a pentode tube.

Ans. A type of thermionic tube containing a plate, a cath-
ode, and three add:tional electrodes. Ordinarily the three addi-
tional electrodes are of the nature of grids.
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What is meant by percentage modulation?

Ans. The ratio of half the difference between the maximum
and minimum amplitudes of a modulated wave to the average
amplitude, expressed in per cent.

Describe a phonograph pickup.

Ans. An electro-mechanical transducer actuated by a phon-
ograph record and delivering power to an electrical system, the
wave form in the electrical system corresponding to the wave
form in the phonograph record.

What is a phototilb‘e?

Ans. A vacuum tube in which electron emission is prbduced
by the illumination of an electrode. This has also been called
photoelectric tube.

What is meanfby the plate in a vacuum tube?

Ans: A common name for the principal anode.

Describe what is meant by power amplification of an amplifier.

Ans. The ratio of the alternating current pow\er produced in
the output circuit to the alternating current power supplied to
the input circuit.

What is meant by power detection?

Ans. That form of detection i which the power output of
the detecting device is used to supply a substantial amount of
power directly to a device such as a loud speaker or recorder.
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Describe what is meant by pulsating current.

* Ans. A periodic current, that is, current passing through
successive cycles, the algebraic average value of which is not
zero. A pulsating current is equivalent to the sum of an alter-
nating and a direct current.

What is a push-pull microphone?

Ans. One which makes use of two functioning elements 180
degrees out of phase.

Define the term radio-channel.

Ans. A band of frequencies or wave-lengths of a width suffi-
cient to permit of its use for radio communication. The width
of a channel depends upon the type of transmission.

What is a radio compass?

Ans. A direction finder used for navigational purposes.

Describe what is meant by radio frequency.

Ans. A frequency higher than those corresponding to nor-
mally audible sound waves.

What is a radio-frequency transformer? .

Ans. A transformer for use with radio-frequency currents.

What is a radio receiver?

Ans. A device for converting radio waves into perceptible
signals.
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Describe what is meant by radio transmission.

Ans, The transmission of signals by means of radiated elec-
tro-magnetic waves originating in a constructed circuit.

What is a radio transmitter?

Ans. A device for producing radio-frequency power, with
means for producing a signal.

Describe a rectifier.

Ans. A device having an asymmetrical conduction charac-
teristic which is used for the conversion of an alternating cur-
rent into a pulsating current. Such dzvices include vacuum-
tube rectifiers, gas rectifiers, oxide rectifiers, electrolytic recti-
fiers, etc.

What is meant by a Reflex circuit arrangement?

Ans. A circuit arrangement in which the signal is amplified,
both before and after detection, in the same amplifier tube or
tubes.

Describe what is meant by regeneration.

Ans. The process by which a part of the output power of an
amplifying device reacts upon the input circuit in such a manner
as toreinforce the initial power, thereby increasing the amplifica-
tion. This is sometimes called ‘‘feedback’” or “‘reaction”.

What is a resistance coupling?

Ans. The association of one circuit with another by means
of resistance common to both. .
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What is meant by the term ‘‘resonance frequency”” of a reactive
circuit?

Ans. The fraquency at which the supply currant and supply
voltage of the circuit are in phase.
Describe a rheostat.

Ans. A resistor which is provided with means for readily
adjusting its resistance.

What is the function of the screen grid in a vacuum tube?

Ans. A scr2en grid is a grid placzd bztwzen a control grid
and an anode, and maintained at a fixed positive potential, for
the purpose of reducing the electrostatic influence of the anode
in the space between the screen grid and the cathode.

What is secondary emission?

Ans. Electron emission under the influence of electron or ion
bombardment.

What is meant by the term selectivity?

Ans. The degree to which a radio receiver is capable of
differentiating between signals of different carrier frequencies.
"What is meant by sensitivity?

Ans. The degree to which a radio receiver responds to sig-
nals of the frequency to which it is tuned.

Describe sensitivity as applied to the photo-electric tube.

Ans. The electrical current response of a phototube with no
impedance in its external circuit, toa specified amount and kind
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of light. It is usually expressed in terms of the current for a
given radiant flux, or for a given luminous flux. In general the
sensitivity depends upon the tube voltage, flux 1nten51ty, and
spectral distribution of the flux. - - .-

What is.meant by the term ‘‘service.band’’?

Ans. A band of frequencies allocated to a given class of radio
communication service.

What is meant by the term *‘side band”’?

Ans. The bands of frequencies, one on either side of the
carrier frequency, produced by the process of modulation.

What is a signal?

Ans. The intelligence, message or effect conveyed in com-
munication. :

Describe what is meant by single-side band transmission.

Ans. That method of operation in which one side band is
transmitted, and the other side band is suppressed. The car-
rier wave may be either transmitted or suppressed.

What is static?

Ans. Strays produced by atmospheric conditions.

What is meant by the static sensitivity of a phototube?

Ans. The direct current response of a phototube to a light
flux of specified value.
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Describe a stopping condenser.

Ans. A condenser used to introduce a comparatively high
irn_pedanée in some branch of a circtiit for the purpose of limiting
the flow of low-frequency alternating ‘current.ot direct current
without materially affecting the flow of high frequency alter--
nating current.

What is meant by the term ‘‘strays”?

Ans. Electromagnetic disturbances in radio reception other
than those produced by radio transmitting systems.

Describe superheterodyne reception.

Ans. Superheterodyne reception is a method of reception in
which the received voltage is combined with the voltage froma
local oscillator and converted into voltage of an intermediate
frequency which is usually amplified and then detected to re-

"produce the original signal wave. This is sometimes called
double detection or supersonic reception.

What is meant by the term ‘‘swinging’’?

Ans. The momentary variation in frequency of a received
wave.

Describe a telephone receiver.

Ans. An electro-acoustic transducer actuated by power from
an electrical system and supplying power to an acoustic system,
the wave form in the acoustic system corresponding to the wave
form in the electrical system.



4,453-Q Radio Questions and Ancwers

What is television?

Ans. The electrical transmission of a succession of 1mages

-and their reception in such a way as to give a substantially con-

tinuous reproduction-of the object or scene before the eye of a
distant observer.

Describe a tetrode vacuum tube.

Ans. A type of thermionic tube containing a plate, a cath-
ode, and two additional electrodes. Ordinarily the two addi-
tional electrodes are of the nature of grids.

What is meant by the term .thermionic?

Ans. It is a term relating to electron emission under thé
influence of heat.

Describe what is meant by thermionic emission.
Ans. Electron or ion emission under the influence of heat.

Describe a thermionic vacuum tube.

Ans. An electron tube in which the electron emission is pro-
duced by the heating of an electrode.

How does a thermo-couple ammeter operate?

Ans. An ammeter dependent for its indications on the
change in thermo-electro-motive force set up in a thermo-
electric couple, which is heated by the current to be measured

What is meant by the term ‘‘total emission’’?

Ans. The value of the current carried by electrons emitted
from a cathode under the influence of a voltage such as will draw
away all the electrons emitted.
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What is meant by transconductance?

Ans. The ratio of the change in the current in the circuit of
an electrode to the change in the voltage on another electrode,
under the condition that all other voltages remain unchanged.

Describe a transducer.

Ans. A device actuated by power from one system and sup-
plying power to another system. These systems may be elec-
trical, mechanical or acoustic.

What is a transmission unit?

Ans. A unit expressing the logarithmic ratios of powers,
voltages, or currents in a transmission system.

Describe a triode vacuum tube.

Ans. A type of thermionic tube containing an anode, a
cathode, and a third electrode, in which the current flowing
" between the anode and the cathode may be controlled by the
voltage between the third electrode and the cathode. -

Describe a tuned transformer.

Ans. A transformer whose associated circuit elements are
adjusted as a whole to be resonant at the frequency of the alter-
nating current supplied to the primary, thereby causing the
secondary voltage to build up to higher values than would
otherwise be obtained.

What is tuning?

Ans. The adjustment of a circuit or system to secure opti-
mum performance in relation to a frequency; commonly, thd
adjustment of a circuit or circuits to resonance. :



T —

4,453-S  Radio Questions and Ans‘wers

What constitutes a vacuum?

Ans. Vacuum is absolutely nothing, if we can conceive of
such a thing. The degree of vacuum is measured in microns,
one micron represents one-millionth part of the usual atmos-
Pheric pressure which is approximately 14.7 pounds per square
inch. Thus a perfect vacuum would be zero microns; such a
state is however only a theoretical ideal that can never be real-
ized even with the most perfect laboratory technique.

Describe a vacuum phototube.

Ans. A type of phototube which is evacuated to such a
degree that the residual gas plays a negligible part in its oper-
ation. :

What is a vacuum tube?

Ans. A device consisting of a number of electrodes contained
within an evacuated enclosure.

What is a vacuum tube transmitter?

Ans. A radio transmitter in which vacuum tubes are utilized
to convert the applied electric power into radio-frequency
power. '

Describe a vacuum tube volt-meter.

Ans. A device utilizing the characteristics of a vacuum tube
for measuring alternating voltages.
'Deﬁne voltage amplification.

Ans. The ratio of the alternating voltage produced at the
output terminals of an amplifier to the alternating voltage im-
pressed at the input terminals.
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What is a voltage divider?

Ans. A resistor provided with fixed or movable contacts
and with two fixed terminal contacts; current is passed between
the terminal contacts and a desired voltage i$ obtained across a
portion of the resistor. The term potentiometer is often
erroneously used for this device.

Generally what is meant by the term ‘‘Wave”’?

Ans. a. A propagated disturbance, usually periodic, as an
electric wave or sound wave. b. A single cycle of such a dis-
turbance, or c. A periodic variation as represented by a graph.

Describe what is meant by wavelength.

Ans. The distance traveled in one period or cycle by a
periodic disturbance.
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RADIO SERVICE
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CHAPTER 174-A

Power Supply Units

Receiver power supplies generally may be classified as follows.

1. The a.c. supply g%u_p which operdte from alternating cur-
rent only.

9. The d.c. supply group which operate from dirkct current
ondy.

3. The a.c. and d.c. supply group which furnish power to
“A” and “B” batteries from either alternating or direct current.

A.C. Supply Systems.—The power supply in this group gen-
erally consist of a power transformer, rectifier tubes and filter
units which consist of capacity condensers and choke coils.

The Power Transformer.—The purpose of the power trans-
former is to supply a high voltage to the rectifier tube for recti-
fication of the a.c. current and to supply the filament or heaters
with the required current and voltage.

Power transformers generally contain a primary winding and
several secondary windings, on a laminated steel core. That
part of the secondary winding which furnishes power to the
rectifier tube contains more turns than the winding which is
used for heater or filament supply.

The method of using only one transformer for the various
requirements, makes a compact arrangement, . facilitates the
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FIG.

PRIMARY
CIRCUIT

SECONDARY'CIRCUITS

FIG. 2—Conventional diagrammatical representation of power transformer for
5 to 9 tube sets,
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assembly and reduces the cost. A power transformer of the type
described is shown in fig. 1, and a typical circuit diagram show-
ing the connection of the several windings is shown in fig. 2.

]

i ‘ 2

SECONDARIES

VOLTAGE
REGULATION
SWITCH

J

FIG. 3—Power transformer circuit showing voltage regulation switch.

The power transformer should be of ample size to supply the
power required in each specific case without over-heating, i.e.,
the iron and copper should be dimensioned so that the secondary
voltage will remain practically constant even in the case of
slight variations in primary power supply.
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OUTPUT TO
A.c.lxlo’llﬂ‘AGE ‘ FILTER
o
L
|
| POWER
TRANSFORMER
FIG. 4—Illustrates connection and rectilier tube to obtain half-wave rectifica-
tion.

1! .
| z% M
OUTPUT TO

AC. VOLTAGE FILTER
INPUT

POWER
’ TRANSFORMER
FIG. 5—Illustrates connection and rectifier tube to obtain full-wave rectifica-
tion, .
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Method of Line Voltage Regulation.—In certain locations
where comparatively large fluctuation in voltage is experienced,
due to variation in the load requirements, the reception may be
improved by -providing a primary voltage regulating switch as
shown in fig. 3. The voltage regulation switch is set for a higher
voltage value during the time of the day when the line voltage
is low, and put back to its original position when the supply
voltage again becomes normal.

Rectifier Tubes.—The rectifier tubes are generally divided
into two classes namely the half-wave and the full-wave. In
modern a.c. systems however, the latter is most commonly
employed. In half-wave rectifiers only one half of the current
wave is utilized as shown in the diagram fig. 4 whereas in the
full-wave rectifiers both halves of the waves are utilized. See
fig. 5.

It is also possible to connect two half-way rectifier tubes in
such a way as to obtain full-way rectification.

As the full-wave rectifier produces twice as many impulses, it
is considerably easiei to filter into the desired smooth direct
current. It is obvious also that because of twice the number of
pulsations during a certain time, that the current obtained in
this latter system will be twice as great.

There are two general types of rectifier tubes in use. (1) The
high vacuum type, in which the conduction is purely by means
of the electronic stream from the cathode to the plate and (2)
those in which a small quantity of mercury has been introduced
after the tube has been evacuated. In the latter type, part of the
mercury vaporizes when the cathode reaches its operating
temperature and during the part of the cycle in which the recti-
fier is passing current the mercury vapor is broken down into
positive and negattve ions. Due to the fact that the positive
jons decreases the normal resistance of the plate-cathode circuit



4,460 Power Supply Units

the voltage drop in this type is less than in the high vacuum
types.

As a result of this lower voltage drop the power loss (/*R) is
lower, and the efficiency of tne mercury vacuum rectifier is
higher than in the high vacuum type.

FILTER CHOKESi

INPUT FROM «~—FILTER
RECTIFIER TUBE = CONDENSERS == r OUTPUT

FIG. 6—Choke-input filter.

FILTER CHOKE

. CONDENSER
INPUT FROM ¥~ CHOKE

RECTIFIER TUBE ']- T
L ' ‘ >

FIG. 7—Condenser-input filter.

L QUTPUT

Filter' Systems.—The function of the filter system aside from
" that of preventing feed-backs into the receiver, is to smooth
out the remaining ripples or pulsations in the voltage received
from the recufier.
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Smoothing filters are generally classified as choke-input or
condenser-input according to whether a choke or a condenser is
placed next to the rectifier output. Figs. 6 and 7 respectively
show a choke-input and condenser-input filter.

If a condenser-input type be used consideration must be given
to the instantaneous peak value of the a.c. input voltage. This
peak voltage is+4/ 2 times the root mean square (R.M.S.)
value as obtained by an a.c. voltmeter. Hence, filter condensers
especially the input condenser should be of a rating high enough
to withstand the instantaneous peak voltage if breakdown is
to be avoided. .

When the choke-input type is used, the available d.c. output
voltage will be somewhat less than with the condenser-input
type for a given a.c. plate voltage; however, in this latter type
improved regulation together with lowcr peak current will be
cbtained.

D.C. Supply Systems.—Although alternating current is most
commonly used in radio receiving sets, there are certain locali-
ties in which direct current is furnished, and hence the radio
receiving sets in those localities must be designed for operation
on d.c. current power supply.

It is obvious since the d.c. current is practically ripless, that
no rectifier unit is necessary. All that is required is a filter
system which serves to smooth out the slight remaining “ripples”
due to the commutator (brush contact) action on the direct
current generator.

The filament supply usually about 6 volts is obtained from
the power voltage through a resistor or speaker field of a value
to give the necessary voltage drop. See fig. 9.
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The filaments may be arranged either in series or parallel.
The disadvantage in both cases is a considerable amount of
power dissipation in the form of heat, although the power loss
is much less when the series arrangement is used.

D.C. LiNE
SUPPLY

..

FILAMENT RESISTANCE

AAAAAAAA.

OR SPEAKER FIELD

FILTER
CHOKE

VYVVVVYY

fONCZ.‘.'CZR CHOKE

TO FILAMENTS

| ©
|

¥1G. 9—Conventional filter system used on D.C. receivers.

FILAMENT RESISTANCE

TO FILAMENT

FILTER CHOKE

G

AC. OR DC.
LINE SUPPLY

2525

— N

— 0000

KCONDENSER
CHOKE

L

(o2

FIG. 10—Full wave rectifier tube circuit used for A.C.-D.C. reeeivers.
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A.C. and D.C. Supply Systems.—When the power supply is
alternately a.c. or d.c. the filament supply is connected through
a series resistor as shown in fig. 10. This resistor must be of such
value as to give the proper voltage drop. The disadvantage
* with this arrangement is the same as that of the straight d.c.
supply system, in that a considerable amount of heat (I?R) is
dissipated in the filament resistor. The plate voltage is usually
supplied by utilizing a full wave rectifier tube as shown in fig.
10.

“ 10V. FOR R £,
- TUBE RLAMENTS
J10V. %
60 CYCE

i | o 2bwus

FIG. 11—Full wave rectifier circuit with conventional filters and voltage
divider.

Voltage Dividers.—The function of a voltage divider is to
supply the various plate voltages required by the various tubes
employed in the receiver.

The principal method in each system is to lower the voltage
by means of one or more resistors inserted in the circuit. When
one resistor is utilized the resistor is tapped at suitable inter-
vals, as shown in fig. 11.

. Inorder to facilitate the calculation of the resistance required
between the taps, the voltage divider should be laid off in sec-
tions as shown.
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Example.— Assume that the power supply unit shown in fig. 11
has 1,000 volts across its output terminal and that the required
plate vollages and currents are as follows:

1. 350 volts at 30 m.a. for the oscillator
9. 500 volts at 60 m.a. for the buffer-doubler
3. 1,000 volts for the final amplifier.

Solution.—By using Ohm’s law the resistance of (a) or the

350 volt sections will be —03%%— or 8,750 ohms:

Thé resistance of section (b) or the 150 volt section will be

1
% or 2,150 ohms approx.

500
The resistance required for section (c) will be 53~ or 3,850
ohms. ' )

The current in this last section becomes 60 m.a. in addition to
the 70 m.a. already flowing in sections (a) and (b) or 0.06+
0.07=0.13 amps.

The total resistance of the divider will therefore be 8,750+
2,150+3,850 = 14,750 ohms, which is safely below the value
necessary to maintain constant output voltage when the tubes
are not drawing current from the power supply.

The power loss may be calculated by multiplying the voltage
drop across each resistance by the current flowing through it.

Accordingly the power dissipated

in section (a) 350<0.04 =14 watts
in section (b) 150x0.07 =10.5 watts
in section (c) 5000.13=65.0 watts

It is evident from the above that this method of providing
operating voltage is uneconomical.
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The power calculation should be done for both no-load and
full-load conditions, and a resistor selected which should have a
rating well above that of the higher of the two values.

In some cases it is desired to have the bleeder resistance total
to a pre-determincd value—for example, if the bleeder in the
above problem is to total 20,000 ohms instead of the calculated
value of 14,750 ohms, the same method of calculation may be
followed, but different value of idle current should be tried until
the correct one is found. :

The method eutlined may be extended to any number of
taps, and is equally applicable to calculation of voltage dividers
for radio receivers.

220 OHMS. ) 20-30. HENRYS
T0 115 VAC ] . £ +135V
L L EECTeov
Tsmqfﬂzfn g1 +asv.
2575 525 | | | =F g

'FULL-WAVE RECTIFIER

290 OHMS. 2525 2030 HENRYS
£70 115 vaAC.

e

25W. LAVP

+135Vv.
+90v.

+45V.
-B

15,000 OHMS.

HALF-WAVE RECTIFIER

FIGS. 12 and 13—Tllustrates two transformerless power supplies, for full-
wave and half-wave rectification respectively. Here a line cord resistor is
utilized to drop the line voltage to that necessary for the filaments of 25Z5
tubes. The third element in the line cord resistor brings the full line voltage
for the plate of the tubes.
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FIG. 14—Typical receiver power supply.resistors.

25V,
FOR POWER
AUDIO TUBES
Gt
! 30 H. 30 H.
: 100 MA. 100 MA.
L I8 sv. 1 @ §—+300V.
' § 1 T £ +200V.
110 VAC. LT O%
SOURCE I 350 T ] R, § o +100V
¥ i wn =— + 50/
1835 -8B
I\
ELECTROSTATIC | S
SHIELD -_
20.!\. Rl
2.5V,

FIG. 15—Here the power transformer is used to step up the 110 volt alter-
nating current to 350 volts on each side of the centre-top. This type of power
supply will ordinarily be satisfactory for an ordinary armature receiver as
well as an audio amplifier using a 47 or a pair of 45’s in push-pull. The
2 m.f.d. condensers and the 30 henry chokcs reduces the ripple to satis-
factory proportion. Resistor R: is centre tapped with a value o120 ohms. R. is
the voltage divider for obtaining the different voltages from the power supply.
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Bleeder Resistors and Their Use.—It is common practice to
connect a bleeder resistor across a power supply to obtain a
more stable output—to improve voltage regulation. However,
this is often accomplished without any fundamental knowledge
of how a bleeder resistor actually works, and how its exact size
may be calculated.

Voltage regulation may generally be defined as the change in
potential with a change in the load or current consumed. '

This is an important consideration in power supply for radio
receiving and transmitting eircuits because the current may
change with signal intensity, modulation, keying, line voltage
fluctuation, etc. and it is highly desirable and often imperative
that the voltage remains constant.

R,=1000 OHMS )
' t
C |

L
ZROE, R,
= =10,000 OHMS
r ’
! s
Iy

FIG. 16—Showing application of bleeder resistor across power supply.

A problem of this kind may best be studied by considering the
arbitrary condition existing in the circuit shown in fig. 16 illus-
trating a simple filter system of a power supply.

In this circuit E, is a source of constant voltage. Choke C, has
a resistance of 1,000 ohms. E, is the potential supplied to the
load R., which may be the plate circuit of a transmitter or
receiver. Switch S, applies or removes the load.
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It is assumed that the load is such that it requires 100 m.a. -

at 1,000 volts for the most efficient operation which according
toOhm’slaw gives R, a resistance of 10,000 ohms. R, is a 10,000
ohms bleeder resistor which at first, is not connected. '

If R, draws a current of 100 m.a. the drop through the choke
C, will be 100 volts, and E, therefore must be 1,100 volts in
order that E, the load voltage shall provide the 1,000 volt
potential.

However, with the switch open, the no load voitage E,, will

be the same as E, or 1,100 volts. When switch S, is closed this
1,100 volt potential will be momentarily applied to the load
which will drop almost immediately to the required potential of
1,000 volts.

In other words, the change in voltage with the change in load
has been a drop from 1,100 volts to 1,000 volts or a voltage
regulation of 100 volts.

Assuming that R, is also connected in the circuit, it is evident
that as R, also draws current that the drop through R, will be
increased. Hence if E, is to be maintained at 1,000 volts, the
source voltage will also have to be increased.

With E, at 1,000 volts, R, and R, 10,000 ohms each, the
current drain through the circuit will be 200 m.a. and the drop
across C, 200 volts, therefore the voltage at E, will have to be
raised to 1,200 volts.

It is evident that the no load voltage (switch S, being open)
will no longer be the total voltage at E, but instead the voltage
drop across R, this may be easily calculated by using Ohm’s
law.

The bleeder current through R, will be E% or 0.109

. amperes; the voltage drop across R, (or the no load voltage) will
be I X Ry=0.109X10,000 or 1,090 volts. The no load voltage
being 1,000 volts, hence, the change due to regulation will be 90
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volts or an improvement of 10 volts over conditions when the
bleeder is not employed.

With Resistor in Parallel.—In the above example the power
supply was so designed that the correct load voltage was
obtained when the bleeder was in the circuit. Very often the
bleeder is added merely as an afterthought in hope that the
" regulation secured will compensate the loss in voltage.

With reference to the diagram, the bleeder resistor is con-
nected without boosting the voltage (1,100) at E.

If considering resistors R, and R, in parallel, their combined -
resistance is 5,000 ohms. This plus R, gives a total effective
resistance of 6,000 ohms, and a total current of 184 m.a. The
drop across R, will be 184 volts, and the load voltage E. will
be E minus this value (1,100—184) or 916 volts. The no load
voltage will be of course exactly 1,000 and the regulation there-
fore 84 volts. :

This is better than the 100 volt regulations obtained when
the bleeder is not employed, but the operating voltage has
dropped to 916 volts. :

Summary of Improvement in Regulation.—Summing up it
will be observed that the improvement in regulation with the
utilization of a bleeder resistor is not as much as rnight be
assumed. While the conditions in the above problem have
been arbitrarily assumed, similar arithmetic treatment will
apply to actual cases. '

It is evident that the lower the value of the bleeder resistor,
the greater the regulating effect, but at the same time the
supply voltage must be increased.

The bleeder is essentially a wasteful proposition and particu-
larly so when its value is'made sufficiently low to secure any
real measure of regulatory effect. However, a bleeder of even




Power Supply Units 4,471

high value, say 100,000 ohms, will be effective in preventing °

excessively high potentials under no-load conditions which
might damage rectifying tubes and filter condensers.

Voltage regulation is best secured through the design of
generous size transformer windings, low resistance chokes and
mercury-vapor rectifying tubes. : :

Voltage Doubler Circuits.—By means of this type of circuit
it is possible to obtain twice the a.c. input voltage without the
conventional transformer.

110V. 60 CYCLE 2526 TN D.C. -
AC.INPUT | FILTER =
g HEATER CONDENSERS  OUTPUT
VOLTAGE _
REDUCING RES; — +
1 +

L
FIG. 17—Voltage doubler circuit utilizing a full-wave rectifier tube.

TRANSFORMER _[ 1
WHEN USED c = C -

2
* FILTER LOAD D.

C.
ol CONDENSER = RESISTOR (SUPPLY
i J”ﬁ 8 - R
Tl > C +
110 V. 60 CYCLE q}||| oS '

.CSOURCE € >'|l' i
¥ s ()
1 <t
Lo 22

FIG. 18—Voltage doubler circuit utilizing two half-wave rectifier tubes.

.

)
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!

i The circuit shown in fig. 18 represents a typical voltage

" doubler without a transformer although a transformer may be
used if the voltage requirements thereby will be facilitated.

The action that takes place within this circuit is briefly as

follows: With reference to fig. 18 it may be observed that during
that one half of the cycle when B, is positive with respect to A,
rectifier D, is conducting and the condenser C, is being charged.
The two condefisers are connected in series with respect to the
Joad resistor R, which results in doubling of the voltage appear-
ing across this resistor.

| Example.—A five tube receiver using a 2 volt filament supply
battery, takes 1.2 amperes of filament current. What is the lotal
power expended in heating the filaments? If a 40 ohms polentiom-
eter were placed across the battery terminals, what would be the
increase in the power consumed?

Solution.—Since direct currents are being dealt with, the
power in watts is given by the product of the voltage and the
current in amperes. Thus the power is 2X1.2 =2.4 watts. The
current taken by the potentiometer is easily found by Ohm’s

law. This gives I(amperes) =—§—=E— or 0.05 ampere. As be-

fore, the power taken is equal to the product of the voltage and
this current or 2X0.05=0.1 watt. A quicker method is to

) make use of the formula, power=—%2— watts or in this case
:—4:%-=O.l watt as before.
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CHAPTER 175

Vacuum Tubes

Electron Emission.—The phenomenon that electrons can be
made to leave a conductor when properly stimulated to do so
as in the case of a radio vacuum tube, is called thermonic eleciron
emission, sometimes called only emission.

This movement of electrons may be accelerated by increasing
the temperature of the conductor. Once free, most of the
emitted electrons, in a vacuum tube make their way to the
plate, but others return to the cathode, repelled by the cloud of
negative electrons immediately surrounding the cathode. This
cloud of electrons surrounding the emitting cathode is known as
the space charge.

A few of the electrons that reach the plate may have suffi-
cient velocity to dislodge one or more electrons already on the
plate. The dislodging of those electrons frcm the plate by
other fast moving electrons are called secondary emission.

When this occurs there is actually a simultaneous electron
flow in two directions.
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DIODE TRIODE
(2 ELEMENT TUBE) (3 ELEMENT TUBE)

' 0
2 3
‘Not Connected
PLATE PLATE
FILAMENT
W

PLATE

FILAMENT FILAMENT

Views of two and three element vacuum tubes showing arrangement of prongs and wiring
symbols.

PLATE
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TETRODE PENTODE
(4- ELEMENT TUBE) ! (5- ELEMENT TUBE)
GRID
(Connection)
SCREEN

ATHODE
(Inside of
Control Grid)
¢Heater not
Shown Located
Inside of Cathode)

HEATER

GRID
GRID

3
2 4
1 5
PLATE
SUPPRESSOR
SCR%N GRID
GRID GR GRID
CATHODE CATHODE
HEATER HEATER

Views of four and five element vacuum tubes, showing arrangement of prongs and wiring
symbols.



4,476 Vacuum Tubes

Vacuum Tube Fundamentals.—By definition a vacuum tube
consists of a cathode, which supplies electrons and one or more
additional electrodes whose function it is to control and collect
these electrons, mounted in an evacuated envelope. This
envelope may consist of a glass bulb or it may be the more com-
pact and efficient metal shell.

The outstanding properties of the vacuum tube lie in its
ability to control almost instantly the motion of millions of
electrons supplied by the cathode. On account of its almost
instantaneous action the vacuum tube can operate very effi-
ciently and accurately at electrical frequencies far above those
obtainable with rotating machinery.

As previously stated the electronic movement may be
accelerated by the supply of additional energy in form of heat.
When the temperature of a metal becomes hot enough to glow,
the agitation of the electrons becomes sufficiently. great to
enable a certain amount of them to break away from the metal,
it is this action which is utilized in the radio tube to produce the
necessary electron supply.

The Functien of the Cathode.—A cathode is that part of a
vacuum tube which supplied electrons which are essential for
its operation. All cathodes in vacuum tubes are universally
heated by electricity. The method of heating the cathode may
be used to distinguish between the different forms.

The simplest form of a cathode is in the form of a wire or
ribbon, heated directly by the passage of current through it as
in (b) and (c) fig. 1. Radio tubes having such filaments for
cathodes are sometimes referred to as filamentary. tubes
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to distinguish them from tubes having indirectly heated
cathodes.

A common arrangement of an indirectly heated cathode is
shown in fig. 1 (a). Here the cathode consists of a metallic
cylindrical sleeve, usually of nickel, coated with a mixture of
barium and strontium oxides. This oxide coating is used on

HEATER INSULATOR
CATHODE

-
.

"

- i i\{.
w | &:} SLEEVING
s 'g- OXIDE COATING
— BT FILAMENT WIRE
S
X
(%3]
w ] ,
(@] i
(@]
I |
z .
<r
(&)
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F16. 1.—Scuematic diagram of diccetly and indicectly heated cathades.

account of their propzrty to greatly increase the electron
emission at a given temperature.

A lead wire from the ‘cathode sheath is carried out to an
external tube terminal in order that the cathode may be main-
tained at any desired potential.
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The heater wire consists usually of tungsten and may be in
the form of a spiral or as in the illustration, in the form of a
hairpin thread:d through parallel tubular holes in a ceramic
insulator. Tubes having cathodes of this type are referred to
as heater type tubes.

The heaters may be operated on either direct or alternating
current. The one disadvantage of using alternating current
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— &)
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Lg g i Q 9 J FILAMENT
mTRANSFORMER

A.C. SOURCE

F16. 2.—Diagram of connection to a triode employing a filament transformer.

for the filament of tubes used in audio-frequency circuits, is
that it introduces objectionable hum in the output.

This hum may be lessened by connecting the plate and the
grid circuits to the midpoint of the secondary of the trans-
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former, as shown in fig. 2. Generally, however, it is not possible
to use alternating current in the filament of tubes used in the
early stages of high-gain amplifiers.

Classification of Tubes.—Tubes are usually classified ac-
cording to the number of electrodes present, so for example a
two-element tube is called a diode; a three-element tube a
triode, and so on to tetrodes and pentodes. A pentode there-
fore is a tube having five elements. See page 4474 and 4475.

Tubes may also be classified according-to-whether there be
high vacuum, gas or an element which vaporizes in the bulb.

Diodes.—From the foregoing it is evident that electrons are
of no value in a tube uniess they can be controlled or made to
work according to a pre-determined schedule. The very
simplest form of tube consists of one or two electrodes, a cathode
and a plate, and is most often referred to as a diode, which is
the family name for two-electrode tubes.

In common with all tubes, the electrodes are enclosed in an
evacuated envelope with the necessary connection projecting
out through airtight seals. The air is removed from the
envelope to allow free movement of the electrons and to prevent
injury to the emitting surface of the cathode. If the cathode
be heated, electrons leave the cathode surface and form an
invisible cloud in the space around it. Any positive electric
potential within the evacuated envelope will offer a strong at-
traction to the electrons.

In a diode, the positive potential is applied to the second
electrode, known as the anode, or plate. The potential is
supplied by a suitable electrical source connected between the
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plate terminal and a cathode terminal. See fig. 3. Under the
influence of the positive plate potential, electrons flow from the
cathode to the plate and return through the external plate-
battery circuit to the cathode, thus completing the circuit.
This flow of electrons is known as the plate current and may be
measured by a sensitive current indicator.

ANDDE OR PLATE

ELECTRON

FLOW
FILAMENT
M.A.
A B
|||-4—| | ||| |[|||
- I + - +
BATTERIES

F16. 3.—Connection diagram for a two electrode tube.

The Diode as a Rectifier.—It is obvious that under no con-
ditions can the current flow from the plate to the cathode, i.e.,
the tube is as far as the direction of the current is concerned a
one-way proposition. Increasing the positive potential will
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of course inctrease the flow of electrons from cathode to plate and
consequently increase the current flow in the plate circuit, but
if the plate is made negative instead of positive it will repel the
electrons and no current will flow.

TRANSFORMER
PLATE \&
CURRENT
A.C. SOURCE OUT-PUT
FILAMENT
HALF - WAY
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\\ ;
/
\ //
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No //
S

F1G. 4.—Connection diagram of the half-way rectifier. The rectified current is depicted on the
upper half of the wave diagram.

The diode therefore acts as an electrical valve that will permit
current to flow in one direction. but not in the other. It is
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this characteris;ic of the diode that has been utilized as a means
of converting orrectifying an alternating current into a direct
current.

The diode is therefore commonly used as a signal rectifier or
detector in a radio receiver, and as a power rectifier in the unit
employed to change the a.c. house current into a direct current
for the operation of home receivers or transmitters.

Diode rectifiers may have one plate and one cathode and are
as such called half-way rect1fiers, (Sée fig. 4) since as stated the
current can flow only during one-half of the alternating current
cycle.

