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FOREWORD

HIS BOOK, the author believes, will be of the

utmost service, not only to the student and radio-
electrician, but to anyone who wishes to be informed on
this important field of science.

Radio equipment cannot be serviced or maintained
by any predetermined set of rules or formulae, but it is
necessary rather to understand the principles of elec-
tricity, radio and sound.

The main object throughout has been to present as
briefly and clearly as possible a progressively arranged
treatise with special emphasis on the fundamentals of
radio, upon which all knowledge necessarily rests.

In view of the importance of radio in the field of air
and marine transportation, several chapters dealing
with marine and aircraft communications as well as the
principles of the automatic alarm and the radio compass
have been included.

It is hoped that the numerous illustrative examples
which are introduced throughout the book, may in con-
junction with the data supplied, suggest proper treat-
ment of practical problems in design of radio apparatus.

EDWIN P. ANDERSON.
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Any one, and more especially the attentive student, can
with the least trouble avail himself of the subject matter contained
in this work by doing as indicated in the following old English
couplet quoted by Chas. Reade.

““For index-reading turns no student pale,
Yet takes the ecl of science by the tail.”’

-
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Radio Symbols

The following symbols have been adopted as standard by engineers and
manufacturers, and should be used in making circuit diagrams—also

for reference in reading diagrams.
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Radio Symbols

In addition to symbols, given below, abbreviations are used for shortening
descriptions. Abbreviations and formulas most commonly used are given

on the following pages.
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B g
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TRANSFORMER RELAY PENTODE
(Air core) (With directly heated cathode)
TRANSFORMER l| ‘
(lron core) DIODE DUPLEX DIODE PENTODE
TRANSFORMER TRIODE ls I\ \
(Fixed Tap) (With directly heated cathode) PENTAGRID CONVERTER
VOLTMETER TRIODE % )
{With indirectly heated cathode) PENTAGRID MIXER
WIRES JOINED TETRODE : %

{With directly heated cathode)

ELECTRON - RAY TUBE
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Views of two and three element vacuum tubes showing arrangement of
prongs and wiring symbols (For details see chapter 12)
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CHAPTER 1

Radio Principles

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 eleclro-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 altere
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 increases.
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 theory of Einstein, since this theory holds that
there is no absolute position or motion, but that all positions 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
s an electro-magnetic field, that is, a combination of a magnetic
Jield and an electrostatic field. -

If the current and voltage alternate, the electro-magnetic field alter-
nates; that is, it is a periodic field 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-magnetic 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 field, however, is sup-~
‘posed to be in a state of rest until the broadcast transmitter causes it
to vibrate.

The action of the transmitter is like tapping a.mold of jello. Waves
pass through it, and so radio waves are produced 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 intelligence
is carried 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
cause 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 10 the aerial or loop. These delicate currents are detected and converted into
audible sounds by means of the radio seceiving 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 thé action of the waves, this illustrates the mechanical parallel of radio
communication. ’
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from the point of disturbance in concentric circles of ever in-
creasing diameters 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 are strongest at the point of disturbance and
gradually become weaker as they travel away from that point,
as shown infigs. 1 and 2. If the distance be sufficiently
great they will become so weak as to be invisible.

F16. 1.—Effect of throwing stone in still water; production of waves which radiate ¢r travel
from the point where stone enters the water, or ‘‘point of disturbance.”

NOTE.—According to Marconi radio waves go 15 outer space. 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 earth's atmospheric layer. He-said that he did not see any reason why, as
some scientists maintain, waves produced on the earth should not travel such a distance, since
light and heat waves reach the earth from the sun, penetrating the atmospheric layer. He re-
ferred to observations of such scientists as Stormer and Pedersen and commented that the
former had said that electrified 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 sa
called Kenelly-Heaviside laver
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Radio communication as has been explained is a form of
wave molion which occurs in an electro-magnetic field, these waves
acting in a simtlar manner lo waler waves.

In radio communication it is first necessary to create electro-
magnetic waves in varying groups and of varying 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.

WAVE LENGTH,

AN

POINT OF
bistureance  /

F1G. 2 —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 ele¢-
trical pressure is produced of from one to twenty volts which starts waves
radiating out in all directions. These pressure waves are, however, 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 amperes 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 note C is struck on the piano (as in fig.'3 ) 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.
=
L $§ )<

. F16. 3.—Sympathetic vibration of tuning fork with struck piano string when tuned to samt
‘pten, illustrating the wave theory of radio.

RESONANCE-,

(256 WAVES PER SEC.

oveament
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l
I
| ‘
I 1
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X PIANO STRING VIBRATES ‘\

SYMPATHETIC VIBRATION OF

TUNING FORK (IN UNISON)
‘-—-~\(-v-—’

]

~
femwe”

The waves radiated by a radio transmitter always have a definite num-
ber per second and in order to hear a siation, the receiving equipment
must be put in resonance with the waves radiated by the, transmitter, This
operation is known as tuning.
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Vibration of vocal cords of speaker (1) producing sourrd, causes air to vibrate in front of mouth (2)
which in turn causes the thin diaphragm of microphone (3) to vibrate. The microphone changes the
mechanical vibrations to varied electric currents (4); an amplifier (5) amplifies these currents as at (6).
An oscillator, or radio wave producing, device (7), in the meantime, produces radio waves (9) for
broadcasting. A modulator (8) modulates or changes these radio waves to travel as sound waves. The
varied currents (6) enter the modulator (8) and cause the radio waves (9) to flow outasat (10), con-
forming to the electric sound waves. An amplifier(11) amplifies the modulated radio waves, to give
them more power, as at (12); these waves enter the antenna (13) and travel out into space asat (14)—
going in all directions ready to be picked up by receiving antennas.
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CHAPTER 2

Physics of Sound

Production of Sound.—When air is set in vibration by any
means, sound is produced provided that the frequency of vibra-
tion is such that it is audible. If a violin string in tension be
plucked, as in fig. 1, it springs back into position, but due

/"‘"\
3

Fic. 1.—Sound produced by vibration of violin string.
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to its weight and speed, it goes beyond its normal position,
oscillates back and forth through its normal. position, and grad-
ually comes to rest. These vibrations produce sound.

As the stnng moves forward it pushes air before it and compresses it, also
air rushes in to fill the space left behind the moving string. In this way the
air is set into vibration. Since air is an elastic medium, the disturbed por-
tion transmits its motion to the surrounding air so that the disturbance is
propagated in all directions from the source of disturbance.

Iep IR,
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g
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7
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F1o. 2.—Generation of sound waves by the rapid oscillation of a hght piston. As the
piston osclllates the air in front of the piston is compressed when it is driven forward,
and the surrounding air expands to fill up the space left by the retreating piston when it
is drawn back. Thus a series of compressions and rarefactions (expansion) of the air is the
result as the piston is driven back and forth. Due to the elasticity of air, these areas of
compression and rarefaction do not remain stationary but move outward in all directions,
as shown.

If the string be connected in some way to a diaphragm such as the
stretched drum head of a banjo, the motion is transmitted to the drum.
The drum, having a large area exposed to the air, sets a greater volume of
air in motion and a much louder sound is produced.

If a light piston several inches in diameter, surrounded by a suitable
baffle board several feet across, be set in rapid oscxllatmg motion (vibra-
tion), as in fig. 2, by some external means, sound is produced,
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Propagation of Sound.—If the atmospheric pressure could be
measured at many points along a line in the direction in which
the sound is moving, it would be found that the pressure along
the line at any one instant varied in a manner similar to that
shown by the wavy line of fig. 2.

To illustrate if extremely sensitive pressure gauges could be cet up at
several points in the direction in which the sound is moving it would be
found that the pressure varied as indicated in fig. 3.

T N 5 ®

FiG. 3.—Diagram illustrating pressure variations due to sound waves. I should be
noted that the type gauges shown, register pressure agbove atmospheric when the pointer
moves to the right of the vertical, and vacuum or pressure below atmospheric when it moves
to the left of the vertical.

VACUUM —>re- PRESSURE

Again, if a pressure gauge be set up at one point and the eye could follow
the rapid vibrations of the points it would be found that the pressure varied
at regular intervals and in equal amounts above and below the average
atmospheric pressure. The eye, of course, cannot see such rapid vibrations,
but it can see wave motion in water, however, which is very similar to
sound waves with the exception that water waves travel on a plane surface,
while sound waves travel in all directions.

In the case of water as a medium for wave propagation, if
a pebble be dropped into a still pool, as in fig. 4,— and start-
ing at the point where the pebble is dropped, waves will travel
outward in concentric circles, becoming lower and lower as
they get farther from the starting point, until they are so
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1 they strike some ob-
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small as not to be perceptible, or unt

structing object.
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Fic. 4.—Effect of throwing a stone into still water; it produces waves which travel out+

wardly in expanding, concentric circles from the point where the stone enters the water

or poinl of disturbance,

REFLECTED WAVES

SOURCE OF WAVES———»0

Fic. 5.—Reflection of waves from a plane surface,
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If the pond be small it will be noticed that the waves which strike the
shore will be reflected back. If the waves strike a shore that is parallel
gvith the waves, they will be reflected back in expanding circles, as in

g. 5.

If the waves strike a hollow or concave shore line as in fig. 6 the
reflected waves will tend to converge (focus) to a point.

Comparing water and air as media for wave propagation,
water waves travel in expanding circles and air waves in ex-
banding spheres.

WAVES FROM THE SOURCE FOCAL AREA  REFLECTED WAVES

F1G. 6.—Reflection of waves from a curved surface. The solid lines show the direction
of the orginal waves and the dotted lines show the direction and focusing of the reflected
waves, Focusing of waves results in their rcinforcement, which may cause them to build
up to considerable proportion at one point.

Sound waves are reflected in a manner similar to water waves, causing
echo and reverberation. If the sound waves focus at a point, loud and
dead spots are produced.

Wave motion has certain definite characteristics and these
characteristics determine:

1. Loudness;
2. Pitch;
3. Tore.
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Loudness.—By definition, loudness is relatively high intensity
of sound. Loudness (or amplitude) is determined by the
amount of difference in pressure between the maximum com-
pression and the maximum rarefaction. This corresponds in
water waves to the vertical height of the crest above the trough
of the wave. Loudness is illustrated in fig. 7.

F1G. 7.—Properties of wave motion illustrating what causes loudness of tone.

Pitch or Frequency.—Any one of a series of variations, siart-
tng at one condition and returning once to the same condition is
called a cycle. Observe some point on the surface of the water
in which waves exist and it will be noticed that at this point
the water will rise and fall at regular intervals. At the time
at which the wave is at its maximum height the water begins
to drop, and continues until a trough is formed, when it rises
again to its maximum height. Accordingly, all the variations
of height which one point on the surface of the water goes
through in the formation of a wave, is a cycle of wave motion.
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The number of cycles a wave goes lhrough in a definite interval
of lime is called the frequency. Therefore the number of times
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Fic. 8.—Musical pitch chart for piano, voice and various instruments. This chart represents
the relation between the musical scale and the piano keyboard, giving the frequency of each
note in terms of complete vibrations, or cycles, according to the standard used in scientific
work such as the scientific scale based on middle C at a frequency of 256 cycles. The piano
keyboard covers nearly the entire range of musical notes and extends from 26.667 cycles
to 4,096 cycles. The piccolo reaches two notes beyond the highest note of the piano. The
extreme organ range, not shown on the chart, is from 16 cycles to 16.384 cycles, scientific
or physical pitch, as it is usually called. Music seldom utilizes the full keyboard of the
the piano, the extremely high notes and extremely low notes being seldom used. Therefore
a reproducing device which reproduces all frequencies from 50 to 4,000 cycles would be
satisfactory in reproducing musical notes.
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the water rises or falls, at any point in one minute would be
called the frequency of the waves per minute, expressed as the
number of cycles per minute.
In sound, the number of waves per minute is large, and it is more con-
venient to speak of the frequency of sound waves as the number of waves
per second, or, more commonly, as the number of cycles per second. Thus, a

sound which is produced by 256 waves a second is called a sound of a fre-
quency of 256 cycles.

VIOLIN 4

PITCH RATIO 6%

96 CYCLES

6;:0 CYCLES

FiG. 9.—Properties of wave motion illustrating pitch.

When speaking of sound, cycles always mean cycles per
second.

Considered from the standpoint of traveling waves, frequency is deter-

mined by the number of complete waves passing a certain point in one

second, and this, of course, is equal to the number ot vibrations per second
generated at the source.

Fig.8 is a chart showing pitch {requencies corresponding to the
various keys of the piano and range of the human voice and varions
instruments.

Tone.—By definition tone is sound in relation to volume,
quality, duration and pitch; specifically, in acoustics, a sound
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that may be employed in music, having a definite pitch and
due to vibration of a sounding body; opposed to sound as mere
noise.

By common usage in music, tone generally means the fimbre
or qualily of sound.

A pure note of a given pitch always sounds the same, and the frequency
of this note is termed its fundamental or pitch frequency. However, notes
of the same pitch from two different kinds of instruments do not give the
same sound impression. This difference is due ta the presence of overfones,
sometimes called harmonics.

Consider again the case of a taut string which is plucked to
set it in vibration.

If the string be plucked at its exact center, it will vibrate as a whole and
give a very nearly pure note; but if it be plucked at some other point, say
one-third of the length from one end, it will vibrate as three parts as well as
a whole, and a change of tone will be noticed. If the string be plucked
indiscriminately, various tones will be heard, all of the same pitch.

Hollow cavities built into the bodies of the various musical
instruments give them their characteristic tones, because the
air chambers, called resonance chambers, strengthen overtones
of certain frequencies and give a very pronounced tone to the
instruments.

Other instruments have built into them means of suppressing certain
overtones, which help to give them their characteristic sounds. The fre-
quency of an overtone is always some multiple of the pitch frequency; that
is, the second overtone has twice the frequency of the pitch note, and the
third overtone, three times the frequency, etc.

Overtones of twenty times the frequeney of the pitch note are present in
the sounds of some musical instruments, but overtones of this order are
important only when the pitch note is low, because the frequency of the
twentieth overtone of even a moderately high note would be beyond the
ability of the human ear to detect.:
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Overtones give character and brilliance to music, and their
presence in reproduced sound is necessary if naturalness is to
be attained.

The combined result of all the partial or overtones gives the quality or
timbre of the tone, that is the peculiar characteristic sound as of a voice or
instrument. A great variety of tone is found in the orchestra as exemplified
by the strings, wood wind, brass and reed choirs. See figs.10to 13

F16. 10 to 13.~—~—Familiar instruments of the orchestra illustrating the preat variety of tora
produced by the various *“‘choirs’ to which these instruments belong. It is because of thiy
great variety of tone that the orchestra is the finest medium for musical expression. 1I¢
should be noted that even the best organs represent a very poor attempt to imitate the
orchestra—it cannot be done. Such impossible instruments as the cornet, saxophone, et¢.
are not employed in any legitimate orchestra. :

A reproducing device which reproduces frequencies from 50
to 6,000 cycles will cover very well all the notes and overtones
necessary for naturalness and distinctiveness.

In singing, the range of notes covered is approximately from 64 to 1,200
cycles, extreme limits, but this range caanot be covered by one person’s
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voice. The frequency of 1,200 cycles does not represent the highest fre-
quency used in singing, because overtones of several times the frequency of
the note are always present in the human voice. The presence of the over-
tones gives the pleasing quality to songs. This quality of the singing voice
is called timbre. The timbre of the voice transmits the emotions of joy,
sadness, etc., from the performer to the audience, and therefore is very
important in the enjoyment of vocal music.

Wave Length.—By definition the wave length (of a water
wave for instance) is the distance belween the crest of one wave
and the crest of the next wave. This distance remains the same
as long as the wave continues, even though the wave becomes
so small as to be hardly perceptible.

Frequency in wave motion ts related to wave length.

All waves produced do not have the same wave length. A small pebble
dropped into a pond will produce a wave of short length, but a large
stone will produce a wave of correspondingly longer length. In sound the
wave length is dependent upon the frequency of the source. Similarly, in
sound the wave length of a sound wave is the distance between the point of

maximum compression of one wave o the point of maximum compression of
the next wave.

Sound travels at different speeds in different substances, thus
it travels at a much higher speed in water and steel than in air.

NOTE.~—Volcing is the art of obtaining a particular quality of tone in an organ pipe and
of procuring uniform strength and quality throughout the entire stop. Voicing is one of the
most delicate and artistic parts of the organ builder’s art, and it is seldom, if ever, that a voicer
is good at both flue and reed voicing.

NOTE.—Percussion instruments such as drums and the various accessory traps pro-
duce the greatest pressures that are used in music. Although the fundamental frequency of
the notes which they emit is fairly low, the notes are particularly rich in tones of higher fre-
quency, which may extend as high as 10,000, cycles. Although these higher tones die out’
rather rapidly, they are essential to good definition.

NOTE.~~The organ, plano and harp have the greatest compass and cover a frequency
range from about 16 to 4,000 cycles. All three of these instruments are characterized by a
rather prominent first overtone, so that their effective range extends as high as 8,000 or 9,000
cycles.

NOTE.—According to Prout ‘“‘the cornet is a vulgar instrument whereas the frumpe!? is
a noble instrument.” The only excuse for a cornet is that it is easier to play than a trumpet.
Non-musical instruments, such as the cornet and saxophone, if they must be d, ahould
be confined to 2nd and 3rd rate taxi-dance halls in order that cultured and discriminating
¢ars may not be profaned.
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In the latter medium it travels about 1,100 ft. per second. An illustra-
tion of the fact that time is required for sound to travel from one place to
another is shown by a steam whistle at a distance of several hundred yards.
If it be observed when blown, it will be noticed that the “steam”* can be
seen coming from the whistle a considerable length of time before the sound
of the whistle is heard. Sounds of all frequencies, or pitches, travel at the
same speed. The speed at which sound travels divided by the frequency
gives the wave length of the sound wave.

A knowledge of wave length is necessary for the proper con-
struction and location of baffle boards and horns in theatres.

Speech.—The sounds of speech are divided into two classes,
vowels and consonants. The vowel sounds are used in the
pronunciation of the letters a, ¢, 7, 0, #, and sometimes y, in
the formation of words.

These letters are also used in combination to indicate other vowel
sounds. The pitch frequencies of the vowel sounds in male voices range
from 110 cycles to 140 cycles. For female voices the range is from 230 to
270 cycles. The characteristic frequencies, or overtones of the vowel
sounds, however, reach frequencies of 3,300 cycles. So important are these
overtones that the pitch frequency can be entirely eliminated without
noticeably changing the sound sensation produced on the human ear. The
full range of frequencies used in vowel sounds is from 110 cycles to 4,800
cycles.

The pitch frequency of the vowel sounds are produced when
air is blown through the vocal cords.

The vocal cords are two muscular ledges in the air passage of the throat.
When these muscles are taut there is a narrow slit between them, which sets
the air passing through into oscillation. The sound produced by the vocal
cords is changed by the cavities of the mouth.

The shapes of the cavities continuously change as a person speaks, making
it possible for him to produce a wide variety of sounds, all of very nearly the
same pitch frequency.

*NOTE.—The white cloud seen issuing from a steam whistle usually called “steam,” is
not steam but a fog of minute liquid particles produced by condensation. The term is misused
above simply for convenience. Steam is invisible.

]
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Consonant sounds are usually produced without the aid of
the vocal cords.

Most of these sounds are produced by the lips and teeth, as in the pro-
nunciation of ¢4, s, and f. The range of frequencies covered by consonant
sounds is from 200 to 8,000 cycles, but most consonant sounds have fre-
quencies of less than 6,000 cycles.

‘Hearing.—The actual mechanism of hearing is not very well
understood, but certain facts regarding the ability of the ear
to register sounds of various frequencies has been determined
very accurately.

The range of frequencies which the average person can hear is from about
20 cycles to 17,000 cycies, but a comparatively large amount of sound energy
is required before the ear can detect sound of extremely low or extremely
high frequencies.
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The ear is most sensitive to frequencies between 500 cycles
and 7,000 cycles; also, the ear is most sensitive to changes of
pitch and changes of intensity of sound in this same band of
frequencies.

NOTE.—Woman 8 apeech in general is more difficult to interpret than man’s. This may
be due in part to the fact that woman's speech has only one half as many tones as man's, so
t the membrane of hearing is not disturbed in as many places. It may be inferred there-
re that the nerve fibres do not carry as much data to the brain for interpretation. The
greatest differences occur in the case of the more difficult consonant sounds. In woman’s
speech these sounds are not only fainter but require a higher frequency range for interpretation.
A range of from 3,000 to 6,000 cycles for man's Voice corresponds roughly to a range of from
6,000 to 8,000 cycles for woman's voice. Since the ear is less sensitive in the latter range and
the sounds are initially fainter, their difficulty of interpretation is greater.

NOTE.—When sounds containing a number of tones are ircreased in loudness, the lower
tones in the sound deafen the auditor to the higher tones. This deafening or masking effect
becomes very marked when the sound pressure of the lower tones is greater than twenty sen-
sation units. In the case of speech, this effect impairs the interpretation of the higher pitched
sounds. The best loudness for the interpretation of speech corresponds to a sound pressure
between O and 20 eensation units. If the sound pressure be less than this, the fainter sounds
are inaudible. If the sound pressure be greater, the masking effects impair the interpretation
of these sounds.
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CHAPTER 3

Radio Fundamentals
and

Ohm’s Law

The Structure of Matter.—It is now a well known fact that
all matter is made up of submicroscopic particles. These par-
ticles which are the smallest into which matter can be sub-
divided and still retain the properties of the original substance,
are called molecules.

Molecules of different substances vary greatly in complexity,
ranging from extreme simplicity in some substances to very
great complexity in others. All molecules, however, may be
broken up into simpler constituents called atoms, of which
there are more than ninety distinct kinds known, each repre-
senting one of the chemical elements from which all matter is
constructed.

Only a few elements, however, appear in the molecules of any
one of even the most complex substances. An element, then
is a fundamental substance composed of only one kind of atom.
In some elements, the molecules are composed of single atoms;
in other elements, two or more like atoms are associated to-
gether to form the molecule. Of the more common elements
are hydrogen, oxygen, nitrogen, carbon, iron, copper, etc.
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Carrying the analysis still further, atoms are well known to
have complex structures. In accordance to the most widely
accepted modern physical picture of the atom, it corresponds
roughly to a miniature of our solar system. Corresponding to
the sun in the solar system is the nucleus of the atom which, in
general, is a very small, compact structure composed of a com-
bination of extremely minute particles called protons, neutrons,
positrons and elecirons.

- I

ELECTRON

é\/ &f

\ /
~ /

\__/

FiG. 1.—Structure and electronic orbit of the hydrogen atom.

The proton, whose mass may be taken as the unit of atomic
weight has a positive charge equal in magnitude, but opposite
in sign, to that of the electron. Its mass is very large compared
with that of the electron or of the positron.

The neutron has very nearly the same mass as the proton, but
is uncharged. The positron may be regarded as the ultimate
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unit of positive charge just as the electron is the ultimate unit of
negative charge. The positron has the same magnitude of
charge as the electron and very nearly the same mass. Prac-
stically all the mass of the atom is associated with the small,
dense nucleus. Revolving about the nucleus in orbits at rela-
tively large distances from it, are one or more electrons.

The simplest of all atoms is that of hydrogen, whose nucleus
consists of a single proton with a single electron revolving about
it. The two charges revolve about each other in space much
like a whirling dumbbell,except that there is no rigid connection

between them. See ﬁg 1.

/ \NUCLEUS ELECTRONS A\
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F1G. 2.—Structure and electronic orbit of a neutral helium atom.

The next atom in simplicity is that of helium, whose nucleus
consists of four protons and two electrons bound together in a
compact central core of great electrical stability. Revolving
about this compact nucleus are two electrons. See fig. 2.
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Atoms of other elements become increasingly more complex
by the successive addition of one electron to those revolving
about the nuclei, and with the progressive addition of protons,
neutrons, positrons and electrons to the nuclei. In every
case the normal atom has an exactly equal number of positive
and negative elementary charges, so that the atom as a whole is
neutral; that is, it behaves toward electrified bodies at some dis-
tance from it as though it had no charge at all.

Positively and Negatively Charged Substances.—With ref-
erence to the picture of the neutral atom, it will be easy to
understand what takes place when a substance is electrically
charged.

Assume that by some means one of the external electrons of
the neutral helium atom is removed as shown in fig. 3, the
yesult will be an unsatisfied atom in so far as the balance

RN
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/ \
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/
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SLECTRON

®
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F1G. 3.—Structure and electronic orbit of a positive helium atom.
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between the positive and the negative charges are concerned.

The excess of one proton in the nucleus gives the atom a
positive charge, and if the previously removed electron is per-
mitted to return to the atom, it will again become neutral as in
fig. 2.

A positively charged body therefore is one which has been
deprived of some of its electrons, whereas a negatively charged
body is one which has a surplus (acquired more than its normal
number) of electrons.

In its unbalanced state the atom will tend to attract any free
electrons that may be in the vicinity. This is exactly what
takes place when a stick of sealing wax or amber is rubbed with

/ELECTRONS\O%OOO 000000000000
elelolololeNololoYoToRoNoleXoNe) OOOOOO(\OOOOOOOOOOOOOO%O(Q [®)
+ + + + o+ - - - - -
FLANNEL WAX

AFTER RUBBING

0
R0 -0 0 O R R PP o

NEUTRAL NEUTRAL

FLANNEL WAX
AFTER CONTACT

F1G. 4.~Illustrating how the rubbing process removes electrons from the flannel, and the
re-distribution of electrons after contact of the two boa.es.

a piece of flannel. The wax becomes negatively charged and
the flannel positively charged.

During the rubbing process, the friction rubs off some of the
electrons from the atoms composing the flannel and leaves them
on the surface of the wax. Since the surface atoms or mole-
cules of the flannel are left deficient in electrons and the surface
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atoms of the wax with a surplus, if the wax and the flannel are
left together after being rubbed, there will be a readjustment of
electrons, the excess on the wax returning to the deficient atoms
of the flannel, as shown in fig. 4.

Most of the electrons in the universe exist as component
parts of atoms as described, but it is possible for an electron to
exist in the free state apart from the atom temporarily at least.
Free electrons exist to some extent in gases, in liquids and in
solids, but are much more plentiful in some substances than in
others.

Conductors and Insulators of Electricity.—In metals for
example, enormous quantities of free electrons exist while such
substances as glass and rubber contain only small amounts.

It is the presence of free electrons in substances that enables
us to account for the conduction of electricity. The more free
electrons a substance contains, the better conductor of elec-
tricity is it, and it is on account of the great numbers of free
electrons in metals, that metals are good conductors of elec-
tricity. Again, substances such as glass, rubber, mica, etc., with
their comparatively few free electrons are poor conductors of
electricity—good insulators.

Flow of Electric Current.—These free electrons are in a state
of continual rapid motion, or thermal agitation. The situa-
tion is analogous to that in a gas where it is known that the
molecules, according to the kinetic theory, are in a state of
rapid motion with a random distribution of velocity.

If it were possible at a given instant to examine the individual
moiecules or electrons, it would be found that their velocities
vary enormously and is a function of the temperature. The
higher the temperature of a substance the higher the velocity of
the atoms and electrons.
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Now if by some means, the random motion of the molecules
or electrons in a conductor be controlled and be made to flow in
one direction, there results what is called a flow of electric cur-
rent. Such means of controlling or directing the electron mo-
tion is provided by an electric battery or a generator. See
fig. 5.

DIRECTION OF
ELECTRONS
— %

CONDUCTOR

FiG. 5.—Illustrating the movement of clectrons from the negative to the positive terminal
of a battery. In practice it is customary to think of an electric current as flowing from the
positive to the negative. The reason for this contradiction is due to the fact that the early
electrical experimenters assumed the direction of current to be from the positive to the
negative, which is now known to be opposite as far as analyzing a circuit is concerned. It
causes considerable misunderstanding to those not duly informed.

Resistance to the Movement of Electrons.—The progressive
motion of electrons in a conductor are retarded by the collisions
of the atoms of the substance, and it is this hindrance to their
movement which constitutes the electrical resistance in a
conductos.
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This resistance varies in different metals, and also with the
temperature of the conductor. When the temperature in-
creases, the higher will be the velocity of the atoms and elec-
trons, which in turn causes more frequent collisions and as a
result, there is a greater hindrance to their progress.

The frequency of collisions between the atoms and electrons
is also increased when a greater number of electrons are present.
It is on account of this fact that the heating in a current carry-
ing conductor increases with the size of the current.

Electric Pressure.—It has been previously mentioned that
the directed motion of free electrons in a conductor constitutes
an electric current. To understand how a flow of current may be
established, it is well to consider the analogy of, for example, a
water pump in a hydraulic system. See fig. 6.

&~ REGULATOR OF WATER FLOW
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CONDUCTOR
PUMP / (Water Pipe)

FiG. 6.—Water is forced through the conductor by means of the pump action causing a
pressure difference between the conductor terminals.

In this case, by virtue of the pump piston the water enters the
pump at the intake end at low pressure and leaves the dis-
charge end at high pressure. The difference in pressure at the
two ends of the pump causes water to flow through the pipe.
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The action of the electrical system is similar. In any elec-
trical circuit a generator or battery may be used to supply an
electromotive force in a similar manner as the pump in the
hydraulic system supplies mechanical force. Here the positive
and the negative binding posts of the generator correspond to
the discharge and the intake end of pump respectively. See
fig. 7.

@ REGULATOR OF CURRENT FLOW

+ ELECTRIC
GENERATOR METER

TO PRIME MOVER

Fig. 7.~—Note the similarity to the hydraulic circuit,

Similarly in case of the generator it is said that the pressure is
higher at the positive end and lower at the negative, correspond-
ing to the discharge and intake ends of the pump in the hydraulic
system.

It is this difference in pressure between the generator ter-
minals which causes an electric current to flow in the circuit, in
much the same way as the water is forced through a pipe in the
hydraulic system.

Electrical pressure variously called ‘‘difference in potential”
and “‘electromotive force' is measured in terms of a unit called
the volt.
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Electric Current.—Again using the circuit (water pipes) in
the hydraulic system, the rate at which water is flowing through
the pipe may be measured in gallons per second. Similarly in
the electric circuit the amount of current flowing is measured in
a unit called ‘“‘coulomb’” which expresses the rate of flow.

When the current in a circuit flows at the rate of one coulomb
per second the name of one ampere is used. This term facili-
tates the expression of current flow in that it makes it unneces-
sary to say ‘‘per second’’ each time, as second is already a part
of the unit “ampere.”

Thus one coulomb per second is one ampere, and ten cou-
lombs per second is ten amperes, etc.

The relation between coulombs and amperes may be ex-
pressed as follows:

I=QorQ Ixt

where I is the current in amperes; @ is the amount of electr1c1ty
in coulombs; and ¢ is the time of flow in seconds.

Thus for example if a battery sends a current of 5 amperes
through a circuit for one hour, the number of coulombs of elec-
tricity that will flow through the circuit will be 5X60X60=
18,000 coulombs.

Resistance to Current Flow.—All conductors of electricity
oppose the flow of current through them, 7.e., they have elec-
trical resistance. The unit of resistance is called the ohm. A
conductor may be said to have one ohm’s resistance if the ratio
of the electrical pressure in volts to the current flowing through
it, is unity.