Full Wave Rectifier.—If two plates and one or more cathodes .
are used in the same tube, current may be obtained during both
halves of the alternating current cycle as shown in fig. 5. The
tube is then called a full wave rectifier. If as in the diagram
shown the rectifier tube be connected to a power transformer,
the primary of which is connected to a 110 volt a.c. source,
then the disposition of the voltage developed in the secondary
of the transformer winding will be such that the center tape
will be at zero voltage with respect to terminals 1 and 2, and
during the period terminal 1 is positive, terminal 2 will be
negative.

Therefore plate P, will draw current while plate P, is idle and
vice versa. In this manner both the positive and the negative
half of the alternating current cycle are utilized and the result-
ant output current consists of a series of unidirectional pulses
with no spacing between them as shown in the lower part of
fig. 5. These unidirectional pulses may be further smothered
by insertion of filters consisting of inductive and capacitive
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reactances interconnected to the output terminals of the rec-
tifying system.

Space Charge Effect.—Not all of the electrons emitted by the
-cathode reach the plate. Some return to the cathode while

R
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others remain in the space between the cathode and plate for
a brief period to form an effect known as space-charge. This
charge has a repelling action on other electrons which leave the
cathode surface and impedes their passage to the plate. The
extent of this action and the amount of space-charge depend on
the cathode temperature and the platg potential.

Plate voltage vs. Plate current relationship of a diode.—The
higher the plate potential, the less is the tendency for electrons
to remain in the space-charge region and repel others. This
effect may be noted by applying increasingly higher plate volt-
ages to a tube operating at a fixed heater or filament voltage.
Under these conditions, the maximum number of available
electrons is fixed, but increasingly higher plate voltages will as
previously stated succeed in attracting a greater proportion of
the free electrons.

Beyond a certain plate voltage, however, additional plate
voltage has little effect in increasing the plate current. The
reason is that all of the electrons emitted by the cathode are
already being drawn to the plate. This maximum current is
called saturation current, and because 1t is an indication of the
total number of electrons emitted, it is also known as the emis-
sion curtent. See fig. 6.

Tubes are sometimes tested by measurement of their emission
current. However, in this test it is generally not feasible to
measure the full value of emission because this value would be
sufficiently large to cause change in the tube’s characteristics,
or to damage the tube. For that reason, the test value of
- current in an emission test is less than the full emission current.
However, -this test value is larger than the maximum value
which will be required from the cathode in the use of the tube.
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The emission test, therefore, indicates whether the tube’s
cathode can supply a sufficiently large number of electrons for
satisfactory operation of the tube.

POINT OF SATURATION—\

yd

/

PLATE CURRENT

PLATE VOLTAGE

F1c. 6.—Characteristic curve of a diode.

Triodes.—The triode or three electrode tﬁbe is principally a
two-electrode tube in which a third electrode, called the grid,
is placed between the plate and the cathode. See fig. 7.

The grid consists usually of a mesh of fine wire extending the
full length of the cathode. The spaces between the turns of .
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the wire constituting the grid are comparatively large, so as not
to impair the passage of the electrons from the cathode to the
plate.

FILAMENT
OR A BATTERY

= I}-_i—_"—_illllll|l|l|l’T

GRID OR PLATE OR
C BATTERY - B BATTERY
F1G. 7.—Schematic diagram showing triode connection to battery.

Grid Function.—The function of the grid is to control the
plate current. By-maintaining the grid at a negative potential,
it will repel electrons and will in part, but not altogether, neu-
tralize the positive or attractive force exerted upon them by the
positive plate. Hence, a stream of electrons will flow from the
grid to the plate, although smaller than it would be if the nega-
tive grid had not been present. Now if the grid is made less
* negative, it follows that its repelling effect will be reduced and
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consequently a larger current will flow through it to the
plate. ' :

Similarly if the grid be again made more negative its repelling
force will increase and the current to the plate will correspond-
ingly decrease. See fig. 8.
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GRID NEGATIVE GRID POSITIVE
Fie. 8—1lustraung the action of a grid in a triode vacuum tube.

From the above, it follows that when the potential of the grid
be varied in accordance with some desired signal, the plate
current will vary in a correspondirig manner. Because the
grid is assumed at all times to be at negative potential with
respect to the cathode, it is evident that it can not collect elec-
trons and so a small amount of energy will be sufficient to vary
its potential in accordance with the input signal.

Capacitance Effect.—In a triode the gfid plate and cathode
form what is called an electro-static system, i.e., each electrode
acts as a plate of a small condenser. The capacitances are those

.
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existing between 'g“rid and plate, plate and cathode, and grid
and cathode. See fig. 9.

These capacitances are usually referred to as ‘‘Inter-electrode
Capacitances.” In this connection it may be mentioned that
the capacitance between the grid and plate is of the utmost
importance, because of the fact that in high-gain radio-fre-

CAPACITANCE BETWEEN CAPACITANCE BETWEEN
GRID AND CATHODE\ GRI /GRID AND PLATE

/N

CATHODE

=

1

PLATE

, CAPACITANCE BETWEEN
PLATE AND CATHGDE

FiG. 9.—Diagram showing inter-electrode capacitances in a triode.

quency amplifier circuits, this capacitance may act to produce
undesired coupling between the inputl circuit, the circuit be-
tween the grid and cathode, and the oufput circuit, the circuit
between the plate and the cathode. The effect of this coupling
may cause instability and unsatisfactory performance in the
amplifier.

Tetrodes.—The undesirable capacitance between the grid
and the plate in the triode can be decreased by inserting an addi-
tional electrode or screen between the grid and the plate as
shown in fig. 10. With the addition of this fourth electrode
the tube is accordingly referred to as a tetrode.
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The Screen Function.—The positidn of the screen between
the grid and the plate gives it the function of an electrostatic
shield between them, thus reducing the capacitance between

the two.
SCREEN
_ A
"""1' CATHODE
$ HEATER LOAD
INPUT
TO HEATER
SOURCE

h_illll |1 I]I[—;;jllllllll -

F16. 10.—Connection of clectrodes of a screen gride tube.

The effectiveness of this shielding action is further increased
by inserting a by-pass condenser between the screen and the
cathode. Therefore, by means of this screen and by-pass
condenser, the grid to plate capacitance is very small.

The screen has another desirable effect in that it makes plate
current almost independent of plate voltage over a certain
range. The screen is operated at a positive voltage and there-
fore, attracts electrons from the cathode, but because of the
comparatively large space between wires of the screen, most of
the electrons drawn to the screen pass through it to the plate.
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_ Hence, the screen supplies an electrostatic force pulling electrons
from the cathode to the plate.

At the same time the screen shields the electrons between
cathode and screen from the plate so that the plate exerts very
little electrostatic force on electrons near the cathode. There-
fore, plate current in a screen grid tube depends to a great de-
gree on the screen voltage and very little on the plate voltage.
This holds true only as long as the plate voltage is higher than
the screen‘.-voltage.
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F1G. 11.—Average plate characteristics of a screen grid amplifier tube.

The fact that plate current in a screen grid tube is largely
independent of plate voltage makes it possible to obtain much
higher amplification with a tetrode than with a triode. The
low grid to plate capacitance makes it possible to obtain this
high amplification without plate-to-grid feed-back and resultant
instability.
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Pentodes.—It has previously been shown that when electrons
strike the plate they may if moving at sufficient speed dislodge
other electrons. This in the two and three electrode types does
not cause any trouble since no other positive electrode than the
plate is present to attract them.

These vagrant electrons therefore are eventually drawn back
to the plate.

Emission from the plate caused by bombardment of the plate
by electrons from the cathode is referred to as Secondary Emis-
sion on account of its effect being secondary to the original
cathode emission.

In the case of the previously discussed screen grid or tetrode
tube, the proximity of the positive screen to the plate offers a -
strong attraction to these secondary electrons, and more mark-
edly so if the plate voltage be lower than the screen voltage.
This results in lowering of the plate current and limits the per-
missible plate swing for tetrodes.

To overcome the effects of secondary emission a third grid,
called the suppressor grid is inserted between the screen and
plate. This grid, being connected directly to the cathode,
repels the relatively low-velocity secondary electrons back to
the plate without obstructing to any appreciable extent the
regular plate-current flow. Larger undistorted outputs there-
fore can be secured from the pentode than from the letrode.

Pentode-type screen-grid tubes are used as radio-frequency
voltage amplifiers, and in addition can be used as audio-frequency
voltage amplifiers to give high voltage gain per stage, since the
pentode resembles the tetrode in having a high amplification
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factor. Pentode tubes also are suitable as audio-frequency
- power amplifiers, having greater. plate efficiency than triodes
and requiring less grid swing for maximum output. The latter
quality can be indicated in another way by saying that the
power sensitivity—ratio of power output to grid swing causing
it, is higher. In audio power pentrodes, the function of the
screen grid is chiefly that of accelerating the electron flow rather
than shielding, so that the grid often is called the accelerator
grid. In radio frequency voltage amplifiers the suppressor
grid, in eliminating the secondary emission, makes it possible
to operate the tube with the plate voltage as low as the screen
voltage, which cannot be done with tetrodes.

As audio-frequency power amplifiers pentodes have in-
herently greater distortion (principally odd-harmonic distor-
tion) than triodes. The output rating usually is based on a
total distortion of 109.

SCREEN GRID

FiG. 12.—Conventional representation of beam power tube,

The Beam Power Tube.—In this tube a different method is
used for suppressing secondary eémission. The tube (See figs.
12 and 13) contains four electrodes, a cathode, grid, screen and
plate respectively. The spacing between the electrodes is such
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that secondary emission from the plate is suppressed without
the suppressor found in the pentode.

Due to this method of spacing the electrodes, electrons trav-
elling to the plate slow down, when the plate voltage is low, the
velocity being almost zero in a certain region between the screen
and the plate. In this region the electrons form a stationary
cloud—a space-charge. The effect of this space-charge is to
repel secondary electrons emitted from the plate, and thus
cause them to return to the plate, hence causing the suppression
of secondary emission.

BEAM ~FORMING
PLATE
CATHOOE

GRID
SCREEN

Fi6. 13.—Internal structure of beam power tube.

An added advantage of the beam power tube is the low current
drawn by the screen. The screen and the grid consists of spiral
wires wound in such a way so that each turn of the screen is
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shaded from the cathode by a grid turn. On account of this
alignment the screen and grid causes the electrons to travel in
sheets between the turn of the screen so that very few of them
flow to the screen. Because of the effective suppressor action
provided by space charge and because of the low current drawn
from the screen, the beam power tube has the advantage of
high power output, high sensitivity and efficiency. '

Multi-Purpose Tubes.—During the early stages of tube
development and application, tubes were essentially of the
so-called general purpose type, that is a triode was used as a
radio-frequency amplifier, an intermediate frequency am-
plifier, an audio frequency amplifier, an oscillator or as a de-
tector. :

It is obvious that with this diversity of applications, this one
type did not meet all requirements to the best advantage.

At present a great multiplicity of tube types have been de-
veloped to do special work in radio circuits. Among the sim-
plest and most important in radio receiver circuits are the full-
wave rectifiers, containing two separate diodes of the power
type in one bulb, and twin-triodes consisting of two triodes in
one bulb for class B audio amplification.

To add the functions of diode detection and automatic vol-
ume control to that.of amplification, a number of types are made
in which two small diode plates are placed near the cathode, but
not in the amplifier-portion structure. These types are known
as duplex-diode triodes, or duplex-diode pentodes, depending
upon the type of amplifier section incorporated.

Another type is the pentagrid converter, a special tube work-
ing as both osciliator and first detector in superheterodyne re-
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ceivers. There are five grids between cathode and plate in the
pentagrid converter; the two inner gi'id_s serve as control grid
and plate of a small oscillator triode, while the fourth grid is the
detector control grid. The third and fifth grids are connected
together to form a screen grid which shields the detector con-
trol grid from all other tube elements. The pentagrid con-
verter eliminates the need for special coupling between the
oscillator and detector circuits.

The convential diagram representation of these tubes are
depicted in figs. 14 to 16. Another type of tube consists of a
triode and pentode in one bulb, for use in cases where the
oscillator and first detector are preferably separately coupled;
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HEATER
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F1Gs. 14 to 16.—Schematic representation of multi-purpose tubes.
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while still another type is a pentode with a separate grid for
connection to an external oscillator circuit. This “injection”
grid provides a means for introducing the oscillator voltage into
the detector circuit by electronic means.

Receiving screen-grid tetrodes and screen-grid pentodes for
radio-frequency voltage amplification are made in two types.
known as sharp cul-off and variable-mu or super-control types,
In the sharp-cut off type the amplification factor is practically
constant regardless of grid bias, while in the variable-mu type the
amplification factor decreases as the negative bias is increased.
The purpose of this design is to permit the tube to handle large
signal voltages without distortion in circuits in which grid-bias
control is used to vary the amplification, and to reduce inter-
ference from stations on frequencies near that of the desired
station by preventing cross-modulation. Cross-modulation is
modulation of the desired signal by an undesired one, and is
practically the same thing as detection. The variable-mu type
of tube is a poor detector in circuits for r.f. amplification, hence
cross-modulation is reduced by its tise.
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CHAPTER‘ 176
Radio Receivers

Generally any electrical circuit used in connection with radio
reception is a radio receiving circuit.

The basic rewiﬁng circuits are as follows:
1. Regenerative
2. Tuned radio frequency regenerative
3. Super-heterodyne
4. Super-regenerative
5. Super-infra regenerative

The two last circuits are classified as short wave receivers.

General Receiver Performance Characteristics.—The re-
ceiver performance may be divided into three groups namely:

1. Selectivity
2. Sensitivity
3. Fidelity and stability

The three groups are inter-dependent with selec*lvity the
most important factor.
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FIGS. 1 and 2—Block diagrams showing essential units-of a regenerative and
a tuned radio frequency regenerative circuit respectively.
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FIGS. 3 and 4—Block diagrams showing essential units of a super-regener-
ative and a super-infra regenerative circuit respectively. ’
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By definition, selectivity of a receiver is its ability to dis-
criminate between signals of various frequencies. The sensi-
livity of a receiver is the minimum radio frequency voltage input
required to give a certain specified output. The fidelity is that
proportionate response through the audio frequency range, re-
quired for a given type of receiver.

A receiver’s stability is identified by its ability to maintain
its output constant over a period of time with constant signal
input.

Receiver Selectivity.—As aforementioned the selectivity is
that characteristic which makes it possible to determine how
well a set will tune out one signal and tune in another.

Measurements of Selectivity.—The selectivity is deter-
mined with the aid of a radio frequency oscillator by means of
which it is possible to impress known 7.f. petential on the input
of a radio receiver. .

There are various methods of carrying out this test, although
the one generally used is to impress a small potential on the
input of the set and note the output, and then to vary gradually
the frequency of the 7.f. oscillator, and at the same time adjust
the potential supplied to the receiver so as to maintain the same
output. :

In this manner a set of figures will be obtained, indicating
how the output of the set falls off at either side of the frequency
to which it is tuned. Generally it is true that the more rapidly
it falls off the better is the selectivity of the receiver.

However, as previously noted, the receiver’s selectivity is
closely allied with.its fidelity, for generally if making the selec-
tivity too great, the side-bands are suppressed and the high
frequencies are partially suppressed. A typical selectivity curve
is shown in fig. 5.
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Such curves may be made up at various points throughout the
broadcast band, and the variations in a receiver’s selectivity
thereby determined.
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FIG. 5—A typical radio receiver selectivity curve.

Receiver Sensitivity.—The sensitivity of a receiver is not
simply a matter of amplification, but is fundamentally limited
by what is known as “‘the noise level” in that only signals that
are audible above the prevailing noise background at the out-

put are useful.
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In order to obtain a common basis facilitating the study and
measurement of this characteristic, the term ‘“‘noise equivalent”
is used, which simply means the effective sensitivity of a re-
ceiver in terms of its own noise level.

Measurements of Sensitivity.—In connection with sensi-
tivity measurements, a certain receiver is often expressed as
having a sensitivity of so many micro-volts per meter. Just
what this éxpression implies may best be conveyed by a descrip-
tion of what the term means.

12
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FIG. 7—Typical radio receiver, sensitivity characteristics.

The sensitivity measurements are generally accomplished in
the following manner: The receiver is set up and a resistor is
connected across the a.f. output of the set. The resistor should
be of such value so as to give maximum power output per volt
on the grid of the power tube. In most cases the resistor will
have a value equal to twice the plate resistance of the output
tube, which may easily be obtained from the tube performance
chart.
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The next procedure is to apply to an artificial antenna a
known 7.f. voltage modulated 309 at 400 cycles and to increase
the 7.f. input voltage until 50 milli-watts of audio-frequency
power is developed across the output resistance.

The magnitude of the input 7.f. voltage required to produce
this output by dividing by the effective height of the artificial
antenna, which is usually four meters is then determined.

Thus, finally the micro-volts per meter input required to
produce the standard output of 50 milli-watts is obtained.

If it be assumed that the described method is utilized in de-
termining the sensitivity of a certain receiver, it is simply neces-
sary to give the micro-volts per meter input for standard output
in order to define completely the sensitivity of the receiver in
question.

It can therefore be said for example, that a certain receiver
has a sensitivity of 10 micro-volts per meter. This means that
if a 309 modulated 7.f. signal is impressed across the input,
then 50 milli-watts of power will be developed in the output at
400 cycles. g

With the constant improvement in r.f. amplifier circuits, re-
ceiving sets at present are much more sensitive and it is not un-
common to find receivers having a sensitivity in the order of
3 to 5 micro-volts per meter or higher.

Fidelity.—Fidelity is the term being used to indicate the
accuracy of reproduction, at the output of a radio receiver, of
the modulation impressed on the r.f. signal applied to the in-
put of the set under test.

This is generally determined by setting up the receiver to be
tested and impressing on its input an r.f. signal modulated at
30%, the input signal having a value such that the normal out-
put is obtained.
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Next the frequency of the modulating signal is varied (the
modulation being held constant) over the entire audio fre-
quency band and the output power at each frequency is noted.

From the data so.obtained, a curve can be charted showing
how the audio-frequency output power from the set varies with
the frequency applied.

Such curves are run at various radio frequencies for example -
at 600, 1000 and 1500 k.c. in the broadcast band, so that the
variation of fidelity can be determined.

o[ m

5. H NN

31o ~

& 20 140 k.c.

S N[ 1904 K.C.

©-30 |
60| K.C.
il

500 100 200 500 1,000 3,000 10,000
AUDIO FREQUENCY -CYCLES PER SECOND

FIG. 8—Typical radio receiver, fidelity characteristics.

In this manner it is possible to obtain information regarding
the characteristics of the 7.f. amplifier system. It is obvious that
if the system tunes too sharply at some point in the broadcast
band, the side-bands will be suppressed partially and this will
show up on the curve which is plotted as a falling off in response
at the higher audio frequencies. ’

When making 2 test of this type, it is essential that the source
of the audio frequency voltage used to modulate the r.f. input
signal be quite pure (free from harmonics). Generally the total
harmonic output from the audio frequency oscillator should not
be allowed to exceed 5%.
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Amplifier Classification.—There are four recognized classes
of amplifier service. This classification depends primarily on
the fraction of the input cycle during which the plate current is
expected to flow under rated full-load conditions.

The term cut-off bias used in the following definitions is the
value of grid bias at which plate current is of some very small
value.

Class “A” Amplifiers.—A class A amplifier is one in which the
grid bias and alternating grid voltages are such that the plate
current in a specific tube flows at all times.

FIG. 9—A graphic illustration of method of amplification showing, by means
of grid-voltage vs. plate-current characteristics, the effect of an input signal
““S™ applied to the grid of the tube. ‘O is the resulting amplified plate-
current variation,

Class A amplifiers of the voltage type find their application in
reproducing grid voltage variations across an impedance or
aresistance in the plate circuit. These variations are essentially
of the same form as the input signal voltage impressed on the
- grid, but of in¢reased amplitude. See fig. 9. Thi§ is accom-
plished by operating the tube at 4d suitable grid bias so that the
applied grid-input voltage produces plate-current variations
proportional to the plate swings. Since the voltage variation
obtained in the plate circuit is much larger than that required
to swing the grid amplification of the signal is obtained.
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Class A amplifiers of the power type find their chief application
as output amplifiers in audio systems, operating loud speakers
in radio receivers and public address systems, where relatively
large amounts of power are required.

For above applications, large output power is of much
greater importance than high voltage amplification. Therefore
gain possibilities are sacrificed in the design of power tubes to
obtain this greater power handling capability.

Class “AB” Amplifiers.—A class AB amplifier is an amplifier
in which the grid bias and alternating grid voltages are such
that plate current in a specific tube flows for appreciable more
than one-half but less than the entire cycle.

Class “B” Amplifiers.—A class B amplifier is an amplifier
in which the grid bias is approximately equal to the cut-off
value so that the plate current is approximately equal to zero
when no exciting grid voltage is applied, and so that the plate
current in a specific tube flows for approximately one-half of
each cycle when an alternating grid voltage is applied.

Class B amplifiers of the power lype employs two tubes con-
nected in push-pull, so biased that the plate current is almost
zero when no signal voltage is applied to the grids (see figs. 10
and 11). Because of this low value of no signal plate current,

- class B amplification has the same advantage as class AB, in that

large power out-put can be obtained without excessive plate
dissipation. The difference between class B and class AB is
that, in class B, plate current is cut off for a larger portion of the
negative grid swing.

Class C Amplifiers.—A class C amplifier is an amplifier in
which the grid bias is appreciably greater than the cut-off value
so that the plate current in each tube is zero when no alternating
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FIG. 11—TJllustrates typical class ‘‘B’ characteristics. An amplifier of this
.type generates considerable second and other harmonics. The efficiency of
an amplifier of this type is higher than the previously discussed class A
amplifier.
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grid voltage is applied, and so that plate current flows in a tube
for appreciably less than one-half of each cycle when an alter-
nating grid voltage is applied.

Radio Frequency Amplifiers.—Radio frequency amplification
is utilized to increase the volume of the weak radio frequency
signals received from the antenna, and occurs before the radio
frequency signals arrive at the detector circuit of the receiver.

There are three general methods for coupling the tube of one
ttage of radio frequency amplification to the next stage,
namely:

1. Resistance coupled
2. Impedance coupled

3. Transformer coupled.

Resistance-coupled Radio Frequency Ampllﬁer ;—In- this
type of amplifier (see fig. 12) a high remstan"e is being utilized
for the interstage coupling.

The advantage with this type when used as an audio amplifier
is that on account of its simplicity it is economical to build, in
addition, the amplification can be made very uniform over a
rather wide frequency range. It is these characteristics which
have made it useful in television devices.

The function of the blocking condenser is to prevent the
plate potential of one stage being impressed on the grid of the
next stage.

These blocking condensers, being series condensers, would
trap electrons between the grid and the adjacent condenser
plate, were it not for the high resistance leakage path provided
for their return to the filament circuit.
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Impedance Coupled Amplifiers.—The method of connection
for inductive coupling (also known as choke coil coupling), is
shown irr fig. 13. The impedances X, and X, are in the form of
auto-transformers; R; and R, are grid leaks ranging in value of
between one-quarter and one-half megohms; C, and C, are
the usual blocking condensers cf about one microfarad capacity
each.

DETECTOR

BLOCKING CONDENSERS
1st RF. STAGE 2nd R.F. STAGE 7
Hh

U

o

A+ B- A- B+
FIG. 12—Typical two stage resistance coupled radio frequency amplifier.

C -

A- A+B- B+
FIG. 13—Two stage impedance coupled radio fresnency amplifier.
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Transformer Coupled Amplifiers.—In this method the air-
core transformers with a one to one transformer ratio, are most
commonly used.

However, on very long wavelengths it has been found advan-
tageous to use step-up ratio transformers, by having a greater
number of secondary than primary turns.

1stRF. 2ndRF, ‘ 3rdR.F,
TRANSFORMER

| TRANSFORMER

T0 DET,
STAGE

%@

A-BATTERY [l —— A

-

[r
il B-BATTERY _
FIG. 14—Three stage radio frequency amplifier circuit.

In the tran8former coupled circuit shown in fig. 14, the
filaments are connected in parallel across the common “A”
battery with a variable rheostat to adjust the filament current.
A “B” battery is used to supply all the plate potentials, and a
“C” battery (when necessary) to supply all grid biases.

Push-pull Amplifiers.—This type of amplifier is frequently
used in receiving sets for supplying more power to the loud
speaker than is ordinarily obtainable from one or two stage
audio amplifiers.

Another advantage with this type of amplifier is that it
eliminates any distortion which may exist in ordinary amplifiers
due to the non-linear characteristics of the tube.
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It will be found by observing circuit, fig. 15, that this is a
balanced circuit, i.e. the cathode returns are made to the mid-
point-of the input and -output devices.

)

FIG. 15—Push-pull amplifier circuit. This type of amplificatior requires two
identical tubes in each stage. The grids of the tubes are not connected to-
gether, as in the case of parallel operation, but are connected to opposite
ends of & mid-tapped transformer secondary. The mid tap is used as a com-
mon connection for making connection to the negative bias voltage of the

grids.

An a.c. current flowing through the primary winding of the
input transformer will cause an a.c. potential to be induced in
the secondary, since the ends of the winding will be at exactly
opposite voltage with respect to the cathode connection. Hence
it will be found that the grid of one tube is swung positive at the
same instant that the grid of the other will be negative. From
this it follows that the plate current in one tube is increasing,
while the plate current of the other tube is decreasing. It is
from this characteristic that the name “push-pull” has been
derived. )

Although ordinary amplifier tubes can be utilized in this type
of amplifier, it is often desirable to use special power tubes
which give a high amplification factor. '
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How Selectivity of a Receiver Is Affected by the Number of
Radio Frequency Stages.—As previously explained the selec-
tivity of a receiver is defined as its ability- to discriminate be-
tween signals of various frequencies. However, this ability
among other factors is affected by the number of stages of which
the receiver is composed as well as the selectivity of each indi-
vidual stage.

The influence of the number of stages upon the selectivity
may best be understood by referring to fig. 16 which represents
the selectivity characteristics of several radio frequency stages.

:‘ S ’1'/‘;" ‘-‘\‘\.
L // "{/ : l:,'.\‘\\\ \
i W, oI NN
17N A
B £ // 5; N\
- D VA ! AN
prd Ve NN B
L~ \\\
°:-_moo 5000 ; 5000 10000
: CYCLES OFF RESONANGE

FIG. 16—Illustrates how the several stages of r.f. amplification increases
the selectivity of a receiver by reducing the strength of undpsired signals.

Curve 1 represents the selectivity of one single 7.f. stage. At a
point 5,000 cycles of resonance the circuit gives 849, of ampli-
fication at resonance and at 10,000 cycles off resonance the
amplification has dropped to only 669, of the resonance
amplification.

Assuming that instead of having only one 7.f. stage that other
stages be added having exactly the same characteristics as that
of the first, the selective action as that represented by curve 2,
will be obtained.
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If now at a certain-point off resonance, the first stage reduced
the amplification factor to 849, then the second stage would
reduce the amplification to 849, of what came through the
first stage.

With reference to the chart at a point 5,000 cycles off reso-
nance, the four stages would introduce a final amplification of
only 499, of the resonant frequency.
 Analyzing the result further, at a point 5,000 cycles off
resonance the first stage is 849%; that of the second stage
84 %84 or 709,; that of the third stage 84 X84 X84 or 59%,, and
finally the amplification of the fourth stage 84 X84 X84 X84 or
only a little better than 49%. )

.However, since a radio signal includes modulation frequencies
up to 5,000 cycles off resonance, it is evident that a radio fre-
quency amplifier having four stages would cause considerable
side band suppression with consequent signal distortion.

+

Regenerative Circuits and Control Methods.—The term
regenerative is applied to any detector circuit in which a
coupling is provided between the plate and oscillatory grid cir-
cuit. The tube performs simultaneously the function of a
detector and an oscillator.

A typical regenerative circuit is shown in fig. 17. The various
methods for control of regeneration in receivers are known as
potentiometers, ticklers, reversed capacity, etc. Figs. 18 and 19
shows two ways in which regeneration may be controlled by
means of a screen grid detector. In fig. 18 the regeneration con-
trol is a variable condenser having a maximum capacity of 100
or 150 pu fd. It acts as a variable by-pass between the low-
potential end of the tickler coil and the cathode of the tube. If
the by-pass capacity is too smalil the tube will not oscillate,
while increasing the capacity will cause oscillations to start at
.a certain critical value of capacity.
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This method of regeneration control is very smooth in opera-
tion, causes relatively little detuning of the received signal and,
since the voltage on the screen-grid of the tube is fixed, permits
the detector to be worked at its most sensitive point.

The sensitivity of a screen-grid detector depends a great deal
upon maintaining the screen-grid voltage in the vicinity of
30 volts.

Y

TICKLER

coi GRID LEAK

- | { :
——
GRID CONDENSER PHONES
CONDENSER
VARIABLE
CONDENSER A

fi
LI'I-IE:I-I-I———J

FIG. 17—Regenerative circuit. The scheme of combining a detector circuit
with a separate oscillator circuit is called heterodyning and oscillators
built exclusively for this purpose are czlled heterodynes. A circuit such as
this is known as a regenerative circuit, and this term is applied to any de-
tector circuit in which a coupling is provided between the plate and the
oscillatory grid circuit.

(OUT000) (00
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In fig. 19 regeneration is controlled by varying the mutual
conductance of the detector tube through varying its screen-
grid - voltage. The regeneration control is usually a voltage
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FIGS. 18 and 19—Showing two methods for conirol of regeneration in radio

receivers.
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divider—or so-called ‘“‘potentiometer”’—with a total resistance
of 50,000 ohms or more. This circuit causes more detuning of
the signal than that in fig. 18 and the resistor is likely to cause
some noise unless by-passed by a large capacity (about 1y fd.) at
C. In fig. 18 condenser C may be .5y fd. or larger. With circuit,
fig. 19, it is necessary to adjust the number of turns on the
tickler coil to make the tube just start oscillating with about 30
volts on the screen grid if maximum sensitivity is desired.

Both the methods shown in figs. 18 and 19 may be applied
to three-electrode detectors, although these tubes have been
largely superseded as detectors by the more sensitive screen
grid tubes. To use the method shown in fig. 19, the regenera-

tion control resistor should be placed in series with the plate of
the tube and it need not be used as a voltage-divider, but simply
as a series variable resistor. It can also be used as a series re-
sistor when controlling a screen-grid tube. Another type of
regeneration control, more suitable for lower radio frequencies,
uses a variable resistance across the feed-back portion of the
r.f. circuit.

Conversion of a High Radio Frequency to a Low Radio
Frequency.—This method is based on the simple electrical prin-
ciple that when the energy of two different frequencies is com-
bined in a suitable detector, there is produced a third frequency
(termed the beat note or intermediate frequency) which is
equal to the difference between the two first frequencies.

Thus if an amplifier is designed for 130 kilocycles and it is
desired to receive a broadcast signal of 1,500 k.c. all that. is:
needed, is to supply a locally-generated frequency either 130
k.c. higher or 130 k.c. lower than the received broadcast signal
of 1,500 k.c.
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The combination of the received broadcast signal and the
locally-generated signal gives the beat note or intermediate
frequency equal to the difference bteween them or 130 k.c.

BEAT FREQUENCIES

FIG. 20—Illustrates how beat frequencies are generated. With reference to
curve A, and A., it may readily be observed how the frequencies are alter-
nately in and out of phase with each other. The frequency with which these
component curves are in phase with each other is equal to the difference be-
tween the frequencies of the two component currents, i.e. the frequency _
71 minus frequency f. equals frequency . When the two frequencies f, and
f; are the same, they are said to be adjusted to zero beat.

Detection.—It has been previously explained that 7.f. ampli-
fication in a receiving set takes place before the radio signals
arrival to the detector circuit. The function of the detector is to
de-modulate the r.f. wave before it reaches the audio stage.

In the receiver it is desired to reproduce the original a.f.
modulating wave, from the modulated r.f." wave, i.e. it is
desired to de-modulate the 7.f. wave.

The stage in the receiver in which this function is performed
is often called the demodulator or detector stage. There are
three detector circuits in -general use, namely:

1. The diode-detector
2. The grid-bias detector
3. The grid-leak detector.
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A typical diode detector circuit is shown in fig. 21.

: The action of this circuit when a modulated 7.f. wave is ap-
" plied is illustrated by fig. 22. The r.f. voltage applied to the
circuit is shown in light line, the output voltage across the con-
denser C is shown in heavy line. Between points @ and b on the
first positive half-cycle of the applied 7.f. voltage, the con-
denser C charges up to the peak value of the 7.f.-voltage.

1 F.INPUT r ' AUDIO
FREQUENCY —<O
| AMPUIFIER | <parER
]

FiG. 21—Diode detector circuit.

O

VVVVYWY
e

e

— AAAAAAAA

Then as the applied r.f. voltage falls away from its peak
value, the condenser holds the cathode at a potential more
positive than the voltage applied to the anode. The condenser
thus temporarily cuts off current through the diode. While the
diode current is cut®off, the condenser discharges from b to ¢,
through the diode load resistor R. When the 7.f. voltage on the
anode rises high enough to exceed the potential at which the
condenser holds the cathode, current flows again and the con-
denser charges up to the peak value of the second positive half-
cycle at d. In this way, the voltage across the condenser fol-
lows the peak value of the applied 7.f. voltage and thus repro-
duces the a.f. modulation.
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The curve for voltage across the condenser, as shown in fig.
22 is somewhat-jagged. However, this jaggedness, which repre-
sents an 7.f. component in the voltage across the condenser, is
exaggerated in the illustration. In an actual circuit the 7.f.
component of the voltagé across the condenser is negligible.
Hence, when the voltage across the condenser is amplified, the
output of the amplifier reproduces the speech or music originat-
ing at the transmitting station.

N
N N
[

FIG. 22—Diode detector characteristics.

The diode method of detection has the advantage over other
methods that it produces less distortion. The reason is that its
dynamic characteristic can be made more linear than that of
other detectors. It has the disadvantages that it does not amplify
the signal, and that it draws current from the input circuit and
_ therefore reduces the selectivity of the input circuit. However,
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because the diode method of detectioh produces less distortion
and because it permits the use of simple a.v.c. circuits without
the necessity for an additional voltage supply, the diode method
of detection is most widely used in broadcast receivers.

TO GRID OF
C,  NEXT AUDIO
STAGE

INTERMEDIATE
FREQUENCY
INPUT

FIG. 23—Diode-biased detector circuit.