Thus, for example, if the current flowing through a circuit is
found to be 10 amperes, and the electrical pressure 10 volts the

resistance of the circuit will be —i% =1 ohm.
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Ohm’s Law.—When considering the flow of electrons in a
conductor it is evident that the greater the e.m.f. (electro-
motive force) is, the more electrons will flow in the circuit, and
also the greater the resistance of a conductor, the less number of
electrons will flow through.

It has been found that there is a definite mathematical
relationship between the e.m.f. applied to a circuit having a
definite resistance, and the current flow. This relationship is
known as the ohm’s law. This law states that the current
flowing through a resistance under a given e.m.f. is inversely
proportional to the resistance and directly proportional to the

voltage. Thus I = %in which I, is the current in amperes; E

the e.m.f. in volts and R, the resistance in ohms.

Series Circuits.—If there be several resistances in series, as
shown in fig. 8, the equation becomes
I L. or E=1 (Ri+R;+R;)

"R+ R.A+R;
or E=IXR+IXR:+IXR;
R,

R, R,
1 ’W\M/V\/J L‘V\/\N\N\fj—
a-’ < E,=IxR; E,=1IxR;

E
Ry+R,+R,

AMMETER

E=E+E,+E,

=

¥1G. 8.—Simple circuit with three resistances connected in series.
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The sum of the difference of potential across the various parts
of the circuit is equal to the total voltage impressed on the cir-
cuit. Thus, E=E,+E;+E;.

In a circuit as shown in fig. 8, the current I, is the same in
each part of the circuit, but the voltage across each resistance
depends directly upon the size of that resistance.

Example:—What voltage must be furnished by the battery
in fig. 8, in order to force 0.25 ampere through the circuit if R,
R, and R; are 5, 15 and 20 ohms respectively?

The total resistance R=5+15+20=40 ohms. The total
voltage is 40 X0.25 =10 volts.

The voltage required for each part may be conveniently used
as a check. Thus

E;=0.25%5=1.25 volts

E,=0.25X15=3.75 volts

E3=0.25%20=5 volts.
Hence 1.25+3.75+45=10 volts, as before.

Parallel Circuits.—In parallel circuits, see fig. 9, the voltage
across the various resistances is the same and the current flow-
ing through each resistance varies inversely with the value of it.
The sum of all the currents, however, is equal to the main cur-
rent leaving the battery. Thus

E=LXRi=I;XR;=I;XR;
e I=LtLth

When Ohm’s law is applied to the individual resistances, the
following is obtained:
E E E

Il:ﬁ;’ 12='R72, and 13=E
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E E E (1 ,1,1 )
Hence R1+R2+R3 or I'E<R1+R2+R3 ;
and since —? =R, the equivalent resistances of the several re-

1 1.1 ,1
sistances connected in parallel is R™R, + R, +7€—3

__FE
.11"'T;

E

T I=5L+L+1,= E+§2+5—
E
.

BATTERY

F16. 9.—Simple circuit with three resistances connected in parallel,

AMMETER

Example:—If the resistances in previous example be con-
nected in parallel as shown in fig. 9, what will be the total
current and the current flowing through each resistance if the
voltage remains unchanged or 10 volts?
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The total resistance (R) for the combination will be found as
follows:

1 1,1 1 19 60

>R.=§-+B+2‘0=66 Then R=—1—g=316 ohm.
10

The total current =396 =3.17 amperes.

The current in the 5 ohms resistance is % =2  amperes.

« 10

15 15 =0.67
6 6 € 66 ‘6 6 “ E — .
20 20 =0.5

The current through each resistance may conveniently be
added as a check. Thus 2+0.6740.5=23.17 amperes as before.

Power in Electrical Circuits.—As previously stated, the elec-
trons in their movement through a circuit do not have a clear
path, but are in constant collision with atoms of the metals
causing the metal to heat up. The heat so developed, varies
with the number of collision and increases with the increase in
current flow, due to a higher potential. It has been found that
this developed heat or power loss varies directly as the resistance
and as the square of the current, which relation may be written

EZ
W=I"-><R=-R—=E><[
in which W is the power in watts; E, I and R being the voltage
current and resistances of the circuit. Thus to determine the
power consumed in a device, multiply the voltage across it by
the current flowing through it.
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Example:—If certain heating elements take 25 amperes at
a potential of 110 volt, what is the power consumption?

The power is W=25x110=2,750 watts =234 k.w.

As the watt is a small unit of electrical power, the kilowatt
(k.w.) which is a unit 1,000 times larger is more convenient,
when it is desired to express larger amounts of power.

Therefore to change watts to kilowatts divide by 1,000 and to
change kilowatts to watts multiply by 1,000.

One horse power (H.P.) is= 746 watts.
Thus one kilowatt is =l,’7?1—%—0 or 1.34 horse power.

To obtain the horse power consumption in the above heating

elements H.P. =g%= 3.7 horse power.

Example.— A certain carbon resistor is marked 1 watt and has
3 code colors as follows: yellow body, black tip and orangecoloreddot.
What is the maximum current that may safely be sent through 11?

Solution.—In this case it is first necessary to find the resist-
ance value in ohms. With reference to page 182 the Radio
Manufacturer’s Association’s Code colors indicate that the
resistor has a resistance of 40,000 ohms, which may be checked
as follows: yellow body means (4); black tip means (0) and
orange dot means (000) or 40,000. Now the value of power dis-
sipation in watts is equal to (I2R) from which it follows that

1= 12X40,00001' 12=ﬁ0— hence

1 oy
I =5pq amperes or 5 milli-amperes.

With an increase in current above the derived value, the
heating of the resistor may become excessive and may even
damage or change the accuracy of the resistance in question.
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SERIES PARALLEL CIRCUITS.

The solution of circuit shown on opposite page is in reality
very simple if it be kept in mind that any\number of resistances
connected in series may be replaced by a single resistor with a
value equal to the arithmetical sum of the individual resistors,
or that any number of resistors in parallel can be replaced by
an equivalent whose value is equal to the reciprocal of the sum
of the reciprocals of the individual units.

Circuit A-1 consists of resistors R, and R, in series, and the
two also in parallel with Ry. This group is connected in
series with R, and the whole combination is again connected
in parallel with R.. ‘

The simiplest way to solve a resistance combination of this
type is to remember the foregoing and to go through the prob-
lem step by step, combining each series and each parallel group
and to replace them with their equivalent resistance.

Hence, to solve this circuit first replace R. and R, by their
equivalent R,.

The next step is to combine R, and R, replacing them by
their equivalent R,. By replacing R. and R. by their equiva-
lent R,, the original circuit now being reduced to the form as
shown in fig. A-4.

In the manner similar to that already described R; and R;
in parallel is replaced by a resistance Ru« obtaining the result
as shown in fig. A-5. Finally as a result of these calculations
a resistance is obtained having the same current limiting effect
as that shown in fig. A-1.
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Method illustrating how a series parallel resistance combination of type
shown in A-1 may be reduced to the simple form of that shown in fig. A-5.
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Example.— Assume a batlery consisting of two dry cells con-
nected in series, and that each cell has an E.ML.F. of 1.5 volts and
an inlernal resistance of 0.3 ohms. In this arrangement the battery
then has a total E.MM.F. of 3 volts and an internal resistance of
0.6 ohms. If a current of 6 amperes is required through a circuit
of 0.2 ohms resistance, how many batteries should be used and
how should they be arranged?

Solution.—With one battery the current according to Ohm’s
law will be
3

I= 02108 = 3.75 amperes

This is not sufficient current, and if two batteries be con-
nected in series, we obtain

6

I=G55512

=4.28 amperes

This current is still too small and represents an increase in
currentofonlyabout 14%although the voltage has been doubled;
if, however, the two batteries be arranged in parallel, the cur-
rent will be
_3
0.2+40.6

2

I = =6 amperes

Example.—In a cerlain galvanometer, the maximum defleccion
is oblained when the current is A0 milliampere. If the internal
resisiance is 15 ohms, what is the grealest vollage the instrument
can be used 1o measure? If 1l is necessary to use the instrument for
vollages up lo 10 volts. whal value of series resistance will be
required’
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Solution.—By application of Ohm’s law, the largest possible
voltage that can be measured is given by the products of the
largest current that can be sent through it (0.04 amperes) and
the value of the internal resistance (15 ohms). Thus it may be
written: 0.04 X 15=0.6 volts.

In order to measure larger voltages, however, it is necessary
to insert a resistance in series with the instrument, after which
the voltage to be measured is applied across the combination.

The additional voltage is now dissipated in the series resist-
ance, and only the smaller voltage is applied to the galva-
nometer itself.

Since the same current obviously must flow in both the instru-
ment and the series resistance, write as follows:

Max. volt. drop across galvanometer ~ Galvanometer res.
Max. volt. drop across combination Galvanometer res. +ser. res.

In this equation the only unknown factor is the series resist-
ance, hence by substituting known values, the following is
obtained:

where R, denotes the unknown series resistance. Therefore,
150 =0.6 (154 R,) or R,=235 ohms

which is the value of the series resistance to be inserted in
series with the galvanometer to give full scale deflection at a
potential of 10 volts.
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Alternating Current Series Circuits. (Inductive Reactance.)
—In direct current circuits the current is exactly defined by
the mathematical relations between voltage and resistance,
whereas in the alternating current circuits this exact relation-
ship no longer exists. For example in the case of direct current,
the current through a piece of wire will be the same if the wire
be coiled together or uncoiled. In the case of an alternating
current the current will be less when the wire is in coiled than in
straight form.

This is due to the inductive reactance (X,) of the wire and is
written

X, =2X=XfXL

In which X, is the inductive reactance in ohms, f, the fre-
quency of the alternating current source and L the co-efficient
of self-induction in henrys.

Capacitive Reactance.—If a direct current be connected
across a condenser there will be no current flow, but if the con-
denser be connected across an alternating current source of high
frequency the current will pass through. This is due to the
capacitive reactance (X,) of the condenser and is written

1
T2XxXfXC

in which X is the capacitive reactance in ohms, f, the frequency
of the alternating current source, and C, the capacity of the
circuit in farads.

X.

Resistance and Inductance in Series.—When a circuit in-
stead of containing resistance only or inductance only, contains
both resistance and inductance as in the case of a colil, it is con-
venient to consider it as a resistance (R) connected in series
with a pure inductive reactance (X;). See fig. 10.
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In this case it is necessary not only to know how to calculate
inductive reactance but also how to combine R and X,. (See
impedance triangle fig. 11.)

The combined effect of total amount of resistance and induc-
tive reactance in the circuit is called the impedance (Z). The
mathematical relation between the impedance, the inductive
reactance and the resistance is written

Z2=X+Ror Z=VX2+R*
and since
X, =2XwXfXL
as previously shown, the equation may also be written

Z=v/(2xxXfXL)*+R?

R
E
4
X,
XL E, i
l R

P1G. 10.—Combination of resistance (R) and inductive reactance (XL).
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Example:—A coil connected as shown in fig. 10 contains 5
ohms resistance and 0.04 henry inductance. The voltage and
frequency of the source is 100 and 60 respectively.

Find (a) the impedance of the coil; (b) the current through
the coil; (c) the voltage drop across the inductance; (d) the
voltage drop across the resistance; (e) the power loss; (f) the
power factor.

X, =2X=aXfXL=2%3.14X60x0.04=15 ohms.
(@) Z=+/5"+152=+/250=15.8 ohms
_E_ 100
Z +/5°4152
(¢) Er=IXX.=6.3X15=94.5 volts
(d) Eg=IXR=6.3X5=31.5 volts
() W=I*}XR=6.3X6.3X5=198.45 watts

(b) I =6.3 amperes

(fy Cosb= § = TSSE =0.316 or 329, approximately
u
2
=
< b4
S ¥
N £
%7 S
[a]
z
L
o]

R = RESISTANCE

+1G. 11,—TIllustrates vector relation between the inductive reactance and the resistance. To
obtain the impedance: Resistance R (in ohms) is laid off horizontally; the inductive re-
actance XL(also in ohms) is laid off to form the perpendicular. Measure the hypotenuse
(in the same scale) which gives the impedance of the circuit in ohms. This triangle is
variously referred to as the impedance triangle. vector diagram or impedance calculator.
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Resistance and Capacitance in Series.—If a capacitance be
connected In series with a resistance as shown in fig. iZ the

impedance may be written Z=V R2-i_-Xc2 and since

1
T2X=XfXC

X,
it follows that

—— y [ 1_ — 2
Z—\/Rz+<2><x><f><0)

1

Ep I R Eg R

-4

o |

| |

F16. 12.—~Combination of resistance (R) and capacitive reactance (Xo).

>
|

| E
|
& |
l
I

Example:—An alternating current circuit, connected as
shown in fig. 12 contains 10 ohms resistance in series with a
capacitance of 40 microfarads. The voltage and frequency of
the source is 120 and 60 respectively.

Find (a) the current in the circuit; (b) the voltage drop across
the resistance; (c) the voltage drop across the capacitance;
(d) the power factor; (e) the power loss.

1 1

X°=2WXfXC=2X3.l4X60X6
Z =/102466.3? =67 ohms

.OTO()i =66.3 Oth
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E_120
z=er

(b) Er=IXR=1.8X10=18 volts
() E.=IXX.=18X%66.3=119.3 volts

(d) Cos § =7 =7;=0.149 or 14.9%
€) W=EXIxXCos0=120x1.8%0.149 =32.18 watts

(a) I= =1.8 amperes

Resistance Inductance and Capacitance in Series.—In a
circuit which contains resistance (R) inductance (X.) and
capacitance (X,) the reactance (X) is equal to the arithmetical
difference between the inductive reactance (X.) and the
capacitive reactance (X.) which may be written thus

X=X,-X,
but as previously shown
Z=vVR4+X2=V R+ (X, - X}

1
X,=2X=nXfXLand X .= fo—c

it follows that

. 1 )’
Z= \/R +( XwXfXL T R aXFXC ohms

also the current flowing in this circuit
E

— 7\t
2 7 L—

\/R +(2><"c><f>< 2><1t><f><C>

The equations just derived are of the utmost importance in

all alternating current calculations and are generally referred to
as the Ohm's law for alternating current.

but since

I=
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Alternating Current Parallel Circuits.—In the previous
analysis of direct current parallel circuits, it was found that
across each branch of the parallel circuit the voltage was equal,
and that the current in each branch varied inversely as the
resistance of that branch. The arithmetical sum of the
current in each branch circuit was also equal to the main
current.

When considering a parallel circuit as shown in fig. 13 through
which an alternating current flows, the voltage across each
branch (as in the case of the d.c. circuit) is equal.

Iz E L —1

 _

F1G. 13.—Parallel connection of resistance (R) and inductive reactance ( Xz).

The total current, however, can not be obtained (as in direct
current circuits) by arithmetical addition of the branch circuit
currents, but each branch circuit current must be added
vectorially which can best be shown by the following example:

A parallel connection consists of two branches A and B
See fig. 13. A, has a resistance of 40 ohms and B, has an in-
ductive reactance of 30 ohms. If the impressed voltage is
120, determine: (a) the current through branch A; (b) the
current through branch B; (c) the line ~urrent; (d) the power
factor of the circuit.
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(@) Ir =~1220—0- =3 amperes
120
(b) I=%5= 4 amperes
(c) I=+/3"142=+/25=5 amperes

(d) Cosb 3 =0.6 (or power factor =60 per cent)
5

Resonance.—When in a series circuit the inductive reactance
becomes equal to the capacitive resistance, the circuit is said
to be in resonance. The only opposition to the current flow
then is the ohmic resistance (R).

R

X, 'NOUCTIVE
EACTANCE
AT RESONANCE Xz =X, i &

X —

L AND Z =VR?=R
X,= CAPACITVE
REACTANCE
L

FiG. 14.—Illustrates connection diagram and resonance effect in a series circuit.