Another diode detector circuit, called a diode-biased circuit,
is shown in fig. 23. In this circuit, the triode grid is connected
directly to a tap on the diode load resistor. When an r.f. signal
voltage is applied to the diode, the d.c. voltage at the tap sup-
plies bias to the triode grid. When the r.f. signal is modulated,
the a.f. voltage at the tap is applied to the grid and is amplified
by the triode. The advantage of this circuit over the self biased
arrangement shown in fig. 24 is that the diode-biased circuit
does not employ a condenser between the grid and the diode
load resistor, and consequently does not produce as much dis-
tortion of a signal having a high percentage of modulation.

However, there are restrictions on the use of the diode-biased
circuit. Because the bias voltage on the triode depends on the
average amplitude of the 7.f. voltage applied to the diode, the
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average amplitude of the voltage applied to the diode should be
constant for all values of signal strength at the antenna. Other-
wise there will be different values of bias on the triode grid for
different signal strengths and the triode will produce distortion.

This restriction means, in practice, that the receiver should
have a separate-channel automatic volume control system.
With such an a.v.c. system, the average amplitude of the signal
voltage applied to the diode can be held within very close limits
for all values of signal strength at the antenna.

mrmImn _[_ a0 freg. |y
WEWCV C AMPURAER SPEAXER
Cs
R, : i
!C, Cs 2R,

R,
. . i +8

FIG. 24—A typical diode-detector circuit using a duplex-diode tube is shown
above. In this circuit R, is the diode load resistor. A portion of the a.f.
voltage developed across this resistor is applied to the triode grid through
the volume control R.. In a typical circuit, resistor R: may be tapped so that
five-sixths of the total a.f. voltage across R, is applied to the volume con-
trol. This tapped connection reduces the voltage output of the detector cir-
cuit, but also reduces audio distortion and improves the r.f. filtering.
D.c. bias voltage for the triode section is provided by the cathode-bias
resistor R and the audio by-pass condenser C:. The function of condenser
C: is to block the d.c. bias voltage of the cathode from the grid. The func-
tion of condesner C,is to by-pass any r.f. voltage on the grid to cathode. A-
duplex-diode pentode may also be used in this circuit. With a pentode, the
a.f. output should be resistance-coupled rather than-transformer-coupled.

B
T

it




4,512-H Radio Receivers

A

The tube used in a diode-biased circuit should be one which
operates at a fairly large value of bias voltage. The variations in
bias voltage are then a.small percentage. of the total bias and
hence produce small distortion. Tubes taking a fairly large bias
voltage are types such as the 6R7 or 85 having a medium-mu
triode. -

"~ Tube types having a high-mu triode or a pentode should not
be used in a diode biased circuit. Since there is no bias applied
to the diode-biased triode when no 7.f. voltage is applied to the
diode, sufficient resistance should be included in the plate circuit .
of the triode to'limit its zero-bias plate current to a safe value.

R-F CHOKE
BY-PASS
' CONDENSER
. S wnpe
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CATHODE =it
BIAS RES. B

FILAMENT
TRANSFORMER
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FIG. 25~Grid-biased detector circuit.

A grid-bias detector circuit is shown in fig. 25. In this circuit,
the grid is biased almost to cut-off, i.e. operated so that the plate
current with zero signal is practically zero. The bias voltage can
be obtained from a cathode-bias resistor, a “C” battery, or a
bleeder tap. Because of the high negative bias, only the positive
half cycles of the 7.f. signal are amplified by the tube. The sig-
nal is therefore detected in the plate circuit.
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The advantages of this method of detection are that it am-
plifies the signal, besides detecting it, and that it does not draw
current from the input circuit and therefore does not lower the
selectivity of the input circuit.

The grid-leak and condenser method, shown in fig. 26 is some-
what more sensitive than the grid bias method and gives its best
results on weak signals. In this circuit, there is no negative
d.c. bias voltage applied to the grid. Hence, on the positive half-
cycles of the 7.f. signal, current flows from grid to cathode. The
grid and cathode thus act as a diode detector, with the grid-
leak resistor as the diode load Yesistor and the grid condenser as
the 7.f. by-pass condenser.

RF.
CHOKE

GRID CONDENSER

' GRID LEAK

FIG. 26—Detector circuit grid-leak and condenser method.
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The voltage across the condenser then reproduces the a.f.
modulation in the same manner as has been explained for the
diode detector. This voltage appears between the grid and
cathode and is therefore amplified in the plate circuit. The out-
put voltage thus reproduces the original a.f. signal. :
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In this detector circuit, the use of a high resistance grid leak
increases’ selectivity and sensitivity. However, improved a.f.
response and stability are obtained with lower values of grid-
leak resistance. This detector circuit has the advantage that it
amplifies the signal, but has the disadvantage that it draws
current from the input circuit and therefore lowers the selec-
tivity of the input circuit.

Tuned Radio Frequency Circuits.—The word funed in this
connection simply means that the circuit is brought into reson-
ance with the desired signal. A tuned 7.f. circuit is one in which

4

.___RF.
TRANSFORMER | _ pe.
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TUNING “COND.
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FIG. 27—Diagram illustrating principle of tuned radio frequency. The usual
method of tuning is by means of a variable condenser in parallel with the
secondary of the radio frequency transformer. A potentiometer is used to
control oscillations, as the greatest amplification is obtained when the cir-
cuits are operated just at the point before self oscillation starts.

the radio frequency amplifier circuits may be tuned to the de-
sired wave lengths by adjusting the inductance or the capacity
or both, although the usual method of tuning is by means of a
variable condenser in parallel with the secondary of the radio
frequency transformer. (For theory of tuning see page 165.)
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Reflex Circuits.—The reflex circuit principle is only one of
several circuits developed, whose aim it ‘was to extract the
maximum use of a tube or a group of tubes, i.e. to reduce the _
number of tubes required in a multi-stage receiver.

The use of this circuit, however, with the versatility and
relative inexpensiveness of the modern vacuum tube has be-
come largely obsolete except in locations where space and
weight of a receiver is at a premium—for example, in connec-
tion with portables, airplane, znd automobile receivers.

RADIO FREQUENCY
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[t}

POTENTIOMETER l

0001 VARIO
COUPLER
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=
PRIMARY ]
0.0015 M.F.

FIG. 28—Diagram showing typical reflex circuit.

In this circuit the vacuum tubes are made to perform the
double duties of both radio and audio frequency amplifiers.

The incoming radio frequency signal is amplified at radio
frequency, rectified by a detector, and then amplified at audio
frequency using the same tube, or if so desired the circuit values
can be chosen so that the stage can function as a radio frequency
and intermediate frequency amplifier.

It can readily be understood that to construct a stage which
will first amplify the signal at the 7.f. and then further amplify
the signal after it i1as been rectified and converted into an audio
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frequency, requires a very careful choice of circuit constants, be-
cause not only must the circuit elements give the proper load
at both audio and intermediate frequencies but filters must also
be inserted to separate the frequencies so as 1o prevent feed-
back. A typical reflex circuit using one tube and a crystal de-
tector is shown in fig. 28.

Intermediate Frequency Amplifiers.—The function of the in-

termediate frequency amplifier in a super-heterodyne receiver
is to convert the 7.f. signal to an intermediate frequency.

To obtain this change in frequency, a frequency-converting
device consisting of an oscillator and a frequency mixer is com-
monly employed.

In a circuit of this type two potentials of different frequency
namely the radio frequency voltage and the potential generated
by the oscillator are applied to thé input of the frequency mixer.

The aforementioned potentials beat, or heterodyne with the
mixer tube to produce a plate current having in addition to the
frequencies of the input potential, numerous sum and difference
frequencies.

Generally the output circuit of the mixer stage is provided
with a tuned circuit adjusted to select oniy one beat frequency—
that frequency which is equal to the difference between the im-
pressed signal frequency and the oscillator frequency.

It is this selected output frequency which is known as the
intermediate frequency or in abbreviated form z.f.

The output frequency of the mixer tube is kept constant for
all signal frequency values by tuning the oscillator to the proper
frequency. Methods of frequency conversion for super-hetero-
dyne receivers are as follows:
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The first method widely employed before the availability of
tubes especially designed for this purpose utilizes as mixer tube
either a triode, a tetrode or a pentode. In this method the
oscillator and signal potential are applied to the same grid. The
coupling between the oscillator and mixer circuits is obtained
by means of inductance or capacitance.

A second method employs a tube which is especially designed
for this type of service and is known as the pentagrid converter

tube.

RFE. AMPL.
TUBE

" PENTAGRID-CONVERTER

T
—

O_§

M

i
I
|

100000,

T
2 T
]

-

T ¢ TO PLATE
= SUPPLY

al

FIG. 29—Pentagrid converter tube employed as an oscillator mixer in a
super-heterodyne receiver circuit.

In this tube the oscillator and frequency mixer are combined,
and the coupling between the oscillator and mixer circuit is ob-
tained by means of the electron stream within the tube. For
the arrangement of elements in a pentagrld converter see page

4,494-A.



‘4,512-N Radio Receivers

A third method employs a tube designed for short-wave re-
ception, and is identified as the pentagrid mixer. It has two
independent control grids, and is used with a separate oscillator
tube.

In this tube the 7.f. signal potential is applied to one of the
control grids and oscillator potential to the other.

Audio Frequency Amplifiers.—An audio frequency amplifier
is employed to increase the volume of the signals after leaving
the detector tube, but before the signal is passed into the loud -
speaker.

There are three general methods of audio amplifier couplings
whereby the tube of one stage of audio frequency amplifier may
be connected to the following stage, identified as:

1. Resistanee.coupled-- - '
2. Impedance coupled

3. Transformer coupled.

Resistance Coupled Audio Frequency Amplifier.—Here, as in
previously discussed 7.f.a. a resistance is employed in the inter-
stage coupling, as shown in fig. 30.

The function of the blocking condenser C, is that of insulating
the grid of the tube from the high positive potential of the plate
supply. In order to prevent the grid from the tendency of
accumulating a negative charge, a high resistance leakage path
is introduced through grid R, the size of which depends upon
the value of the grid to filament resistance of the tube.

‘When a signal potential is received from the detector, a. cur-
rent is generated through coupling resistor R;, in the plate cir-
cuit of the primary tube, these voltage variations lowered by
the blocking condenser C, are impressed upon the input circuit
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of the second tube. Finally the grid voltage variations applied
to the secondary tube causes corresponding variations of the
plate potentials which are impressed on the input circuit of the
final stage.

l__

OUTPUT

]

AAAAAAA
VVYVVVY
ol
-

o C-
—o B+

FIG. 80—-fiiterstage coupling in a resistance coupled audio frequency amphi-
fier.

Resistance coupling of the audio-frequency stages offer the
advantages of good response at low audio frequencies. How-
ever, this increases the possibility of trouble from a common
plate voltage supply. This is on account of the fact that the by-
pass condensers are ineffective at very low audio-frequencies
and hence the common voltage supply acts as coupling between
the stages. This gives rise to oscillations which are known as
motor-boating and may be prevented as suggested on page 288.

Impedance Coupled Audio Amplifiers.—The impedance
coupled audio amplifier is similar to the resistance coupled am-
plifier just described except that in place of the resistance an
inductance consisting of a coil of wire wound on a laminated
steel core, is utilized.
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This type of coupling is also known as choke coil coupling or
choke coil amplification. The voltage amplification obtained in
this type is, as in the case of the resistance coupled amplifier,
due to the amplification of the tube employed.

The effect of the blocking condenser is similar as that de-
scribed for the resistance coupled amplifier.

BLOCKING CONDENSERS.
1"
L1

~— | s i e
TO POWER
TO LF. TUBE
AMPLIFIER s =
z SRES
IMPEDANCE IMPEDANLE
col coL -
2 [
o} [o]
B-C+ B+ c-

FIG. 31—Inter-stage coupling in an impedance coupled audio frequency
amplifier. :

OUTPUT

TRANSFORMER

O A—

—0 B+

FIG. 32—Method of inter-stage connection of transformer coupled audio
ferquency amplifier.
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Transformer Coupled Audio Amplifier.—In the transformer
amplifier shown in fig. 32, the coupling is made by means of a
transformer consisting of two windings—one primary and one
secondary.

This type of coupling used extensively in early radio receivers
has now largely disappeared on account of a number of dis-
advantages as compared with previous mentioned types.

The voltage gain received in this type is largely defeated due
to the fact that it is not linear for all frequencies.

The frequency distortion is caused largely by the distributed
capacity existing between the windings of the transformer.

An additional form of distortion known as harmonic distor-
tion is caused by saturation of the iron core in the transformer.

Tuning Indication.—Tuning indication in modern receivers
is usually accomplished by the employment of an electronic
device identified as the electron-ray tube.

ZERO GRID BIAS NEGATIVE GRID BIAS
FIG. 33—Electron pattern on the 6E5 target for various grid bias.

The choice between the two types known as the 6E5 and 6G5
for a receiver depends largely on the receiver’s automatic vol-
ume control characteristics. The 6ES5 for example has a sharp
cut-off triode which closes the shadow angle on a comparatively
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small value of a.v.c. potential, whereas the 6G5 has a remote
cut-off triode which closes the shadow angle on a larger value
of a.v.c. potential. ,

In both types the triode is mounted in an evacuated glass
enclosure with a fluorescent target in a dome as shown in fig. 34.
The target is operated at a positive potential and hence attiacts
electrons from the cathode.

FIG. 34—Internal construction of electron ray indicatoi' tube. (Courtesy
R.C.A. Mfg. Co. Inc.)

When the electrons strike the target they produce a glow in
the fluorescent coating on the target, which appears as a ring
of light when the electrons are flowing over the whole circum-
ference. _ c

The extent of this glow pattern depends upon the grid volt-
age of the tube, and hence will give an indication on the amount
of departure from the condition of resonance or sharpness of
tuning.

The tubes may ‘be connected for indicator service as depicted
in figs. 35 and 36.

When the receiver reaches a condition of resonance during
timing, the automatic control voltage is at maximum, and since
this maximum voltage is applied to the grid of the triode, it acts
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to decrease the triode plate current, and decrease the shadow
angle to a minimum, which gives an indication that the set is
tuned exactly on the desired station.

I-F TRANS DIODE SECTION OF DIODE SECTION OF

SECOND DETECTOR -F TRANS. SECOND DETECTOR
af . 47
r T 1
€
Ml - ———]
R COR ave. Ra |Ri Re
LEZ-TIIV YN Py T NG
L TYPE 6ES —TO A-F a I TO A-F CIRCUI]
<3 OR 665 CIRCUIT ZI TYPE
| T RgQ 8ES
: A A
m3 .
4
L S T )
TO SELF-BIAS .TO SELF-BIAS
RESISTOR (R¢) RESISTOR (Re)
OR GROUTID OR GROUND

FIGS. 35 and 36—Typical tuning indicator circuits. When the strongest carrier
received produces sufficient a.v.c. voltage to exceed the cut-off bias value of
8 volts, the shadow area of fluorescent traget will overlap. In order to over-
come this effect resistor B; should be connected, as shown, between the
triode unit grid and cathode in order to reduce the control voltage. The value
of this resistance may best ke determined by applying a strong signal and
then adjust R; until the shadow angle is nearly zero. (Courtesy R.C.A. Inc.)

R = _ /1,0 megohm for B+ =250 volts R:=R,
~ {0.5 megohm for B =100 volts Re+R:=0.2 megohm .

R, =0.05 megohm rf ( filter) C;:=100 to 200 uuf
R:=0.2 megohm C.=A.v.c. filter condenser
R;i=determined by test C3:=0.05 to 1.0 uf
R.=a.v.c. filter resistor Ci=0C:

“Motor Boating” of Amplifiers.—Generally this term is
derived from the erratic action of a receiving set in giving out a
“put-put” sound somewhat resembling that of a motor used
in propelling a boat. This is usually caused by inter-action
coupling between stages, due to common coupling in the plate-
supply unit. :

]
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To remedy this situation a circuit known as an “‘anti-motor-
boatmg haq been found to give good results.

- To add a circuit of this kind to any existing receiver it is
simply necessary to connect the resistance R, in series with the
lead connecting between the B- detector terminal on the
receiver and the B terminal on the detector terminal cn the
power unit.

T. v O DET.
B0 =Ee  TEe |
| 1
0 - T 2 o BU NIT

FIG. 37—A method whereby ‘‘motor boating’’ may be eliminated, by means
of condensers and resistor connected between the receiver and ‘“B” power
supply unit as shown.

Condensers C; and C, each having a value of 2.0 mfd. are
connected between the B+ and B — as illustrated. It is prefer-
able to locate the recistance at a point close to the receiver
rather than near the power unit.

The ‘'value of the resistance depends to some extent upon the
characteristics of the receiver and the power unit. In some
amplifiers a value of 10,000 ohms have been found to be satis-
factory whereas in others a resistance of 50,000 to 100,000
ohms has been required to prevent “‘motor-boating’ although in
most cases a resistance of 50,000 ohms has been found satis-
factory.

A non-motor boating resistance coupled amplifier using two
type 6J7 tubes with a voltage gain of 9,000, using circuits values
as indicated, is shown in fig. 38.
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Various Methods of Obtaining Grid Bias.—The grid bias

may generally be defined as the direct potential applied to the

+ grid of a vacuum tube, to influence its operation.by making it
negative with respect to the filament or the cathode.

TYPE &J7 TYPE 607

Ci.Ca 8 8 Uf, LOW VOLTAGE

€2 ls= OOG»F VOLTAGE RATING A3 MIGH
VOLT‘GE SUPPLY

c3, c.-oooeur VOLTAGE RATING AS HIGH
S VOLTAGE SUPPLY

l|=VOLlA¢ CONTROL POTENTIOMETER

R2,Rg = 600 OHMS, 0.1 WATT ’

R3,R7,Rg= 500000 OHMS, 0.5 WATT

Rg,Ra =100000 OHMS, 0.1 WATT

R = 500 000-0HM YOLUME~CONTROL.

POTENTIOMETER GANGED WITH Rq
¥ £ DECOUPLING FILTER

FIG. 38—Schematic circuit diagram of ‘‘Non-motor boating” resistance
coupled amplifier. (Courtesy R.C.A. Mfg. Co. Inc.)

Among the numerous methods of obtaining bias voltage for
amplifier tubes, the simplest and most direct way is to connect,
the “C” battery in series with the grid return lead of each tube.

However, because of a rather popular aversion to the-use of
batteries, to mention nothing of its cost, this classical scheme
is ruled out. The next method in order of simplicity is the use of
a self-bias resistor, properly by-passed, as shown in fig. 39.
This method is familiar to all set builders and experimenters,
and therefore requires little comment. The only disadvantage
is the high cost of resistors and by-pass condensers, especially
when there are numerous tubes in the set.
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. A numbér of other bias circuits are available which have the
advantages. of simplicity, low cost and reliability. These
schemes make use of the fact that the total B drain of the set
returns to the power transformer through the minus B, lead of
the set. Fig. 40 shows one of the circuits. A single tapped resistor
is used to obtain the C, bias voltages for all the tubes. When
using this circuit, the cathodes of all tubes are grounded.

Experimenters and set builders will appreciate how much this
means in cleaning up the wiring around a tube socket.

SPEAKER FIELD

- 500 —B+!
[+
[TY]
1=
[
Q == FILTERS ==
o
e
z TO C- OF POWER TUBE | TO CATH. OF DIODE
{ DETECTOR AND 1st
A.F.TUBE
- . TO C- OF 1st A.F.TUBE

FIG. 39—Showing how grid bias may be obtained by the use of self biased by~
passed resistor.

FIG. 40—I1llustrating a simple and convenient grid bias scheme.

. Finding Resistor’s Value.—The proper value of this resistor
is easy to determine. With reference to fig. 40 add up the plate
and screen currents of all the tubes in the set (this value can be
obtained from a tube chart) and divide the total into the value
of grid bias of the output tube.
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For example, if the sum of all the plate and screen currents is,
say, 70 milliamperes (0.07 ampere); the grid bias of the output
tube is, say 12.5 volts. The value of the entire resistor is then
12.5 divided by 0.07 or approximately 180 ohms. This resistor
is divided into three parts: Part 1, is simply the value of the
bias on the 7.f. and 7.f. tubes divided by 0.07; part 2, is the
value of the bias on the first audio tube divided by 0.07, etc.

If trouble be encountered with this calculation, then find the
value of the entire resistor and determine the position of the
taps by trial and error; the same answer will be obtained either
way.

Using Speaker Field.—Another convenient bias circuit is to
make use of the voltage drop across the speaker field when it is
connected in the negative leg of the filter. This circuit is shown
in fig. 41. In this circuit, all cathodes are connected directly to
chassis. The proper position of the taps is best calculated, be-
Gause R should be about 0.5 megohm and accurate readings
cannot be obtained on ordinary volt-meters with such high
resistors in the circuit.

In a typical case, E is 100 volts. R, is 3 times 500,000 di-
vided by 100, or 15,000 chms. R, is 1.2 times 500,000 divided
by 100 or 6,000 ochms; in a similar manner R, plus R, plus R;
is determined.

In circuit fig. 43 is another typical device which is used with
much success. In this circuit, the a.s.c. resistors are used to
form a voltage divider with another resistor R;. The theory of
the circuit is as follows: A bias voltage E, is developed across
resistor R, in a manner similar to that described for circuit
fig. 1. This voltage is impressed across R;, R, and R; in series.
It is the fraction of E, that is developed across R; plus R, that
supplies bias for the 7-f and i-f tubes. The entire voltage E
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= SPEAKER FIELD
E o %
R =

7 R Rs R: R,

» TO CATH. OF DIODE
2nd DETECTOR AND
1st A.F.TUBE

T0 C- OF OUTPUT TUBE

TO C-OF 1st A.F.TUBE

FIG. 41—Method of obtaining grid bias by utilizing voltage drop across speaker
field coil.

2nd DET.
1st A.F TUBE 1st A.F. TUBE

&
g T T 70 C- OF

- ' OUTPUT TUBES

FIGS. 42 and 43—Grid bias method when receiver is equipped with automatic
volume control.
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supplies bias for the output tube; the first ¢-f tube obtains bias
‘from a tap on R,. The merit of this circuit lies in the fact that
any hum on R, is filtered from the grids of 7-f and 7-f tubes by
the a.v.c. condenser C, which is normally in the circuit.

The circuits shown here are fundamental types and there are
many deviations from them. This circuit is relatively new and is
being adopted by an increasing number of manufacturers for
reasons of economy.

Only one precaution need be taken. Should hum develop,
simply insert a decoupllng resistor in the grid lead of the first
audio tub\, as showu in fig. 42.

R.M.S. (Root mean-square) and Peak Voltage Relations in
an Alternating Current.—In order that a clear conception may
be had regarding the exact meaning of the above terms, the
definitions are as follows:

1. The R.M.S. (Root mean-square) Value zometimes identi-
fied as effective voltage is that part of an alternating current
which has the same heating effect as a direct current of the
same potential, and it is for this reason that the 7.m.s. value of
an alternating voltage is termed the effective value.

2. The Peak Value of an alternating voltage is the maximum
value to which the voltage rises during any part of the cycle.
The shape of ordinary a.c. voltages are such that the potential
is proportional to the sine of an angle, hence the often heard
expression of the term “‘sine curve’” shown in fig. 44.
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When the voltage has such a form the peak voltage is equal
to the 4/2 tiines the 7.m.s. value or if the peak voltage is known
divide this voltage by the 4/2 to obtain the 7.m.s. or effective
value.

Example.—What is the effective or (r.m.s.) value of an os-
cillating grid voltage whose peak values are T and 22 volts negative,
and what is the grid bias?

wt _——— —— e — — — — —_—————— e — —
e NON-OSCHIATING D. C. VOLTAGE, GG

o THE SAME HEATING EFFECT (I'R) AS THAT

8 OF THE A C. vo%ce SHOWN BELOW

L zer0 vaLUE

T
PEAK VOLTAGE R.M.S, OR EFFECTIVE

l , o lVOLTAGE

L2er0 vALUE

13

VOLTAGE

FIG. 44—IHustrating comparative values of r.m.s. and peak voltage in an
alternating current.

Solution.—Since the extreme values of voltage variation are
—7 and — 22 volts, the total amount of grid “swing”’ will be their
difference or 15 volts, while the amplitude of an oscillation will
be half of this or 7.5 volts. Now the r.m.s. value is always

T% or 0.707 of the corresponding amplitude; hence the
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r.m.s. value of the grid voltage oscillations will be 0.707 X7.5 =
5.3 volts approximately. The grid bias point or mean potential
of the grid will obviously lie half-way between the extreme
peaks of potential attained in the cycle; it will therefore be
14 (7422) or 14.5 volts negative.

Example.—If a 2 volt batlery supplies 0.85 walt to a filament
circuil, what 1s the current drain?

Solution.—For the solution of this problem, it is necessary
to re-write the equation W=IXE in the equivalant from
I =lEV— in which as usual E and 7 are in volts and amperes,
while W is expressed in watts. In the above example therefore—

= —O—gi =0.425 ampere
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Radio Circuit Diagrams
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F16. 7,318.—Schematic wiring diagram of a 4-tube Handy-phone for inter-office communica-
tion. (Model FM-41 Geune.al klectric.) The handy phone is an eificient loudspeaker phone
system for use in offices, ho.nes, hospitals or other places where voice communication be-
tween a central station and o.e of more remote stations is desirable. The system comprises
one Model FM-41 master station and from one to four Moddl F3-5 remote speaker phone
stations. The master station employs four General Electric tubes in a three-stage audio
.amplifier circuit, with nower supply. When it is desired to operate over a distance of more
than 2,000 feet, standard line transformers may be used, procurabie from any radio supply
loae. The transformers should be designed to operate from a five-ohm source into a line of
200, 500 or 600 ohms impedance. The system may be operated from either a.c. or d.c.
power supply. When the system is operated from an a.c. source, all d.c. petentials are sup-
plied by the rectifier tube 2575 and its associated filter circuits. When the system is oper-
ated from a d.c. source it is necessary to insert the plug with proper polarity. If the unit fails
to function after allowing time for the tubes to reach their preper operating temperature, the
power plug should be reversed i.1 the receptacle.
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Control Systems 4,531

CHAPTER 178

Control Systems
AUTOMATIC FREQUENCY CONTROL (A.F. C.)

In the early kinds of radio sets the receiver control had to be
operated manually by the turning cf one or more volume control
knobs. In modern receivers however, automatic frequency con-
trol has been incorporated to make this constant manipulation
of the volume control knobs unnecessary.

The action of the automatic frequency control circuits in
superheterodyne receivers is such that any mis-tuning by the
listener or any frequency drift in the set after it has been
properly tuned is automatically corrected by the ircoming
signal itself.

The requirement for an automatic frequency control circuit
are: '

1. A d.c. detector operated through an i.f. frequency dis-
criminator network, and

2. An oscillator frequency control circuit. ,
How the Discriminator-Detector Circuit Works.—The dis-

criminator-detector network as the name implies, discriminates.
between applied intermediate frequencies which are too low
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and those which are too high, and produces a corresponding
direct current or voltage whose polarity depends upon the direc-
tion of frequency departure from a prescribed intermediate
frequency. This d.c. voltage is applied to a control element
which in turn causes a shift in frequency of the local oscillator
such as to bring the ¢.f. signal to very nearly the correct inter-

1st. 2nd. 2nd.
- H If. " [ DET. l AF. M

0sC.

INATOR

DISCRIM-

B 0SC.
CONTROL|

FIG. 1—Conventional block diagram of an automatic racio frequency control
circuit.

mediate frequency. Since production of the d.c. voltage is due
to departure from the resonant or center frequency of the 7.f.
system, obviously the correction cannot be strictly complete;
but in the system described a correction ratio of more than 100
to 1 is feasible.

In other words, when the dial of the receiver is mis-tuned 100
“k.c. for the received signal, the automatic correction may be
made to bring the actual 7.f. signal frequency to only 100 cycles
.off resonance in the ¢.f. system. Of course that is easily suffi-
clent. ’
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The Frequency Discriminator.—A method for obtaining
differential d.c. potentials (or currents) whose magnitude and
polarity are determined by the amount and the sign, respec-
tively, of the difference between an applied frequency and the
true intermediate frequency is described herewith. Side circuits
tuned above and below the center frequency are not used.

The action depends upon the fact that a 90° phase difference
exists between the primary and secondary potentials of a double-
tuned, loosely-coupled transformer when the resonant fre-
quency is applied and that this phase angle varies as the ap-
plied frequency varies. Thus if the primary and secondary
voltages are added vectorially, the absolute magnitude of the
resultant vector will be greater on one side of resonance then
on the other.

The vector sum of the primary and secondary voltages may
be physically realized by connecting the two parallel tuned,
coupled circuits in tandem, applying the input potentials to
one circuit and taking the output across both circuits in series.
In this manner, an action similar to that of a side circuit is
produced even though the primary and secondary are both
tuned to the center frequency.

The potentials at either end of a secondary winding with
respect to a center tap on that winding are 180° out of phase.
Therefore, if the center tap, rather than one end, of the secon-
dary is connected to the primary, two potentials may be real-
ized, one maximizing above and one maximizing below the
center frequency. See fig. 2.

If a transformer is connected in this manner and the resonant
frequency is applied to the primary the two resulting output
potentials will be equal in magnitude. If these are then applied
to two separate, like detectors and the resulting d.c. voltages are
~ added in opposition, the sum will be equal to zero. If , however,

T
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the applied frequency departs from responance, the sum of
their outputs will be some real value whose polarity will de-
pend upon the sign of the frequency departure.

> .

E,

MAGNITUDE OF E,

—FREQUENCY

+FREQUENCY
’

v
\ ,{ DIFFERENCE IN
‘. “~MAGNITUDE OF E,
AND E,

FIG. 2—Diagram and plotted curves illustrating how the potentials at either

end of secondary are 180° out of phase.

Referring to fig. 3, the action is as follows: 1f the resonant or
center frequency is applied to the grid of the amplifier tube,
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equal amplified voltages will exist between the point A and
ground and between the point B and ground. These are rectified
by the diodes and direct currents will flow in the resistors R,
and R, in opposite directions with respect to ground. Thus, the
net d.c. potential produced by the two IR drops between E,
and ground is equal to zero. If; however, the applied frequency
departs from resonance the potentials across the diodes will be
unequal in magnitude, unequal IR drops will be produced
in the two resistors and a d.c. potential will exist between E and
ground, the polarity of which will depend upon the sign of the
frequancy departure.

DIFFERENTIAL D.C.
VOLTAGES FOR A-F.C,

F (AUIDIO LAV c)
VOLTAGES |

R: T ¢

5

R.F. CHOKE

(GrounD)

FIG. 3—Automatic radio frequency control detector ciagram,

If a carrier at the resonant frequency with normal intensity
modulation, but without frequency modulation, is applied to
the system, the a.f. as well as the d.c. voltages across R; and
R; will be equal and opposed. Therefore at resonance there will
be no a.f. potentials between E and ground, and as far as audio
components are concerned, the system acts exactly as though
point E, were grounded with the outputs of the two diodes
acting in parallel. Actually if Cs is sufficiently large to have
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negligible reactance at the lowest modulating frequency, this is
the case. Then the point F, becomes a potent source of audio
voltages to supply the a.f. amplifier system and no other audio
detector is necessary.

‘ T
Ri Cc, G '
. — _
Cs 5 Al
S s,
)
l(:| RZ

L.

..||} .

+DISCRIMINATOR VOLTAGE B+

F1G. 4—Typical control circuit diagram. ’

It can be seen that the d.c. potential between ground and the
point F, will have the proper polarity to be used for avc action,
and that this potential will bear the same ratio to the developed
audio voltages as is found in the conventional diode detector
avc system. The fact that it maximizes at one side of resonance
is of no significance if automatic frequency control is used.
When the afc is cut out of circuit (manually) point E,
is grounded. This causes the d.c. potential at F, to maximize on
resonance.
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The Contro! Circuit.—A circuit which will convert d.c.
discriminator voltages into changes in oscillator frequency is
shown in fig. 4. In this figure 7, is the oscillator tube and T
the control tube. The combination of R, and C; connected
across the oscillator tank circuit produces a voltage on the grid
of the control tube 90° out of phase with that existing across the
tank circuit. Variations in grid bias of the control tube (ob-
tained from the discriminator) vary the plate current of that
tube. This plate current is 90° out of phase with the tank cir-
cuit voltage and therefore the control tube acts like a reactance
in shunt to the tank circuit. The magnitude of the reactance
and therefore the oscillatory frequency are varied by the con-
trol tube grid bias.

With the circuit shown in fig. 4 the control tube is equivalent
to an inductance in parallel with the tuned circuit. An increase
in mutual conductance of the control tube produces a decrease
in the magnitude of this equivalent inductance and conse-
quently an increase in the oscillator frequency.

Control Tube.—The amount of control is proportional to
G.., but is also affected by the control grid voltage for this Ga,
since a high-value of bias permits R; or C; to be smaller for a
given oscillatory voltage. Consequently maximum control is
proportional to the product of G.. and E.. Sensitivity of control
is however, another important requirement, since it is desired
that the frequency change be as large as possible for a given
change in bias. This means the control tube should be of the
short cut-off type. Further requirements are high r,, linear
change of G, with bias, and for economy, low plate and screen
currents.
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All of these requirements are best met by the short cut-off,
r.f. pentodes such as 57, 77, 6C6 and 6 /7. By proper choice of
R, and C; the maximum amount of frequency correction can be
adjusted to suit required conditions.

The frequency control readily obtain:ible by this circuit is of
the order of 9.59 of the oscillator frequency in the broadcast
band and 1.5%, in the region of 10 megacycles.

In a receiver it has been found that a discriminator sensi-
tivity of 100 volts per k.c. and a control sensitivity of 7 k.c. per
volt can be easily obtained, so that an overall control ratio of
700 to 1 results. A tuning misadjustment of 7 k.c. will therefore
result in only a 10 cycle shift of the intermediate frequency.

The use of afc on the short-wave bands has the very much
needed advantage of making the tuning operation easier. The
tuning control has to be moved only until the frequency is close
enough to resonance that the discriminator will develop suffi-
cient voltage to bias the control tube the amount required for
the departure from resonance. Short-wave stations are thus
spread out on the dial, -mak'ing them easier to locate and easier
to hold. ‘

In the broadcast band this characteristic would have the dis-
advantage that the receiver would appear to laymen to be
broad in tuning in comparison with receivers without afc. This
apparent disadvantage can be eliminated by combining the afc
switch with the tuning mechanism so that the afc automtically
becomes inoperative during the tuning operation.
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PUSH BUTTON TUNING SYSTEMS

Push-Button Station Selectors.—Push button station selec-
tors is primarily an arrangement whereby the process of tuning
has been greatly simplified. It is thus possible by means of a
mechanical arrangement to choose a selected number of sta-
tions each one of which may be tuned in by the method of some
control to a pre-determined position.