Referring to fig. 14 this condition may be written X, =X, but
since X; =2X = XfX L and
1
Xe= o xS XC
it follows that

1
ZXEXXL =g axTxC.
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If it be desired to find the resonant frequency (f) for the
circuit, the equation may be written

1 1
2= T =
/ 47:2LC'f 27V LXC

‘This equation is of importance in all kinds of radio work and is
used exclusively in calculations for wavemeters, filters, circuit
tuning, etc. If C, be expressed in microfarads and L, in
microhenries the equation may be written

159,000

f = — —
4/ C(microfarads) X L (microhenries)

POINT OF
-RESONANCE

CURRENT IN AMPERES
N~

FREQUENCY IN K.C.

FiG. 15.—Illustrating how the current varies for increasing frequency in a resonance circuit..
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Example.—Considering the circuil shown in fig. 16A-1 in which
a resistance of R, ohms is connecled in parallel with an induclive
coil whose resislance is R, ohms and whose reaclance is X, ohins
al the working frequency. If R,=15 ohms, R, =12 ohms and X, =
16 ohms what will be the impedance of the circuil belween A and B?

Solution.—The simplest way to find the impedance is to
determine the total current taken when a particular volt-
age is applied to the ends, the impedance then being given by
dividing the voltage by the current obtained. Since the circuit
is a parallel one, 10 volts will be applied to each branch, and the
voltage vector is thus first drawn as the reference vector, pre-
ferably in the horizontal position as shown by O-E in fig. 16A-2.

E

R, L

—— AWA———

Al R, X, B
) S

I

A-2

F16. 16.—Resistance and inductive reactance in parallel combination.

The current I, in the upper branch of the circuit will be cal-
culated from Ohm's law, being I 1=%=%=0.667 amperes,
and this is exactly in phase with the voltage. The correspond-
ing current vector O-1,, is thus drawn over the top of the volt-
age vector as shown, and its length could conveniently be made
6.67 inches. The lower branch has an impedance of

Zz = ‘\/R22+X22 ='\/122+162 =20 Ohms,
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and the current in it is therefore

I,= E ég =(0.5 amperes

but as this is an mductwe branch the current lags to some ex-
tent behind the voltage.

If ¢. is the angle of lag cos ¢z=£2—=-21—02——0 6 and from a

table of cosines, it is found that ¢. =53° approx. Thus in a vector
diagram of fig. 16A-2 the current vector 0-1,isdrawnat an angle
of 53° to the voltage vector O-E, to the right since the current
lags by this angle. Using the same scale, its length would be
made 5 inches. The total current is then found by completing
the parallelogram and measuring the length of the diagonal
0O-1. This will be found to be approximately 10.5 inches cor-

responding to a current of 1.05 amperes, and then the im-
E 10

pedance of the whole circuit is Z =-—I—=1—05-=9.52 ohms.
The combined current I lags behind the applied voltage by the
angle ¢ which if measured off by a protractor will be found to
be 22.9°.

The circuit values just being arrived at by a combined
measurement and calculation method may of course be cal-
culated directly. If this be done, the procedure will be as
follows:

(1) current through the upper branch, being I, = }—(5) or 0.667
amperes

10 10
(2) current through the lower branch, I,=————
0.5 amperes V12: 4162 20

(3) cos 62=;—(2) = 0.6 and the angle of lag between voltage
and I, is 53° as before.
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(4) Total current I = A/ (I,+ I, X cos53°)2+ (I, Xsin 53)? and
after substituting numerical values
I=/10.667+0.5x0.6)?+(0.5x0.8)
from which I =1.05 amperes approximately.
Angle of lag between voltage and I is similarly found, thus
_ I+ 1, Xcos 53° _0.967 _
cos 0=""""0s =105 =09

and 0=22.9° approximately.

In a similar manner most alternating current problems of
like nature may readily be solved. The important thing to
remember is that currents and potentials must be computed
geometrically and not arithmetically as each value is repre-
sented by a vector of definite size and direction.

Application to an Inter-stage Coupling.—In a low frequency
amplifier where resistance, capacitance or choke capacity coup-
ling is employed between the tubes, it is necessary to guard
against excessive drop of voltage across the coupling condenser
at the lowest frequency and the determination of the fraction of
the total available voltage passed on to the grid of the second
tube is a matter which is easily analyzed by the aid of vectors,
which also give the phase angle of this voltage.

Fig. 17 (a) depicts an ordinary resistance capacity coupling.
Assuming that the alternating component of the voltage de-
veloped across the anode resistance is E volts, this potential
difference is set up between the ends of the coupling circuit CR
as shown. Suppose that the grid leak R has a resistance of 0.5
megohms, and that the capacity of the coupling condenser is
0.01 microfarad. Assuming that 50 cycles per second represent
the lowest frequency to be dealt with, the reactance of the con-

10° 318,000 ohms

. . 1
denser at this frequency is anfc 2750 %0.01

or 0.318 megohms.
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Now since R and C are in series, there is only one current
and so the current vector of fig. 17 (b) is drawn in position
first, this being denoted by O-1 of arbitrary length.

In the circuit diagram the voltage required to drive the cur-
rent through the condenser is denoted by E. and through the
grid leak by E,. What is required to find is the ratio of E, to E.

F16. 17.—Showing interstage coupling and efficiency components with vector diagram.

By Ohm’s law E, = IR volts in phase with I. Its numerical
value cannot be found yet because I is not known, but the
vector 0-E, can be drawn parallel to 0-7 and its length made
proportional to the resistance R. Since R is 0.5 mehogms O-E,
could conveniently be made 5 inches long.

The current taken by the condenser leads the voltage across
it by a quarter of a cycle, and the voltage E . will therefore lag
behind the current by this amount. Hence the vector O-E. is
drawn at right angles to OI in the position shown in fig. 17 (b)
and its length is made proportional to the reactance of the con-
denser to the same scale as O-E,.

Since the condenser reactance at 50 cycles is 0.318 megohm,
0-E ., will have to be 3.18 inches using the same scale as before.
Now the total voltage E, across the coupling circuit must be
equal to the vector sum of E. and E,. If the rectangle



54 Radio Fundamentals & Ohm’s Law

OE. EE, be completed as shown OE will represent the total
available voltage to the same scale.

The length of OF will clearly be
VOE240E 2=+/5+3.18=5.92 inches.

Thus the ratio of E, to E, is % —0.844 50 that 84.49 of

the available signal voltage is passed to the succeeding tube at
50 cycles, which represents quite a high efficiency.

Incidentally the actual value of the voltage E would be
0.592 I'xX10-® volts so that the impedance of the coupling cir-
cuit is 0.592x10-¢ ohms or 0.592 megohms. It can be shown
that the efficiency of the coupling is equal to its power factor.

Example.—In a cerlain two tube receiver the negative grid bias
is oblained by means of insertion of a 600 ohms resistor belween
the high potential and low potential leads. With a tube of 6,500 ohms
a.c. resistance, the grid bias is 7 volt negative. With another tube of
8,000 ohms a.c. resistance it is only 4.5 volt negative. If the H.P.
supply is 120 volts, what is the steady anode current in each case?

Solution.—When filament current is provided by a battery-
it is customary to measure the grid bias voltage from the nega-
tive end of the filament, which is thus assumed to have zero
potential. Fig. 18 shows the essential of the grid biasing arrange-
ment adopted, in which the steady part of the anode cur-
rent, provided by the H.P. battery flows through the biasing
resistance of 600 ohms, while the speech component follows the
low impedance path of the shunting condenser. The filament
end of the resistance F, has evidently a more positive potential
than the grid end G, which is connected directly to the negative
end of the battery. G, is thus biased negatively with regard to
F, and since this last has zero potential, G may be properly
regarded as being so many volts negative with respect to F.
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By Ohm’s law the steady current 7, in amperes, is given by
the quoﬁent —IEQ_ where E is the potential drop or bias voltage
and R the resistance in ohms. In the case of the first tube,
therefore,
= g1~ =0.0117 amperes =11.7 milliamperes
with the second tube
I =g—dg- =0.0075 amperes = 7.5 milliamperes

In neither case has the a.c. anode resistance anything to do
with the problem.

51

[
OUTPUT 1

- L 2MF,
ZERO %-NTIAL/F
POINT o
S = — "
— %soov.
| G i

Fi1G. 18 —Schematic arrangement of components.

Problem.—In order {o measure lhe resistance of a grid leak,
a 200-volt meter of 980 ohms per voll resistance is employed in
conjunction with a dry battery. The direct vollage reading of the
battery is 144 volts, but if the grid leak be included in the circuit,
the reading drops lo 24 volts. What is the vclue of the leak?

Solution.—This is quite a good method of ascertaining the
approximate value of the grid leak or similar large resistance if
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a reliable high resistance voltmeter be available. The meter re-
sistance in ohms per volt is usually quoted by the manufacturer,
but if not, it can readily be calculated by the simple expedient of
measuring the current taken by it in order to produce a given
deflection and applying ohms law.

In this case, since the meter is scaled for 200 volts, its
resistance will be 200 <980 or 196,000 ohms. First let us denote
the unknown value of the grid leak by (R) ohms. Then, when
the voltmeter is connected to a battery through R, the circuit
will appear as shown in fig. 19. Now since the battery resistance

BATTERY

}l{lll’l'lll(l“—

V.M,

SW.
o

F1u. 19.—Circuit arrangement for approximate determination of grid leak values.

may be assumed negligible in comparison with the other re-
sistance in the circuit, we may regard the voltage drop of the
battery when measured directly by the meter as equivalent to
the e.m.f. in the circuit illustrated. The current flowing will
therefore be:
I—-L— L. amperes
~total res. 196,000+ R 2P
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Now it is known that this current flowing through the volt-
meter causes it to register a deflection of 24 volts, which is the
IR drop across its terminals, but this /R drop is also given
by the product of the current flowing and the meter resistance,
so it may be written:

144 _
(196’00()@)196,000_24

Solving this equation for R, we may write
24(196,0004 R) = 144 % 196,000
from which follows that
24 R =120% 196,000 or
R =980,000 ohms

Example.— Assuming that the galvanometer on page 40 s {o be
used as an ammeler reading currents up lo 2 amperes, how should
it be connected?

Solution.—Without any changes the instrument is a direct
reading milli-ammeter with full scale reading when 40 milli-
amperes passes through it. To measure higher currents, this
extra current is simply passed through a resistance inserted in
paralle]l with the meter. This resistance must be of such value
that when 2 amperes flows in the main circuit, only 0.04 amperes
flows through the galvanometer. If R,, I,, R., I, represent the
resistance and current in the galvanometer and parallel resist-
ance respectively, then, since the potential drop across both the
galvanometer and the parallel resistance are the same, it is
obtained as follows:

R,xI,=R,x1I, and since R, is the only unknown, by sub-

stitution
R,x1, 15x0.04

1B I. ~2-0.04

or 0.306 ohms,
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which is the value of the resistance {0 be shunted across the
instrument to enable measurements of currents up to 2 amperes.

Example.—What is the maximum direct current that may be
sent through a 50,000 ohms resisiance rated at 20 walls, without
over-heating?

Solution.—The power loss in watts when a direct current of
amperes passes through a resistance of R, ohms is given by the
formula 2R, with regard to the above example in which R is
50,000 ohms and the power loss is 20 watts, it follows that

1
20 = I?x 50,000 or Iz=2’w

hence

I =§1(7 ampere or 20 milli-amperes.

Example.—If in an allernating current circuil the following
readings are obtained, waitls 10, current 125 M A, and voltage 100,
what is the power faclor and the angle belween the current and
vollage?

Solution.—In an alternating current of pure sine wave form
the power in watts will be equal to voltage times current times
cos 0 or in equation form W =E X I Xcos 0 in which

W is the power in watts, E the pressure in volts.

I the current in amperes and 0 the angle of lag or lead be-
tween the current and voltage, or in the above example
10 =1000.125Xcos 0

10
from which cos 0=-1ﬁ=0.8 from this it follows that the

angle between the current and the voltage is 60°.
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CHAPTER 4

Magnetism and Motors

Early experimenters dating back to the “dawn of history’’
applied the word “magnet” to certain hard black stones which
possess the property of attracting small pieces of iron, and as dis-
covered later, to have still the more remarkable property of
pointing ‘“North” and “South” when freely suspended on a
piece of string. At this time the magnet received the name of
lodestone or ‘‘leading stone.”

NORTH - SEEKING
END OF \NEEDLE

0

\\ X
.\‘ \\\\\\\\\\

SCALE 2
Mg 3
7 ’////l/mqnu]uupm\“\\\ \

180°

\

FIG. 1—Illustrating typical compass card. A compass consists essentially
of a magnetic needle resting on a steel pivot, and protected by a brass case
covered with glass and a graduated circle marked with the letters N,E,S
and W, to indicate the cardinal points.
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Kinds of Magnetism.—Magnets have two opposite kinds of
magnetism or magnetic poles, which attract or repel each other
in much the same way as the electrons generated by the rubbing
of a stick of sealing wax with a piece of flannel, as described in
an earlier chapter.

NORTH
GEOGRAPHIC
POLE

SOUTH
GEOGRAPHIC
POLE

FIG. 2—Illustrating the magnetic properties of the earth. To comprehend
the magnetic properties of the earth, the earth may be visualized as a
gigantic sphere with its magnetic north and south poles being located several
hundred miles distant from its geographic poles.

In our early school days, we learned that the earth is a huge,
permanent magnet with its Nortkh magnetic pole somewhere in
the Hudson Bay region and that the compass needle points
toward the magnetic pole; that is, the point of the compass
needle is a South Pole, magnetically speaking. The compass is
thus an indication of magnetism.
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One of the two spots on the magnet points North and the
other South; they are called poles, one is called the North-seeking
pole (N) and the other the South-seeking pole (S).

Experiments with Magnets.—If we bring the South-seeking
or S-pole of a magnet near the S-pole of a suspended magnet, as
in fig. 3, we find that the poles repel each other. If we bring

g,//, V720 ;

FIG. 3—Showing repulsion between like magnetic poles.

two N-poles together, they also repel each other, but if we bring
an N-pole towards the S-pole of the moving magnet, or an S-pole
toward the N-pole, they attract each other; that is, like poles
repel each other and unlike poles atiract each other.

It can also be shown by further experiments, that these at-
tractive or repulsive forces between magnetic poles vary in-
versely as the square of the distance between the poles.
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Tt will also be found that if a magnetic substance like iron
filings be placed in a test tube and the latter stroked from end
to end with a permanent magnet, that the filings themselves
become a magnet. The acquired magnetism of the filings, how-
ever, will disappear as soon as the filings are shaken up.

FIG. 4—Showing the effects of a magnet on iron filings. If a bar magnet be
plunged into iron filings, and then lifted a mass of iron filings will adhere
themselves to the ends of the magnet poles.

FIG. 5—Illustrating behavior of iron filings in a glass tube when tube be
stroked with a permanent magnet. In this experiment it will be found that
the iron filings which at first had no definite arrangement, will rearrange
themselves under the influence of magnetic force, and assume symmetrical
positions, each one lying in line with or parallel to its neighbor as shown in
the lower figure.

For example, if a magnetized knitting needle is heated suffi-
.ciently it will be found to have lost its magnetism completely.
Again, if such a needle be jarred, hammered or twisted, the
strength of its poles as measured by their ability to pick up
tacks or iron filings will be found to be greatly diminished.
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Again, if a magnetized needle be broken, each part will be
found to be a complete magnet, that is, two new poles will
appear at the breakage point, a new N-pole on the part which -
has the original S-pole, and a new S-pole on the part which has
the original N-pole. This subdivision of the needle may be
continued indefinitely, but always with the same result as indi-

_cated in fig. 6. Thus it will be noted that no single magnetic
pole can exist by itself, but will always appear as a North and a
‘South pole, irrespective of the size involved.
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¢IG. 6—Showing the effects of breaking a magnet into several parts. If a

7 magnetized needle be broken, each part will be found to be a new magnet
having an N and S pole. The sub-division may be continued indefinitely
but always with the same result as indicated in the figure.