It is only recently however, that these systems have achieved
the measure of popularity that it undoubiedly deserves, and
this is probably because of the technical difficulties involved in
producing a receiver which has the same capabilities as any
ordinary set—the problem being not only to incorporate this
additional device, but of maintaining it consistently in opera-
tion.

These early difficulties, however, have been largely overcome,
primarily by the employment of apparatus of a higher standard
of quality than was previously possible, and also due to a
better understanding of the problems involved.

Various Systems in Use.—There are many push-button tun-
ing systems in use as well as many different methods of control.
Perhaps most common, however, is that of a series of push but-
tons (one for each station) located on the receiver itself, al-
though sometimes these buttons may be duplicated, one set
being mounted on the receiver, and the other at the end of an
extension cable of suitable length.
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Typical Extension Cable System.—A typical system of this
kind is incorporated in the current line of General Electric
receivers.

In this system remote tuning and volume control is accom-
plished by extending the push-button tuning circuits by means
of a cable to the remote control box.

Changes in the volume level are effected through the use of a.
motor on the volume control shaft as shownin fig. 5. A reversible
motor is employed and controlled by two switches on the remote
control box.

~ TOUCH TUNING
KEYBOARD

P
VOL.INCR; | &

N
VOL.DECR.L__ v

6,5,4,32 13,12,3,2,1'
STATIONS y, STATIONS
STATION

- CONTACTS
VOLUME

CONTROL
MOTOR

STATION
SELECTOR
MOTOR

FIG. 5—Schematic wiring diagram of a General Electric push button remote
control system.
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The -station selector consists of the usual electric motor
mechanism with a split stator winding. On account of the split
stator winding arrangement, the device is homing, i.e., goes
directly to the selected station.

The capacity of the remote tuning system makes thirteéen
stations available at the remote control box. The arrangement is
such that when the button is depressed for any one of the thir-
teen stations, the power is automatically turned on to the set.

The remote control keys are non-latching in order to avoid
any interference with the buttons on the receiver. At present
only six of the stations have been extended for the remote con-
trol, which is attached to the set by means of a plug on the rear
of the set. ‘

To avoid the possibility of keeping the tuning motor running,
by pressing two buttons simultaneously, single pole-double
throw switches are utilized at both the receiver as well as at the
remote control station.

The power to the volume control motor is supplied from the
same transformer which supplies the tuning motor.

It is possible to change the volume of the receiver only after
the station button at the remote control station has been re-
_leased on account of the interlocking feature.

Finally a scan switch for rapid manual tuning from one of the
bands to another is provided on the receiver. This switch is of
the double throw type, normally open, which permits directive
operation of the motor.

Again, instead of the usual push-button system a similar
effect may be obtained by a mechanism similar to that of the
well-known automatic telephone, and as a matter of fact it is
perfectly possible to utilize standard telephone parts in the
design of such a tuning control system.
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Another remote control system in which the previously dis-
cussed control cable is being eliminated, and in which the tuning
is accomplished by means of tuning pulses oscillations emanat-
ing from a dial, is described on page 4,548.

How the System Works.—Electrically these various systems
divide themselves into two main classes, namely:

1. Those in which a large number of pre-set switch selected
condensers are used.

2. Those in which an ordinary variable condenser is provided
for tuning but can be remotely controlled by means of an elec-
tric motor.

Considering the former the basis for a tuned circuit is given
in fig. 6.

Y

Al

A

CONDENSERS

M

T ™" TR T T

AL

¥IG. 6—Schematic diagram showing general principles of simple tuning cir-
cuits. In this system a separate pre-set condenser is provided for each station
and selected by a switch, as shcwn.
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It may be observed that instead of a variable condenser for
tuning the coil L, a number of pre-set condensers are provided
and the one desired can be selected by means of the switch
shown.

It is obvious that each tuned circuit in the receiver must be
provided with a similar bank of condensers and switches. With
the system under discussion, the switch is set to the first
position, and one station is tuned in on the opposite condensers;
the switch is then set to the next position and another station
is tuned in and so on.

For every station required, it is necessary to provide an extra
condenser and switch contact for each tuned circuit. '

This particular system has been commonly employed in the
past in simple types of receivers. The system has a great merit
especially where only two or three stations are required on ac-
count of its simplicity. '

It is obvious, however, that if a dozen or more stations are
required, it begins to be complicated by virtue of the large
number of condensers required. There is also a further draw-
back when it is apolied to a selective receiver such asa super-
heterodyne, and this drawback is that it may not prove stable
enough for satisfactory operation.

Where the circuits are flatly tuned as in the case of the local
station receiver, small changes in tuning capacities and the input
capacities of tubes have very little effect upon the performance
of the receiver, but where the set is selective, then these changes
do command quite a large effect.

In a super-heterodyne the oscillator is the critical circuit, and
it is common experience with ordinary receivers that the tuning
drift somewhat, for perhaps a quarter of an hour or so after
switching on.
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Where systems of this kind are used, therefore, great care
must be taken to maintain stability, and the oscillator circuit
must itself be designed to this end.

In .addition, the layout of components must be carefully
chosen so that their temperature remains as nearly as possible
constant and the condensers themselves often have to be of

" special types, with unusually high stability of capacity.

Motor Tuning.—In this type of remote control tuning sys-
tems, the use of a standard type receiver with a gang condenser
is utilized. 0
. For the purpose of control the tuning condensers are driven
through a chain of gears from a small electric motor of the

SWITCH

\Y(sa)

MOTOR

WINDINGS PANEL

(1)

= 1

(S2) §
B PUSH
BUTTONS,

METAL

INSULATED
DISCS

SEGMENTS

c

CONDENSER
O . "swarr

FIG. 7—Diagram illustrating a typical push button control system. The tuning
condenser is driven by an electric motor which is controlled by press buttons.




- - —— -

Control Systems 4,545

reversible type. This motor usually operates from a 24 volt
supply and the method of operation may readily be understood
with reference to fig. 7 but there will be one disc for every
station required and at the remote control there will be one push
button for every disc.

It will be noted that of the two push buttons shown, A will
be out while B is pushed in, so that the contacts of S, are closed.
The circuit is then completed through the ring D, and the motor
revolves turning the variable condenser and also the disc D.

When the insulated segment comes opposite the contact the
circuit is broken and the motor stops. The receiver is then tuned
to the desired station, for the initial set-up, the discs have been
so aligned on the condenser shaft that the insulated segments in
every case correspond to the condenser position for the wanted
station. 0

This is a comparatively easy matter and it could for example
be imagined that each disc is being held on by its own set screw
to the shaft.

To set up any one disc for a particular station, one would tune
in that station manually in the usual manner and then twist the
disc so that the insulated segment comes opposite the contact
and then tighten up the set screw. -

It will be seen that upon pressing a button the condenser may
start moving away from the desired station instead of towards
it. When this happens the condenser goes on moving to mini-
mum or maximum as the case may be, and then trips the auto-
" matic reversing switch S; and comes back to the desired station.

With some of the latest systems this reversing switch is un-
necessary, for means are included to insure that the motor al-
ways start off with the correct direction of rotation.

It is clear, however, that a system of the kind under dis-
cussion would by itself hardly be satisfactory since it would not
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be possible to guarantee sufficiently accurate tuning for a
selective receiver. It is, therefore, that this system is almost
invariably associated with an A.F.C. system which most usu-
ally takes the form as shown on page 4,536. Such A.F.C. circuits
properly arranged, will give very good control and take out quite
large changes in tuning of the medium and long-wave bands, but
in general they are not directly applicable to short-wave recep-
tion although naturally they can be employed in a double
super-heterodyne.

The disadvantage of A.F.C. is that it increases the cost of the
receiver, because it increases the number of tubes, and the
initial adjustments of the circuit involved is fairly critical. It is
therefore generally only found in the more expensive types of
receivers. In the less expensive sets it is less often included and a
good performance is then secured by paying great attention to
stability.

Mechanical Accessories.—It is not within the scope of this
discussion to go deeply into mechanics of the actual control
circuits because they vary so widely and generally do not effect
the principles of operation.

The use of systems which may be known variably as push-
button or dial tuning is not confined to remote control, and in
some cases these controls are mounted instead of on the ordinary
tuning dial, on the receiver itself. '

They are then often very much simpler and one arrange-
ment consists merely of mounting a telephone type of disc with
the usual finger holes on the shaft of the gang condenser.

Again in another system the condenser shaft carries a number
of heart-shaped discs, one for each station. One operating key is
provided for each disc, and its pressure moves the cams around
in the manner shown in fig. 8.
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Still another system has a series of control bars mounted on

the condenser shaft. One such bar with its actuating lever is
shown in fig. 9.

The lever presses against the rounded portion of the bar and
so rotates the condenser shaft, until it reaches the flat part.

HEART:. CAM

| ~PANEL
OPERATING
LEVER
PRESS-
== BUTTON -

S <&y
RS

ﬁ> FULCRUM

FIG. 8—Principles of control in which the tunirg concenser is rotated by the
pressure of a lever against a heart cam.

“ZPRICS-BUTTON

CONDENSER
SHAFT

FIG. 9—Method of condenser control by lever system. When pressing the

lever it contacts the rounded portion of control bar and so turns the con-
denser until the flat pesitioa is parallei wiih the lever.
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WIRELESS CONTROL SYSTEM

Wireless Remote Control Device.—By utilizing a devicé
recently developed by the Philco Radio & Television Corp., it
is possible to operate a radio receiver by means-of remote
control. '

The control box popularly known as the ‘“Mystery Control”
is portable, and the desired station may be dialed .in a manner
similar to that of a dial-type telephone, except that no con-
nected wires are necessary.

With reference to fig. 11, showing the control box, the tube
and coils form an oscillator which can be preset to 355, 367,
375, 383, or 395 kilocycles.

The dial mechanism is technically called the ‘‘Pulser unit”
since it keys or pulses the output of the oscillator.

Since the control box is battery operated, the device is
easily turned on while selecting a station or changing the
volume. This means that the battery drain is practically nil.

When the dial is operated, the filament circuit to the tube is
closed by means of the lower switch arm and the continuous
contact bar.

According to Radio Today, the device works principally as
follows:

The Pulses Tune Radio.—The pulses are caused by making
and breaking the plate battery circuit. As the dial mechanism
turns, the plate circuit is opened and closed as the switch-arm
touches the equally spaced contacts. Each station has a certain
definite number of contacts that must be made. Corresponding
to the station to be dialed, from 4 to 11 pulses are transmitted
by the device. Two pulses increase the volume of the set, while
3 pulses decrease the volume. During the volume changes, a
thumb-lever is held down which causes a continuous signal to
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be emitted. This lever is released when the volume reaches the
proper- value.

The signal from the control box is transmitted to a loop or
secondary coil in the radio set by induction. The remote control

PRIMARY
INDUCTOR

]

FIGS. 10 and 11—Fig. 10 shows circuit diagram of the portable control box.
Impulses sent out from the box are picked up by the five tube unit (fig. 12)
and amplified to the proper degree to actuate the tuning mechanism shown
in fig. 13. All control boxes are adjusted to use one of the five frequencies
specified above.

box fig. 11 has a tuned coil (oscillator coil) which acts as a pri-
mary to induce a signal in the secondary. The coil in the control
box can be likened to the primary of an induction coil. When a
current flows in the primary, a current is induced in the second-
ary. The dimensions of both coils are made as large as possible
so as to effect a maximum transfer of energy.
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In the mystery control it is desired to transfer energy over a
distance approaching 75 feet while avoiding any form of wire

connection. It is also desired to limit the maximum operating
range of the device as sharply as possible. For numerous
reasons, electro-magnetic induction (rather than radiation)

seems to be the most suitable means for the purpose.
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The Pulse Amplifier.—Because the pulses sent out from the
primary (remote box) unit are rather feeble at the radio set,
it is necessary to tune the remote oscillator to the frequency of
the secondary coil and amplifier. As the range of the remote
control device may be 75 feet under normal conditions, a vari-
able frequency in both the oscillator and amplifier is provided
so that no interference will be produced on neighboring mystery
control sets. A choice of 5 frequencies from 355 to 395 k.c. is
provided to eliminate the possibility of two or more sets interfer-
ing with one another.

The signals picked up by the loop are coupled to a tuned grid
coil by a low-impedance link circuit. From the grid coil, the
signals go through two stages of amplification to the grid of a
2A4G thyratron tube. The output from the thyratron tube is
fed into the relays which in turn control the stepper unit and sta-
tion selecting switch.

The Sensitivity Control.——In the contro] (pulse) amplifier cir-
cuit there is a sensitivity control which is employed for the pur-
pose of adapting the set to the particular location where it is
used. This control is in the cathode of the type 78 first amplifier
tube.

The setting of this sensitivity control is of tremendous im-
portance to the mystery control operation. The normal range of
mystery control is within a circlé of the receiver with a radius
of about 25 feet. It is important to remember that mystery
control operates in a circle around the receiver cabinet. To
get the most from mystery control it is therefore advisable to
place the cabinet as close to the center of the ‘“‘operating circle”
as possible.

If the receiver be located against the front wall of a home
only half of the effective operating area is within the house.
The remainder is outside the walls. There is a distinct advantage
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in operating the control amplifier sensitivity control at the

lowest possible setting.

Extra sensitivity in the control frequency amplifier is
provided so as to permit operation in the presence of inductive
shields such as steel girders, metal lath construction and large
bodies of metal, furnaces, boilers, stoves, refrigerators, chande-
liers, or any similar metallic objects.

The sensitivity of the control frequency amplifier is variable
to fit a large range of operating conditions. Normally, suffi-
cient precautions are taken in the amplifier and remote control
circuits to greatly reduce the possibility of electrical interfer-
ence. The control amplifiers are very much less subject to
interference than an ordinary radio receiving system. It re-
quires an extreme and unusual type of interference to interfere
with the operation of mystery control. There is no possibility
of interference affecting mystery control receivers if the sensi-
tivity control is kept down to the first half of its total move-
ment. This illustrates the importance of setting the sensitivity
control to the minimum position possible.

In some installations, however, owing- to the presence of
large metal objects around or near the receiver chasses of the
mystery control cabinet, it will be necessary to increase the
sensitivity of the control frequency amplifiers owing to the
absorption of the metal surfaces. '

When this occurs, it will very likely be found that the same

" metal objects are shielding the receiver from excess static which

would normally interfere with the mystery control circuits in a
high setting of the seusitivity control. Therefore, when it is
necessary to increase the setting of the sensitivity control in
order to get operation of mystery control, it will likely be found
that interference is not present and that a higher setting of the
control is possible,
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In all installations be careful to set the sensitivity control at
the lowest possible position and to locate the receiver away from
metal objects which would absorb the induction field of mystery
control.

The 62Y5G and 6J5G tubes act as a noise gate to exclude
unwanted interference which might control the stepper as-
sembly. This noise gate makes the amplifier respond only to
pulses having a time interval equal to that of the pulser mecha-
nism. Thus pulses of random timing do not operate the set :

The operation of the thyratron tube is entirely different from
any tube so far encountered by the radio serviceman. It is a
gas-filled tube which can handle large plate currents—in other
words, large amounts of power. Before getting into the opera-
tion of the stepper relay unit for station selection, the r.f. cir-
cuits of the receiver should be examined. The wave-switch

elects any one of three wave-bands or automatic tuning
{mystery control operation).

The Tuning Circuits.—To illustrate the automatic operation,
the wave switch has been drawn in that position. The wave
switch sections disconnect the 7.f. amplifier from the circuit
and transfer the antenna coil to the grid of the converter tube.
Also, the antenna coil is connected to the station selector
swifch which selects the proper trimmer condenser for any one
station. The gange condenser is cut out of the circuit for remote
operation.

The oscillator coil system is completely cut out of the circuit
and trimmer type inductances with iron-core tuning are con-
nected by the station selector switch.

A third rotary switch turns on the proper station indicator
lamp. The assembly for the station selecting circuits is located
beneath the chassis and is driven by the stepper assembly.
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There are three groups of contacts operated by the switch.
One group switches in the oscillator coils, the second group
switches in the antenna padding condensers and the third
group of switches, lights the pilot lamps indicating the station
dialed. v

Excessive friction in this switch would cause improper action
of the stepper assembly. It should be adjusted so that when the
relays have selected the station dialed, the contact arm is
squarely on the contact. The tension of the contact arm is regu-
lated by the setting of the hub on the switch shaft. The long
wiper contacts exert a firm pressure on the contacts which may
be increased or decreased by adjusting the iocation of the hub.

The position of*the contact arm is determined by the set
screws which hold the driver arm on its shaft. This is located
above the chassis but beneath the stepper assembly. If the con-
tact arms do not come to rest on the contacts it may be neces-
sary to loosen the set screws on the switch shaft and re-locate
the position of the driver arm so that the contacts are made
correctly.

Excessive tension in the switch would act as a load on the
relays and might result in chattering on one of the stations,
part way up, and then failing to reach the station dialed.

The Stepper Assembly.—The stepper assembly which oper-
ates the station selecting switch is operated by the thyratron
tube referred to previously. The coils which operates this
assembly as shown as the plate load of the thyratron in fig. 12.

When the thyratron tube lights, the holding relay closes and
the stepping relay pushes a ratchet as many times as there are
pulses sent out by the pulser in the mystery control box. There
is a primary and a secondary ratchet. The stepper relay oper-
ates the primary ratchet which is connected to the primary
switch. This switch controls the volume control motor and
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shorts the voice coil to ground in the station selecting positions.

A muting switch, which connects the plates of the output
tubes together, is closed during the station selecting operation.
The set, of course, is playing during changes in volume but it
is muted as the secondary ratchet returns to its home position,
and climbs to the station dialed.

This means that whenever any of the eight stations are dialed
the set is muted as the secondary ratchet switch turns the
“station tuning’’ switch contacts.

Failure of the primary switch to return home or the secondary
ratchet arm to return home, failure of the receiver to mute dur-
ing dialing would indicate trouble in the stepper assembly, and
would make it necessary to return it to the manufacturer for
replacement. Dialing of an incorrect station, the skipping of
stations or the galloping past of stations also indicates trouble
in the stepper assembly.

The Volume Control Assembly.—The volume control and
the on-off switch are motor driven. The motor has an automatic
clutch which releases and drops back as soon as the volume con-
trol is released by the stepper primary switch. This prevents
“‘over-shooting” when changing volume and immediately stops
the gear train which drives the volume control when the vol-
ume control lever is released on the mystery control box. There
is also a clutch in the volume control itself, so that the mechan-
ism will not jam if the volume control lever is held down after
the set is shut off.

The primary switch is a single pole, double throw switch
which connects the desired winding in the volume control motor
to inerease or decrease volume, as shown in fig. 13. In parallel
with this switch there is a single pole, double throw switch con-
nected to the manual volume control. This switch is mountes]
directly beneath the receiver dial bezel.
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The pilot lamp cable is close to this switch. If any of the pilot
lamp wires become tangled with the switch they might cause the
motor to continue running and might possibly cut through the
insulation of the pilot lamp lead, causing the lamp to stay lit.
It is important when the chassis has been removed, to check
the location of the pilot lamp wiring cable to make certain that
it is entirely clear of the volume control motor switch.

Method of Inter-station Noise Elimination in Automatic
Control Systems.—In modern super-heterodyne receivers the
potential amplification is very high, hence the tuning problem
would be very difficult if an automatic volume control were not
included in the receiver.

It is however a well known fact that all a.v.c. systems are
designed to regulate the gain of the receiver only while a signal
is being received; therefore between stations the sensitivity
rises to a maximum. '

This means, of course, a great increase in the background
noise between stations and unless there be a noise suppression
auxiliary provided in the receiver to limit this audible noise it
often becomes objectionable, especially in locations where there
is.a large amount of man-made static.

Several schemes have been advanced to solve the interstation
noise problem in the a.v.c. equipped receiver. Perhaps the
simplest one is to provide an adjustable bias on the 7.f. tube
(in addition to the a.v.c.) so that the receiver’s maximum sensi-
tivity may be manually decreased below the noise level. This
undoubtedly settles the noise problem, but it may, through
excessive adjustment, reduce the receiver’s sensitivity to such
an extent that weak stations, which might otherwise be received
fairly well, will be skipped by unnoticed. Then, too, if this
manual sensitivity control has to be continually retarded and
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advanced in an effort to locate weak stations, it loses much cf
its effectiveness as far as noise is concerned.

Another idea for checking inter-station noise and one which
has found greater favor among set designers and experimenters
than that outlined previously, is the utilization of a vacuum
tube as a carrier controlled relay to block .the audio amplifier
when no signal i being received. This system is very efficient as
a noise suppressor.

It is fully automatic in action once the circuit has been prop-
erly adjusted. However, while some radio men have successfully
installed it in existing receivers, it is generally most effective
when included in the original design of the set since it is quite
critical in its vcltage requirements.

In analyzing tlie nature of this between-statioh noise, it has
been found that most of it occurs in the high audio frequency
spectrum; thus, if the high frequency response of the receiver is
checked by a tone control, the intensity of the noise will be
greatly reduced. However, the degree of high note suppression
needed to limit inter-station noise is much greater than can be
tolerated where good fidelity of tone is desired from a local
station. :

For this reason on the usual radio which is equipped with a
manual tone control, it is necessary to adjust the control fre-
quently to meet existing conditions. By adding a tube to the
diode detectcr circuit as shown in fig. 14 this tone control
action may be effected automatically in the a.r.c., equipped
receiver. It is an idea that has been successfully used for noise
suppression purposes in several of the larger super-heterodynes,
and due to its simplicity it can be easily adapted to any receiver
using a.r.c. A worthy feature of the system is that it will de-
crease noise without reducing the overall sensitivity.

This automatic tone control must operate in conjunction

with a diode type detector. The left half of the accompanying

’
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diagram shows the fundamental diode second detector and
a.v.c. rectifier circuit found in the majority of medern super-
heterodynes. Although the tube shown is a 6H6, it may also be
the diode portion of a diode-triode or diode-pentode tube; and in
some older model receivers, it may even be a triode connected
as a diode.

If the associated parts of the detector circuit consisting of
resistors R,. R; and R; and condensers C, bz arranged as shown,

Cs
i} AF. AMP
1] e 0
DIODE SILENCING 'LC N
g 1 TUBE
% 9= _L A > 490 VOLT
2 1
5e 1
Zp, © Re
l! 3R
! 2 2500
G OHMS.
TO AV.C. ~=—MWWWW——AAMAW— +250 VOLTS
R, R,

FIG. 14~~Automatic tone control circuit.

they need not be disturbed when adding the tone control tube
to the receiver. However, if R; is a volume control potentio-
meter, it must be removed and used instead in the grid circuit
of the first audio tube to control the input to the grid of this
tube. The original fixed resistor in the audio grid circuit may
then be shifted to the R; position if it be .25 to .5 megohms
in value.

In some sets, R, may be replaced by an 7.f. choke or it may
be omitted altogether without affecting the performance of the
circuit. The experimenter may also find that some receivers
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divide the functions of a.r.c. and detection, using separate
diode sections or tubes for each purpose. In this case, coniect
the tone control tube to the detector diode circuit -and dis-
regard the separate a.v.c. system.

The circuit that is to be added to the receiver is shown in the
right. half of the diagram. The tube may be any sharp cut-off
type, either tetrode or pentode, such as the 24, 36, 57, 77, 6C6
or 6J7. Experiment has shown that all of these types work
equally well. The choice, therefore, will depend mainly upon
the filament voltage available. The tone control tube and
associated parts should be mounted as close to the diode
detector as possible. Resistor R, is non-critical in value, a good
compromise being 2,500 ohms. R; should not exceed 100,000
ohms regardless of the plate supply voltage.

The audio coupling condenser C; is probably already in the
receiver and need not be changed. The rating of condenser C
will have to be determined by experiment and values from
.0001 to .001 (mica dielectric) should be tried. The final choice
will depend upon the maximum degree of high note suppression
that can be tolerated when the set is tuned to an extremely
weak station. If distortion be encountered on some of the me-
dium powered stations, the screen voltage should be slightly
lowered.
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CHAPTER 179

Loud Speakers

The function of a loud specaker is to convert the amplified

audio frequency currents into sound waves. In order to accom-
plish this the loud speaker must be designed in such a way that
it will cause the varying electric currents to set in vibration a
diaphragm similar to that used in a telephone receiver, only
larger.
* The vibration of the diaphragm in turn sets the surrounding
air molecules into motion. The vibration of this comparatively
large volume of air produces the sound, which the ear receives
and the brain sometimes appreciates.

The efficiency of a loud speaker is defined as the ratio of the
useful acoustical power radiated, to the electrified power sup-
plied to the load and is very low even in the most carefully
designed.

The most efficient type in common use in sound picture work .
has an efficiency of only about 309.

Speaker Parts.—Genzrally loud spzakers consist of two main
parts:

1. That part of a loud speaker which changes the varying
currents of the audio frequency amplifier into mechanical vibra-
tions, which is called variously tke driving unit or motor.
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2. The other part is that which acts in conjunction with the
driving unit to produce the vibration of the air molecules, and
consists of a surface of various geometrical designs such as a
conical or flat shaped horns.

i The horn has been known and widely used for centuries for
increasing the radiation from a sound source. Although it is not
within the province of this chapter to enter info a discussion of

EXPONENTIAL

CONICAL

FIGS. 1 and 2—Conical and exponential horn forms.

horn design, it may be well to mention that the horns most
commonly used for sound reproduction are the conical and the
exponential types.

Figs. 1 and 2 show the two forms of horns most commonly in
use.

The conical horn may be defined as one in which the cross-
sectional area of the horn varies in direct proportion to its
length, whereas in the exponential form the area of the horn
varies as an exponent of its length.
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Classification of Speakers.—Loud speakers may be divided
into the following general classes, depending upon the principle
involved in operation of the driving unit, namely:

1. Magnetic

2. Dynamic, variously called electro-dynamic

3. Balanced armature

4. Induction

5. Metal strip

6. Electro-static, variously called condenser speaker
7. Piezo-electric, variously called crystal speaker.
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Magnetic Speakers.—In this type the moving iron driving
type is employed. The principle of operation is based on the
varying of the magnetic polarity of the armature. These vari-
ations are cz2used by the electrical impulses flowing through the
coil winding which encircles the armature.
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|

| The movement to the armature is effected by the induced

magnetism, causing it to oscillate between the two poles of
‘the permanent magnet.

. Dynamic Speakers.—A speaker of this type illustrated in
figs. 4 and 5 consists principally of the following parts: 1, field
coil; 2, voice coil; 3, cone.

»
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FIG. 4—Cross-section view of a dynamic type loud speaker with a moving, coil
driving a cone type diaphragm. Details of the various units are here clearly

represented.

The field coil is connected to a d.c. source, effecting a strong
magnetic field across an air gap in which the voice coil is inserted.
The signal current from the output terminal of the receiver,
flowing through the voice or moving coil placed around the
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middle pole of a three pole magnet, causes the voice coil to
oscillate corresponding to the oscillations of the signal current.

The diaphragm being mechanically connected w1th the voice
coil oscillates in a similar manner.
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FIG. 5—Simplified diagram of dynamic speaker units shown in fig. 4.

Balanced Armature Speaker.—In this type of spzaker the
armature (as the name implies) is balanced between the two
poles of a permanent magnet as shown in fig. 8. The armature
is provided with a coil through which the signal current flows
as indicated, so that the reaction between the magnetic field
due to this current and that due to the permanent magnet
causes the armature to oscillate about its pivot.
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These movements are communicated to the diaphragm by
means of the link connection in a similar manner as in the
dynamic speaker previously described.

VOICE
CoIL

202000)  ourpur

(U000 TRANSFORMER

© SPEAKER
< FIELD
SPEAKER /
PLUG 7

FIG. 6—When the dynamic speakers as in some commercial sets are
connected by means of plug and cable to the chassis, the connections may
be as shown in fig. 6 or 7; generally however, there is no set rule for these
connections. The output transformer may be mounted on the receiver chassis
or on the speaker frame. Again, the output tubes may be connected in
parallel or in push-pull. Therefore, the connections shown are typical only
and may not be considered as standard, but in each case the makers dia-
gram should be carefully checked and followed.

The principal features in this construction is a complete
elimination of chattering on loud signals, usually encountered
in the magnetic type. However, one of its limitations is that for
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a-good sensitivity the air gap between the armature and the
pole pieces must of necessity be made very small to reduce the
reluctance and so as to obtain a strong magnetic field. Thisis ob-
jectional since when receiving low notes the movement of the
armature may be so great as to strike the pole pieces, emitting
a rattling sound.

MJ‘

e —— OUTPUT

m TRANSFORMER

SPEAKER
FIELD
(Tapped)
SPEAKER
PLUG

FIG. 7.—Schematic diagram of connections to speaker by means of plug-cable
" arrangement.
v
When the air gap is made larger, eliminating this rattling, the
field strength decreases with a proportional loss in sensitivity.

Induction Type Speakers.—The name induction speaker is
derived from the fact that the motion of the driving unit is ob-
tained from a magnetic induction similar to that of the well
known A.C. induction motor, where a rotor revolves under the
influence of a changing magnetic field.
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FIG. 8—Balanced armature type speaker. In construction the balanced piv-
oted armature is a soft iron bar forming a core of a coil of several thousand
turns of fine wire supplied with audio frequency current. In operation
when a signal current flows through the coil, a magnetic field is produced.
which magnetizes ihe soft iron armature. The poles react on the poles of the
permanent magnet and attraction beiween the unlike poles and repulsion
between the like poles take place. With the polarities shown, the top end of
the armature would move to the left and the bottom end to the right when
the signal current flows through the coil in the corresponding direction. The
amount of pull or movement is proportional to the current flowing through
the coil, so the armature moves ia accordance with the variations in the

current.
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As shown in fig. 9, the diaphragm is placed between two sets
of concentric coils. Direct current is applied to the two sets of
coils in opposite directions, causing a radial field.
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FIG. 9—View showing various units and connections for an induction type
loud speaker.

The signal current is also passcd through the coils which
causes the steady field due to the direct current to vary and
which in turn induces eddy currents in the diaphragm.

Since the eddy currents give polarity to the faces of the dia-
phragm these poles react with the poles of the coils, thus causing
vibration of the diaphragm and resulting sound waves.

The utilization of strong permanent magnets makes for a low-
priced and simple unit, and since there is.very little possibility
of objectionable hum being introduced when used in connection
with battery operated receivers, it is particularly adaptable for
automobile radio use. )
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Metal Strip Types.—In this type a metal strip is suspended
between the poles of a permanent or electro-magnet. The signal
current passes through this strip (see fig. 10) establishing a mag-
netic field around it which reacts with the field, due to the per-
manent magnet, which acts to displace the metal strip in ac-
cordance with the variations in the signal currents.
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FIG. 10—Principal element of metal strip speaker. A megaphone is usually _

associated with this type of speaker.

The metal strip is in this case the diaphragm and obviously
need not be of magnetic metal.

Electro-Static Types.—This type variously called a condenser
speaker consists essentially of three parts, namely: two plates
of which one is stationary and the other free to vibrate, in ad-
dition to the dielectr@c, assembled ‘as shown in figs. 11 and 12.
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- It operates on the well known principle of electrostatic attrac-
tion and repulsion, in that two bodies of similar charges of elec-
tricity repel each other, whereas two opposite charges attract
each other.

DIELECTRIC
(Soft Rubber)
DIAPHRAGM
4 (Light Movable Plate)  mmles
METAL —
PLATE —
o
—= POLARIZING R
D= BATTERY

+.

FIG. 11—Electrostatic speaker showing circuit connections. In construction,
the metal plate is made rigid. The diaphragm consists of a thin layer of metal
sprayed on the rubber dielectric.

When a polarizing voltage is applied to the plates a steady
electric field is built up; superimposed upon this is the audio-
frequency alternating electrostatic field. This, according to the
foregoing, causes an attraction and repulsion between the two
plates, producing in the free plate oscillations corresponding to
the audio-frequency impulses.

The back or stationary plate in the commercial types of con-
denser speakers consist usually of stiff metal such as copper,
iron or aluminum. The back plate is usually perforated with
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slots in order to prevent compression of air between the two
plates.

To obtain a large force on the movable plate the dielectric
must be very thin and flexible and must have the largest possible
dielectric constant, in addition to a high break-down voltage.

)/’ DIELECTRIC
(SOFT RUBBER)

FIG. 12—Elements of an electrostatic speaker. It consists essentially of a form
of condenser, hence the name us it is often called a condenser speaker.

Piezo-Electric Speakers.—This type of speaker (often re-
ferred to as crystal speaker) depends for its operation on the
property of a crystal of expanding and contracting in accordance
with the electrical strain to which it is subjected,

The crystal speakers are often used in connection with high-
frequency reproduction, its use up to the present, however, has
been limited to small units. As a speaker of this type is inher-
ently a rectifier. it is obvious that there is no need for any
separate output transformer or frequency filtering network.
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_ FIGS. 13 and 14—Showing two circuit arrangements for connections of a con-‘
denser type speaker to the power amplifier stage of the receiver. :

: |

Loudspeaker Baffle.—In a'loudspeaker such as that shown
in fig. 4 the material constituting the cone is driven forward
and backward in the manner of a piston by the action of the
impressed audio frequency signal. This constant movement dis-
places a certain amount of air, and it is this displaced air
which generates sound that is parceived by the ear. :
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The air pushed back in the forward motion must g0 some-
where, and as a partial vacuum is created in the back as the cone
moves forward, the displaced air. in the front encounters very
little resistance and hence flows rapidly to fill the vacuum
created by the forward thrust of the cone.

i
!
BAFFLE BOARD—>J} B, BAFFLE BOARD

& SPEAKER CONE —————>

(a) (b)

FIG. 15—Various speaker baffles; a, and b, indicates box and flat baffle types
respeclively. Dotted lines indicate length of baffle board in each type.

If these air movements were allowed to neutralize each other |
completely, there would be no air movements and hence no
sound waves would be created. The method used to delay these
rapid movements is to increase the path of air travel by means
of a baffle board surrounding the cone as shown in fig. 15.

The amplitude of air movement in a speaker however, is
relatively low and therefore theoretically at least sound waves
are produced only in the air very close to the moving cone.
This is true for low, but not for high frequencies.
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Thus in practice an unbaffled speaker will reproduce high
tones, but will lack almost entirely all low tones due to the
neutralization already described.

Baffle Purpose.—The purpose of the baffle is to delay the
meeting of the air creating the sound waves, by an artificial
lengthening of the path of its travel.

The baffie, can be anything that will lengthen the airpath
from cone center back, to cone center rear.

In practical speakers the baffle is made up of some acoustic-
ally suitable material, such as soft wood, thick felt, Celotex, etc.

Calculation of Baffle Length.—By recalling that the speed
of sound is 1130 feet per second in air, it is possible to calculate
the minimum baffle length for a certain frequency.

If B, denotes the baffle length in feet, and f the frequency
of the sound wave, then

B.=YX 11}30 28)%5(1\

or expressed in a non-mathematical form, the baffle length in
feet is equal to one quarter the wave-length of the note to be
reproduced.

Example.—Assuming 40 cycles as the lowest tone 1o be repro-
duced by a speaker, what is the minimum baffle length required :

Solution.—Substituting the numencal values in equation (1)
we obtain:
282.5

40

In a similar manner the following baffle lengths for low fre-
quency cut-offs below which a loud speaker will not reproduce
is as follows:

B,.= or 7 feet (approximately)
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Lowest frequency Baffle length from
10 be reproduced. cone center in feet.
100 - 2.825
60 4.708
40 7.006
30 9.417
20 14.125 v

. As the tones corresponding to the lowest frequency of various
instruments are approximately 20 cycles per second, it follows
that for their reproduction baffles of considerable length must
be created.

Example.—A loud speaker whose inductance is 1.15 henries is
coupled to a power tube through a condenser of 2 micro-farads
capacity. To what frequency will the combination be resonant?

Solution.—In this example it is only necessary to find the
resonant frequency of a series tuning circuit. When in such a
circuit the inductance L, and capacity C, are both expressed in
the fundamental units of henries and farads, then the resonant
frequency in cycles per second is given by the expression

P
2n/LXC
In the present example however, the condenser is of 2 micro-

farads capacity, hence it is necessary to convert this unit into
the terms of farads before substitution into the above formula.

Inserting values, it is found—

s - S 000 =105 cycles per second.

T2mv/1.15X2x10-° 27v/23
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CHAPTERS 180 to 184

Radio Testing

It is of the utmost importance that the serviceman, in order
to intelligently cope with the various faults liable to develop in
radio sets should be provided with the necessary testing instru-
ments, of which there are a great variety available (some of
which have very desirable characteristics).

The selection of instruments described in this chapter how-
ever, are by no means essential for intelligent servicing of radio
sets.

Testing instruments to be of value to a radio serviceman must
have the following features: ’

1. They should be easily portable.

2. They should be ruggedly constructed so that instruments
will not be damaged or their calibration changed in transport.

3. The instruments must be designed to stand considerable
pverloads without damage, as in service work it is often difficult
‘to estimate the exact magnitude of the measurements being
taken.

The foliowing instruments are required to properly service
any radio set:

1. A volt-chm milliammeter for measurmg voltage, resistance
and current.
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2. Analyzer with the necessary selector switches and analyzer
cable with adapters.

3. Output meter.

4. All-wave oscillator.
5. Capacity meter.

6. Inductance meter.
7. Tube tester.

This equipment may be supplemented by a cathode-ray
oscillograph, a vacuum tube voltmeter, etc., and hence will
provide the serviceman with equipment necessary to success-
fully cope with almost any servicing problem.

Analyzers and How to Use Them.—The fundamental pur-
pose of an analyzer is to locate trouble in receivers without un-
due waste of time and without disturbance to the wiring of the
radio set.

A modern analyzer consists of various re515tances, capaci-
tances, inductances and meters, which by means of switches are
connected to the circuit whose values it is desired to verify,
and mounted in a compact cabinet to facilitate transportation.

Preliminary Pointers.—However, before analyzing the radio
set for trouble, it is well to consider possibilities of trouble in the
installation itself. The aerial may be grounded or touching
foreign parts; the aerial connection may be corroded; or the.
lead-in wire itself possibly broken inside its insulation. The
lightning arrester may be leaky or short-circuited. A poor ground
connection is also a frequent cause of trouble due to interference
with reception from outside causes. If, by disconnecting the
aerial and ground the noise disappears, the trouble is un-
doubtedly located outside the set. :
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If it be evident that the trouble is inside the radio set itself,
a careful examination of the wiring connections and interior
parts of the set is next in order. The condition of soldered joints
should be examined to be sure that there is a good electrical

connection.
- Ex PLATE
¢ GRID G\
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4 elp b G I 6l lp TUBE
2t Bolr CARNP SOCKETS
F F F ‘ F
\ | F / |sw.
e FILAMENT
P ¢ LT L F VOLTS
PSSR N
RECEIVER ANALYZER

TO BE TESTED

FIG. 1—Principal parts of a simple analyzer. The performance of the test is as
follows: After a preliminary investigation of possible outside sources of
trouble such as faulty or grounded aerials, open soldering joints, broken
parts, etc., remove tube to be tested from set to proper socket in analyzer,
and insert analyzer plug in place of the tube removed from set. Test the
tubes one by one, starting with the antenna sfage and proceed until the
power amplification stage is reached. This test will indicate the location of
troubles in the various circuits or in the tubes as well asin their power supply.

It should be noted that the insulation of the wiring be not cut
or frayed where it passes through metal, around the edges of
tube socket contacts, etc. The tube socket fingers should be
clean and tight. The possibility of variable condenser plates
touching should be checked. A visual inspection of this kind
may quickly locate the cause of the trouble.
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Electrical Tests.—The first electrical check on the set should
be on the power supply to insure a normal supply of voltage to
the various circuits in the radio set.

If the set be a battery operated type, check the condition of
the various batteries by making use of the tip jacks on the
analyzer and the test leads supplied with it. If the set be sup-
plied with power from an alternating current house lighting cir-
cuit, measure the line voltage to be sure that it is correct for the
set as indicated on the name plate of the radio set. The various
batteries should give approximately their rated voltage read-
ings with the radio set connected and turned on. If the batteries
are low they should be re-charged or replaced.

Having checked the source of power to the radio set, the next
step is to check the current and voltage supplied to each tube. A
suggested method is to check the tubes in the order in which the
signal passes through them. That is, start with the antenna
stage and end with the power amplifier stage.

After making preliminary tests and a visual inspection and
finding everything in good order, the electrical tests should be
made. These electrical tests will show the location of troubles in
the various circuits, in the tubes and in the power supply to
them.

First, place the radio set as near as possible in good operating
condition. If battery operated, all batteries should be properly
connected. If power operated, connect to the proper power cir-
cuit. Turn on the set and make such adjustments as are nor-
mally necessary to bring in a good signal.

In general, all electrical tests should be made with the volume
control in the maximum volume position, since this position
generally gives the optimum distribution of currents and
voltages through the various circuits in the radio set. A second
set of readings with the volume control in the average working
position is often helpful in locating trouble. This second set of
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readings is the current and voltage values in the various cir-
cuits under average conditions and should compare favorably
with the first set. Radical differences should be checked up for a
possible source of trouble.

In a battery operated set all batteries should be checked; any
which are low in voltage should be replaced beiore proceeding
with a more detailed analysis of the radio set.

Selection of Voltmeter Scales.—It is advisable when reading
direct current voltages to set the selector switch on the range
which will give the smallest deflection of the instrument which
can be read satisfactorily. While this may seem to be contrary
to general practice, the fact that many modern radio receivers
have individual voltage divider networks for each tube, allows
the current drawn by the voltmeter to throw the voltage ap-
plied to the tube somewhat in error.

It is obvious that a network supplying three milliamperes
plate current to a tube will be upset to a considerable extent by
connecting a voltmeter to it which requires one milliampere full
scale. Consequently, deflections of less than half scale, as would
be obtained on a higher range, will introduce less error than de-

-flections of approximately full scale on a lower range, since the
latter require considerably more current from the voltage
divider network. When a difference in voltage indicated on the
instrument scale exists as the range selection is changed, the
indication read on the highest full scale voltage should be taken
as the more accurate.

Selection of Current Scales.—In reading current always take
the reading on the range which will give the largest possible
deflection. By doinz this the greatest possible accuracy will
result.
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| Testing a Triode.—For a complete analysis of a-triode- for:
' example, it is necessary to measure the following values:

1. Plate voltage

2. Plate current

3. Grid voltage

4, Grid current

5. Filament voltage.

In addition where cathode screen grid or pentode tubes are
being tested, it is necessary to measure— )

6. Cathode voltage
7. Screen grid voltage.
| 8. Screen grid current.

i A complete outline of the above tests is given on pages
4,590. to 4,595.

Test Oscillators and Their Use.-—The fundamental use of a
test oscillator is to replace the broadcast signal for test and
adjustment of radio receivers. Of special importance to the
servicemen are the following uses:

Alignment of IF, RF and oscillator padding circuits. Check-
ing the condition of tubes. To determine the gain in any part of
radio receivers. For testing a.0.c. circuits. For checking
selectivity.

Alignment Procedure.—Unless the manufacturer of the
receiver instructs otherwise the following sequence should be
followed in the alignment of a radio set:

1. The various tuned circuits of the. IF amplifier are first
aligned properly at the intermediate frequency for which the

! amplifier was designed.
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2. The oscillator tracking condenser should then be adjusted
at about 1,400 %.c. so that it tracks properly at the high fre- '
‘quency end of the dial. Adjust the padding condenser at about |
600 %.c. so that it tracks at the low frequency end of the dial.

3. Align the radio frequency, the pre-selector, amplifier or
tuned circuit last.

If double spot or image suppression circuit be employed in
the receiver, the manufacturer’s instructions should be con-
sulted for the proper procedure. Maximum transfer of energy in
output.is only obtained when every section is synchronized
properly.

Use of Output Meters.—To determine the condition of tubes
feed the signal from the oscillator to the aerial and ground con-
nections of the receiver. Connect an output meter to the radio
set; substitute new tubes for those in the radio set, one at a
time and if the output meter indicates a greater value when
each new tube is placed in'the set, the original tube should be
replaced.

To determine the gain in any part of the receiver, connect
output meter as before and feed signal to aerial connection of
radio set. Adjust oscillator to a high output and move the
oscillator aerial connection to each succeeding RF or IF stage,
noting the drop in the output voltage as shown on the output
meter. Always use the proper frequency and proper scales for
the output meter.

To check a.v.c. to determine when it is functioning properly,
wide changes in the alignment with a large signal voltage will
produce no appreciable change in output.

To check selectivity feed a signal of low value to aerial and
ground connections, tune oscillator to perfect resonance, move
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oscillator 51gna1 dial until signal disappears. Note number of
kllocycles between resonance and inaudibility.

Capacity Measurements.—On account of the fact that
capac1tors very frequently give rise to trouble in a.c. receivers,
it is necessary to be able to measure and compare the value
received by that as given in the manufacturer’s circuit diagram.
Hence it is important that the serviceman should understand
the theory of capacity values and how they are derived.

The dial of most a.c. milliammeters are calibrated to read
directly in microfarads (M.F.). The capacitive reactance of a
condenser in ohms is given by the follow.nz formula;

1,000,000 ohms

X _‘m ................ (1)

When a 60 cycle current is used (f=60) and C is measured

in microfarads, this formula then becomes:

2,650°
Cmf=_ Xc ...................... (2)

From this last equation it is possible to calibrate an a.c.
milliammeter to read directly in capacity.

If any other frequency than 60 cycles is used, the result
obtained in equation 1 or 2, must be multiplied by the fraction

L, where (F) is 60 cycles and (f) is a cycle of the current being
f
used. For example, if a 50 cycle current be used, then the values
of equations 1 or 2 must be multiplied by g—g or 1.2.
Before using any instruments designed for use on 60 cycles,

on any other frequency, one must make sure that the equip-
ment will function at the new frequency.
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How to Make Capacity Measurements When the Capacitor
Be Shunted by a Non-Inductive Resistor.—In a.c. receivers it
is very frequently desired to obtain the values in microfarads
when an ohmic resistor is shunted by a condenser as shawn in
fig. 2.
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FIG. 2—Connection for measurement of capacity when capacitor is shunted
by a non-inductive resistor.

The impedance Z, of the above circuit combination is cb-
tained by the following formula:

2o e CTERES ®
in which 7 = Resistance of the a.c. milliammeter in ohms
R =Resistance of the shurt resistor in ohms
X .=The reactance of the capacitor to be measured in
onms
Z =The impedance of the circuit combination, in ohms.

The X, values as used in formula (3) are the effective resist-
ance values of capacitors given by formula (1).
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From the above mathematical relationship, curves may be
plotted as shown in chart, fig. 3. In this chart the resistance
value from 500 to 5,000 ohms and capacitors from 0.1 to 15
microfarads are covered. The chart is used as follows:
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FIG. 3—Parallel resistance-capacity chart. Charts may conveniently be de-
signed to suit individual requirements.
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The value of 7, is the resistance of the meter being used.

The value of R is obtained by an ohmmeter (d.c.). The a.c.
milliammeter reading is obtained by placing it across the points
4 and B of fig. 2 as indicated.

The intersection of the line corresponding to the a.c. milliam-
meter readings and the resistance given by the ohmmeter will
intersect on one of the curves and following this curve out, the
value of the condenser in microfarad'is obtained.

Example.—If the a.c. milliammeter reads 30 M.A., and the
resistance (R) is found by the ohmmeter to be 2,500 ohms, what is
the value of the condenser?

Solution.—Following the curve fig. 3 at the intersection of
the 30 M.A. and the 2,500 ohms line shows the value of C to be
1.82 microfarads.

Inductive Measurements.—Inductance values may' be ob-
tained in a manner similar to that already described in capacity
measurements. It should however be remembered that induc-
tive reactance is vectorially positive whereas capacitive react-
ance is negative, and that the larger the value of the inductive
reactance the lower will be the reading of the a.c. milliammeter.

Also the larger the capacitive reactance the higher will be the

reading of the a.c. milliammeter.

The formula for the inductive reactance (X.) in ohms is:

X.=2xfLohms.............. 0000000000000 a0t 4)
or if f=60 cycles, then

L=-thenries. ... NG|
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When  i=the a.c. current in amperes
¢=Impressed a.c. voltage
R =Resistance of a.c. meter in chms
X . =Effective resistance of the inductor in ohms
then the formula for current is as follows:

The reading of the a.c. milliammeter may conveniently be
referred to a chart computed from equation (4) from which the
“value of the inductance can be found similarly as previously
shown.

If 50 cycles is used instead of €0 cyclcs the results should be
multiplied by 0 cr 1.2.
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Commercial Type Analyzers

Weston Model 665 Selective Analyzer.—The external view
of this instrument is shown in fig. 4. and its internal connection
diagram in fig. 5.

The instrument is principally a volt-ohm-milliammeter for
both a.c. and d.c. service.

All voltage ranges are available at the pin jacks, and by
means of socket selector units may be had through the plug.
They are 0-1/2.5/5/10/25/100/250/500/1,000 volts, either
a.c. or d.c. The individual ranges are selected by means of the
large selector switch. A reading cannot be had till either the
d.c. or a.c. push button at the bottom of the panel is pressed.
These are locking types and should be returned to their original
positior: after each test is completed.

All current ranges are available at the pin jacks and are also
available for current measurements at the socket by means of
the socket selector units. These ranges are 0-/2.5/5/10,/25/50 /-
100/250/500 milli-amperes, d.c. only.

Resistance measurements may be had with test leads ard
the various ohmmeter pin jacks, as a poinc-to-point tester.
Also by means of a socket selector unit, resistance measure-
ments may be taken between any two sockat prongs or a socket
prong and ground.
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A very useful feature in this instrument is that it may easily
be converted into a complete analyzer by addition of the 666
socket selector shown in fig. 6, thus bringing the tube socket
connections to the analyzer circuit.

With reference to the Tube Base Chart shown on page 4,593.
the various measurements should be made as follows:

WODEL 665

FIG. 4—Front view of Weston Model 665 selective analyzer.

Heater Voltage.—This is read between 1 and 4 on 4 prong
tubes; 1 and 5 on 5 prong tubes; 1 and 6 on 6 prong tubes, and
1 and 7 on 7 prong tubes. However, it is advisable to check with
the tube base chart because no fixed rule for the locatlon of any
terminal can be given.
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Plate Voitage.—The plate is generally terminal No. 2 and for
heater type tubes this voltage would be read between plate and
cathode and for filamant type between plate and negative fila-
ment. Since the plate and cathode terminal are not in the same
locations for all type tubes, reference to the tube base chart is
suggested.
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F1G. 5—In’ernal connection diagram of Weston Model 665 selective analyzer.

Grid Voltage.—There are a number of grids such as control,
screen, suppressor, anode, etc. For heater type tubes the voltage
is measured from the cathode to the desired grid and fer fila-
ment type tubes from the negative filament to the desired grid.
Reference to the tube base chart will give the correct location of
the various grids for the tube in question.
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Reference should be made to the service manual of the radio
set being tested for the determination of the correct values of
grid and plate voltage.

;

o

FIG. 6—Socket selector for use with Weston Model 665 analyzer.

Plate Current.—A pair of leads are plugged into the M.A.
pin jacks on the panel; the other ends of these leads are placed
in the two jacks opposite the plate terminal on the socket selec-
tor unit. The dial switch is turned to the desired milliampere
range. This will give a plate current reading on the milliam-
meter. It is necessary to hold down the “Press for D.C.”
button.

True total current in any lead is read in this way, since the
‘inner jack of each pair functions as a closed circuit jack switch.
When a pin tip is plugged into the innerof a pair of jacks, the
main circuit. is opened between the jacks. The total current,
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TUBE BASE CHART

FOR USE WITH

THE WESTON METHOD OF SELECTIVE ANALYSIS

Tube Base
OLA  4-1
0IA 41
01AA 4-1
] 4-7
v 4-7
G2 5-5
G4 5-5
KR1 4.7
KR2 4-7
KR5  5-3
10 4-1
120 4.1
WX12 41
14 5-2
15 5.2
17 5-1
i3 6-3
19 6-6
20 4-1
22 4-2
24 5-2
244 5-2
KR25 6-3
26 4-1

Tube Base Tube Base Tube
7 -1 | 47 5-3 7l
27HM 5-1 | 48 6-3 71A
29 6-2 [ 49 54 718

30 4-1 | 50 4-1 75
31 4-1 | 51 52 76
32 4-2 | 52 31 77
32 53 | 53 7-4 78
34 4-2 | 55 6-4 7
35 5-2 | 56 5-1 R0
36 52 | 57 6-1 830M
36A  5-2 | 57AS 6-1 81
37 5.1 | 58 6-1 81M
37A 51 | 68AS 6-1 82
38 52 | 59 7-1 2V
38A 52 | 598 79 33
30 5-2 | 64 5-2 83v
39A 52 | GIA  5-2 84
40 4-1 65 5-2 G84
41 6-3 | 65A 52 85
42 6-3 | 67 5-1 89
43 6-3 | 67A 51 n
44 5-2 | 68 5-2 22
45 4-1 GBA  5-2 9%
46 5-4 | 69 62 | 96
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therefore, must flow out through the measuring instrument and
back into the other jack. Note that voltage measurements
cannot be made in the inner jacks, since the circuit is opened
when pin tips are placed in them.

Grid Current.—Grid and screen current measurements are
made in the same manner as the plate current. All current
‘ranges are available for this purpose. The push button marked
“Press for D.C.” must be held down for this test. These read-
ings are obtained by placing one end of each cf a pair of leads in
the “M.A.” pin jacks and the other ends in the two pin jacks
opposite the terminal of the grid desired. '

The plate current of the second plate of rectifier tubes is
tested as above. It is ad¥visable to consult the tube base chart
for location of the terminals for the various elements.

Grid Tests.—Two grid tests are available, one with a low
shift of 4.5 volts, the other a high shift of 13.5 volts for power
tubes only. A separate set of pin jacks is provided on the panel
for each shift.

A pair of short leads is plugged into the panel at the upper
. corner marked “Grid test’”” and the other ends plugged into the
pin jacks opposite the control grid terminal desired on the
~selector unit. Be sure lead from “G” pin jack is inserted in the
pin jack nearest the tube on selector unit.

Another pair of leads is plugged into the M.A. pin jacks on the
panel, the other ends of these leads are placed in the two jacks
opposite the plate terminal on the socket selector unit. The dial
switch is turned to the desired M.A. range. This will give a
plate current reading on the milliammeter. Pressing the “Grid
Test” button (located in center of lower edge of panel) will
give an increase in the plate current reading.
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The grid test reading is an indication of the relative goodness
of the tube, and is proportional to the mutual conductance.
No values can be given for this reading because of the high plate
circuit resistance in many radio sets.

Cathode Voltage.—Cathode voltage is measured with refer-
ence to the heater. In some sets the cathode is connected
directly to the heater, in which case the cathode voltage read-
ing will be zero.

In other sets the cathode is grounded through the grid bias
resistor with heater connected to some positive potential, in
which case the cathode will read negative with reference to the
heater. In most alternating curient radio sets the cathode is
grounded through the grid bias resistor with the heater
grounded, in which case the cathode will read positive with ref-
erence to the heater. '

Output Test.—This test is made exactly like the measure-
ment of a.c. voltage, except when d.c. is present in the output
circuit, then the “Series Condenser”’ pin jack must be used. All
voltage ranges are available for this test. It is necessary to hold
down or lock in position the “Press for A.C.”” push button.

.

Weston Model 571 Output Meter.—The external view of this
meter is shown in fig. 7 and its internal connection in fig. 8.

This instrument has a constant resistance of 4,000 ohms on
each range, is usually used as a terminating impedance on
sound line or receiverroutput circuits. It can be used, however,
on bridging measurements on low impedance lines. It is also
valuable as a multi-range a.c. volt-meter of wide adaptability.
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The 5 voltage ranges are available at pin-jacks and are se-
lected by means of a dial switch. It alsc has a self-contained
condenser for blocking any d.c. components. This condznser is
connected tc a separate pin-jack.

OUTPUT METER

KL B2 400" Diehes

SRR SR N LOWP AR 0L US A

FIG. 7—Panel view of Weston Model 571 output meter.
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The voltage ranges are: 0-1.5'6/15/60/150. Test leads and
adapter for connection to the plate pin of any output vacuum
tube are provided for the meter.

375 A AMP.
ACWITH |
RECTIFIER

FIG. 8—Schematic wiring diagram of Weston Model 571 cutput meter.
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Weston Model 763 Ohmineter.—Front view and connection
diagram of this instrument is shown in figs. 9 and 10 respec-
tively.
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FIG. 9—Panel view of Weston Model 763 ohmmeter.

With this instrument resistance measurements of from 0.2
ohms to 300 megohms may be made with high accuracy on 6
ranges. It can also be used with good results on the top range as
a modified megger in which 125 volts (maximum current 50
microamperes) is available for insulation tests.
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The power consumption is small, as the instrument requires
only 50 microamperes for full scale deflection.

Leakage on all types of condensers, even those having resist-
ances of up to approximately 300 megohms can easily be meas-
ured. A filament type vacuum tube requiring a very short heat-
Ing time is used as a rectifier, and the operating power is ob-
tained from any 105-130 volts, 50-60 cycle a.c. source.

FIG. 10—Wiring diagram for internal connection of Weston Model 763 ohm-~
meter.
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Weston Model 765 Analyzer.—A front view and internal
connection diagram of this instrument is shown in figs. 11 and
12 respectively.

This instrument is claimed to be-of very high sensitivity. For
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FIG. 11—Front view of Weston Model 765 analyzer.
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example the d.c. and a.c. sensitivity according to the manu-
facturer is 20,000 ohms per volt and 1,000 ohms per volt re-
spectively. This minimum loading effect permits checking of
sensitive relay circuits without, interrupting operation and facili-
tates a great multiplicity of measurement which are practically
impossible with instruments of lower sensitivity.

The over-all a.c. accuracy of the instrument is held within
3%, whereas for d.c. measurements the accuracy is within 29.

Tarsg Jeon s 7B 8 wouwvras
Os Saca Or 4tr=ce

\, ﬂuvoq_nw;.‘[‘ /

FIG. 12—Diagram showing internal connection of Weston Model 765 analyzer.

In addition a special rectifier circuit is incorporated designed
for temperature compensation betweerf 50 and 110 Jegrees F.
limiting temperature errors to within 29,.

The ranges for a.c. and d.c. voltage measurements are as
follows: 0-/1.5/3/6/15/30/60,/150/300/600/1,500.
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Ranges for d.c. current measurements are:
0-150 w..a./600 .a./1.5/3/6/15/30/60/150/600 m.a./3a/15a.
The decibel ranges provides measurements of power levels
between—18 to +58 db.

FIG. 13—Panel view of Weston Model 772 analyzer.
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Weston Model 772 Analyzer.—This analyzer is designed to
make the necessary tests on present day equipment such as
commercial radio receivers, transmitters, television receivers,
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FIG. 14—Wiring diagram of Weston Model 772 analyzer.
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public address systems, vacuum tube and cathode ray equip-
ment, etc.

The instrument is illustrated in fig. 13 and its connection
diagram in fig. 14,

It has a 20,000 ohms per volt sensitivity on five d.c. voltdge
ranges. A.c. readings are made on single arc scale.

The ranges for d.c. current measurements are 0-/0.1/10/50/-
250 m.a./1a/10a.

A.c. or d.c. voltage measurements have the following ranges:
0-2.5/10/50/250/1,000 ». Five decibel ranges provide power
level measurement from—14 to 454 db.

Resistances are measured on the following scales 0-3,000/-
30,000/3 Meg./30 Megohms.

The instrument is equipped with pin jacks for mounting
model 666 socket selector unit.

Weston Model 773 Tube Checker.—This instrument is man-
ufactured both for counter and movable service, as shown in
figs. 15 and 17 with a common diagram of connections in fig. 16.
It has eight sockets for the various types of tubes, a direct read-
ing “Bad-Good” meter scale, two selector switches, voltage
adjustment switch, in addition to position and test switches.

With this instrument a complete analysis of any tube may
readily be obtained. Separate electrode switches for grid, plate,
screen, suppressor, diode or cathode are provided for emission,
short and leakage tests. This point to point testing feature will
be recognized as extremely important whenever doubtful tubes
are encountered. ‘

A most frequent source of trouble in radio tubes are the de-
fects in circuit continuity of the electrodes and although an
over-all efficiency test may at times fail to disclose these de-
fects, a point to point electrode check will nearly always dis-
close the trouble. '

(Y
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FI1G. 15—Front view of counter type Weston Model 773 tube checker.
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FIG. 16—Diagram of connection for Weston instruments Model 773.
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Tnanry, P8
e sy

FIG. 17—Panel view of Weston Model 773 movable type tube checker.

Weston Model 655-2 Selective Analyzer.—The internal con-
nection of this instrument is shown in fig. 18.
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FIG. 18—Connection diagram of Weston Model 665-2 radio set analyzer.



Radio Testing 4,609

The principal difference between this instrument and the 655
previously described is that the various scales are available by
means of pin jacks instead of a rotary switch. The volt meter
ranges a.c. or d.c. are: 0-1/2.5/5/10/25/50/100/250/500/ 1000
volts.Thecurrent ranges d.c.onlyare 0-1/2.5/5/10/25/50/100/250/
500/1000 milliamperes. ‘

Supreme Model 339 Analyzer.—The panel view and connec-
tion diagram of this instrument is shown in figs. 19 and 20
respectively.

It has five sockets for various types of tubes, a sensitive d’Ar-
sonval fan shaped metey, and a rugged 4-gang, 5-position rotary
switch for selectivity connecting the meter to any of the follow-
ing measurihg circuits:

(@) d.c. milliammeter—0/5/25/125/250/500 m.a., and 0/1.25
ampere.

(b) d.c. voltmeter—0/2/25/125/250/500/1,250 volts.

(¢) Ohmmeter—0,/2,000/20,000/200,000 ohms and 0/2/20
megohms.

{d) a.c. voltmeter—0/5/25/125/250/500/1,250 volts.

(e) Capacity Meter—0/0.05/0.25/1.25/2.5/5.0/12.5 mfds.
electro-static (papar) and electrolytic.

For current, potential and resistance measurement the meter
is “built up”’ to a resistance value of 300 chms by means of a
multiplier resistor connected in series with the meter, and all
shunt and multiplier resistance values are calculated on the
basis of a full scale current sensitivity of 1.0 milliampere and a
resistance value of 300 chms for the meter.

The actual armature resistance of the meter is approximately
115 ohms. The operating procedure for the various measure-
ments is as follows:

1. Current Measurements.—When it is desired to obtain
current in terms of milliamperes the meter is shunted as shown
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in fig. 20. The total shunt value of 75 ohms is determined by the
lowest current-measuring range of 5 milliamperes. The meter,
with its resistance built up to a value of 300 ohms, requires a
potential of 0.3 volt (300 millivolts) to cause a full scale current
of 1.0 milliampere to pass through the meter.

y @) L8 n & RADE ol "—:—~ v" :

O O ¢ W t
-0 9JDHZ]|

4 A
> W

Y

FIG. 19—Front view arrangement of Supreme Model 339 radio set analyzer.

The shunt resistor for the 5 milliampere range, being in
parallel with the meter, will have the same 0.3 volt potential
difference. Since 1.0 milliampere of the 5 milliampere range
will pass through the meter, the shunt resistor will pass the
other 4.0 milliamperes and its value is determined by dividing
4.0 milliamperes (0.004 ampere) into 300 millivolts (0.3 volts).
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For the current measuring ranges above the 5.0 milliampere
range, the 75 ohm shunt resistor is divided into smaller values,
thereby forming what is known as a “ring type’ shunt, the
total “‘ring’’ resistance value being 375 ohms. '

The resistance values of the 75 ohm shunt resistors are de-
termined by multiplying the total “ring’’ resistance by the full
scale current of the meter, dividing the result by each range
value, in turn, from the ccmmon terminal, and subtracting the
sum of the preceding values from each newly-determined value.

When the “ring” value of 375 chms is multiplied by the full
scale sensitivity value of 0.001 ampere, 0.375 is the result, into
which each range value is divided, in turn, for determining the
required shunt values. For example, the shunt value for the
1.250 ampere range is determined by dividing 1.250 into 0.375,
giving a value of 0.3 chm for that range.

For the 500 milliampere range, 0.500 ampere is divided into
0.375, giving a value of 0.75 ohm for the 500 milliampere range;
but since there already is a value 0.3 ohm for the preceding
range, it is necessary to subtract 0.3 ohm from 0.75 ohm, leav-
ing a value of 0.45 ohm for the second section of the shunt.

For the 250 milliampere range, 0.250 ampere is divided into
0.375, giving a value of 1.5 ohms for the 250 milliampere range;
but since there already is a value of 0.75 ohm for the two pre-
ceding ranges, it is necessary to subtract 0.75 ohm from 1.5
ohms, leaving a value of 0.75 ohm for the third section of the
shunt. The shunt sections for the other ranges are determined
in a similar manner, and can be checked by Ohm’s law.

For example, the shunt value of 0.3 ohm for the 1.250
ampere (1,250-milliampere) range is in parallel with the remain-
ing 374.7 ohms of the “ring”’ circuit, which when multiplied by
the nieter current of 0.001 ampere, produces a potential drop of
0.3747 volt. With 0.001 ampere going through the meter, the
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remaining value of 1.249 amperes will be going through the 0.3
ohm shunt, producing potential drop of 0.3 times 1.249 or
0.3747 volt. Since the potential drop across both parallel paths
- is identical by Ohm’s law, it is concluded that the calculations
are correct. The other ranges may be similarly checked by
Ohm’s law. '

2. D.C. Potential Measurements.—When the meter is being
used for potential measurements, enough resistance must be
connected with it to limit the current to within the full scale
sensitivity value of the meter.

The value of the multiplier resistor for the 5-volt range is
established by subtracting the meter resistance value of 300
ohms from the 1,000 ohms-per-volt value of 5,000 ohms leaving
a multiplier resistance value of 5,000-300 or 4,700 ohms.

For the higher ranges the multiplier resistance values are cal-
culated on this basis ¢f 1,000 ohms per volt.

3. Resistance Measurements.—For resistance measure-
ments, the meter is used primarily as a voltmeter, with the cur-
rent passing through the meter calibrated on an “Ohms” scale
instead of being calibrated on a ““Volts™ scale. In the multi-
range ohmmeter circuits of this tester, however, shunts are
used to enable the different sensitivities required for each range,
and to this extent, the ohmmeter circuits resemble current
measuring circuits in which shunts are usually required.

It will be observed from diagram fig. 20, that for the lowest or
2,000 ohm range, the 33 ohm resistor is a shunt resistor, while
the 297 ohm and the 2,723 ohm resistors act as multipliers to the
meter with its 700/4,300-ohm shunting resistor made up of a
fixed 700 ohm resistor and a variable 3,600 ohm rheostat for
accommodating tattery potential variations.
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For the 20,000 ohm range, ‘the 33 ohm and the 297 ohm
resistors, totaling 330 ohme, act as a shunting resistor, with the
51 ohm and 2,723 ohm resistors functioning as multipliers.
For the 200,000 ohm range, the 33 ohm, 297 ohm and 2,723
ohm resistors act as a shunting resistor, and a 3,269 ohm resistor
acts as a multiplier resistor.

4. A.C. Potential Measurements.—The a.c. potential meas-
uring functions differ from the d.c. potential in that the meter
is connected to the output terminals of a full-wave instrument
rectifier and a capacitor is substituted for the 4,700 ohm
multiplier resistor, the capacitor being connected in series with
the rectifier input circuit. Each of the multiplier resistors above
the 5-volt range is by-passed with a calibration capacitor. The
elements involved in the a.c. potential measuring functions are
indicated in wiring diagram.

5. Capacity Measurements.—When the meter is used for
capacity measurements, the resistance value of the meter and
of the shunt and multiplier resistors associated with the measur-
ing circuit constitutes one leg of an impedance triangle. See
fig. 21. The reactance of a capacitor of unknown value, which
may be connected into the measuring circuits for the purpose of
determining its value, constitutes another leg of the same
impedance triangle.