The foregoing facts also point to the conclusion that in any
unmagnetized piece of iron, the atoms in it are not lined up in
any particular order, that is, the electrons circling the nuclei of
the iron atoms produce magnetic effects, but these effects cancel
out each other.

On the other hand, when the iron is magnetized and becomes.
a magnet, the iron atoms are forced into a more definite align- |
ment. Also the more strongly a piece of iron is magnetized, the
more atoms are brought into alignment.

The fact that a piece of iron cannot be magnetized beyond a
certain limit irrespective of the magnetizing force, is because:
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there is a definite limit to the number of atoms that can be made
to stay in alignment, and when this limit is approached, the iron
is said to be fully magnetized or saturated.

FIGS. 7 and 8—Showing a horseshoe magnet and bar magnet respectively.

Magnetic Materials.—Iron and steel are the only substances
which exhibit magnetic properties to any marked degree.
Nickel and cobalt are also attracted appreciably by strong
magnets. Bismuth, antimony, and a number of other sub-
stances are actually repelled instead of attracted, but the effect
is very small. For practical purposes i7on and stee/ may be con-
sidered as the only magnetic materials.

The Magnetic Field.—It can easily be shown that when a
straight bar magnet is held under a piece of cardboard upon
which iron filings are sprinkled, the filings will arrange them-
selves in curved lines radiating from the poles.

If a horse shoe magnet be held at right angles to the plane of
the cardboard the filings will arrange ihemselves in curved lines
as shown in fig. 9. These lines are called magnetic lines of force
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or simple lines of force; they show that the medium surrounding
amagnet is in a state of stress, the space so affected is called the
rmagnetic field, and the lines of force are collectively referred to as
magnetic flux.

TAP CARDBOARD
GENTLY WiITH
FINGER

IRON FILINGS

HORIZONTAL
CARDBOARD

€—— MAGNET

FIG. 9—Showing magnetic effect of a horseshoe magnet. The region about
a magnet in which its magnetic forces can be detected is called the magnetic
field. This can readily be presented graphically by placing a piece of card-
board over the magnet, sprinkling iron filings on the paper, gently tapping
it at the same time. Each filing then becomes a temporary magnet by in-
duction, and sets itself, like the compass needle, in the direction of the
lines of force of the magnetic field.

Characteristics of the Magnetic Field.—The foregoing dis-
cussion of magnets and iron filings indicates certain character-
istics common to all magnets, in that they produce lines of force
and that these lines arrange themselves in certain geometrical
patterns stretching from one pole to the other of the magnet.
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! FIG. 10—Photographic illustration showing the magnetic lines of force ag
exerted by a bar magnet on iron filings.

FIG. 11—Showing theoretical concepts of lines of force surrounding the poles
of a bar magnet.
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It would be incorrect, however, to think of these as actual
lines extending through the space surrounding the magnet.
.The lines are only imaginary, and the idea of referring to-
magnetism in terms of lines of force has been adopted merely as
a convenient means of expression when experimenting with
magnets.

A better way of expressing this behavior would be perhaps to
think of the lines of force as lines of stress, and that the magnet
is in some way able to produce a strain in the medium about it,

‘that this strain has a definite direction at every point, and con-
sists of a tension in the direction of the lines of stress, and a
repulsion at right angles to that direction.

Permanent and Temporary Magnets.—Certain substances
like steel retain their magnetism after the magnetic field used to
‘magnetize them has been removed, and are, therefore, called
permanent magnels.

Other substanses, like soft iron, remain magnets only when
they are in the field of another permanent magnet and become
demagnetized after removal. Such magnets are called fempo-
Tary magnets.

Analogy between Electric and Magnetic Circuits.—The total

number of magnetic lines of force, or magnetic flux, produced in

: any magnetic circuit will depend upon the magnetomotive force

(m.m.f.) acting on the circuit, just as the current in the elec-

.trical circuit depends upon the electromotive force and the
resistance of the circuit.

, The similarity between the electric and the magnetic circuit
,will readily be noted if Ohm’s Law be applied to both. Thus,
according to Ohm’s Law:
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electromotive force
resistance

electric current =

volts
ohms

expressed in units, amperes =

The resistance, as already explained, depends upon the mate-
rials of which the circuit is composed, and their geometrical
shape and size.

Similarly, in the magnetic circuit, the total number of mag-
netic lines produced by a given magnetizing solenocid depends
upon the magnetomotive force, the material composing the
circuit, and its shape and size. That is,

magnetomotive force
reluctance

- magnetic flux =

gilberts

expressed in units, maxwells = ~———
oersteds

It should be noted that in the electric circuit, resistance causes
heat to be generated, resulting in waste of energy; but in the
magnetic circuit, reluctance does not involve any similar waste
of energy.

Electromagnetism.—Back in the early part of the eighteenth
century, a Danish physicist, Hans Christian Oersted discovered
the effects of an electric current upon the magnetic needle.
Oersted found while experimenting with the voltaic battery
that when jeining the wires from a battery above a suspended
magnetic needle, that the compass needle instantly turned on
its axis, and set itself at right angles to the wire. When the
current was reversed the compass needle turned in the opposite
direction.
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FIGS. 12 to 14—Showing deflection of a compass needle held near a con-
ductor through which an electric current flows.
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FIG. 15—Experiment showing direction of lines of force in the magnetic field
surrounding a conductor carrying an electric current. A piece of copper
wire is pierced through the center of a sheet of cardboard and carried ver-
tically for two or three feet and then bent around to the terminals of a
battery or other source of current. If iron filings be sprinkled over the
card while the current is flowing, they will arrange themselves in circles
around the wire, thus indicating the form of the magnetic field surrounding
the conductor.
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The magnetic effect of an electric current was further demon-
strated by sending an electric current through a vertical wire
which passes through a horizontal piece of cardboard filled with
iron filings as shown in fig. 15.

By gently tapping the cardboard it will be found that the iron
filings arrange themselves in concentric rings about the wire.
An examination of the filings will show that each magnetic line
forms a complete circle by itself. By placing small compasses
at various positions on the cardboard it will be observed that the

LINE OF FORCE

e T T T T 7| MAGNETIC
) NEEDLE

FIG. 16—Showing how lines of force may be traced by a magnetic needle.
If a small magnetic needle be suspended by a thread and held near the
magnet it will point in some fixed direction, depending on the proximity of
the poles of the magnet. The direction taken by the magnet is called the
direction of force at that point, and if the suspended needle be moved
forward in the direction of the pole, it will trace a curved line which will
start at one pole and end at the other. Any number of such lines can be
traced. The space filled by these lines are called the magnetic field.

needles always point in a direction parallel to the circular
magnetic lines. When the current flows through the wire as
indicated, the needles will point in a counter-clockwise direction
and if the current be reversed the needles will also reverse them-
selves, that is, they will point in a clockwise direction.
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With these great discoveries it was conclusively shown that
an electric current possesses magnetic properties, in that it can
move a magnet and that a relationship exists between elec-
tricity and magnetism. It is perhaps true to say that these
observations more than any other started a chain of events that
has helped to shape our industrial civilization.

From the foregoing it is also clearly evident that a wire carry-
ing an electric current acts like a temporary magnet and that
magnetic lines of force in the form of concentric circles surround
the wire and lie in planes perpendicular to the wire.

It was soon discovered that when several turns of wire were
formed into a coil and current passed through it, that each turn
added its magnetic field to the others, resulting in added mag-
netic strength. Such a magnet is called an electromagnelt,
Electromagnets are essential parts of electrical machinery,
meters and instruments.

Ampere Turns.—In the construction of electromagnets, it is
customary to wind the coil upon a soft iron core. When the
coil is wound around the core several times, its magnetizing
power is proportional both to the strength of the current and the
number of turns in the coil. The product of the current bpassing
through the coil multiplied by the number of turns composing the
cotl is called the ampere turns.

By experiments it has been established that the magneto-
motive force in such a coil is

mmf.= 0.4 # IN = 1.257 IN, gilberts

where [ is the current in amperes and N the number of turns in
the coil.
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From the foregoing expression it follows that the strength of
an electromagnet depends upon the product (/N) or ampere
turns. Thus, for example, an electromagnet of 50 turns with
one ampere flowing through it, has the same strength as an
electromagnet of only 10 turns with 5 amperes flowing through
1t.

—~—

5 AMPERES x 10 TURNS =
50 AMPERE-TURNS

5 AMPERES
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FIG. 17—Showing method of determining ampere-turns in a coil or electro-
magnet. Thus by measuring the current flow in amperes and multiplying
with the number of turns in the coil, the product so obtained is called the
ampere-turns of that coil.

Determination of Polarity.—There are several methods used
to determine polarity of electromagnets. The simplest possible
method is of course the employment of a permanent magnet
such as a compass needle or any other magnet of known polarity.
Thus if the North pole of a compass needle, for example, be
brought into close proximity to one of the poles of an electro-
magnet of unknown polarity the action of the compass needle
will immediately classify the pole as North or South depending
upon whether the needle be repelled or attracted.
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The Left-Hand Rule.—Another method for determining the
polarity of an electromagnet is by means of the so-called
left-hand rule. This simple rule consists in grasping the coil in
the left hand with the fingers pointing in the direction of the
current flow (assuming the current flowing from negative to
positive) then the thumb points toward the North pole of the
coil.

+ =

ELECTROMAGNET

FIG. 18—Showing method of finding the polarity of a coil by means of the
left-hand rule.

Relationship between Current Flow and Magnetic Lines of
Force.—The direction of current flow versus the direction of
lines of force may be found by encircling the conductor with
the left hand, and with the thumb in direction of the current
(assuming the direction of current from negative to positive),
then the curled-up fingers will point in the direction that the
lines of force are assumed to be taking in circling the conductor.

Horseshoe Magnets.—To facilitate the employment of mag-
nets in practical devices such as in instruments, meters and the
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like, it is customary to bend the magnet in the form of a horse-
shoe. In this manner the North and South poles will be
brought adjacent to one another, thus projecting the magnetic
lines of force in a direction perpendicular to the surface of the
magnet as illustrated in fig. 7.

DIRECTION OF
LINES OF FORCE

DIRECTION
OF CURRENT

FIG. 19—Illustrating how the left hand rule may be used to determine direc-
tien in which lines of force encircle a current-carrying conductor.

Electromagnetic induction

Early experimenters with electricity noted that if a closed
circuit conductor such as a coil was moved in the vicinity of a
magnet a current would flow in the circuit.

It was also found that a varying current in one conductor
would cause a current to flow in a second conductor, provided
the second conductor was brought close enough to the first one
and a continuous path provided for the current flow. Such
currents are said to be generated by induction and are termed
induced currents. The combined action of induction and cur-
rent flow is called electromagnetic induction.

It is the ability of an electromagnet to produce a current in a
conductor which is responsible for the operation of motors and |
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generators. Electromagnetic induction is also employed in the
transfer of electric energy from one circuit to another such as in
transformers, used in the supply of power and light for homes
and industry.
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FIG. 20—Circult showing how the effect of mutual induction may be meas-
ured by a galvanometer. If two coils C and C), be placed in axial relation-
ship to one another as illustrated, and the current through coil C be varied
by means of switch S, the induced current through coil C; will also be
varied as indicated by the deflection of the galvanometer.

Direction of an Induced Current.—Various experiments have
been made resulting in several rules or laws for determination of
the direction of an induced current flow.

Laws of Induction.—These simple rules state (1) that when an
e.m.f. is induced in a closed circuit by a conduclor culting a field,
or vice versa, the amount of current flow is proportional o the rate
of culling and the number of linkages.

2. The induced e.m.f. sels up a current the direction of which
lends to prevent a change in the number of linkages.
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The foregoing statements have been combined and summar-
ized into a law which may be stated as follows:

3. An induced current has such a direction that its magnetic
action lends lo resist the molion by which it is produced.
This is known as Lenz’s Law.

Measurement of Magnetism.—As previously noted, the
magnetic lines of force are characterized by a closed loop, in
which the path of the lines runs from the North to the South
poles of the magnet and complete their circuit in the magnet
itself. The space through which the lines of force act is called
the magnetic field.

In connection with a study of magnetizm there are several
units which are related to one another and which must be clearly
understood. They are:

1. The magnetic flux (¢) is equal to total number of lines of
force in a magnetic circuit and corresponds to the current
in the electric circuit. The unit of flux is one line of force
and is called the maxwell.

9. The magnetomotive force (m.m.f.) tends to drive the flux
through the magnetic circuit and is similar to the electro-
motive force (e.m.f.) in the electric circuit. The unit of
magnetomotive force is the gilbert.

3. Reluctance (R) is the resistance offered by a substance to
the passage of magnetic flux and corresponds to resistance
in an electric circuit. The unit of reluctance is the oersted.

4. Permanence (P) is the opposite of reluctance, and may be
defined as the property of a substance which permits the
passage of magnetic flux. It is the reciprocal of reluctance
and corresponds to conductance of the electric circuit.
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5. Permeability (1) may be defined as the ratio of the flux
existing in a certain substance to the flux which would
exist if that material were replaced by air; the magneto-
motive force acting upon this portion of the magnetic
circuit remaining unchanged.

The permeability of air is therefore taken as unity or 1 (one).
The permeability of certain types of iron is often more than
5,000 times that of air, varying with quality of the iron. It
should also be noted that the permeability of any substance in-
creases with the increase of ils cross-seclion and decreases with
is length.

Magnetization Curves.—These are frequently used to deter-
mine the number of ampere-turns required in an electromagnetic
circuit when the magnetic material composing the circuit and
other factors are known.

Thus to determine the ampere-turns required per inch of a
magnetic circuit it is only necessary to know the flux density
and permeability. If a curve, or curves be plotted, giving the
direct relation between flux density B and ampere-turns re-
quired per inch H, of various magnetic materials, they will have
the shape as noted in fig. 21.

Hysterisis.—The term hysterisis has been given to the action
of lag of magnetic effect behind their source. Hysterisis thus
means to ‘“lag behind”, hence its application to denote the
lagging of magnetism in a magnetic material, behind the
magnetic flux which produces it.

Hysterisis is caused by the friction between the molecules in
a magnetic material which require an expenditure of energy to
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-~

align their position. This change of position or alignment takes
place both in the magnetization and demagnetization process.

The amount of energy expended in the magnetization process
and manifest by heat may be found by the use of a mathematical
formula and is called the hysterisis loss.
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FIG. 21—Typical magnetization curves for cast iron, cast steel and annealed
sheet steel.

This may best be understood by referring to the hysteresis
loop or magnetic cycle shown in fig. 22, which shows how B
changes when H is periodically varied. In the figure H, equals
the number of lines of force per sq. cm. and B, equals number of
lines of induction per sq. cm.

If now H be gradually diminished to zero it is found that the
value of B, for any given value of H, is considerably greater
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when that value of H, was reached by decreasing H from a higher
value, than when the same value was reached by increasing H,
from a lower value; that is to say, the curve AC when H is
decreased, is very different from the curve 0A, when it is
increased.

Take for instance, the value of H = 20. When this is
reached by increasing H from 0 to 20, the corresponding value
of B is 5,100 but when it is reached by decreasing H from 94
to 20, the value of B is 12,200.
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FIG. 22—A typical hysteresis loop.

It may be noted aiso that when H is reduced to zero, B, still
has a value OC of 10,300 which is nearly three quarters the
value it had when H, was 94. This induction is known as re-
sidual magnetism.
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In soft iron it will nearly all disappear on tapping, but without
this it can also be removed by reversing the current in the
magnetization coil, so as to demagnetize the iron. The curve
fig. 22 shows that a demagnetizing force of H = 23, is required
to make B zero at point D. This force is called coercive force
of the iron, and is a measurement of the tenacity with which
it holds the residual magnetism.