It is obvious that the resistance value of the meter and of its
associated shunt and multiplier resistors is a constant value for
any particular capacity-measuring range, regardless of the
capacitive value of any capacitor which may be connected to
that range, and that the capacitive reactance, in every case, is
determined by the capacitive value of the capacitor which may
be subjected to the measurement; therefore, the capacitive
leg of the triangle is the variable element.
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It is further obvious that the meter current is related directly
to the hypotenuse of the impedance triangle and will not,
therefore, have a linear relationship to capacitive values. For
example, assuine an impedance triangle in which a full-scale
meter current corresponds to a certain hypotenuse length, and
in which the reactance leg corresponds to a capacitive value of

R

| 2\RE
FIG. 21—Arrangement of impedance triangle in capacity measurements.
.

5.0 microfarads; if we remove the 5.0 mfd. capacitor and put in
its place a 2.5 mfd. capacitor, the length of the reactive leg of the
triangle will be doubled, but the length of the hypotenuse will
not be doubled, and, therefore, the meter current will not be
reduced to one-half of its former full scale value. In other
words, a linear or evenly-divided scale cannot be used on the
basis of fixed resistance values for the meter and its associated
shunt and multiplier resistors.

From what has just been explained, it is natural to ask a
question as to how capacitive measurements are enabled on an
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evenly divided scale in this tester. The answer lies in the fact
that, although the meter, shunt and multiplier resistance
values constitute a fixed resistive value for each capacity
measuring range, a variable resistive value is introduced by the
full wave instrument rectifier employed, and shunts and multi-
pliers are employed of such values as will enable the variable
element of the rectifier resistance to approximately counter-
balance the variable reactive element introduced by the differ-
ent capacitive values which may be encountered for measure-
ment.

In other words, the divisions of a meter scale would be
crowded on the upper end of the scale for capacitive measure-
ments if the rectifier were linear in its characteristics, and the
non-linear characteristics of the rectifier would cause the
divisions of the meter scale to be crowded on the lower end of
the scale, if no capacitive variable elements are introduced into
the circuit; but when both variable elements are introduced into
the circuit in approximately equal and opposite proportions,
the meter scale divisions can be equally separated across the
whole scale, or, what amounts to ths same thing, t.he regular
evenly-divided scales can be utilized for capacitive measure-
ments.

For the measurement of electrostatic (paper) capacitive
values, comparatively high a.c. potentials are used, but it is
necessary to use comparatively low a.c. potential values for the
measurement of electrolytic capacitive values, so as not to
puncture the electrolytic film around the electrodes. Actually
the a.c. potential applied to electrolytic capacitors in the
0/1.25/2.5/12.5 mfd. ranges is about 9 volts. The capacity-
measuring circuits are shown in the wiring diagram.
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Supreme Model 585 Diagnometer.—This instrument shown
in fig. 22 with the connection diagrams of the tube testing cir-
cuit in fig. 23 has the following service facilities. It actually con-
sists of 14 instruments in one compact assembly, for complete
circuit and tube checking on all radios, P.A. amplifiers and tele-
vision sets.

The instrument is a complete point to point set tester, or the
“Free Reference” system of analysis direct from tube sockets
may be chosen.

The meters provide for the following ranges:

1. Six d.c. potential ranges of 0-7/35/140/350/700/1,400
volts.

2. Six a.c. potential measuring ranges of 0-7/35/140/350/
700/1,400 volts.

3. Seven d.c. current measuring ranges of 0-1/7/35,/140/350/
700/1,400 m.a.

A d.c. scale 0-14 amp. is provided for checking drain of auto
radios and 6 volt mobile sound systems. There are six cutput
meter ranges, ohms 0-200/2,000/20,000/200,000. The first
division on the 200 ohm scale is 0.25 ohm. Can be read to 0.05
ohm. Megohmeter 0-2/20. .

The 20 megohm range operating at 450 volts is an excellent
electrostatic and main filter electrolytic condenser breakdown
tester.

Decibels—10 to+6/0 to+16/ 410 to+26/ 420 to+36/+30
to+46 direct reading on the 500 ohm line; zero level 0.006 watts
Electrostatic capacity meter 0-.07/0.35/1.4/3.5/7.0/14.0 Mfd.

Electrolytic capacity meter 0-3.5/7.0/14.0 Mfd. Direct
meter leakage test for main filter electrolytics on colored
“Good-Bad” scale.

Also a sensitive full size neon test for electrolytic condensers.
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All meter services and ranges are selected by indicating
rotary switches. New “Free Reference” tube for all old and new
radio, P.A. and television tubes, except thyratrons and kine-
scopes.

FIG. 22—Front view showing arrangement of instruments and switching de- -
vices in Supreme Model £85 diagnometer.

With this diagnometer it is possible to test all multi-purpose
tubes section by section, as well as for overall performance,
there are 48 possible basic combinations of load and voltage
to insure proper and accurate tests of every conceivable type of
tube.
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Supreme Model 501 Tube Tester.—The panel view of this
tester is shown in fig. 24 and illustrates the various controls.
The connection diagram is shown in fig. 25. This new improved
circuit tests all old and new tubes for radio, public address
systems, and television, except thyratrons and kinescopes. It
tests all multi-purpose tubes section by sectlon as well as for
overall performance.

FIG. 24—Front view of Supreme Model 501 tube tester.

All quality tests are made at full rated load for highest ac-
curacy. Six sockets test all types and combinations of tubes, as
both ends of the filament or heater are free, through switches,
for instant connection to any pair of tube terminals including
the top cap.
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FIG. 25—Schematic wiring ciagram of izterncl.connection in Supreme Model
501 tube tester.

Supreme Model 551 Analyzer.—The panc! vicw and ccnnec-
tion diagram of this instrument are shown in figs. 23 and 24
respectively. -

This set analyzer will handle all service and circuit prcblems
of all types of radios, P.A. amplifiers and television sets. It is
also as useful in servicing industrial vacuum tubcs and photo-
cell devices.
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It has five sockets for the various types cf tubes, and a
sensitive 4 in. square meter, with easily readable scale. The
various ranges and services are quickly available by means of
an indexed rotary switch connecting the meter to any of the
following measurinz circuits:

¢. De.volts.............. ..., 0-7/140/350/1,400

b. Acc.volts. .................. 0-7/140/350/1,400

¢. D.c. milliamperes. ............0-1/7/35/140

de ONMSz 25 wiem mas s va s mm i o 0-200,/2,000/20,000

Wiliswme= . 4

¥ -
3

N rdaiplr
o’

Cogall

FIG. 26—Exterior view of Supreme Model 551 analyzer
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The first scale division of the 0-200 ohm range is 0.1 ohm,
and at center scale the resistance reading is 3.5 ohms. This
extreme open scale which can easily be read as close as 0.02
ohms is especially vaiuable when checking the resistance of
shorted voice coils, filament windings on transformers, rosin
joints, shorted turns in converter armatures, etc.

The megohmeter has two ranges 0-2/20 megs, which is
operated from a self-contained power supply for high resistance
and cable leakage testing.

FIG. 28—Panel view of Supreme Model 581 signal generator.

Supreme Model 581 Signal Generator.—This all wave 7.f.
oscillator has a range of 130 k.c. to 60 m.c. cn 5 fundamental
bands and 3 harmonically related bands.
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Other noteworthy features includes a 400 cycle modulating
oscillator which-modulates the 7.f. carrier the standard 309;
a beat frequency audio frequency oscillator having a 60/10,000
cycle range with less than 59, harmonic distortion; and an
electronic frequency modulator or ‘‘Wobbulator.”

This model is useful for alignment testing by the output meter
(amplitude modulated 7.f. signal) method or the visual cathode
ray tube (frequency modulated 7.f. signal) method; demodula-
tion and detector testing; checking fidelity and overall response,
znd gain of audio and P.A. amplifier systems, band pass width;
selectivity curves cf 7.f. cmplifiers, ctc.

NOTE: RESISTANCE VALUES SHOWN ARE AVERAGE.
CORRESPONDING RESISTANCE VALUES IN MODEL
No. 430 VARY SINCE THEY ARE CALIBRATED TO THE
i OF THE
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The whole circuit is very stable, using a modified electron
coupled system, which will not drift due to changes in line
voltages, ambient temperature or attenuator control operation.

The circuit shown in fig. 29 has incorporated in it two 6A7,
one 84 and cnz 76 tube.

FIG. 31—Front view arrangement of devicesin Readrite Model 430 tube tester.
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Readrite Model 430 Tube Tester.—The wiring diagram and
panel view of this type of instrument is shown in figs. 30 and
31 respectively.

This instrument is designed to test both metal and glass types
of tubes.

The panel has five sockets and a direct reading “GOOD-BAD”
meter scale, two selector switches, one load control knob, one
a.c. voltage adjustment knob and one push button switch to
indicate the condition of the tube under test.

The circuit is designed on the “emission” principle in that the
meter indication depends on an emission. test of the tube.

Cathode-leakage and short-circuit tests can also be made
with this instrument.

| =0

FIG. 32—Panel view of Readrite Model 720-A point to point panel.
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Readrite Model 720-A Point-to-Point Tester.—This .tester
is equipped to handle both the glass and the glass-metal
tubes. It may be used to measure resistance capacity and con-
tinuity, as well for voltage checking of any tube circuit.

The point-to-point tests are made through an eight conductor
cable, which is plugged into the receiving set socket. Tester
socket terminals are arranged according to R.M.A. standards,
thereby making it unnecessary to remove chassis from cabinet

when localizing faults. Arrangement of the different tube ele-
ments does not affect tests.

Eo) '—J@
SOCKET AB.C.D,| GND T 7
SOCKET E N -(é ’_C?)s
4 3

L
C

1
6
7

1
|_°©
| 3
_“©“'

ﬁ@f

4 3
%) |(o5, ) (%7 %) (3.

4
CUE, \otd
hUlNe

| earrery connecreo | L
HERE WILL BREAK LINE @nm

$

[SELECTOR SWiTcH CONECTNS ]
OFF | NO READING | 7R BLANK

2R | 15 D.C. VOLTS | BR [150 MIl LI-AMP.
3R [ 150 9R [750 A.C. VOLTS|
4R | 300 10R|150

SR | 600 11R[ 25

6R | 15 MILLI-AMP. [12R] 10

13R] BLANK -~

WMA BEMAQDSMA]

FIG. 33—Connection diagram of Readrite Model 720-A point to point tester.
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The tester is equipped with two meters; a d.c. meter having
scale for reading 15-150-300-600 volts, 15-150 milliamperes and
an a.c. meter for reading 10-25-150 and 750 volts.

Separate meter ranges made available by connecting a single
pair of jacks and using the selector switch. For diagram of con-
nection and panel view, see figs. 33 and 32.

FIG. 34—Front view arrangement of Readrite Model 710-A tester.

Readrite Model 710-A Tester.—This instrument is used to
test all parts of the tube circuits by plugging directly into the
receiving set socket.

It will handle sets equipped with either glass or glass-metal
tubes.
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There are three meters, a d.c. volt-meter which reads
0-20,/60,/300/600 volts, and has 1,000 ohms resistance per volt,
a d.c. milli-ammeter scale 0-15/150 and an a.c. voltmeter,
scale 0-10/140/700.

=—
0.C. VOLTS AC.VOLTS D.C. MILLIAMP. ) \£
150 54 5 4 3 3 3 2
SHSEVAN Tl %]
t
d g
I o
+ o
140 700

r—O
15 PUSH

[ —0
B 150 |150
b3 10 o— [
<

REVERSE

a
o | smeeon | SRS | saeeton | S one
SOCKET SOCKET
1 2-6 7 4-2
2 3-6 8 a-3
3 [ 9 4-5
4 1=6 10 a—6
5 6—4 11 5-3
3 65 12 5—a

FIG. 35—Schematic Ciagram of connections in Readrite Model 710-A tester.

A special positive contact selecter switch connects all d.c.
circuits to the d.c. volt meter. Panel jacks are provided to make
individual range connections for the three meters.

The panel view and connection diagram are shown in figs.
34 and 35.
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Philco Model 025 Signal Generator and Radio Tester.—This
instrument consists principally of a volt-ohm-milliammeter for
both a.c. and d.c. service.

The a.c. and d.c. voltage scales are 0-10/30,/100/300/1,000.
Current up to 10 amperes may be read directly on the milli-
ammeter by using a special shunt.

OUTPUT
<> -I- 1- MFD.
s RECTIFIER
'3 T 3
l ™ \"2— R
. T \ DL
2 d
1% — U g 1ov.
S [
dg; qs q g
sio s 82 & 8 P
A K1Y 0V,
v 7 2 | ¢
MILS S BB g
*— 8 - e
& SWITCH CODE g ploov.
METER 1.AC.VOLTS  5-10 MilS g
10+ 2.D.C. VOLTS  6-1.5 MEG. =
SW. - 3. METER 7-15,000 OHMS o 300 V.
4-100MILS ~ 8-1500HMS g
X - BREAK 5
{ b 1,000 V.
100+ + -

FIG. 36—Wiring diagram of Philco Model 025 radio tester.

The circuit is designed for capacity and resistance measure-
ments which values are recorded on special scales, although in
reading capacity (Mfd.) a special calibration chart should be
consulted.

For internal connection and exterior views of instrument, see
figs. 36 and 37. :
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Readrite Mode! 557 Signal Generator.—This signal generator
is equipped with coil combinations to obtain frequency band as
follows:

Coil “A” covers the band from 110to 295 K.C.

Coil “B” covers the band from 275to 840
Coil “C” covers the band from 820to 2,800
Coil “D” covers the band from 2,500 to 8,500
Coil “E” covers the band from 8,000 to 20,500 **

FIG. 37—Panel view of Philco Model 025 Signal generator and radio tester.

The operation of the oscillator is as follows: After determina-
tion of the frequency to be covered, select proper plug in the
coil as shown under heading ‘‘Plug-in Coils”; place coil in 6-
hole socket in shield can which is accessible by removing the
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nickle cap near the toggle switch marked “On-Off”’. Connect
oscillator and set the attenuator to approximately 75 on the
dial, after which the toggle switch marked “MOD-UNMOD”
is set to position desired.

FIGG. 38—Panel arrangement of Readrite Model 557 signal generator.

Generally speaking, all oscillator alignments are made with a
modulated signal. Consult graph chart for the coil selected.
Note dial setting for the frequency desired. Set dial pointer of
frequency selector dial to the position as shown on graph. Turn
oscillator power on by throwing the OFF-ON switch to the ON
position and attenuate the signal to desired level by rotating



- — - ——

Radio Testing 4,635

the attenuator control so that a minimum signal is reached. If
further reduction in signal strength is wanted, use jacks marked
Minimum and Ground.

BN
@ ) (H) i

CUIL SOCKET 500 MAX,

OIL C,D&E COIL A&SB

NN ‘ i
$0,000.n. \jq‘/' 02\* 00003 14FD
N0 —
SW“%H
0000265 |MFD | 0.00005 MFD. % 001 MeD. %

re
#30 TuBE

Q000 265 MFD.

e

{ B 45V 45y,
SWITCH by -
g Lo 'l mm—
A -

FIG. 39—Wiring diagram and coil arrangement in Readrite Model 557 signal
generator.

Output Meter.—An output meter should always be con-
nected to the radio output when using a signal generator. In
order to avoid serious energy loss the output meter should be
connected between the plate of output tube and chassis. If the
output meter does not have a condenser there should be a con-
denser inserted in the output plate lead. This will prevent a
burnout of meter. A .5 mfd. 400 volt condenser is suitable.

Vacuum Tube Voltmeters (General).—The vacuum tube
voltmeter is an instrument used in service work for direct
measurement zcress high impedance circuits, such as in the .
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measurements of radio- {tequency and audio-frequency voltages
*where the use of powtr consuming instruments would be un-
satisfactory on accruat of the small current in the circuit.

For example, the impedance of an 7.f. circuit such as is used
n the first and second stage of a receiver may be as high as 2
or 3 megohms when adjusted to resonance with an incoming
signal. '

To make any measurement of potential across such a circuit
tt is obvious that a meter having a resistance of 3 to 4 megohms
would be required, as a meter having a lower resistance might
change the potential condition in the circuit it is desired to
measure, too much, and hence make the measurement un-
satisfactory.

1t has been found that the only connection that could profit-
ably be made across such a circuit without upsetting the circuit
potentials would be that of another vacuum tube, the connec-
tion being made across the grid and cathode of said tube.

Essentially, the vacuum tube volt meter as the name implies,
is nothing more than a vacuum tube connected through a meter
in its plate circuit to a suitable power supply.

The grid and the cathode of the tube are connected across the
circuit to be measured, the potential of said circuit causing a
change in grid voltage on the tube and thus, a resultant change
in plate current is indicated on the instrument.

As the vacuum tube is also a rectifier, potentials of any fre-
quency placed across the grid and cathode of the vacuum tube
voltmeter will result in a direct current deflection on the in-
strument in the plate circuit.

It is for this reason that the vacuum tube voltmeter can be
used for measuring audio as well as radio frequency potentials
provided the circuit is worked out correctly to cover this broad
range of frequency.
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Weston Model 669 Vacuum Tube Voltmeter.—Front view
and internal connection of the instrument is shown in figs. 40
and 41 respectively. The principal characteristics of this type -
of instrument is as follows:

1. It has 6 self-contained ranges controlled by a rotary
switch in the lower left hand corner, the full scale readings being
0-/1.2/3/6/8/12/16 volts. This meter is different from other
multiple range vacuum tube voltmeters in that on all of these
ranges only the grid to cathode impedance of the vacuum tube
appears across the circuit to be measured. 2

2. The device operates directly from a 120 volt 60 cycle a.c.

line; a self-contained transformer and power supply providing
the necessary direct current potentials. A neon regulator bulb
is used to hold the d.c. grid and plate voltages fixed irrespective
of variations in line voltage. Up to the present time the problem
of eliminating variations in vacuum tube meter readings with
lirie voltage fluctuations has been a serious problem. The use of.
this regulator bulb has therefore put measurements of this type
én a different plane as readings in the vicinity of .2 to 1 volt
were practically impossible without having some sort of regula-
tion of supply voltages.
- 3. Tubes used in the instrument are a type 78 and a type 1V,
the former being the measuring tube and the latter the rectifier
for the power supply. The 78 tube is mounted with the top
projecting through the panel so that direct connection can bé
made to the grid cap using short leads. In the same way the
grid is kept approximately 1 in. from any other metal surface
and in this way input capacity is kept at a minimum.

4. A six range scale is provided, all a.c. readings being made
directly without reference to curves or charts of any kind. The
circuit has been worked out so that readings can be taken on 60
cycle lines without visible error, the frequency coverage of the
device being from approximately 40 cycles up through receiver

1

5\
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short wave ranges. On very high frequencies such as from 10 to
20 megacycles slight errors will occur due to tube capacity even
though this has been kept at a very low value. Such errors, how-
ever, are not very great being of approximately the same order
as attained on other instruments used in this frequency range.

Among the measurements which can be made on this instru-
ment is analysis of oscillator performance on super-heterodyne
receivers, measurements of gain per stage in all types of re-
ceivers, checking of resonance, automatic volume control

measurements, etc.
() NEON LAMP
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FIG. 41—Schematic wiring diagram of Weston Model 6€9 vacuum tube
voltmeter.
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CHAPTER 185

The Telephone

By definition the telephone is an tnstrument for the transmis-
sion cf articulate speech by electric current.

Principle of the Telephone.—The operation of the telephone
is based upon a simple principle, namely, using @ conlinuous

A B

t

FiG. 7,413.—Diagram cf simple toy telephone, consisting of two combined transmitters and
receivers A and 13, made ¢ 1netal or wood cylinders, one end cf each beinz cavered by a
membrane C and D, and tae centers of whica are connected by string E.

current cf clectricity and varying s strength exactly as the air
varies in densily during the production cf sound. This is illus-
trated by the simple toy telephone shown in fig. 7,413.

In operation, when the open end of the tube A, is placed before the mouth,
the vibrations of the membrane C, caused by the varying sound waves repre-
senting the human speech, are transmitted with mechanical action by the

NOTE.—The principle of the telephone was discavered by Alexander Graham Bell in
Boston, Mass., on June 2nd, 1875. The first telephone was actually operated on March 10,
1876; it was then a crude instrument and not very sensitive. Since that date however many
improvements have been made in this agency of communication that has made America &
neighborhood.
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string E, to the membrane D, and set up in the latter vibrations correspond-
“ing to those of C. The vibrations of D, cause sound waves in the air which
are transmitted to the ear placed at the open end of the cylinder B.

The Transmitter.—In the electric telephone, the string is re-
placed by a wire having at one end a small unit consisting of

f %ﬁ% :

TRANSMITTER

BATTERY—| )

F1G6. 7,478.—Electric telephone. The paris are: 1, air vibrations caused by voice; 2, dia-

phragm; 3, carbon buttons; 4, line wires; 5, electro-magnet; 6, diaphragm: 7. reproduced
air vibrations representing speech.

MOVABLE MOUTHPIECE ‘

CARBCNDISC B

TERMINALS

/

/.

e

CARBON GRANULES\ \
\ Y
STATIONARY p
CARBONDISC A _r
WA |

™ —DIAPHRAGM

¥16. 7,479.—~Simple electric telephone transmitter.

two carbon discs separated by about 3¢ of an inch and the -
space between filled with sharp carbon particles called granules.

asshoewnin fig. 7,479. This unit is connected to a steady source |
of electricity so that the current must flow from one carbon disc ,
through the carbon granules and out through the second carbon |
disc.
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The arrangement normally offers a certain amount of resistance to the
passage of the electric current. However, if the space between the carbon
discs be decreaséd the carbon granules become pdcked closer together,
lessening the resistance and allowing a greater amount of electricity to flow
through. Vice versa, if the space between the granules be increased, the
result will be an increase in resistance and a décrease in the electric current.

- ¥ ...“
F16. 7,4°0.—Microscopic view showinz molecules of air at 1, in fig. 7 4“8. In a spoken word,
or ir. any musical sound, the molecules dance back and forth as in fig. 7,431.

Fi1G. 7,481.—Erlargement of section C of fig. 7,4¥) with molecules represented as tiny beings
rushing from A to B (fig. 7,4c60). First they advance, pashing against tae ear drum, and
then they retire and the niembrane of the ear flies back. Over an1 over again this hap-
pens, hundreds and even thousands of times a second. The higher pitched tae voice of
the speaker, the more rapid is the dance, yet it is a dainty dance, for the weight of a snip
of human hair only about one-thousandth of an inch in length would press as heavily upon
the sensitive ear drum.

One of the carbon discs A, is held in a fixed position and the other B, is
attached t the center of an aluminum disc called . déiaphragm. The entire
arrangement is called a ransmitter. In operation th?z voice sets th> air into
vibrations which beat upon the transmitter diaphragm and set it into rapid
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back and forth movements, causing changes in the resistance of the carbon
unit and resulting in the rapid variations of electric current which flows te
the distant end where there is a receiver, as shown in fig. 7,478.

FI16. 7,482.—Effect on diaphragm caused by molecules of air which are set in motion by the
voice of the speaker—they rusn against the diaphragm of the transmitter and bend it in.

F1G. 7,483 —Effect on dizphragm when the molecules rush away—it springs back out of its
bent position.

mMGs. 7,484 and 7,485.—Action of diaphragm on carbon grains. Fig. 7,484 shows carbon
grams in a transmitter magnified about fifty times each way. When the diaphragm is
bent in, the grains are closely packe:l together and many eleétrons can pass through, but
when the diaphragm springs back, as in fig. 7,485, the grains are loosely packed and fewer
electrons can pass from grain to grain through the chamber containing the carbon grains.
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The Receiver.—This consists of an electro-magnet with an
iron disc or ;diaphragm, very near its poles. The varying

2

I

ARG

o

F16s. 7,486 and 7,487 .—Standard bi-polar hand receiver. The winding of the coils is done with
silk covered copper magnet wire. The outside terminals are soldered 10 metal strips which are
insulated and extend to the cord terminals within the shell. The magnet is a single piece,
being formed from a bar of magnet steel. It slips into the casing which forms a support
for all the parts and is held by a screw cap. All parts are thus firmly clamped together,
but the screw cap plays no part in the adjustment. The metal strips terminate in a brass
support to which are fastened the receiver cord terminals.
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F1Gs. 7,488 and
7.489.—Kellogg
subscriber’s receiv-
er disassembled
showing construc-
tion.

Fi6. 7.490.—Kellogg oper-
ator’s receiver disassem-
bled showing diaphragm
and magnet.

F16s. 7,491 10 7,509.—Parts of Kellogg shell receiver. ¥
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amounts of electricity in passing through the receiver magnet
change the strength of the magnet and as a result the diaphragm
is pulled and released partly or totally at a very rapid rate, pre-
cisely the rate at which the transmitter vibrates.

Fies. 7,510 to 7,512.—Types of station apparatus. Fig. 7,510, wall set; fig. 7,511, wall set
with writing shelf; fig. ,512, desk stand or hand set with a separate bell box. The wall
set is the smallest and lightest of these three types of instrument and is generally used where
mountings on plaster walls are required. Where a writing shelf is desired the wall set is
mounted on a back board equipped with a shelf. It i3 fastened to the wall with anchor bolts.

" Where a table or desk is used by the subscriber, a desk stand or hand set is installed, the bell
box being mounted under the table and connected-to the desk stand by a flexible wire cord.

The vibrations of the receiver diaphragm in turn cause the air to vibrate
and subsequently the human ear drum to vibrate when the latter is placed
close to the receiver. The result of course is the reproduction of speech.
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Ques. Of what does a telephone station consist?

Ans. It consists of a transmitter and a receiver usually on a
desk stand with a hook to hold the receiver, and also to serve
as an automatic switch when the receiver is removed from the
hook, as in fig. 7,523, connected to a bell box which contains
1. A condenser. 2. A bell, and 3. An induction coil.

The electric current necessary for talking purposes is obtained from a
storage battery located at a central point known as the ‘“‘common battery
central office’” and the alternating current t ring the bell is furnished by a
ringing machine, also located in the Central Office. This is known as the
common battery svstem.

Fics. 7,513 and 7,5:4.—Commercial transmitter. The parts are: A, fired carbon disc at-
tached to the bridge at E; B, movable carbon disc attached 1o tne center of the aluminum
diaphragm D, at C; M, hard rubber mouth piece. The shell is for protection and for mount-
ing the transmitter to a stand or bracket.

A commercial transmitter is shown in figs. 7,513 and 7,514, and a typical
receiver in fig. 7,487. The receiver generally consists of a small U magnet
M, made of a very good grade of steel with many turns of fine insulated wire
$ S, wound around its two poles, and an iron diaphragm D, located very
near the poles, but not in contact with them,
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Subseriber’s Set.—In the bell box, known as the subscriber’s
set, shown in fig. 7,515 are three pieces of equipment:

1. Ringer. 2. Induction coil. 3. Condenser.

These are designated A, B, and C, respectively, in fig. 7,515.

F16. 7,515.—A typical telephone bell box with door open showing the ringer A, the induction
coil B, and the condenser C.

Ringer of Subscriber’s Set.—This is shown in figs. 7,516 and
7,517, and is a combinatien of a permanent magnet M, N, and
an electro-magnet L and R, which is an inverted U magnet
with many turns of fine insulated wire on each of the soft iron
cores L and R, equal turns on each. The permanent magnet
M, N, is attached at M, to the center of the electro-magnet.
This establishes two south poles S, S, of equal strength, and by
induction two north poles N, N, also of equal strength at the
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ends of a piece of soft iron pivoted near the poles of the electro-
magnet. This piece of soft iron acts as the armature and car-
ries the hammer which strikes the bells,

A biasing spring is attached to the armature at one end, which forces the

*armature to assume the normal position shown in the figure. If the biasing
spring were not there, the armature would just float.

PERMANENT
MAGNET 1 3
‘\.“_\\-—

1
Fou

)" ARMATURE

¥iGs. 7,516 and 7,517.—Ringer and diagram of its operation.

The ringing current is alternating and reverses itself completely sixteen
times in each second. ‘Consequently at some instant the current may be
flowing from L, to R, causing the S pole at L, to become stronger and the S.
pole at R, to become weaker, and as a result, the armature is pulled toward
the S poleat L.

When in the next instant the ringing current reverses, the opposite action
takes place with the addition of returning power from the biasing spring, so
that the armature moves with the reversals of the ringing current sixteen
times in one second. The hammer, being attached to the armature, will
follow the movements and strike the bells.
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Induction Coil of Subscriber’s Set.—This consists of two
windings on a soft iron core made up of a bundle of soft iron
wires or laminations. The primary is wound over the iron core
and the secondary over the primary. The induction coil is
connected so that it is between the transmitter and the distant
receiver in order to amplify the talking currents and enable
them to reach a comparatively longer distance. Figs. 7,518 to
7,520 show various types of telephone induction coils.

FiGs. 7,518 to 7,520.—~—Various types of tele-
phone induction coils.

Condenser of Subscriber’s Set.—The condenser consists of
two sheets of tin foil separated by a double thickness of par-
affined tissue paper. The tin foil sheets are approximately 314
ins. wide and are very long, so as to give the effect of a large
surface.
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The paraffined paper is slightly larger in width and is interposed hetween
the two sheets of tin foil to prevent their coming in metallic contact. The
combination is rolled up so as to occupy a small space, and is then boiled in
paraffin and encased in a metal container for protection. A lug is-attached
to each sheet of tin foil so that wires may be soldered to it.

Fig. 7,521 shows a typical telephone condenser.

In operation, a condenser acts as an insulator in a telephone circuit where
direct current is applied, but it readily allows the passage of alternating cur-
rent. Itis used in the subscriber’s set connected in series with the bell so as
to prevent the storage battery current passing through the bell from one side
of the line to the other causing unnecessary waste of electricity.

F16. 7,521 —Typical telephone condenser.

Station Line Circuit.—The connections of the apparatus in
the bell box and the receiver and transmitter, are shown in
fig. 7,522. On a call originating at this station the telephone
user lifts the receiver off the hook.

This completes the path of the electric current from one side of the line at
A, through the primary of the induction coil and transmitter to the other
side of the line at C, and causes a relay irrthe subscribér’s line circuit in the
Central Office to operate and a lamp tc light on the switchboard in front of
an operator to notify her that a connection is desired.
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On a call coming into this station line circuit a connection

is made in th2

¢
Q

CONFACTS E’L
POST /N POST-
RECEIVER HOOK  Recetite
W
TRANSMITTER CORD

RECEIVER

F1G6. 7.522.—Diagram showing the inside
connections of a telephone bell box, the
binding posts of which are shown, top.
and bottom. Flexible wire cords connect
these to the transmitter and receiver, as
shown. When the receiver is off the hook
the contacts there are closed by the up-

ward spring of the hook and the circuits -

are closed for operation. The line is al-
waye connected to the two outer posts A
and C, the middle post B often stamped
G and used for ground connection ,on
party line instruments. Terminals A and
C, are generally desxgnated T and R
(tip and ring).

entral Office which places generator current

(16 cycles a.c.) on the line and
rings the bell shown in fig.7,522.

Desk Stand Telephone.—
This piece of apparatus is shown
unassembled in fig. 7,523. The
connections in the stand are in
general, as shown in fip. 7,524.

Coin Box Telephones.—This
type of telephone is shown in
fig. 7,525, and consists of the
usual transmitter and receiver,
and a bell box containing an
induction coil, a condenser,
and a bell. In addition there is
a coin collect end return magnet.

The coin machine consists of an
upper housing eneasing a chute with
entrance points at the top for 5¢, 10c
and 25c coins. The lower portion of
the chute opens into a hopper. The
coin when dropped into the chute
follows a zig-zag path and finally
drops onto a small platform or coin
trap. However, before reaching this
point, the coin has accomplished two
things: 1, struck a gong; and 2,
tripped a small lever which causes a
set of contact springs to come to-
gether. This in furn causes a lamp
to light at the Central Office switch-
board giving notice to the operator
that a connection is desired.
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A 5c piece when dropped into the chute strikes a solid gong once, a 10¢
piece strikes the same gong twice and a 25¢ piece strikes a gong of the cathe-
dral type once. The resultant characteristic tones are transmitted to the
operator in the Central Office over the telephone wires.
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PG, 7,524.—Wiring of desk stand.
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The operator in the Central Office can either collect or return the coin by
operating a collect or return key.

If the collect key be operated, a magnet in the coin box-telephone causes
its armature to swing'in such a direction as t» tin the coin platform toward
the coin compartment on account of the weight of the coin, with the result
that th2 coin slides off the platform into a safe.

If the return key be operated, the same magnet operates the armature in
the opposite direction, causing the coin to slide o thz platform down into
the coin return chute. The magnet of this coin box telephone is operated in
the same manner as the bell ringer of fig. 7,517,

L8 popeLa

il CONNELTING
LR LOCK RUTO

: Fics. 7,526 and 7,52".—Outdoor cable connecting box. This device is placed in a back yard
in cities, or on a pole in the country, and accommodates the two line wires for each telephone
in a block or street.

‘The operation of the collect key sends electric current through the electro-
magnet of the coin box in cne direction, and the operation of the return key
reverses the direction of the current flow.

The Common Battery Central Office.—The subscriber sta-
tion equipment of fig. 7,522 is connected by means of two



The Telephone 4,655

twisted insulated wires to a cable terminal lecated either in the
basement of the same building or sometimes outside on a pole
or side of the building. This cable terminal, as shown in figs.
7,526 and 7,527, has facilities for connecting a number of
telephones. ~

The wiring from the cable terminal is extended by means of a large lead-

covered cable run, either through underground ducts or overhead on poles, to
the Central Office.

Flc 7,528.—Mounted trunk drops. Tubular trunk’ drops are mounted on a metal strip each
bemg held by two small screws underneath the drop shutter. The tubular casing of each
drop i3 soft iron inside of which is the drop winding; the ends of the coil wires terminating
at lugs which protrude fro.n the casing and are insulated therefrom. The drop shutters
are then screwed fast to the metal strip and adjusted so that they may fall easily when the
armature is held up by the magnet.

Ques. What is a Central Office or Telephore Exchange?

Ans. It is a telephone building which contains terminal fa-
cilities and equipment to supply the telephone needs of a given
district and contains also a switchboard operated by girl at-
tendants who make connections between the telephone sub-
scribers in the same district or with subscribers in another
telephone district, or exchange by using trunks.

Ques. What is the capacity of a Central Office?

Ans. A Central Office may be designed with facilities to
handle as 1nany as 10,000 subscribers.
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#16. 7,529.—Typical layout of a Central Office operating room showing the A and B boards.
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F16. 7,530.—~Typical layout of a Central office terminal room which aleo contains the power
plant equipment.
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_ 4,658 The Telephone

It is made up of two distinct sections, namely an operating room, fig.
7,529, and a terminal room, fig. 7,530.

The operating room contains an A and a 3 switchboard, and the terminal
room contains distributing frames, relays, fuse panels, storage batteries,
charging machines and ringing machines. The apparatus is described in
detail in the sections following. :

Fr6. 7,532.—Heat coil, enlarged view.

Fies. 7,5 3 to 7,535.—Various relays. The principle of operation and elementary construction
is the same in all. They difler in constructional details, which allow one typ2 to mount ina
smaller space, or allow the closing or opening of several circuits in one operation.

F16. 7,536.—Relays on mounting plate.

Distributing Frame.—A typical distributing frame is made
of structural steel with terminal strips on one side mounted
horizontally and terminal strips or heat coil protector blocks
on the other side mounted vertically.
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The lead covered cable f-om the subscriber’s cable terminal shown in fig.
7,526 i; brought t-> the horizontal side of the Central Office distributing
frame, and is connected to th2 terminal strips as shown in fig. 7,531.

From this distributing frame, or M.D.F., the line-wires are led to a
second frame, generally called intermediate distributing frame, or I.D.F.,
where cross-connections are made to terminal strips containing cable wires
to line and cut off relays, and to the muitiple jacks on the ‘‘B” switchboard.

The Relays.—As used in telephone circuits the relays are of
various types, some of which are shown in figs. 7,533 and 7,534,
and are generally mounted on mounting plates, as in figs. 7,535
and 7,536, which are installed on relay racks, the latter being
iron I-beams vertically supported and drilled for the mounting
plate holding screws

+

FiGs. 7,537 to 7.529.—FIlat and round type resistances made of German silver, or other similag
wire, wound on mica or asbestos.

FiG. 7,540.—Jacks mounted in a hard rubber jack mounting.

Resistances.—For telephone circuits resistances are of the
flat type as in figs. 7,537 and 7,538. They are used to take
up the excess voltage in connection with the operation of relays
or the lighting of lamps on switchboards. Resistances are also
mounted on mounting plates with the associated relays on the
relay racks.
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The B Switchboard.—As previously mentioned, the sub-
scriber’s line 1s connected by means of cable from the I. D. F.,
in the terminal room to the B board in the eperating room.
At the B board the line terminates in a multiple jack located
in a jack panel in front of an operator.

' Each operator can reach 10,000 jacks. In order to locate so many jacks
within the reach of an operator, 20 of these jacks are moulded in a hard

rubber strip about 19 to 12 ins. long, and these jack strips are piled up one
over the other.

Each pile-up of jacks is known as a jack panel and there may be as many
as 1,500 jacks in each panel, as shown in fig. 7,541

H -
1 SECTION PILOT\ zEM..H‘C(NE.\‘ SRDCﬂ WIR§ KLYS

o | ';'_-9/1 “Hes

. I

J

T X K T H
BE T 0
SUBSCRIBERS MULTIPLE

NUMBER PLATES————

=
SUPERVISORS JACKS _
EMERGENGY ORDER WIRE JACKS

BUSY
BAC
JACS

1
o i |

V] ® ® [+

HUMBER PLATES

F16. 7,541.-——Face equipment of a B board section. In each section there are seven jack
panels, and each jack panel has a capacity of 1,500 jacks. Each rectangle above represents
a group of 100 jacks and each group is designated on the stile strip as 00, 01, 02, 03, 04,—-
654—65—98—09, etc. Tue jacks in each group are marked from 02 to 99 inclusive so that
by taking the number on the stile strip plus the jack number it imdicates the particular
subscriber’s line associated, as 65-+86, or telephone line No. 6586. The numbering is per-
manent for the life of the Central Office, and if a jack becomes defective, it must be dis-
Scopnerted and removed and a new jack put in its place.

PILING
BLOCK

\
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»

Cennections to the jacks are made by means of cords, which are known as
trunks, as shown in figs. 7,545 to 7,549.

Ques. What is the
function of the B operator?

Ans. She connects a
calling subscriber with a

R 2SS
OLLER  telephone within her
Central Office area.
: ~—
o—* t—
NON-LOCKING LOCKING  pygs. 7,542 to 7.544.—Details of lever
type key.
PLUG JACK
TIPp —O0——__, ~——o— TIP
RING ——O——— l A————o—— RING
SLEEVE sm—Oreeed SLEEVE'

RuNe\" SLEEVE,  RING SPRING

¥FiGs. 7,545 to 7,51"—Jack and plug details showing how connections are made by inserting
a cord plug into a jack. Each jack has three contacts known as tip, ring, and sleeve, and
the cord plug has tip, ring and sleeve to correspond. Hard rubber is used for insulation of the
contacts.

Incoming Trunks.—The operator completes the connection
by inserting a cord plug into the jack of the desired line. When
the cord is in the jack a relay associated with the cord circuit
connects generator current and rings the bell of line called.
The cord circuit at the B board is known as an incoming trunk.
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and is connected to a jack on the A board of a distant Central
Office, as shown in fig. 7,550.

The A Switchboard.—The A board ina Central Office is that
part of the operating switchboard where the subscriber lines
and outgoing trunks are terminatcd to enable the telephone
operator to rcceive signals and calls from subscribers and to
make the first connections on all calls originated by any sub-
scriber in that particular Central Office area.

JACKS ON
A POSITIONS B posivion

W

OUTSIDE
CABLE TRUNK RELAYS

ON RELAY RACK
T VMQF HMOF
ML L

ccammssemsnae s BOEORSOLS

HMOF VMOF /.
M\ yd i
DISTANT B 8
CENTRAL OFFICE™ e LOCAL CEMTRAL OFFICE——""""

Fi1G. 7.550.—Diagram of trunk between A and B boards. The A board end is known as ouf-
going trunk (or 0. G. T.), and is connected to a jack waica i3 repeated on the face of the A
board at every 6, 7 or 8 panels and the trunk is multipled tyeacn jack. Tne B board end
is terminated as a cord and is known as sncoming trunk. There are relays associated with
eacn trunk circuit, and tuese re:ays are generally located on relay racks in the terminal
room. The incoming trunk cord is located at only one speciic pusiuon of the 53 buatu.

The A board consists of sections, each of three operator positions,
equipped with cords and jacks, and arranged to form a straight line, as in
fig. 7,551, or a regular curve. It is similar to the B board in the construc-
tion of the wooden frame work and the design of the panels.

Answering and Trunk Jacks .—The jack equipment i;l the
jack panel of the A board consists of the subscriber’s answering
jacks at the bottom, the multiple answering jacks above them,
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F16. 7,552.—An A Board position. Legend: A, subscriber answering jacks and lamps;
B, subscriber multiple answering jacks and lamps: C, outgoing trunk multiple (jacks only);
D, connecting cords. There are two cords to each cord circuit, a font and a back cord.
The back cord is used t2 answer and is inserted inta the answering jac< and the front cord
is always inserted into the outgoing trurk jack; E, cord supervisory lamps, two to each
cord circuit, one lamp for the back cord and one lamp for the front cord: F, message reg-
ister key whiclr when pressed operates a meter to register the call made by a subscriber;
G, ringing and talking key. When tipped forward this key places ringing current to the
front cord and when tipped backward the same key connects the aperator’s telephone set
to the cords for talking and listening (key details shown in fig. 7,558);H, pad hclder to
hold a small pad on whicth the A operator writes the number catling and the number called
with the time in case an extra charge is to be made for a connection; I, call circuit buttons.
Each of these keys when pressed connects the A.operator with a disiant B operator. Each
key represents a distant central office (B board); J. position clock, operated by electricity
and shows the time ia six second intervals,
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and the outgoing trunk multiple jacks on top, as shown in
fig. 7,552.

Llach 2nswering jack has below it a small lainp", ‘shown in figs. 7,553 to
7,557. The answering jack and its lamp dre connected to the subscriber
line and cut off relays previously mentioned. The lamp lights when the
receiver is removed from the hook at the telephone station associated with it.

“

vk

F16s. 7,553 to 7,557.—Miniature electric lamp and parts. The lamp fig. 7,553 fits into socket,
fig. 7,55, and the lamp cap fig. 7,555 fits at end of lamp socket. The glass of the
lamp cap may be white opalescent, red, or green, or it may be marked with black bars
or adot. Figs. 7,556 and 7,557 shows hard rubber strips fitted with lamp sockets similar to

the one of fig. 7,554.

F16s. 7,558 and 7,559.—Switchboard keys. In order to meet the needs of every calling sub-
scriber, the operator must perform several different acts in shifiing and changing circuits
and to facilitate this work, devices to simplify it as much as possiblc have been developed.
The modern keys have greatly helped in tne saving of the operator’s time. By throwing the
little levers a hard rubber bushing makes or breaks the contacts at tne springs and throws
alternating current ringing power into the line. When tle finger pressure is released, the

levers fly back again into normal position. The keys may be arranged to operate in the
opposite direction for talking and listening purposes.
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Keyboard.—On the keyboard of an A position are 17 pairs
of cords, 17 keys to ring and talk, 17 register keys and 17
pairs of supervisory lamps. In addition there are a number
of call-circuit keys. ‘

Cord Circuits.—There are 17 cord circuits in each A position.

Each cord circuit is composed of one pair of cotds, one pair of
lamps, one key to ring and talk and one register key.

A POSITION B POSITION

SUBSCRIBERS
MULTIPLE

CALLED
TELEPHONE

ouT

TRUNK
CALLING MULTIPLE
TELEPHONE

OPERATORS —»

OPERATORS —=
TELEPHONE SET

TELEPHONE SET

FiGs. 7,560 and 7,561.—Diagram of cperation showing calling and called telephone and the
Central Office A and B boards. The B board is assumed to be in a distant Central Office.
It may, however, be locatei in the same Central Office as the A board in which case it
serves to complete calls to subscribers in the same Central Office area.

Operation.—By referring to figs. 7,560 and 7,561 the opera-
tion for a telephone connection is made clear. Both the A and
B boards are involved in every telephone connection, be it local
or over a long distance.
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Assume that the calling number is Stuyvesant 2097
and that the desired party has telephone number
Bensonhurst 7813.

The A board will be located in the Stuyvesant central office and the B
board in the Bensonhurst Central Office.

The calling party lifts the receiver off the hook and causes a lamp to light
on the A board. N

The A operator sees this light and inserts a back cord into the answering
jack associated with the lighted lamp causing the lamp to be extinguished.
The A operatoc says ‘“Number please” and the calling party replies ““Ben-
sonhurst 7813.” Th= A operator then says “Thank y01,” and presses a call-~
circuit button marked Ben, which connects her with th> 3 operator who will
complete the connection in the Bensonhurst Central Office.

When the A operator has pressed the call circuit button she says to the
B operator “Stuyvesant 7813" meaniny that sh> i3 I>zated in th2 Stuyvesant
Central Office anl desires a trunk connection to line No. 7813 in the Benson-
hurst Central Office area.

The B operator assigns a trunk to ths A operator, ani simultansously
picks up the cord associated with the trunk shz has assigned and inserts it
into the jack marked 78-13. - The A operator picks up th2 frout cord of the
pair she started with and inserts the plug into thz ouatgoing trunk jack.

Before the B operator inserts the incoming trunk cord into line jack 78-13
she makes a busy test by touching the tip of th= cord t> th= sleeve of the
jack. If the line Le busy at that moment, sh: receives a click in her head
receiver, and instead of completing ths connzction. sh: inserts th= cord plug
into a different jack designated busy. This sends interrupted ground and
a busy lone back to the A board, causing th= front cord supzrvisory lamp to

" flash at the rate of sixty times psr minute, which tells th: A operator that
the line called is busy. Thz calling party mean~hil > h>ars th: busy tone and
hangs the receiver back on the hook. If h>d>n>t hang up, the A oper-
ator will advise him to do so by saying “I am sorry, bat thz line is busy.”

- If the line called be not busy, the B operator inserts the trunk cord into
jack 78-13 and causes ringing currerit to be sent oat automatically to ring
the bell. When the called party answers, ths ringing current is also auto-
matically disconnected and the circuit is ready for talking

While the conversation is in progress, the cord supervisory lamps are not
lighted. The instant the receiver is replaced on th= hook, the corresponding
cord supervisory lamp lights en the A board and the A operator disconnects,
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1. The calling subscriber, fig. 7,562;
2. The local A board cords, fig. 7,563;

3. The trunk, which connects the local A board with the dis-
tant B board, fig. 7,564;

4. The called line at the distant end, fig. 7,565.

Making a Telephone Call.—The calling subscriber originates

-the call by lifting the receiver off the hook. This causes the

line relay to operate and to connect ground to the line lamp,
lighting it. The A operator upon seeing this light inserts the
cord plug (call) into the answering jack above the lighted lamp.

The insertion of the plug into the jack causes the current
to flow from the cord supervisory lamp to the sleéve of the cord
plug, to the sleeve of the answering jack, and through the
winding of the cut off relay causing this relay to operate and
to extinguish the line lamp. The cord supervisory lamp does
not light because it is short circuited through the contacts of
relay B-1, which is operated.

After obtaining the information from the calling subscriber and also a
trunk assignment from the B operator, the A operator inserts the Ans plug
into the outgoing trunk jack. The supervisory lamp associated with this
plug is now lighted since the B-1 relay of this plug has not yet operated, and
will not be operated until the called party answers the telephone.

At the distant B board, the B operator takes the cord of the trunk as-
signed to the A operator and inserts it into the multiple jack of the line de-
sired. If there be party lines in that Central Office, she depresses the proper
party ringing key R.W.S., or M, before inserting the cord plug into the
jack.

The bell at the called station now rings. The discannect lamp a;t the B
hoard is not lighted, and will not be lighted until the A operator disconnects.

When the called party answers, the ringing current is automatically dis-
connected and a path is completed for the electric current which causes the
operation of the B-1 relay in the trunk, fig. 7,564. This causes the Ans
cord supervisory lamp at the A hoard to be extinguished, advising the A
operator thiat the conversation is now in progress.
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At the end of the conversation the parties kang up, and each causes the
associated B-1 supervisory relay.to release and thereby light the correspond-
ing cord lamp, advising the A operator that she may now take down the
connections which she does and causes the disconnect lamp of the trunk to
light at the distant B board. This signifies to the B operator that she may
withdraw the trunk cord plug from the multiple jack, which she does, and
restores the circuit to normal.

The “night alarm” shown in fig. 7,562, is used only when
the switchboard is managed by a few operators, as at night.
When used, the night alarm relay, which operates when the answering
lamp lights, causes the bell to ring to call the attention of the night oper-

ator who may be handling a connection at some other part of the switch-
board. The bell stops ringing as soon as the operator answers the call.

Straight Forward Method.—A later development enables a
trunk connection to be made in less time. This method elim-
inates the call circuit between the A and B operators and is
termed siraight forward method. Instead of asking for a trunk
assignmerit from the B operator, the A operator picks out an
idle trunk to the B board, and inserts the cord plug into the
corresponding jack.

This causes the trunk lamp at the B position to light showing that there
is a call waiting on that trunk. The B operator’s telzphone is then auto-
matically connected to the same trunk and two sho:t tone impulses are

transmitted to the A operator, indicating that the B operator is ready to
receive a call.

At the same time the steady trunk lamp at the B board changes to a
flashing signal which aids the B operator in locating the trunk to which she
is connected in case several trunk Jamps are lighted at one time. The A
operator then passes the number desired to the B operator who then makes
the usual busy test.

If the line be idle she inserts the plug into the multiple jack, thereby ex-
tinguishing the flashing trunk lamp. The remaining operations are as pre-
viously explained for fig. 7,562.

Call Indicator Method.—On calls originated by subscribers
in dialing central office areas, the connections are made by
automatic switching apparatus, as explained in the next chapter.
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In order to complete calls from subscribers in dial Central
Office areas, the B board contains several positions which are
known as call indicator positions. These are similar to the one
shown in fig. 7,566, and differ from the regular manual positions
only in the equipment of the keyboard, which contains a small
metal box with a glass plate known as call indicator and upon
which are printed five groups of digits known as:

Fi6. 7,566.—Typical call indicator position of a B board. The jack panels of these positiora
are equipped with subsciper mr tiple jacks like the rest of the positions on the B b.ara.
The call indicator box is mounted flush with tue top of the keyboard.

1. Ten thousands;
2. Thousands;
3. Hundreds;
4. Tens;

5. Units. - .
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The ten thousands group contains just 0 and 1. The other four groups
have all ten digits from 0 to 9. There may also be letters for party designa-
tions. The metal box contains from 42 to 46 miniature lamps which are ar-
ranged so that each number or letter has a lamp underneath.

There is in addition at each position a control circuit composed of a num-

-ber of relays. The function of the control circuit is to receive the pulses
coming from the mechanical sender of a dial Central Office, as described in
the next chapter.

The pulses®cause the relays in the control circuit to operate in certain
combinations which light the proper lamps on the call indicator and cause
the number desired to be displayed on the glass cover. The B operator sit-
ting at this call indicator position then takes the trunk cord over which the
pulses were sent and inserts its plug into the jack corresponding to the
number displayed on theglassplate, first however making the usual busy test.

When the connection has been made by the B operator the number dis-
played is automatically wiped out. The operations from this point on are
the same as those explained for fig. 7,562.

Manual Private Branch Exchanges.—1It is often necessary in
the case of business offices, hotels, department stores and sim-
ilar establishments, to have more than one telephone station
and to arrange these stations so that each may call the other
as well as call the Central Office to transact business. For this
purpose there have been developed several types of manually
operated switchboards which are located in the subscriber’s
premises and which are known as Private Branch Exchanges or
P.B.X’s.

These P.B.X.’s are connected to the telephone Central Office by means

of lines called ¢runks, and have extension lines radiating to the various ex-
tension stations in the subscriber’s establishment, as indicated in fig. 7,567.

The type of P.B.X. switchboard to be installed for a particular case de-
pends upon the service requirements, such as the number of Central Office
trunks, the number of extension stations and the amount of traffic to be
handled. '
The manual P.B.X. switchboards may be divided into two

general classes:
1 Multiple. 2. Non-multiple.
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In the multiple type the extension lines and the Central Office trunks are
repeated along the face of the switchboard at every four panels, so that a call
coming into the switchboard will simultaneously cause a lamp to be lighted
at every appearance of that particular line and allow some operator, one
who is not busy at that moment, to answer the call. This feature enables
the switchboard to be made up of any number of operating positions up to
the limiting quantity.

In the case of the non-multiple switchboards, the extension lines, and the
Central Office trunks appear at only one spot on the face of the switchboard.
This limiting device means that switchboards of this type are made up of a
few operatmg positions, and are designed to fulfill a lighter demand for tele-
phone service.

EXT.
EXT.
’ EXT.

EXT.

CENTRAL OFFICE
TRUNK LINES

\\ % ddo | 5*5
{ LAY

CENTRAL

OFFICE P B.X. SWITCHBOARD

Fic. 7,567.—P, B. X. system.

Cordless Type Switchboard.—This is the smallest P.B.X.
switchboard made and has keys as shown in fig. 7,568, instead
of cords to make the connections. It consists of a small wooden
box, the one shown being approximately 16 ins. wide by 15 ins.
deep by 14 ins. high, and contains several keys, magnetic drop
signals, hand generator which is used to ring the extension
bells whenever the regular Central Office generator supply fails,
and a telephone set.
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Operztion of Cordless Type Switchboard.—On connections
between two extensions or between an extension and a Central
Office trunk line, the two associated keys in the same hori-
zontal row must be operated to the same up or down position,
so as to bridge the two lines. ‘

TRUNK LINE DROPS LINE SIGNALS
1
SUPERVISORY SUEFC—;RNVA?_ORY
SIGNALS BUZZER KEY

NIGHT ALARM
EY

% i K
R oo R
" | Sucs g .
e i T~ GENERATOR
SWITCHING
KEY
ochite
TRUNK ————— A AR
KEYs STATION LINE KEYS
AND OPERATOR'S

CONNECTING KEYS TELEPHONE KEY

F1G. 7,568.—Cordless type P. B. X. switchboard. There are 3 rows of keys with 11 keys
of the cam lever type in each row as follows: 3 keys for central office trunk lines (first 3
keys at left side), each with a trunk line drop above (details of drops shown in fig. 7 ,528),
7 keys for extension lines (keys 4 to 10), each with a magnetic line signal above; 1 key for
the operator's liae (last key at right). The keys provide for 5 simultaneous connections.

If one of the lines called be on a local extension, the ringing key in the bot-
tom row associated with the called station must be held operated in the down
position to ring the bell.

If two keys in the same horizontal row be operated to the same up posi-
tion, two other keys in the same horizontal row may be operated in the
down position, or vice versa, for a second connection.

Each of the five up and down positions on the horizontal row of keys has a
magnetic supervisory signal mounted at the left of the keys in a vertical
row. This operates as a disconnect signal when the receivers are placed on
the switch hook and it may also be used to flash under the control of an
extension at which the hook is being moved up and .down.




4,674 The Telephone

Calls originated at one of the extensions are indicated by the operation of
the associated magnetic line signal on the top row, which is restored to
normal when the operator answers the call.

FYG. 7,569.—Cord type P. B. X. switchboard, Each extension jack and each trunk jack ia
equipped with a line lamp which lights when a call comes into the switchboard. The cords
have supervisory 1 1mps which light when the conversation i3 over and the receivers at the
respective telephoae s.ations are kung up to indicate to the I, B. X. operator that the con-
nection may be taken down. The ringing key in each cord cirauit-has generator current
from the Central Ofice to ring the local extension bells. If this generator supply should
fail a small hand generator is equipped to furnish the necessary alternating current.

Calls coming from the Central Office are indicated at this P.B.X. by the
operation of the associated trunk drop which has to be restored by hand
after the call has been answered.

The necessary battery to operate this P.B.X. and the generator current
to ring the extension bells is furnished over separate feeders from the Central
Office. The hand generator is used to ring the extension bells only in case
of failure of the Oe‘ntral Office supply.
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Cord Type P.B.X. Switchboards.—These are equipped with
cords to make the connections and have lamps and jacks sim-
ilar to the Central Office switchboards. They are made in
various sizes depending upon the specific needs. The one

= P )

L. : ’ i

Frc. 7,670.—Multiple cord type P. B. X. switchboard of three positions. Note the dial on
each position; this is made necessary since the P. B. X. is connected with trunk tines o
a dial central office. The capacity of this switchboard without increasing the number of po-
sitions is approximately 500 lines.

shown in fig. 7,569 has a capacity ot 80 extension lines, 15
central office trunks and 15 cord circuits (15 pairs of cords).

All the relays, resistances and retard coils of the cord and
trunk circuits are mounted on a swinging gate in the rear of
the switchboard.
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Operation of Cord Type P.B.X. Switchboards.—The cords
are arranged in pairs and are used to make all connections.
There .are two lamps associated with each pair of cords, and
a set of listening and ringing keys. When connections are to
be made between the local extensions, the back cord is inserted
into the calling extension jack and the front cord into the
desired extension jack.

7 ,J! i P
F16. 7,571.—Large manual P. B. X switchboard.

: The rear cord lamp is controlled by the switch hnok of the calling exten-
| sion and the front lamp by the switch hook of the called extension. On

connections with centra!l office trunks, the back cord is put up on the ex-
‘ tension jack and the front cord on the trunk jack.

When a call comes into the switchboard, the lamp associated
with the circuit lights. The operator then inserts the cord into
the jack above the lamp and causes the light to be extinguished.

The operator, by tipping the respective key of the cord pair, can talk to
the extension. By tipping the key to the ring position, generator current is
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applied to the cord, which, if inserted into an extension jack, causes the
extension bell to ring. The ringing is manually controlled by the operator.

Large P.B.X. Switchboards.—Some P.B.X'’s have a capac-
ity of 4,000 lines and are made up of as many as 40 operating

F16. 7,572.~—Operator’s equipment showing receiver, transmitjgr cut in plug, etc. The chest
plate transmitter equipment is shown with cords connecting®it to a cut in plug and a head
receiver. The horn shaped mouthpiece is made of hard rubber and can be removed. The
chest transmitter is held in place by a cloth neck band, the receiver by a head receiver
band and the plug is inserted in spring jacks which are connected with the operator’s set.

positions. In these cases the switchboard is the same as the
one used in the telephone Central Offices and requires similar
main distributing frame, relay racks, and a large power plant
consisting of a storage battery, charging machine, and a power
board. One such P.B.X. switchboard is shown in fig. 7,571.

Operator’s Telephone Set.—All telephone operators, in the
central offices as well as in P.B.X’s, have a head receiver and
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chest transmitter connected to a double plug as shown in
fig. 7,572. When in use the plug is inserted into a double
jack at the switchboard position in the manner indicated in
figs. 7,560 and 7,561.

F16s. 7,573 and 7,5 '4.—Magneto set telephone; views showing case closed and open. The
transmitter connections are made of stranded copper wire with a doubie silk insulation.
These wires lead from tae trarismitter through the hollow arm to the inside of the door.
Fromn here one wire goes to one terminal of the battery and the other is soldered to a con-
nector to which is already agtached a wire that is carried through a slot in the back board
to the primary winding of tfe induction coil. The set complete is made with all parts of
the circuit and all wires well insutated.

Magneto System.—A magneto telephone is shown in figs.
7,573 and 7,574 which employs two or three dry cells at each
telephone to supply the necessary talking battery instead of
using a common ballery.

This instrument is used in the so-called magneto telephone system where
each telephone user signals or calls the telephone exchange or other tele-
phones on the line by turning the crank of a small hand generator or mag-
neto. This system has been made obsolete by the development of the com-
mon battery system, and is used only in small isolated plants.
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Carrier Current Telephone System.—In the previous de-
scription of the telephione it was mentioned that for each con-
versation two wires were utilized. Where it is required to
transmit telephone messages over long distances if is sometimes
necessary to employ one of the long lines, or toll line, to carry
more than one convarsation in both directions simultaneously
without interference with one another. This method is known
as Multiplex Telephony or Carrier Current Telepkone System.
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Fi1c. 7,575.—Simolified Multlplex circuit, consisting of three channels, each equipped alike
and a'ranged to ooera e si nultaneously over the same toll line. Each sending station is
eqmpped wi.h a higa f.equency generator G, a sending key S and a repeating cail T. Each
receiving station i3 equipped with a repeating coil T, a variable condenser C, an inductance L.,
ana a sounder relay R.
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1t is accomplished by superimposing on the same pair of wires a number
of alternating currents, each of different frequency and each controlled to
carry a particular telephone conversation.

The method of operation of this system is illustrated in the
simple diagram, fig. 7,575.

The illustration shows three different channels, or stations, using the
same toll line simultaneously. Each channel is equipped the same, except
that the generator G has a different frequency for each channel. By oper-
ating the s2nding k2y S, signals of frequency G a-e t;ansmitted over the
toll line which are picked up at the receiving end by the tuned circuit which

i i
: @é M |
' 1
t |
1 1
1 ) 1
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F1G. 7,576.—0ne channel of a carrier current telephone circuit the transmitting station con-
sists of: O, vacuu 1 tube oscillator circuit, which generates the high frequency carrier current;
M, vacuum tube m xduiator circuit, which impresses tne voice currents on the carrier current;
T, transmitter. T ce receiving station consists of: D, vacuum tube demodulator circuit,
which separates tne voice currents from the carrier current wave; R receiver which repro-
duces the speech.
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1s adjusted in resomance with the frequency of G. Similar operation of the
channels No. 2 and No. 3 cause signals of other frequencies co be sent over
the same toll line at the same time.

At the receiving end, however, each tuned circuit, being adjusted in
resonance to the respective generator frequency will pick up messages only
from its own sending station. The tuned circuits are made very selective so
that no interference results between the three messages.

The elements ill'istrated in fig. 7,575
are employed in the present type carrier
current telephons system, except that
I / instead of using the key to produce the
il messages, the ordinary subscriber trans-
i ? mitter is used to modulate the high fre-
i quency current of generator G. The
— generator may be a small mechanically
s i = 1;1 driven alternator bailt as a unit with the

i driving motor, capatle of supplying as
F - E: many as twelve channels in the voice
o e B frequency range of 430 and 2,500 cycles
s per second; or it may be the ordinary
three element vacuum tube connected as
an oscillator.

Efs"— == The use of the vacuum tube is more
DL di : desirable on account of its numerous ad-
= o bl vantages over the mechanically driven
Rl ] alternator. The vacuum tube has no
C| ==, moving parts to get out of order, takes
| e up little room, is very easily adjusted
and has a low first cost and upkeep cost.
B -;-‘_7"--_'-—:--.-_-_ -1 In fig. 7,576 is shown a simple
?‘ carrier telephone system employing

A 3 fl vacuum tubes.

— R ot II

| | Operation.—The vacuum tube
L oscillator O operates similarly to a
S - detector tube with regeneration in

= aradio set. When the feed back from

¥1G. 7,577.—Typical carrier current unit A, modulator band filter; B, demodulator band filter;
C, channel unit consisting of oscillator, modulator and demodulator also shown in figs. 7,578
and 7,57..; D, signaling unit shown in fig. 7:550 E. adjusting unit; F, line filters.
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the plate circuit exceeds a certain value the tube will cause
a howl in the radio loud speaker. The howl is caused by
high frequency oscillations produced by the vacuum tube.
In fig. 7,576 the high frequency oscillations produced by the
oscillator tube O are of constant current value, and would, of
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¥1G. 7,578.—Front view of channel unit with cover removed consisting of oscillator, medulator
and demodulator.

course, convey no information to the receiving end. It is
necessary to modulale, or to impress upon this carrier current
the signals, or the conversation.

This is done by using a transmitter in conjunction with another vacuum
tube, designated M. The carrier wave undergoes a change as a result of
this modulation, that is, variations are produced- which correspond to the
voige wave.

The modulated carrier current reaches the receiving set where the demod-
ulator tube D separates the voice wave from the cerrier wave. The demodu-
lator is in reality a detector very much like the detector in a radio receiving
set.
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It must be remembered that other channels, similarly equipped, may
be operating and using the same line simultaneously in both directions.
However, the oscillator circuit in each channel generates a carrier of a
different frequency and the associated receiving station is adjusted to
receive only at that particular frequency. The szveral carrier currents
from the various transmitting stations will. not interfere with each other
while traversing the common line wires.
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FIG. 7,579.—Rear view of channel unit with cover removed.

Commercial Current Carrier Units.—The commercial types
of current carriers are made up in units which are wired and
adjusted at the factory. These units are mounted on steel
racks and are located in some centralized terminals, such as
central offices. They may be wired to jacks which are located
on the switchboard of the central office.
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Each complete circuit is wired to the distributing frame where by means
of cross connection wire connection may he made to a particular toll line
and to the switchboard jacks when required. Fig. 7,577 shows the equip-
ment for one circuit, both sending and receiving, with enlarged views of the
units in fig. 7,578, 7,579 and 7,580.

sy

~

FiG. 7,5%0.—Front view of signaling unit. When the switchboard operator presses the ringing
key at the switchboard, ringing current of 20.cycles is applied to thiz unit which causes by
maodulation spurts of the carrier current to be sent out over the toll line to the distant switch-
board which is equipped with a similar unit. The signals at the rsceiving end are demodu-
lated and a series of relays operate in the similar signaling unit causing the iamp assaciated
with the toll line to light.

Ship-to-Shore Communication.—The first practical conver-
sation between telephones on land and a ship at sea took place
in the year 1922. On this occasion telephone apparatus on the
S.S. America was employed while the ship was 400 miles out
in the Atlantic Ocean. Before this date extensive experiments
in two way conversation had been carried on between two
ships and several cities in the United States.

In order to establish a conversation between a telephone
station on land and one on a ship while the latter is on a vovage,
the message is transmitled by wire lo a radio station located on or
near the coast, thence lo the ship by radio as shown in fig. 7,581.
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Likewise, conversation originated at S on the ship is sent by radio and is
picked up by the radio station B.S. on land, thence it is transmitted by wire
through the central offices to the telephone station L.

The system illustrated in fig. 7,581 is also used to establish telephonic
communication between ai.planes and land stations. This, however, has
not as yet been performed on a commercial basis. .

When a ship arrives at a pier, facilities are available to connect the tele-
phone switchboard on the ship and the P.B.X. switchbnard of the associ-
ated steamship company on land.

———

F1G. 7,541 ~~Ship to shore communication; simplified diagram showing how a telephone conver-
sation is established between a ship at sea and a land station. L, telephone station in a resi-
dence or in an office; CO, local telephane central office; 1.D, long distance telephone exchange;
BS, radio sending and receiving station on land; A, aerial on land; f, radio wave; AS, aerial
on ship; RS, radio receiving and sending set on ship; S, telephone station on ship.

This is done by means of a portable insulated cable of several pairs of
wires which is connected at one end to a terminal box on the pier, and at
the other end there is a plug which may be inserted into a multi-circuit jack
on the ship. The jack is connected to the telephone switchboard on the
ship and the terminal box on the pier is connected to the P.B.X. switch-
board on land.
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12,
13.

14.
15,
16.
17.

TEST QUESTIONS

. Why is it necessary to supply a steady direct current

to the telephone transmitter?

. Does the receiver diaphragm vibrate at the same rate

as the transmitter diaphragm?

. Why is an iron diaphragm used in the receiver?
. Describe the action in the receiver.

. What will be the result in transmission if the carbon

granules in the transmitter stick together?

. What will be the effect upon the receiver if too much

current be allowed to pass through the windings?

. Will a bent diaphragm in the recéiver cause trouble?
. What will affect the sensitiveness of the receiver?

. What will affect the sensitiveness of the transmitter?
10.
11,

Can a receiver be used as a transmitter?

What is the function of the condenser in the sub-
scriber’s bell box?

Describe the operation of the bell.

State what happens when the receiver is removed from
the hook.

What is the duty of the line relay?
What is the duty of the cut-off relay?
Describe the A-board and explain its function.

Describe the B-board and explain its function.
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18.
19.
20.
21.

22.

23.
24.
25.

26.
27.
28.
29.
30.

31.
32.

Explain how a connection is established between the
calling and called subscriber.

What is meant by “straight forward operaiion’ of
trunks?

How does the heat coil protect a telephone line?

Mention one serious trouble that will cause a large
number cf answering jack lamps to light on the A-
board.

If a call circuit become inoperative how is the con-
nection established between the A-board and the
distant B-board?

What will happen if the ringing machine fail in a
particular Central Office?

When does the A-operator take down. the.connection _
at the A position? '

What indicates the end of conversation between two
subscribers?

Can the A-operator talk to the calling party?
Can the A-operator talk to the cailed party?
Can the B-operator talk to the A-operator?
Can the B-operator talk to the called party?