As the magnetizing force is still further increased in the
reverse direction, the curve passes from D to E, where the iron
becomes saturated negatively. On gradually returning H to
zero, the curve passes from E to F, along a similar but opposite
path to AC, OF, because of the residual magnetism. The
magnetizing force has now completed the cycle from O to a
positive value, back to 0, to a negative value and again back
to 0, and if this cycle be repeated several times, the B-H curve
becomes a loop FGACDE, which loop is symmetrical about
the center O.

The Electric Motor

Although electromagnets have found employment in a great
variety of electrical devices, one of its most important uses is
in the electric motor.

The electric motor principles can best be demonstrated by
means of (1) a source of current such as a battery; (2) a horse-
shoe magnet and (3) a suspended coil of light copper wire
arranged as shown in fig. 23.

If a current be sent through the coil it will commence to
rotate through a right angle, and sets its faces opposite the
poles of the magnet, but it will be found that it does not stop
at the instant it reaches that position, but is carried beyond it.
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The magnetic force and the torsional elasticity of the suspended
cord, however, stops it and brings it back. After a few oscilla-
tions it settles into the position just mentioned, in which its
line of force coincides with those of the magnet.
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FIG. 23—Experimental circuit arrangement showing motor action of a sus-
pended coil.

If we could manage to reverse the current just as it passes
this position and if we also could free the coil from the torsion
of the suspended cord, then instead of oscillating and settling
in the position mentioned, it would go through half a revolution
more. On account of its inertia, however, it cannot stop itself:
and if we again reverse the current at the right instant, it will
continue to rotate another half turn. From the foregoing it
becomes evident that if the current be reversed exactly at the
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end of each half turn, and the twisting force of suspension be
eliminated a continuous rotation would be obtained.

To obtain continuous rotation therefore some means must be
found to mechanically reverse the direction of the current at
exactly the correct time, and also to free the coil so that it may
rotate continuously without the hindrance of the suspension

cord.
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FIG. 24—Showing greatly simplified circuit arrangement where a coil may
be made to rotate in a magnetic field.

This may easily be accomplished by mounting our copper
wire coil, which may be called the armature on a horizontal
steel axis or shaft whose ends are allowed to turn freely in
suitable bearings. On this shaft and insulated from it, is
mounted a metal ring that has been split and slightly sepa-
rated in the middle as illustrated in fig. 24.
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It will be noted that in order to complete our circuit it will be
necessary to attach the two ends of the coil, one to each ring
segment, and also to provide a connection to the current source.
The latter will be accomplished by providing a couple of light
metal springs each of which will be allowed to ride freely on
diametrically opposite points of the split ring. The ends of the
metal springs are finally attached to the current source.

Our apparatus is now completed and the coil rotates with its
ring segments, and if the current be of sufficient strength the
rotation will continue indefinitely. The early experimenters
with electricity discovered the principle of the direct curreni
molor in the foregoing manner.

In practical machines, the rotating coil is called armature,
the ring segments commutator, the metal springs brushes and the
permanent magnet is substituted for two or more field coils.

In summing up it will be noted that as the commutator
rotates with the armature and when the armature is in one:
position, the electrons (or current) flows in through the negative
brush to one half of the commutator, thence through the,
armature coil to the other half of the commutator and then out
by means of the positive brush. However, as the armature
makes another half turn, or revolution, so does each half of the
commutator, which thereupon comes in contact with the op-
posite brush. The electrons now flow into the opposite half of
the commutator and thus through the coil in the opposite
direction. This reverses the poles of the armature and it con-
tinues its rotation. ’

Practical Direct Current Motors.—Although in the foregoing
experiment the principles of the motor have been found, our
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miniature motor is very weak and inefficient being barely able
to run itself to say nothing of driving machinery.

In construction of a practical motor therefore, we may
improve upon construction principles involved in the following
manner:

1.

Since the turning force acting upon our coil depends upon
the two magnets, we may increase this force by making
these magnets stronger.

. Our knowledge of the permeability of soft iron suggests

the application of a soft iron core upon which to wind or
form our rotating coil.

We know that an electromagnet will provide a stronger
magnetic field; so we can further increase the strength of
the field by substituting electromagnets for thesteel magnet.

. The strength and efficiency of our magnet may be further

improved if they be made shorter and thicker, with large
pole pieces, shaped so as to embrace the coil as closely as
possible without interfering with its rotation. This fills
the air-gaps as nearly as possible with soft iron, and
gathers in the lines of force, so that more of them pass
through the armature.

The effectiveness of the armature may be greatly increased
by winding on the iron core another coil at right angles to
the first, so that when one coil is turning into the least
effective position, the other is turning into the most ef-
fective position. The number of coils may be increased to
four, six, eight and so on as illustrated in fig. 25, until all
the available space on the core is filled. The commutator
must also be constructed in such a way that each coil is
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connected to its own segment. Increasing the number of
coils not only increases the magnitude of the magnetic
force, but also makes it approximately uniform in intensity.

This then, constitutes a direct current motor in modern form,
and although improvements in materials, designs and efficiency
are constantly sought, the motor in its present form leaves little
to be desired in the matter of service in the multitude of tasks

‘assigned to it.

FIG. 25—Elementary four coil drum winding, showing the connections with
the commutator segments and direction of currents in the several coils.

Direct Current Motor Connections.—Depending upon the
connections between the field coils and armature, direct current
motors are divided into three groups, and are classified as
series, shunt and compound wound.

Thus, the series motor has derived its name from the fact
that its field and armature are connected in series with one an-
other. In a shunt motor, on the other hand, the field coils are
connected in shun! or across the armature.
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The compound motor, as the name implies, is actually con-
nected as a combination of the series and shunt wound type and
has two windings on its field poles, one having a relatively small
cross-sectional area, connected across the armature in the
manner of a shunt motor and the other winding connected in
series with the armature.
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FIGS. 26 to 28—Typical wiring diagrams showing internal connaections of
series, shunt and compound wound motors respectively.

Commutating Poles.—As an aid to commutation, and to
prevent excessive sparking at the brushes, it is customary to
provide larger motors with commutating or interpoles. These
are located between the main field poles, the commutating field
winding being connected in series with the armature. The
m.m.f. of the commutating pole flux is opposite that of armature
reaction. Thus the commutating pole flux induces a voltage



Magnetism and Motors 87

in the armature coils undergoing commutation in such a direc-
tion as to aid in reversing the current in those coils. Without
this effect it would be difficult to obtain good commutation
particularly in the larger machines.

Application of Direct Current Motors.—Since direct current is
not usually available in most localities, d.c. motors are most com-
monly used in special applications, such as in certain types of
hoisting machinery, on electrically or Diesel operated railroads,
on electric motor drives requiring very close speed control, etc.

The trend towards the universal use of alternating current
machinery is mainly one of economy since the cost of direct
current motors is presently 150 to 300 per cent higher than
those of squirrel cage induction motors of the same horsepower
ratings. To this must also be added the cost of conversion
from one type of current to another, which is usually accom-
plished by rectification of a.c. current, by synchronous convert-
ers or by motor generator sets.

Alternating Current

In our previous discussion of the direct current motor it was
noted that the proper functioning of the motor was obtained
chiefly because of the construction of the commutator, that is,
the commutator ring had to be split into two equal segments in
order to establish a reversal of the current.

If, however, a device be designed in the manner illustrated in
fig. 29, with two metal rings, and with each end of the coil
terminated as shown, we will note that if the terminal be con-
nected to a direct current source, nc motion of our armature
will take place. Connecting the device to an alternating cur-
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rent, on the other hand, will result in rotation of the armature
coil. Our device may therefore be called an allernating current
molor.

TO A.C.
SOURCE
Q O

BRUSHES
INSULATED
SHAFT

COLLECTOR ROTATING
RINGS ColL

FIG. 29—Simplified circuit showing basic principles of an alternating current
motor.

Motors and Generators.—Motors are classified as direct or
alternating current machines, and as series, shunt or compound.
A direct current motor and a direct current generator are inter-
changeable and an alternating current motor and an alternating
current generator are also inter-changeable.

When a machine is operated by mechanical power and the
rotor is revolved it will deliver power in the form of electric
current. Such a machine is termed a generator. When, on the
other hand, the machine is driven by electromagnetic force
supplied by electric current, it will deliver energy in the form
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of mechanical power, which can be utilized to turn a shaft, drive
machinery by means of a belt or do other useful mechanical
work. A machine of this type is termed a motor.

In practice, however, certain minor changes are necessary in
order to reverse the machines. Thus, for example, if a self-
excited shunt wound direct current generator be connected at
the brushes to a source of electric power, this current will pass
through both the field winding and the armature. The direc-
tion of current through the external circuit will now be opposite
to that when the machine was used as a generator; in other
words, that which formerly was the positive output brush is
now the positive input brush.

It should also be noted that generators of electric power are
commonly manufactured in large sizes for reason of economy,
whereas motors are tailored to suit individual load require-
ments which may vary from a fraction of horsepower up to
several thousand.

The A.C. Generator.—An alternating current may be defined
as a current whick continually changes in magnitude and periodi-
cally reverses in direction. Generators of alternating current are
usually known as alternators and are theoretically the simplest
types of electrical machines. Basically an alternator consists
of an electromagnet and a moving conductor, an electro-
magnetic force being induced in the conductor by its move-
ments through the magnetic field.

A simple illustration of the alternating current principle is
shown in fig. 30, in which a conducting coil ABCD is arranged
in a position so that it can be rotated on its horizontal axis in
the space between the two poles of a permanent magnet N and
S. The coil terminals are joined to two slip rings and brushes
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FIG. 30—Simple illustration showing generation of a sine curve during an alternating current cycle. Here
the progressive generation of the sine curve is shown with a view of the armature for each 90° of a com-
plete revolution. To facilitate sine curve construction, it is often convenient to sub-divide the circle
periphery in eight or more equal parts.

06

SIOJOJA] pu® WSIJBUFeA




Magnetism and Motors 91

which are insulated from each other and from the shaft on which
they are fastened. The wires leading from the brushes are

* used as a means of conducting the generated current to a load
or measuring instruments.

In following the action of our conducting coil, it will be noted
that the current delivered to the load or external circuit for !
‘one-quarter revolution of the coil will rise to maximum ampli-
tude and then falls to zero as the coil reaches the different angles
of the circle which place it in a corresponding relation to the
magnetic field.

When the coil continues the other half of the revolution, the
process is repeated, only this time on account of each side of the
loop cutting the magnetic field in a direction opposite to the
way it cut them during the first half, the current flows in the
reverse direction.

Thus with one complete revolution of our loop an alternating
current has been generated. The geometrical figure represented
by plotting the current generated by the coil during one com-
plete revolution is known as a sine curve.

$ Cycle and Frequency.—From the foregoing observation of
'ithe current it is evident that during the complete revolution of
,the loop two alternations of current have taken place. These
two alternations of current constitute one cycle of alternating
‘current, and the number of cycles per second is termed the
Jrequency of the current. In practical machines the number of
cycles per second is usually 60. The number of poles may:
vary and depends upon the speed in revolutions per minute of
the machine in question.
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v

The rule for the frequency or the number of cycles per second
generated by a machine is:

Number of field poles X revolutions per second
2

{ Frequency

P XN

orf = 5 60

Where f = frequency in cycles per second.
P
N =

number of poles in the machine.
revolutions per minute of the machine.

INDUCED emt

ZERO VOLTAGE
,/ 360°

3
3 sec.

FIG. 31—Curve showing relationship between time and induced voltage in
an alternating current circuit. It will be noted that during a complete
revolution of the conductor there will be two positions at which there is no
induced voltage and hence no current in the external circuit, and also two
positions where the induced voltage has a maximum value. If the con-
ductor were rotated 60 times per second, the induced electromotive force
would go through one cycle in 1/60 second. The frequency would then
be 60 cycles per second, which is the commercial frequency of the alter-
nating current.
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Example.— A certain alternating current generator equipped
with eight field poles is required to furnish a 60 cycle current. At
what speed should the generator be run?

Solution.—The speed or 7.p.m. of our generator may con-
veniently be found by solving our previously derived equation
with respect to N and substitution of values. We have,

%
N=J’X‘PIZO or N=W=9007.p.m.

Average Values of Voltage and Currents.—In our construc-
tion of the sine curve, or sine wave, it will be noted that the.
true average voltage and current in an alternating current
circuit is always changing during a complete cycle from a
positive peak or maximum value to a negative peak of the
exact opposite value. Therefore, when considering a complete
cycle the true average value is zero.

When we consider the average values of current and voltages
in @.c. circuits, we do not refer to the averages of the full cycle,
but to the average of each half cycle only.

To obtain the average value of each half cycle, therefore, it is
merely necessary to add the instantaneous values of one half
cycle as plotted on a curve and divided by the number of such
values used.

If this be done, the results will show that the average value
of voltage or currents is 0.636 times the maximum or peak
value. This is usually written:

Average voltage = 0.636 X maximum voltage
and Average current = 0.636 X maximum current
or E,, = 0636 E_,,
and I, = 0.636 1,
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Effective Values of Voltage and Currents.—In practical cal-
culations, however, the instantaneous or average values of
voltage and currents are seldom used but the effective values are.

Because of the fact that voltage and current in an a.c. current
system is actually of different instantaneous values throughout

//_\\
ol

FIG. 32—Graphic representation of relations between average, effective
(r.m.s.) and maximum currents and voltage during a half cycle.

the time periods of an alternating cycle, and since the cycles
follow one another in rapid sequence per second of time, the
actual effective voltage or current can only be determined by
comparing the alternating current heating effect with that of
a direct current.

This is known as the effective or root-mean-square (abbreviated
r.m.s.) value of an alternating current or voltage because, if the
instantaneous values of this current during a cycle be taken,
the results squared and an average value obtained, and the
square root of this value derived, the heating effect will be the

_same as in a direct current circuit, namely proportional to the
square of the current.
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From the foregoing it follows that the amplitude or peak
factor of an alternating voltage or current must be the ratio of
its maximum value to its effective or r.m.s. value, or /2, but
since this value is approximately 1.414 and its reciprocal value
0.707, we may write:

Emlx

Een = Erma = Emax X 0.707 = 14—14
Similarly E e = Ex X 1.414 = Eor
Iy max eff O - 0707

When an alternating current be considered, we may similarly

write: .

Imax
Lt = Ty = L X 0707 = £2%

Ieﬂ
0.707

It should be noted that whenever an alternating current or
electromotive force is mentioned without specific reference as to
instantaneous, maximum or average values, the effective value is
always assumed, because it is this current or voltage which are
measured by their respective instruments.

orl,. =TI, X 1414 =

If a maximum or peak value of the current or voltage be de-
sired, it may readily be obtained by multiplying the instrument
or meter reading by 1.414.

The Sine Curve.—Since the generation of an alternating
current or potential is always represented by means of a sine
curve, certain factors concerning its construction will be con-
sidered; and although the sine of an angle is a trigonometric
figure, it may be represented by the aid of one or more right
.angle triangles as shown in fig. 33.
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By definition a sine of an angle (A) such as is shown in fig.
33 is equal to the opposite side of the triangle divided by the
Qppositeﬁsicilge

hypotenuse. This may be written sine A = ——
hypotenuse

OPPOSITE

* 1
L_ ADJACENT _,le 4 ,N__.‘

SIDE

FIG. 33—Diagram illustrating what is meant by the sine of an angle.

It may easily be proved with the aid of simple mathematical
relations that the sine values for angles such as 30°, 45° and
60° (degrees) are 14, 14+/2 and 144/3, respectively. Approxi-
mate sine values for various angles may easily be obtained from
triangles inscribed in a circle of unity length radius as illustrated
in fig. 33. Thus, if the radius of our circle be one inch, for
example, the hypotenuse will also be one inch in length.
Similarly, we have the sine for an angle of 30° = a,/1 or a,,
which may be found by direct measurement to be 0.5. The
sine for a 60 degree angle will in a like manner be found to be
approximately 0.87, or 0.8660 from table.
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-

A further study of our sine function will show that the sine
for angles of say 120° and 150° are equal to the sines for 60° and
30° respectively. By using the foregoing values on a co-
ordinate axes system as illustrated in fig. 34, with the sines

< ONE CYCLE
104~ —~—— =
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SINES OF ANGLES
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“1-01

FIG. 34—Curve showing relationship between angles in 30° steps and their
respective sine. The complete curve covering angles from 0° to 360°
represents one complete cycle of an alternating current.

plotted on the vertical axis (ordinate) and the number of
degrees from 0° to 360° on the horizontal axis (abscissa) it
will be found that the projecting intersections when properly
joined together represent a true sine curve.