When does the B-operator disconnect the trunk cord
from the subscriber's multiple jack?

Who disconnects first, the A- or the B-operator?

What may cause a premature disconnection at the A
or at the B-board?
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TEST QUESTIONS

Carrier System
1. What is resonance?

2. What will be the effect upon transmission if one of
the line wires of fig. 7,575 become grounded?

3. If the receiving circuit of channel No. 1 in fig. 7,575
be tuned exactly half-way between the frequency of
channel No. 1 and the frequency of channel No. 2
what effect wzll it have upon the reception of
channel No.

4. Draw a simple dzagram of a double channel two way
carrier circuit.

5. Draw a diagram of a vacuum tube oscillator and de-
scribe its operation.

6. What is modulation of a carrier?

7. Explain how the carbon button transmitter could be
used to modulate a carrier current.




I nter—Communicating. Telephones 4,689

CHAPTER 186 !

Inter-Communicating

Telephones .
(Inter-Phones) .

Inter-Communicating Telephones.—Inter-communicating or
inter-telephones are those in which calls are made directly
at each station without the aid of a P.B.X. operator, that is,
each telephone has its own switchboard attached. Inter-
phones are desirable in mills, factories, apartment houses,
stores, office buildings, etc. Figs. 7,582 and 7,583 show two
types of inter-phones.

An inter-phone system works as follows: |
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The pressing of any of the buttons rings a particular station, and when
the finger is removed from the button, it falls back on the talking circuit,
-connecting the system with the station desired.

When through talking with this station and another station is desired,
the pressing of the other button restores to its normal position the station
that has just been connected, as each button is arranged to automatically
restore or release the other huttons,

When the conversation is compieted, the placing of the receiver on the
hook restores whatever button may have been in use.

P G. 7,583.—Kellogg 11 station desk inter-communicating telephone.

To meet the different conditions in home and business, vari-
ous inter-phone systems have been designed, which differ in
the number of instruments that can be connected, the kind of
service they will give, etc.

The systems in general use are:

1. Two station; private line. 3. Selective ringing; common talking.
2. Code ringing; common talking. 4. Selective ringing; selective talking
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5. Master station; common talking. 7. Master annunciator; common
talking.

6. Master annunciator.

Two Station Private Line.—This system is for a small installa-
tion .where the sets are distantly located from each other.
Only two wires are used for connecting the inter-phones, dry
cells being required at each station.

In operation, either station can ring the other by simply
depressing the push button of the set. Wall, desk, or hand
set ‘inter-phones may be used interchangeably.

A battery of three dry cells is required at each station to furnish current
for talking and ringing if the length cf line be less than 750 fest. If the

SCHEMATIC OF
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Fics. 7,59 to 7,.595—Schematic Adiagrams of Graybar code ringing, commmon talking inter-
phone cystem.
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length of line be increased, additional dry cells are required at each station
to insure satisfactory ringing.

Code Ringing: Common Talking System.—This is a simple
and inexpensive system for small residences, warehouses, stores

NEAREST
E
Rgas M) 212%%?3 STATION

. Fres. 7,593 and 7,597.—Method of connecting battery for Graybar code ringing, common
talking inter-phone system. A retardation coil is required for this system. This coil is
mounted on a small wood block and provided with two terminals. The function of the re-
tardation coil in this system is to prevent the talking current being shunted through the
battery while a conversation is being carried on. Only one battery is required to furnish
current for talking and ringing. Do not use more than five Blue Bell dry cells connected
in series. The retardation coil must be mounted close to the battery or at a point between
the battery and the nearest station. The connections should be made as shown in fig. 7,596.
Three wires should be run from the battery and coil to the nearest station as shown. In
case the coil is to be mounted close to the nearest station, the connections should be made
as shown in fig. 7,5J7.

or mercantile establishments, where only a few stations are re-
quired and the number of calls between the stations is not
frequent. Requires only three line wires throughout the sys-
tem for two or more stations. Only one conversation can be
carried on at a time.

Each station is equipped with a push button. In operation, when the
push button is depressed the bells at all the other stations ring.
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If more than six stations be in service, signaling code mistakes are
likely to occur, due to the possibility of misunderstood signals.

Where the initial installation comprises more than four or six stations
the selective ringing cominon talking system should be used.

F1G. 7,598.—Graybar selective ringing common talking cradle type inter phone system. It con-
sists of a hand set with a cradle type mounting having pusn buttons inounted i1 the base.
The hand set is black moulded bakelite. The interphone set includes an apparatus box con-
taining a bell and a connecting block.

Selective Ringing: Common Talking System.—This system
is adapted to multi-station installation where conversation can
be limited to one at a time. Any station in the system can
selectively ring another station.

Each inter-phone in the system is equipped with a number of push but-
tons, one for each other station in thesystem.

In operation, by depressing the button marked with the name or number
of the station wanted, the bell at that station only will ring. Wall type
inter-phones for this system may be obtained in capacities of 2, 3, 4, 6
and 8 buttons, accommodating 3, 4, 5, 7 and 9 stations respectively; desk
and hand set inter-phones in capacities of 4 and 8 buttons, accommodating
5 and 9 stations respectively.




-wajsAs suoyd-Jaiut Bunjel dowrwod ‘Burdulr 9A109[es Jeqirin JO srONAUUOY Jo Welder(]— 009, "Oig

CTVHIWYIL NOLLAQ HONA TON WALSAS W3ILSAS OL110D GUVLIY ORY

r5g- 0 - U r- g ] = —— H&ﬂ.rﬁ._&a GNILIIHNGD 30 GOHIIA
U 2R v . T g B
75| Qs _r RS =Y | ! Rz2 ! P8 Uz_N\ [ [
O * ez | T Q2 T i — Q= " T 92 P “ — Aml >
o] \ @ - = LAY A ) ! R
1% “ e , 92 ] ) 5 , Q2 L e | bITL o
Q. | oca L SR T W A1\ co—
= L Y&— A A — — — ] 0 G
Q € -HOUVLS ﬁ zo:.(..h - NOLLVAS 2 -NOWLVIS 1 - MOLLVIS
&
mo *ma3s4s guoyd-19jut Sury[e; uouImod ‘Sutdull IAIIOIS Jeqhels) jo weidelp 3ULIA\ —'C6S°L "O1d
] 11'ON WILSAS-WYHOVIQ ONIHIM DIUVWIHOS
S ) e} Sr el 3 5
* oy
5 e 3 v—x v vt R 1
g o so—a 5 so—& e— Qo
m == 2—x 2o—a/ n 2= o—
\ == 19—z U 1o—x ﬁ 1o—x/ Y Yo—rt
e s
C SauM m
m Q m NOWWOD
~ Qo=r~ Q [=). S W —__
(.—.mm
& WA v Y Ww
M, S-Nouwis -NOLLVIS C-NOWVIS 2-NOUVIS \-NOLLVLS



4,697

g Telephones

9

rmunicatin

nter-Co

29-WILSAS M 1P9d W-vT09 ON

e

NOILVLS

ASIUVIN

1100
qQuviIy

*w3s43 suoyd-1oqur Sury[e; uowurod ‘Surdull 9ANI9[RS JeqARIf) Jo cureIderp JNEWIYIS— C03'L 01 109°L *SO1Y
21311 W3LSAS HY39ddd 2V-t7203 0N

340 DIVW3IHOS

CALELT e ]

- gy ———

NCLLVLS
AS3uvad

m——————d

40 JUVHW3HIS

%3019
UVE'ONI e—NOLLAG HSNd ¢ ]

[} 1

1 i a3y 1B

] J !

1 =T 135 QNVH O_
- |
1 <

1 = _

] AEFIT) Dl

EnTach w) S39 16 1%Y

136 WV3 WUM QIHSWMUAS
SHIM JVNIS MLOINNG) 40
0OMAIW JOWIE SN 431100

1l W3LSAS
S3AL F6RE1® D-L2GH 0N
30 JUWWINIS
o=z’
ezl

10

am WID

"3y



4,698  Inter-Communicating Telephones

Selective Ringing: Selective Talking System.—The adapta-
tion of this system is for service where frequently more than
one conversation may take place at the same time, where con-
nections without loss of time are necessary and where the
highest grade of transmission is required.

In operation, each station can, a by pressing button, selectively ring
and talk with any othar station without disturbing th2 rast of the stations
in th2 system an 1 23 many separate conversations can be carried on simul-
taneously as there are pairs of inter-phones.

T T

F16s. 7,606 and 7,607 —Graybar selective ringing selective talking wall inter-phone in assembled
and open positions. Thnis is aa all metal pnone having a hinged face plate, movable trans-
mitter aad hand receiver. The sets are finished in black 1. The face being hinged
makes it possible to easily inspect all connections and apparatus, without disturbing the
installation.

For example, in a system consisting of six inter-phones, three separate
conversations can be carried on at the same time. For each station in
the system, one push button key is required in each inter-phone.

Inter-phones for this system are available in §tandard sizes of 6, 12, 16,
20 and 24 buttons.

The push button keys and their operating mechanism are mounted in
a rigid metal frame. In designing this key two operations are arranged
for, as follows: Each key consists of a hard rubber push button mounted
on a metal plunger, which passes through a hole in a movable locking
plate. When the button is completely depressed the spring makes contact
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witl; the ringing battery supply causing the ringing current to flow to the
station to which this particular key is connected, and ringing the bell at
that station. .

W}‘len the pressure is released, the plunger returns to an intermediate
position, breaking the ringing contact and placing the inter-phoneon the
line of the station called ready for conversation.

While the conversation is takihg place, the plunger is automatically held
in the talking position by the locking plate until the plate is actuated by
depressing another button. The pressing of another button causes th2
locking plate to release the key so that it assumes its normal position.
Talking current for the inter-phone is c.t off as soon as the receiver is
replaced on the switch hook.

Fics. 7.612 and 7,613.—Graybar master station common talking inter-phone system- projecting
and flush wall type sets.

Master Station: Common Talking System.—It consists of
one centrally located master station inter-phone to which are
connected other outlying station inter-phones. The system pro-
vides for communication from a central point to different sta-
tions and vice versa.

The outlying stations are equipped with only one button which will
ring the master station when depressed. Only one conversation can be
carried on at a time.

The master station inter-phone is equipped with a number of push but«
tons; one for each outlying station.
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4,704  Inter-Communicating Telephoncs-

In operation, when a push button i3 depressed marked with the name

‘or number of the outlying station wanted, the bell at that station only
will ring.

The system is adapted to one master station and from two to sixteen
outlying stations.

Wall, desk and hand set inter-phones may be used for either the master
or outlying stations.

[,
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FiGs. 7,623 and 7,624.—Method of connecting battery to master station for Graybar master
station common talking inter-pnone system. Do not use more than five Blue Bell dry
cells connected in secies. When using wires of No. 22 B. & S. gauge (as contained in the

.standard inter-paone cables recom.nended for this system) tiae wire distance between the
master and tue farthest outlying station should not exceed 730 ft., as this is the longest
distance over which satisfactory ringing can be secured with apparatus of this system and
with battery and wires of the size outlined. The retardation coil may be mounted
close to the battery or at a point between the battery and t.e master station. The connec-
tions should be made as saown in fig. 7,623. Three wires should run from the battery and
coil'to the master station. In case the coil is to be mounted close to the master station,
the connections should be made as chown in fig. 7,624,

Master Annunciator System.—This is a non-interfering sys-
tem designed to provide for communication b2tween a central
or master station and a large number of outlying stations.

The master station can selectively ring and talk with any of the outlying
stations and the outlying stations can call the master .station.
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The master station annunciator consists of a number of drops and jacks
one for each outlying station in the system, a push butto:n fo. ringing, a
hand set inter-phone and a cord and plug for calling and answering.

Each outlying station inter-phone is equipped with a pash button for
ringing the master station and at the same time operating one of the an-
nunciator drops, thereby registering the call.

In operation: 1. To call an outlying station, the master sta-
tion operator inserts the plug into the jack corresponding to
the station wanted and depresses the ringing button of the

F16. 7,675, —Graybar master annunciator, common talking system electric reset annunciator.
The drop indicator is a white arrow which points directly at a white drop number; it can be
seen from any angle. The audible signal is a new type douhle adjusting buzzer.

annunciator. The operator converses with the outlying sta-
tion by pressing the talking lever of the hand set inter-phone;
2. The master station operator answers by inserting the an-
swering plug into the jack corresponding to the drop operated
and pressing the talking lever of the hand set.

This system is only recommended for two-way service between the
master annunciator and each outlying station. It is not designed for serv-
ice between outlying stations, as there are no means of supervising such
calls. For large installations where connections are required between sta-
tions a private branch exchange switchboard is used.
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Master Annunciator: Common Talking System.—This sys-
tem meets the requirements of school service. The system con-
sists of an annunciator for use in the principal’s office for reg-
istering the calls from the class rooms, also a desk stand and
a push button block for calling each class room inter-phone.

The principal’s or master station equipment consists of an electric
reset annunciator and a push button block with one drop and button for

2l
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Fics. 7,628 to 7,631.—~Schematic diagrams of Graybar master annunciator common talking
interphone system.

each class room station in the system. The push button block also con-
tains buttons for electrically resetting the operated drops. The principal
is signaled from the class room set by means of the push button on each set.
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Inter-phone Apparatus.—Inter-phone systems are simple and
consist essentially of the following equipment:

1. Inter-phones;

2. Batteries to furnish current for ringing and talking;

3. Wire or cable to connect inter-phones and batteries;

4. Installing material (usually furnished by the installer) for

connecting and fastening inter-phones, cable (or wire) and
batteries.

There are three types of inter-phones to suit different con-
ditions:

1. Wall;

2. Desk;

3. Hand set.

These can be used interchangeably in the same system.

Preparing Inter-phone Cable for Connections.—A fter having
definitely established the route of the cable, 1t will be necessary
.to open it properly and fan out the cable wires before connec-
tion can be made to the terminals of either mter-phones cable
terminals or connecting blocks.

The following procedure will serve as a guide:

The cable should be lined up parallel with the board on which the ter-
minals are mounted, allowing a length of 4 tv 6 inches of cable to extend
beyond the last terminal. Mark th2 cable at a point aoout 114 to 2 ins.
before the first terminal. From this mark to the end remove the cable
covering.

If the cable have a lead sheath, the latter can be removed as
shown in figs. 7,632 to 7.634. If it have a braided covering,
the latter can be removed by making a slit by means of a sharp
penknife, lengthwise from the end of the cable to the marked

point.
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Avoid cutting the insulation of the conductors. After this cut has been
made. the braiding caa L2 peeled off easily, and removed with a pair of
cutters. A wrapping of lacing twine should then be made around ths
cable where the braiding ends to prevent any further loosening of the in-
sulation at that point.

FiGs. 7,632 to 7.634.—Method of preparing inter-phone cable. First make a very slight cut
around the cable 23 in 1.g. *. 6,2 about one third through tne lead. The lead sheath can then
be easily broken off at this point by bending it backward and forward, as in fig. 7,633, after
which it can easily be pulled free of the cable, as in fig. ©,634. In cold weather or if the
cab'e l.as been bent or twisted the sheath may not come off easily. In that case, heat the
end to be pulled off with a candle. This will soften the wax inside the cable and allow tha
lead sheath to be removed easily.

After the covering has been removed from the cable, the wires should
be formed, fanned out and sewed up so that they will havz the proper
shape for connecting to thz terminals. This is best done by the aid of a
small wooden board as in fig. 7,635. ’
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Fi1c. 7,635.—Board template for fanning and sewing inter-phone cable. The marking of the
board depends entirely upon the location of the terminals to vhich the wires are to be con-
nected. For example, the following describes a cable forming board for 24 button inter-
phones of a two station line. Mark the board as shown each outside X mark being made
at a point where a wire is to be brought to a terminal and a center X mark in the line between
them. The vertical distance between the X marks will be the same as between the ter-
minals of the apparatus. The horizontal distance between the outside X marks will be
determined by the size of the block on which the terminals are mounted. Small nails are
now driven in the X marks, and the end of the cable laid out flat on the board against these
nails. The wires are then brought out from the cable in the order in which they should
run to the terminals and twisted around the center nails as in fig. 7,636.

PFic. 7,636.—Board template with spacing nails showing inter-phone cable fanred and sewed.
The lacing twine is stitched around the cable as shown ia tig. 7,637.
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After the cable has been prepared as shown in the illustrations the con-
ductors should now be cut off at a point about 1 in. beyond that required
to reach the terminals when the cable is in its final position. The insula-
ticn of each wire should then be removed to about 1 in. from the end.
This is usually done by squeezing the insulation with a pair of flat nose
pliers. If sufficient pressure be applied the insulation can then be torn off
easily. Do not use a knife for cutting the insulation. A knife may nick
the wire, later resulting in a break and causing trouble.

After the insulation has been removed the cable should be taken off
the forming board and connected to the terminals. It is advisable to
shellac the formed portion of the cable with transparent shellac, which will
prevent the insulation fraying. Care should be taken to remove any piece
of wire which may have fallen in among the terminals while wiring. This
is often a source cf troutle if not done. Every screw and lock nut should
also be examined to insure tight and positive connections.

Fi1G. 7,537.—Detail of inter-phone cable showing lacing twine stitched around the cable to
hold the wires permanently in psition. Another method: to secure the same result consists
of drilling small holes, about 4 in. diameter, through the board at the outside X marks,
fig. 7,635, and pushing the proocr wires through these holes and then stitching the cable
with lacing twine as explained before.

TEST OUESTIONS

1. What is an inter-communicating telephone?
. How does an inter-phone system work?

3. Name the different inter-phone systems in general
use.

4. Describe a two station private line.

5. Explain the operation of the code ringing common
talking system.

[3®]
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6.

10.
11.

12,
13.

14.

15.
16.

How does the selective ringing common talking sys-
tem work?

. What is the adaptation cf the selective ringing selec-

tive talking system?

. Draw a diagram of the selective ringing, selective

talking system.

. Explain the operation cf the master station common

talking system.

Draw a diagram of the master station common talk-
ing system.

For what service is the master siation annunciator
system intended?

How does the master annunciator system work?

Cf what does the principal’'s or master station school
equipment consist)

Describe the various apparatus used in inter-phone
systems.

How is inter-phone cable prepared for connecting?

Describe the construction cf a board template for fan-
ning and sewing.
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CHAPTER 187

Telephone Troubles

Subscriber Line Troubles.—1. Bell does not ring; may be
caused by
a. open bell;
b. open condenser;
¢. open bell strap wire;
d. bell out of adjustment;
e. biasing spring to tightly drawn.

2. Can’t hear; may be caused by
a. open receiver magnet;
b. open receiver cord;

. short-circuited r~ceiver;

A o

. short circuited receiver cord;
. open seconcarv coil;
. open switch h0ok conta t;

. receiver diaphrazm missing;

S T o

. receiver diaphragm bent.

3. Can’t talk; may be caused by

a. open primary coil;
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b. open switch hook contact;
¢. open transmitter;

d. open transmitter cord;

e¢. short circuited transmitter;

f. carbon granules in transmitter packed.

4. Poor transmission; may be caused by

a. leakage in telephone line;

b. high resistahce open in line;
¢. short circaited induction coil;
d. partial short circuit in line;

¢. partially demagnetized receiver.

5. Noisy connection; may be caused by

a. loose connection along the talking circuit;

b. line crossed with another line;

¢. cross connection wire in Central office distributing frame;
d: defective heat coils;

e. defective jack at A board or B board;

f. defective cord connected to the line jack in the central office.

6. Can hear conversation of another circuit

a. lines crossed in cable terminal box;
b. breakdown in cable;
¢. lines crossed at the distributing frame in the central office;

d. listening keys crossed on the A board.
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[y

7. Can't signal Central office operator

. open line, one wire or both;

> 0

. open transmitter circuit;

. heat coil on central office distributing frame defective or missing;

a a

. line relay does net operate in central office;

Y

. dirty contacts in line relay in central office;

-y

. line lamp burned out on A board.

Central Office Troubles—A Board.—1. Operator can’t hear
on all connections

a. operator’s telephone szt cefective;
b. operator’s telephone circuit open or short circuited;

¢. defective plug or cord.

2. No line lamps light

a. fuse blown in terminal room;

b. open strap wire at lamp sockets in A board jack panel.

3. No supervisory lamp on cords

a. fuse blown;
b. cord lamps burned out;

¢. supervisory relay in cord circuit stuck up.

4. Position crossed (operator hears conversation with keys
normal)

a. listening keys crossed.
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5. Can't ring (on part of the cord circuits)
a. ringing strap broken or disconnected.

6. Can’t ring (on one cord only)
a. ringing strap open at ringing key;
b. defective contacts at ringing key.

7. Operator can’t hear on one cord

a. listening strap open at talking key;
b. defective contacts at talking key.

8. A position crossed with a distant Central Office B operator

a. call circuit button contacts crossed;

b. call circuit button stuck down.

9. Line lamp is not extinguished after inserting the answering
cord into the answoring jack

a. cut off relay does not operate;

b. line rclay does not release.

10. A operator can’t get distant B operator over call circuit
a. call circuit open at key;
b. call circuit open at punchings;

¢. call circuit button springs not working.
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Central Office Troubles—B Board.—1. No busy back on
entire B board
a. lead open at beginning of line up;

b. lead open at power board.

2. B operator can’t hear

a. defective telephone set;
b. open in telephone circuit;

¢. open wire at grouping keys.

3. Steady guard lamp on a trunk cord

a. grounded tip side of trunk line;
b. defective (operated) relay in trunk circuit;
¢. tip side of trunk crossed with another crossed cord at plug.

4. Steady guard lamp on a trunk while conversation is in
progress
a. sleeve relay cid not operate;
b. guard lamp relay remained operated;
¢. sleeve of t-unl cord open;

d. subscribers multiple jack sleeve open.

5. No guard lemp (on incoming call)

a. lamp burned <ut;
b. fuse blown;
¢. lamp twisted in sucket;
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d. trunk wires open;
e. relay in trunk circuit does not operate;
f. dirty contacts in relay of trunk circuit®

£. open contacts at sleeve relay.

6. No disconnect lamp on trunk

a. supervisory relay stuck up;

b. defective lamp.

7. No busy test
a. tip side of cord open;
b. sleeve relay contacts dirty;

c. sleeve relay operated,
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CHAP’I‘ER 188 \
The Dial Telephone
(Automatic)

A dial telephone system is somewhat different from the
manual system in-so-far as the equipment is concerned, al-
though the desired function of connecting telephone subscribers
together to satisfactorily carry on a conversation is exactly the
same.

In a dial central office there is considerably more equipment,
2 great portion of which is automatically operated and con-
trolled, more maintenance men and less girl operators.

In a dial telephone system all calls within a specified “local” area are
handled exclusively by automatic switching apparatus, there being no oper-
ators required as in the manual system. Calls to more distant points, how-
ever, are routed through a special ‘“A” operator who, besides taking care of
the connection, makes out a ticket for a “‘toll” charge against the calling
subscriber. The special “A” board is also employed for emergency connec-
tions and assistance calls from the subscribers in the same central office area.
Besides the special “A” operators, in a dial central office, there are a number
of girl operators working at ‘‘cordless”’ B-positions.

There are two distinct types of dial systems, namely:
1. Panel.

Used for large capacity central offices in big cities.
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2. Step-by-step.

Used for small central offices.

Panel Dial System.—This system derives its name from the
design of the multiple banks which are arranged as panels and
which are mounted on frames known as seleclor frames.

‘e

TRUNK
B

SUBSCRIBER LINE SUBSCRIBER LINE.

¥16. 7.628.—Simpli‘ied dial telephone system. A, telephone subscriber with number ATLantic
2357; B, Auxntic central o.fice; D, Maytower central o.fice; «, telepnone subscriber with
number MA Y vower 7348.
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F16s. 7,629 and 7,530.—Telephone with dial and circuit diagram.
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Consider a telephone subscriber at location A comnezted to
a dial Central Office at B and a second telephone subscriber at
C connected to a second dial Central Office at D as indicated
in fig. 7,628.

The telephone station at A consists of the familiar trans-
mitter and receiver with the bell box. In addition there is a
dial mounted on the transmitter stand as shown in fig. 7,629,
all wired asin fig. 7.630. The telephone station at C is equipped
the same as the one at A.

ATLANTIC MAY-FLOWE.R'
2357 ... erateroies ceeetemne, eeeee eeraneeereineis D38
Pooa b c d _,,Je
< 2 > > 1
o o : foa) laa] ir_-x :
i LINE DISTRICT QFFICE { INCOMING FINAL  *
{ FINDER SELECTOR SELECTOR : : SELEATOR  SFLECTOR :
i FRAME FRAME FRAME | ! FRACE FRAMFE
T i :
‘ OFFICE b8 OFFICE

Fi1G. 7,531.—Panel dial system—routing of a call. a, line finder; b, district sulector; ¢, office
selector; d, incoming selector; e, final selector.

In operation: Subscriber A wishing to call C lifts the receiver off the
hook and hears the dial tone, which is a sort of subdued and continuous
br-r-r-r-r, sent by th= sender at Central Office B. This means that he may
proceed with the n2xt operation, which in this case is to dial M-A-Y 7-3-4-8.
By this operation th: latters and the numbers are converted into different
pulses which are received by th= above mentionad s*1d:c at Central Office B
where the seven different sets of p 1lses are absorbed by th2 s2ndar, causing it
to assume certain settings, whicn will direct and control the operation of
various selector switches, some of which are located in Central Office B and
some in the distant Central Office D, as indicated in fig. 7.631.
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The sender in Central Office B, does not require that z!l the numbers be
dialed before it can function. As soon as the three letters M-A-Y, known
as the “Central Office code” letters have been dialed, the sender causes a so-
called district selector, mounted on the district selector frame to operate and
to move upward to find an idle trunk to another frame in the same office B
which is known as the office selector JSrame and causes an jdle selector on this
frame to move upward and to stop at a set of terminals to which are con-
nected wires, or {runks, coming from the distant office D.

When the numbers 7-3-4-8 are dialed the same sender in
office B causes two different selectors in the distant office D
to move upward and to locate the set of terminals corre-
sponding to that line.

"The first one of these two selectors is mounted on a frame known as the
incoming selector frame and is determined by the first two digits dialed (in
the order of dialing) namely 7 and 3, and the second selector is mounted on

the final selector frame and is directed by the sender in office B in accordance
with the last two numerals dialed, 4 and 8 in this case.

When the final selector in office D has, under the control of the sender in
office B, connected to the called line, the incoming selector furnishes the
generator current to ring the-called subscriber’s bell.

By this time the sender has performed all its work and it is accordingly
disconnected from the district selector circuit of office B.

When the called party answers by lifting the receiver off the
hook the ringing current is automatically removed.
The conversation takes place and eventually it is finished and the parties

hang up the telephone receivers, causing all the selectors to disconnect auto-
matically.

The apparatus will now be described, stripped of all the cir-
cuit complications and the intricate mechanical details.

The Dial.—As shown in the accompanying illustrations, the
dial is generally mounted on the telephone. It isa device consist-
ing of a rotating disc (finger wheel), with a spring and a cam
lever.
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F16s, 7,634 and 7,635.—Kellogg common battery telephone; enclused gonyg wall type arranged
for automatic dial, Fig. 7,635 open view showing interior construction.
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F16. 7,636.—Single central station stops.
Fi16. 7,637 ~Multi-central station dial showing central station letters, and numerals.

FINGER STOP RATCHET
WHEEL

Fics. 7,76 to 7,740.—Front and side view o1 dial, showing the mechanism and end view
of cam. In operation, as the dial is rotated Ly the finger clocawise, a coiled spring i3
wound which, after removing the finger on reaching the finger stop causes the dial to return
to its initial position. This is a ratchet which transmits the return movement to gears and a
governor. The gears are in mesh with a pinion on which is a cam which is so geared that
when say No. 1 is “dialed” the cam will make one half revolution, opening the impulse spring
once. Similarly the impulse spring will be opened u number of times corresponding to the
number dialed.
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When a number is dialed the
finger wheel is pulled around to
the finger stop, and then let go.
The spring now pulls the finger
wheel bhack to its original posi-
tion and in doing so the cam,
which is attached to the finger
wheel, causes a sef of springs to
separate and to come together
successively opening and clos-
ing the circuit of the line, there-
by generating pulses.

&

°¥

=

The number of pulses
generated is equal to the
figure under the hole into
which the finger is placed.
The return speed of the fin-
ger wheel is controlled by a
governor so that when “O”
is dialed the finger wheel
will return to normal in one
second, or 10 pulses are gen-
erated in one second.

In larger cities the plate un-
der the holes bears certain let-
ters of the alphabet in addition
to the numbers. These letters
are used for dialing the first
three letters of the central office
names. Figs. 7,635 and 7,637
show comparison of the single
office dial and the multi office
dia!.

white enamel. Small pins projectinz from the back fit into holes in the dial frame, taereby insuring proper alignment of the

F16s.7,641t07 (53.—Disassembly of dial set showing various parts; the number plates consist of a copper base coated with a vitreous
number plate with regard to tae finger wieel of tae dial.
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Selector Frame; Selectors.—In fig. 7,654 is shown one side
of one selector frame, the opposite side being an exact duplicate
of the one shown.

The framework is of iron and contains five small panels, each
called multiple banks.

These five banks are lined up one above the other, so as to make one con-
tinuous vertical plane. Facing each side of these multiple banks, on each
side of the frame, are 30 selectors arranged vertically so that they can be
elevated to the highest point and then lowered to the starting point. Each
selector consists of a long brass tube about 14 in. in diameter, mounted
vertically and holding five multiple brushes equally spaced apart so that
each brush ean reach the entire height of one bank.

T T
=i it 2 ia
ML T A

atoed irivin Wl

F16. 7,654.—Panel type selector frame.
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At the upper end of the selector rod is mounted a set of commutator
brushes and at the lower end is attached a rack which is a flat strip of bronze
with rectangular perforations, as shown in figs. 7,655 (o 7,C57.

Each multiple bank is built up of 300 individuzl brass strips running the
entire lengtk. of the bank, each separgted by an insulated strip. The brass
strips have 50 projections on each edge so that when the whole assembly is
bolted up there are formed on each side of the bank 390 scts of projections,
each set composed of three vertical rows and each vertical row containing

. 100 termina’s.

Each set of three terminals serves for one line or one t-unk and is used
for tip T, sleeve S, ring R (see fig. 7,661) so that there are 100 lines or trunks

Fi6. 7,655.—Lower portion of selector frame showing raised rack attached to lower end of
selector rod. The rack is made of spring bronze and has 100 rectangular perforations spaced
vertically corresponding to the 100 trunks (vertical) on the bank, and five rectangular per-
forations wider apart corresponding to tripping positions of the selector brushes. The bot-
tom multiple brush is shown making contact with a set of terminals in the bottom bank.
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arranged in a vertical column, and each line appearing 30 times on one side
of the bank and 30 times on the other side.

The sclectors are arranged co that there is one in front of

each verticzl column, and so.thct a particular brush of that
sclector can be stopped at any one of the 100 lines to make
contact with the T, S, and IR, projections o2 the raultiple bank
corresponding to thct linc. .

The brush has four parallel contact springs so arranged that normally
while the brush is untripped the contact springs do not touch the multiple
bank contacts, or p-ojections; but when the brush is trippad the two outer
springs make conta:t with the T and R, lugs, respectively, on the multiple |
bank and the tvo inner springs touch the S, projecuon. Actually then the
two inner springs on the brush serve as one.

The commutator brushes at the top of the selector rud slide over brass
bars moulded in hard rubber to form what is known a3 a commutator shown
in fig. 7,656 and 7,657.

It was mentioned before that the lower part of the selector rod is attached
to a rack which has rectangular perforations equally spaced to correspond
with the 100 lines on the multiple bank, and in addition thzre ace Sve other
perforations a little wider apart and used in connection with the tripping of
the brushes on the selector. Only one of the five brushes is tripped to make
connection at one time, since all five brushes are connected in parallel and
would cause a cross if two or more brushes were to be tripped together on
one selector. As to which of the five brushes is io be tripped is determined
by the sender.

The rack is arranged so that on one side it faces two cork rolls, revolving
in opposite directions, and on the other side there are two r-agnetic clutches,
named, up-drive and diwn-drive ragnets, one in line with each revolving
cork roller, as shown i1 fiz. 7,656. The rolls a 'e one.cated continuously by a
small electric motor and a system of gears which are shown in fig. 7,658 and
which are located in the lower part of the selector frame, as shown in
fig. 7,656. ' r

Operation of Selector.—Briefly, the operation is as follows:

The sender causcs a sclector to start by energizing the up-drive
magnct of the clutch which pushes the rack against the lower
rotating cork ro!l, causing the rack to be raised. This in turn
being attached to the selector rod pushes the selector upward.
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As the selector rod continues in its upward movement it reporis, so to say,
back to the sender, by means of impulses from its commatator, how far

upward it has p.ogressed.

When the sclector rod has reached a certain

height the sender hinmediately stops it to make arrangements t> trip one of

the five b-ushes. The brush to be t-ipped is the one that has

t> hunt in the

bank where the trunk to the desired office, or where the desired line, is
located. Then the selector is again started on its vpward movement and
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Fics. 7,656 and 7,657 . —Diagrams of assembly of sélector frame and selector rods. Fig.7.666,

front view; fig. 7,657, end view.
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the proper brush is tripped by a projection on the tripping rod which is
rotated so that this projection gets in the way and snags the brush.

The selector continues to report to the sender through impulses received
through its commutator as it moves upward to select the line, which is
located in the bank where the brush has been tripped. When this line has
been reached the sender stops the selector.

Provision is made that if the selector in question be hunting for an idle
line in a certain group and no such idle line be available at that instant, the
selector will automatically advise the calling subscriber cf the busy condj-
tion by sending back the characteristic busy tone.

GEAR CASE® DOWN DRIVE

corkroLLs  UP DRIVE

FiG. 7,05..—CorXk rolls.

!

Sender Control of Selectors.—In the previous ana lysis, men-
tion was made of the sender and its control of the operation of
the various selectors. The sender is an electro-mechanical
device and is the most important and complex portion of equip-
ment of the panel type dial system.

The sender consists of a group of relays, a group of rotary switches or
rotary selectors, and a group of sequence switches, all of which are mounted
on frames, as shown in fig. 7,659. In the group of rotary switches, or regis-
ters, there is one switch for each letter and one for each digit dialed. Each
one of these switches is constructed as shown in fig. 7,660 and is operated
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FiG. 7,659.—Group of senders on frame.
F16. 7,660.—Rotary switch
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