Vector Representation of Voltage or Currents.—The periodic
change which occurs in the value of an alternating voltage or
current during a cycle need not be represented by a curve
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plotted as illustrated in fig. 35, but may more easily be rep-
resented by vectors as shown in fig. 37.

In order to show how vectors may be applied to study of an
alternating current, reference is made to fig. 35. Here two
sine curves R and S are drawn on the same base, having a phase
difference of $°. The curves indicate the various instantaneous
values throughout the complete cycle. At 6 degrees from the
starting point, for example, the value R is O’ A’, while that of
Sis 0’'B’.

F1G. 35—Vectorial representation of two alternating current sine curves.

In the other part of the diagram two circles are drawn, their
radii being equal to the maximum value of the two sine curves.
The lines OR and OS are assumed to rotate about O as center
and in a counter-clockwise direction. At an angle 6° from the
start OR and OS have reached the position shown.

The vertical projection of these two lines are OA and OB

respectively and these lines represent the instantaneous values
under consideration.

Now since both OR and OS are assumed to rotate at the same
speed corresponding to the same frequency, it follows that the
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angle ROS = ¢ remains constant throughout the cycle. The
projection OA and OB on the vertical axis varies according to
a sine law since the points A and B perform a simple harmonic
motion about the point O.

SINE WAVE DIAGRAM VECTOR DIAGRAM

FIGS. 36 and 37—Addition of two alternating current voltages.

Diagrams of this type are often made to represent alter-
nating current or voltage values since they lend themselves
more readily to exact mathematical treatment.

Addition of Alternating Current Voltages.—In the study of
alternating currents, vector representation is always used since
this method greatly facilitates representation of all the factors
involved.

Assume, for example, that it be desired to add two voltages
E, and E, as illustrated in fig. 37, with effective values of 75
and 50 volts respectively. Assume further that E, is lagging
E, by an angle of 60°. These voltages will have maximum

voltages of 754/2 = 106 and 50/2 = 70.7 volts respectively.
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The addition may be performed by plotting the two sine
curves as shown in fig. 36, and adding at equally spaced dis-
tances their instantaneous value which will give a new sine
curve E. This new sine curve will be found to have a maximum
value of 154 volts and an effective value of 109 volts and will
lag E; by 23.5°. Thus the sum of the two voltages with ef-
fective voltages of 75 and 50 volts and differing in phase by an
angle of 60° is 109 volts.

A considerable amount of time saving will be obtained if
instead of plotting the three sine curves they be added vertically
as previously considered. The method used is shown in fig. 37,
where the two vectors E; and E, are geometrically added by
completing the parallelogram and drawing the diagonal. This
diagonal represents the resultant vector E.

It should be pointed out, however, that since effective values
are 0.707 times the maximum values, then, if maximum values
be used in laying out of the vectors, the resultant vector should
be divided by 1.414 to obtain the effective value. ‘

The geometrical addition of the vectors E; and E; may be
performed mathematically as follows:

E = /(75 + 50 X cos 60°)? + (0 4 50 X sin 60°)*
= 1/100° + 43.3> = 109 volts
and E,. = 109 /2 = 154 volts

The angle can readily be verified, since

4
g ¢ —13—03 = 0.433 and ¢ = 23.5°
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CHAPTER 5

Radio Batteries

Early in the eighteenth century, an Italian scientist Ales-
sandro Volta, discovered that if two dissimilar substances, such
as zinc and carbon were placed in an acid solution, the chemical

CURRENT FLOW

CARBON
ROD

FIG. 1—Illustrating construction principles of the Voltaic cell.

action would accumulate electrons on the zinc rod making it

negative with respect to the carbon, which does not react with
the acid.
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Volta also noted that if a wire joined the ends of the zinc
and carbon electrodes, outside of the liquid, a current flowed
continuously in the circuit from the zinc to the carbon. Sucha
device is called a Voltaic Cell in honor of its inventor.
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FIG. 2—Showing construction principles of a nickel cadmium storage battery.
In a battery of this type nickel and cadmium function as the active materials
while potassium hydroxide in solution serves as the electrolyte. (Courtesy
NIFE Incorporated.)
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While seeking still further to increase the capacity of his dis-
covery, Volta found that by joining a large number of such cells
in series or parallel in the form of a battery; a considerable
amount of power could be obtained.

In dealing with batteries, certain distinctions should be made
with respect to the terms used;

A primary cell consists of a vessel containing a liquid in which
two dissimilar metal plates are immersed.

A battery consists of two or more cells joined together (in
series or parallel) so as to form a single unit.

The fluid or acid solution used in a cell is termed the electrolyte
or exciting fluid. .

A dry cell is one in which the electrolyte has been substituted
for a paste of certain chemicals in combination with ammoniur,
chloride.

A slorage battery consists of a connected group of electro-
chemical cells for the generation of electrical energy in which
the cells after being discharged may be restored to a charged
condition by passing a current through them in a direction op-
posite to the flow of current during the discharge period.

The Dry Cell.—The dry cell or battery is used in radic
receivers of the portable type to supply “A” and “B” power. In
England the filament lighting battery is known as the low-
tension battery usually abbreviated L.7.; whereas the plate
battery is termed H.T., for high-tension. In the United States
the term “A” and “B” battery has found acceptance, the A
battery being that used for energizing the filaments, and the B
battery that used for energizing the plate circuit.
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The dry cell is being used in applications where considerable
jarring or motion is involved and its use in portable radios is
only one of its numerous duties.
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FIG. 3—Cross-section of typical dry cell showing construction. The elec-
trolyte commonly used consists of a paste made up of ammonium chloride,
manganese dioxide, sawdust and graphite.

How a Dry Cell Works.—There is nothing mysterious about
a dry cell or the manner in which it works. In its usual form
a dry cell consists of a zinc can into which are packed certain
active chemical materials which combine with the zinc to pro-
duce an electrical pressure or voltage. The voltage thus pro-
duced is the result of the chemicals used and is always the same
regardless of the size of the dry cell. A new dry cell has a
pressure of about 1.5 volts, and this is true whether the dry cell
be a very small one like a flashlight battery or a large 6 in.
dry cell.
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A dry cell is simply a package of electricity done up in con-
venient form. When you purchase a dry cell, the commodity
actually bought is stored up electricity and the dry cell which
gives you the most electricity for a given price is the cell you
want to use.

The unit of quantity of electricity is commonly known as the
ampere hour. It is the amount of electricity which will flow
from a battery that is delivering one ampere for a period of one
hour or one-half an ampere for a period of two hours, etc. If
the number of ampere hours in a dry cell be known and also the
rate at which this electricity was extracted from the cell, it
would be a simple matter to find out how long the dry cell would
last. To determine this, divide the ampere hour capacity of
the dry cell by the current which it is delivering in amperes, and
the result is the number of hours that the cell will last.

In practice it is almost impossible to apply this simple
calculation to dry cells because it is very difficult to predict just
how many ampere hours a dry cell will deliver.

The amount of electricity which is actually in a dry cell and
the amount which can be obtained from it are two different
things, and sometimes the difference is surprisingly large.

Battery Connections.—There are three methods of connecting
cells to form a battery. They may be connected:

1. In series

2. In parallel

3. In series-parallel.
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CURRENT FLOW

L— CONDUCTOR

FIG. 4—Showing three series connected Voltaic cells. To obtain a series
connected circuit the plus pole of one cell must be joined with the negative
pole of the next cell as illustrated.
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FIG. 5—Three Voltaic cells connected in parallel. To obtain a parallel con-
nected circuit, the plus poles are joined together to form one part of the
circuit and the negative poles are joined together to form the other.
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A series connection consists in joining the positive pole of one
cell to the negative pole of the other to form a circuit. A
series connection adds the voltage of each cell; that is, the volt-
age of the battery will equal the sum of the voltage of each cell.

+ O+ 1 o +
“B"- BATTERY / *B”- BATTERY / “B"- BATTERY
45 VOLT — 45 VOLT = 45 VOLT —
1 J 0
D =
+ TO 135 VOLTS LOAD =

FIG. 6—Showing three series connected ““B” batteries, each battery deliver-
ing a potential of 45 volts. A single battery or a series connected group
of batteries such as illustrated are commonly used to supply the plate volt«
age on small portable type radio receivers.

A parallel or multiple connection consists in connecting the
positive terminal of one cell with the positive terminal of an-
other cell and the negative terminal of the first cell with the
negative terminal of the second cell. A parallel connection
adds the amperage of each cell, that is, the amperage of the
battery will equal the sum of the amperage of each cell.

A series-parallel connection consists of two series sets of cells
connected in parallel. The voltage of a series parallel con-
nection is equal to the voltage of one cell multiplied by the
number of cells in one battery, and the amperage is equal to
the amperage of one cell multiplied by the nhumber of batteries.
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Thus, to obtain 6 volts from four dry cells, each of which has
a potential of 114 volts, a series connection will be necessary.
If, on the other hand, only 114 volts be required, but it is desired
to obtain a current flow of four times that furnished by each
cell, a parallel connection should be made.
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CHAPTER 6

Electrical Measuring
Instruments

Galvanometers.—Instruments designed for measuring small
amounts of electricity may be called galvanometers, although
a galvanometer is generally employed as an electro-dynamic
instrument used to indicate current.

There are numerous kinds of galvanometers designed to
meet various requirements such as the astatic, tangent, differen-
tial, ballastic and D’ Arsonval types, which according to their
design may have either a movable magnet and stationary coil
or a stationary magnet and movable coil. The above types may
be designed with a short or long coil, and the indications or
deflections are given in several ways, depending upon the
various uses.

The Tangent Galvanometer.—In the tangent galvanometer
the sensitivity is directly proportional to the number of turns
in the coil, and inversely proportional to its diameter. The
strength of the current may be calculated in c.g.s. units when
the dimension of the instrument is known, by the use of the
following formula:

_rXH
T 2%

I X1g0
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in which H is the galvanometer constant representing the hori-
zontal force of the earth’s magnetism for the place where the
galvanometer is used; 7, the radius of the coil in centimeter;
0, the angle of the needle deflection in degrees; and I, the cur-
rent in c.g.s. units.

YERMINAL

FIG. 1—The tangent galvanometer consists essentially of a short magnetic
needle suspended at the center of a coil of large diameter and small cross-
section. In practice the diameter of the coil is approximately 17 times the
length of the needle. If the instrument be so placed, that when there is no
current in the coil, the suspended magnet lies in the plane of the coil, that
is, if the plane of the coil be set in the magnetic meridian, then the current
passing through the coil is proportional to the tangent of the angle by which
the magnet is deflected from the plan of the coil or zero position, hence the
name: ‘‘Tangent galvanometer.”

When the tangent galvanometer has more than one turn the
factor 27 should be multiplied by the number of turns (N) on
the coil.

Example.—Find the current in a langent galvanometer haying
a coil of 25 centimeter radius, when the needle deflects an angle
of 10 degrees. Assume H =0.2066
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rXH . o 25%0.2066 .
o xtgh _?3(§1416X0'1763 from which

I=0.145¢c.g.s. units or 1.45 amperes,

Solution.—7 =

If it be desired to determine the tangent galvanometer con-
stant for a certain location, the current through the galvano-
meter may be measured by inserting an instrument of known
accuracy in the circuit.

With the circuit of known value the galvanometer constant
can be computed from the following formula as follows:

=2XWX1
TX1g0

- This type of galvanometer however, has a number of dis-
advantages of which the following are the most prominent.

1. The coil being much larger than the needle, and hence far
away from it, reduces to a considerable extent its sensitiveness.

2. The readings are effected by an external magnetic field
which may exist in the neighborhood of the instrument.

3. Accuracy of readings may be lessened by changes in the
earth’s magnetic field, which changes may be of considerable
proportions especially during magnetic storms.

D’Arsonval Galvanometer.—In this type of galvanometer
the aforementioned disadvantages are largely eliminated.

The principal design is shown in figs. 2 and 3. In this instru-
ment the indicating needle is attached to a coil of wire, through
which the current flows, and inside of which is an iron core.
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The coil is free to turn with the core which is held in place with
a pin, and suspended between the poles of a horseshoe magnet.
‘When the current to be measured flows through the coil, a mag-
netic field is set up in and around it, causing the coil to turn.

2 TERMINAL
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MAGNET

\
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FIGS. 2 and 3—Drawing showing essential features of construction and prin-
ciple of operation of D’Arsonval type galvanometer.

This rotating tendency is prevented by the twisting of the wire
which suspends the loop. By planning the weight of the wire
used, the number of turns in the coil and the amount of resist-
ance used, this galvanometer can be used for determining small
amounts of currents. It is on this principle that many commer-
cial types of current measuring devices is based.

The readings of the galvanometer may be facilitated by
means of a mirror which is usually attached to the coil in suck
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1 way that a beam of light from a light source directed to the
coil by a lense system, will be reflected back on to a semi-
circular graduated scale placed at a suitable distance from the
mirror as shown in fig. 4.

1y \'; / . p . N
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FIG. 4—Arrangement to obtain enlarged view of mirror movement.

In this way a small deflection of the coil and mirror will
produce an cnlarged amplification of the beam of light on the
scale, which reading may be accurately accomplished by means
of a telescope.
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a

Electrochemical Current Measurements.—Another method
of current determination is by utilizing the amount of the
chemical decomposition the current causes in passing through
the electroylete in a cell.

FIG. 4a—Weston model 440 movable coil galvanometer.

If a constant curren: of ¢I) amperes is passed through the
electrolyte during ({) seconds, the weight increase on the
cathode in milligram (M) is direct proportional to the amount



Electrical Measuring Instruments 115

of current multiplied by the electrochemical equivalent of the
metal (C) and the time of current flow.

M=CXIXt
For I =1 ampere and {=1 second; M =C.

Among the various apparatus based on the electrochemical
effect of an electric current are:

The weight voltameter
The gas voltameter.

GALVANOMETER
N

@

{ CATHODE
( Platinum Bowi)

RESISTOR |

SWITCH BATTERY

+

_]'I

F1G. 5—Diagram of connection to obtain current strength by use of a silver-
voltameter. Example: What is the current strength in amperes when after
20 minutes the silver deposit on the cathode is found to be 1.34 gram.

Solution: M=CXIXt or I=~M-— 1,340 =1 ampere

Ct 1.118X20X60

A typical silver voltameter is depicted in fig. 5 and functions
principally as follows: The cathode on which the silver is de-
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posited consists of a platinum bowl not less than 10 centi-
meters in diameter and from 4 to 5 centimeters in depth,

The anode consists of a disc or plate of pure silver, some 30
square centimeters in area and 2 to 3 centimeters in thickness,
which is horizontally supported in the electrolyte near the top
by a silver rod rivited through its center.

To prevent the disintegrated silver which is formed on the
anode falling upon the cathode, the anode should be wrapped
around with pure filter paper, secured at the back by suitable
folding.

The liquid consists of a neutral solution of pure silver nitrate
(Ag NOs) containing approximately 15 parts by weight of the
nitrate to 85 parts of water.

Direct Current Meters.—Most electrical measuring devices
are fundamentally current measuring devices, being either
voltmeters, milliammeters or microammeters.

Construction.—Such a meter consists of a horseshoe magnet
between the two poles of which is suspended an armature to
which is attached a pointer and a spring arrangement to hold
the pointer to its zero position when no current is being passed
through the meter coil.

How the Current is Measured.—When a current be passed
through the armature coil, it becomes an electromagnet, with
two poles of opposite polarity, and the reaction between the
energized coil and the permanent magnet causes the coil to
rotate on its axis so as to facilitate the attraction of the unlike
poles and the repulsior: of the like poles of the two magnets.

The amount of movement is determined by the balance
attained between the resiliency of the spring mechanism and

. the strength of the magnetic field set up around the coil, and
since the strength of the magnetic field set up around the coil is
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determined by the amount of current flowing through it, the
movement may be calibrated in unit of currents, or in any other
unit such as volts, ohms or micrafarads, all of which possess a
definite relationship to the unit of current.

M

| w,

FIG. 6—The essential parts of the instrumcnt are: A, spiral spring; C, coil;
K, soft iron core; M, permanent magnet and P, pointer. Current passing
through the coil causes the moving system to turn against the restraining
force due to the influence of the permanent magnet.

Connection of Meters.-—A meter calibrated for current
measurement, in terms of amperes or fraction thereof, usually
has a comparatively low resistance and is connected in series
with the circuit in which the current is to be measured, whereas
a potential pressure measuring meter or voltmeter is of com-
paratively high resistance and is connected across the circuit,
across which a potential pressure is to be measured.
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Direct Current Ammeters.—The ammeter as already de-
scribed. is an instrument of low resistance, and is always con-
n:cled in series with the current it is desired to measure. It is for
this reason that the series resistance usually found in voltmeters
are omjtted.

AMMETER VOLTMETER

w0 s
0 0
L e G S Sy o

10 .
o % 14y

» s P fen it P4,
B

e 100 e

M)

| f J\—’\"‘ WWA .
- SERIES RESISTANCE

- J
1

I 1
SOURCE

FIG. 7—Indicating method of connecting for determination of current flow
and pressure in a circuit.

Ammeters are employed for current measurement in all
branches of electrical work and may be designed for measure-
ment of from a few milliamperes up to thousands of amperes.

A milli-ammeter therefore is an ammeter which measures

. ) 1
divisiousof currentsin 1.000 °f anampere, whereas an ammeter
’

employed in measurements of larger amounts of current meas-
ures amperes in units of 1 to 100 or more.
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Using a Milliammeter as a Voltmeter..—As previously
pointed out the only difference between a voltmeter and a
milliammeter is that a voltmeter has a high resistance con-
nected in series with the moving coil.

Hence by connecting accurately fixed resistances in series
with the milliammeter, it is possible to make a very useful
voltmeter that may be employed to read filament voltages,
plate voltages, C voltages, the output voltage of B-power
units, etc.

Of course it is self evident that the accuracy of such a con-
verted meter depends upon the accuracy of the milliammeter,
and the fixed resistance used.

The table shown gives the value of resistances required with
different milliammeters to read voltages from 1 to 1,000 volts.

VOLTAGE MULTIPLIER FOR MILLIAMMETERS

Milli- 1,000 10,000 100,000 | %,000,000
Amperes Ohms Ohms Ohms Ohms
1. 1. wvolt | 10 volts | 100 volts (1000 voits
1.5 1. “ |15 * 150 *
2. 2. “ 120 « |20 *“
3. 3. “ 13 300 *
5. 5. “ |5 °
8. 8. -
10. 0 [

Example.—If a 5 milliampere meter s {o be employed lo read
voltages up to 50 volts, what resistance should be used?

Solution.—From table, the resistance required is 10,000

: » _ _E 50
ohms. According to Ohm’s law, E=IR or R__I__m.

from which R =10,000 as already obtained from table.



120 Electrical Measuring Instruments

Likewise, if a 1-milliampere meter is to be used to read ‘
voltages up to 1,000 volts, then a 1-megohm resistznce is placed
in series with it.

If the values of resistance required to read voltages is not
found in the table, the resistance may be obtained by calcu-
lation in the same manner as that already shown.

Resistors with a wattage rating of one watt will be satisfac-
tory for all those values given in the table, however, it is advis-
able to use resistors with a rating of approximately 5 watts so
that there will be little possibility of the value of the resistance
changing due to the heating effect (I2R).

Also, resistors with a 5 watts rating operating considerably
below their rated dissipation, will be likely to hold their calibra-
tion a longer time then resistors of lower wattage.

The Direct Current Voitmeter.—Since the current through a
meter is proportional to the voltage impressed at its terminal,
any ammeter as previously described may be used as a volt-
meter.

In this case however, a resistor of high value must be con-
nected in series with the movable coil, because if an ammeter
were connected directly across the line, it would immediately
burn out due to the low resistance in its coil.

The high fixed resistance connected in series with the moving
coil is considered as part of the meter.

Assume that the moving coil milliammeter, as used in the
previous example, is to be utilized for a voltage measurement of
110 volts at full scale deflection, the allowable current drain to
be 1 milliampere, what will be the value of the series resistance?

It is evident that the resistance unit must be of such a value
that when the voltage across the terminal is 110 volts, exactly 1
milliampere will flow through the resistance and meter coil at
full scale deflection of the pointer.

o
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By Ohm’s law is obtained:

R=

CONNECT TO

POSITIVE
OF SOURCE

+

110
0.001

VOLTMETER
(2-Scales)

=110,000 ohms

Y //’uffz’/

“Z /
e

(0

CONNECT 70
NEGATIVE
OF SOURCE

—55 VOLTS

*
® |-110 VOLTS
J

— 1T

SERIES
| -RESISTANCE

— ]

FIG. 8—Connection of multiplier resistance to 2-range voltmeter.

As the moving coil resistance is very small compared with the
series resistance, it may readily be omitted for most practical

problems.

The series resistance or multiplier resistance may be tapped at
various places to obtain more than one voltage range, and is
usually placed inside the voltmeter case and connected in series
with the coil. See fig. 8.
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If the voltmeter with the 110,000 ohms series resistance be
tapped at its center, the voltage range for the same current
drain would be E =0.001%55,000=55 volts.

In order to obtain proper needle deflection the binding posts
of the meters are marked + (plus) and — (minus). The post
marked + should always be connected to the positive of the
line and either of the other binding posts to the negative side.

VOLTMETER VOLTMETER
(6-Scales) . [+ 1-MEGOHM. ———! (6-Scales)
2 g )
5 N 1
. o o >

288888 [N, er

S © & 3 g & 33—

2232988

AVWAVLATAR A o L

=

—
B WA W —

.L i _

+
16V S0V 100V 250V. 500V. 1000V. S0V. 100V 250V. 500V. 1000V

=]
<

FIGS. 9 and 10—Two methods of connecting multipliers to a voltmeter. In
fig. 9, one resistor is tapped at the various points to obtain the proper multi-
plier values for each scale as shown. This arrangement obviously is eco-
nomical in that only one resistor need to be used. However, the disadvantage
being that if an opening occur for example to the left of the 10 volt tap, the
voltmeter will be rendered useless until the fault is being repaired, whereas
if an opening occur within a resistance when connected as shown in fig. 10,
only that particular scale will be effected.

How to Arrange Resistors for a Multi-Range Voltmeter.—
Resistors for multi-range voltmeters may be arranged in various
ways as shown in figs. 9 and 10. Each resistor will give a cer-
tain definite voltage drop, and should be of the so-called pre-
cision type, unaffected by nominal temperature changes.

Voltmeters suitable for radio work usually have a resistance
of 1,000 ohms per volt.
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Inspecting the resistance arrangement in fig. 10 it is found
that when using the 0-100 volt the circuit resistance is 100,000
ohms and when using the 0-250 volt scale, 250,000 ohms, etc.

VOLTMETER

/ \‘%o

<

\ N

N

b N u\

9 7 250,000 OHMS —>l=— X OHMS __‘
g v——t;\AAA/MAMMAAAMMf—'»—"’\ ANASAASAAAAAM - —
= i SERIES RESISTANCES :
8 i
o |

Q~— 250 VOLTS —th 750 vous—»JF'*'

- 1,000 VOLTS

FIG. 11—Illustrating how to increase voltmeter range by adding series resist-
ance.

To compute the resistance to be inserted to obtain a certain
voltage range, no difficult mathematical formulas need to be
employed.

According to Ohm'’s law E = I X R, hence to obtain a voltage
drop of 100 volts for example, with a current drain of 1 milli-

100
ampere, a resistance of 0.001 °F 100,000 ohms should be

inserted.

Example.— Assume that the voltmeter shown in fig. 11 which
has a range of 250 volts and a resistance of 250,000 ohms must
be changed so as to enable 1t to be used on 1,000 volls, what value
must a resistance connected in series wilh the existing mulliplier
have?
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1000
Solution.—The multiplying factor =355 = 4

using Ohm’s law E=IR; 1,000=0.001 (250,000+ X)
750
or 1,000=250+40.001X ;fromwhich X =507 =750,000 ohms.
The resistor to be inserted should have a value of 750,000
ohms and each reading taken after insertion of this new resist-
ance should be multiplied by 4 to obtain the true voltage.

A Combination Volt-Ammeter.—Since the construction of a
voltmeter and ammeter is the same, the difference being that
in an ammeter resistors are placed parallel to the moving coil,
while in the voltmeter resistors are placed in series with the
moving coil, it is possible that by employing a proper switching
arrangement, to use a single instrument for measurement of
both volts and currents. A typical arrangement of this kind is
shown in fig. 12 and 12a.

Other meters of this type may have in addition to the voltage
and current scale, a resistance or ohmmeter scale, which makes
it convenient to check the value of a certain resistor. It is to be
observed that an ohmmeter is simply a low current d.c. volt-
meter, provided with & source of voltage usually consisting of
dry cells, which are connected in series with the unknown
resistance.

An instrument of this sort is shown in fig. 13 and it may
readily be seen that the instrument is rather complicated with
its various scales, switches and terminals.

When using this type of instrument great care should be
observed so as to minimize contact resistance. Hence the
ordinary selector switches should be substituted for toggle
switches if possible.

Before the use of a multi-purpose meter a precautionary
examination should be taken to make sure that the respective
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VOLT -AMMETER

SHUNTS
 AWWWWY——r

——MWW—
A \ l/
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v} en
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[+ 4
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VOLTMETER TERMINALS TERMINALS

FIG. 12—Schematic or simplified diagram showing principal method of circuit
hook-up and switching arrangement when using a volt-ammeter instrument.
Current measurement: When it be desired to employ the meter for current
measurement, the carrent voltage selector switch is closed towards A, after
the proper shunt has been selected. Voltage measurement: For voltage
measurement the meter is connected across the load after selection of
proper resistor, and the current voltage selector switch is closed towards V.

controls are properly adjusted, to prevent the instrument from
serious damage.

When measuring unknown values of currents, it is an excellent
idea to begin with the highest range, and thus identify the
' proper range for most accurate measurement.
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When using the instrument as an ohmmeter the instrument
should never be connected across a circuit in which current is
flowing, i.e. the receiver power should be turned off when
resistance measurements are obtained.

XXX X

TO SOURCE

COMMON POSITIVE
TERMINAL

SHUNTS
RESISTOR

CURRENT

!
[
|
]
!
|
}
!
!

VOLTAGE I

VOLTAGE TERMINALS

FIG. 12a—Outline of principal construction details of a combination volt~
ammeter.

Shunts and Their Use.—All ammeters for use in direct cur-
rent measurements may be designated to pass a similar amount
of amperes, although the actual amount of current in the circuit
may differ greatly.

The main difference between the various ammeters is in the
type of shunts employed. The function of a shunt is to pass a
certain definite amount of the circuit current through the meter.

If the full amount of current were allowed to pass through
the ammeter, the ammeter coil would of necessity have to be
of heavier wire and thereby increase the size and cost, and also
cut down the sensitivity of the entire moving element.
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FIG. 12b—Front view of typical combination type volt-ammeter.
(Courtesy Weston Electrical Instrument Corp.)

A shunt will carry a certain ratio of the total current depend-
ing upon the ratio of its resistance to the resistauce of the
ammeter coil; this makes it possible to use the same sensitive
ammeter for different current carrying ranges by merely
shunting or by-passing a portion of the current.

The size of the shunts required are designed from a knowledge
of the proportional current to be measured, and of the existing
resistance of the ammeter coil.
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FIG. 13—Typical volt-milliamp-ohmmeter. (Courtesy Weston Electrical In-
strument Corp.)
Example.—If a milli-ammeler giving full scale deflection on 500

- 500
mulliamperes ( 1,000

) of an ampere is requsred {o be changed so
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as 1o enable the measurement of currenis up lo 5 amperes, what
size of shunt should be used?
Solution.—The increase in current for full scale deflection is
5
then 1> 14 or 10 times; hence each scale reading would have to be
multiplied by 10 for each actual current indication.

The resistance therefore, of the coil and shunt combined, in
order to permit 10 times the current to ﬂow through, would

have to be such that the coil would carry 75 10 of the current and
9
the shunt the remaining {5 of the total current. By formula:
The shunt resistance is equal to the meter resistance divided by
. N r . .
the multiplication factor less one or R =4, _1 in which:
R is the resistance of the shunt;

n is the multiplication factor or the number indicating how
many times the meter range is to be extended or multiplied;

r is the internal resistance of the meter.
From the above it follows that the shunt resistance would

1
have to be 10 of the coil resistance.

. . 2
If the meter coil has a resistance of 10 of an ohm th2 shunt
resistance would have to be

02 2

R=—7— 10—1 =90 or 0.0022 ohms approximately.

Hence a shunt having a resistance of 0.0022 ohms must be
connected across the meter. This resistance should be of a size
sufficient to carry the current without overheating.
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N
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\Fx\\\\\\\ AMMETER

SHUNT SWITCH Ry
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TO SOURCE
TO BE MEASURED

FIG. 14—Arrangement in which shunts R, R: and R; may be utilized for vari-
ous size current measurements. In the case where the meter has only one
scale, current indication shown on meter should be multiplied by the value
of the multiplication factor given for each shunt.

\

Hot Wire Instruments.—The action of this meter depends
upon the heating of a conductor by the current flowing through
it, causing an expansion which in turn sets in motion an index
needle or pointer, the movements of which by calibration are
made to correspond to the amount of the actuating currents.
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FIG. 15—Various ammeter connections and method of showing connections.
As connected in (A) it is obvious the ammeter coil must carry the total
current in the circuit. If this current is greater than the meter coil is per-
mitted to carry, then part of the current should be allowed to pass through
the shunt as shown in (B), (C) or (D). A shunt as shown at (C) consists of
one or more sheets of a special alloy, fitted at each end into grooves of two
copper blocks, which are provided with means for connecting the shunt into
the circuit with the main conductor and with the meter.

CALIBRATED
LEADS =

This type of meter is frequently employed in radio work on
account of its ability to measure either direct or alternating
current.

The principal defects of this type however, are:

1. Scale divisions will not be uniformly spaced, since the
heating effect and movement of the pointer depends upon the
square of the current (/*R) flowing through it.

2. They are somewhat erratic in the readings near the zero
point.
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3. They are sluggish in operation and their readings are
effected by changes in room temperature.

4. The actuating wire has a tendency to expand when not in
use, hence it is necessary to set the pointer back to zero before
sending a current through it.

5. They are uneconomical, i.e. the current consumption is
considerably in excess of that in other types.

—t
B

s
0
B e . 90

FIG. 16—Simplified diagram illustrating the construction of a hot wire instru-
ment. N, represents a silk thread connected to spring S, wound around
pully P, and attached to a bead threaded on wire AB. Wire AB, made of
platinum alloy, is connected in the circuit whose current is tc be measured.
This wire lengthens, due to the heating effect (I2R) when a current flows
through it. The slack is taken up by spring S, causing pulley to turn and
move the pointer over the scale.

Thermocouple Instruments.—In this type of instrument the
direct or alternating current to be measured is sent through
heater (H) fig. 17, which heats the junction of two dissimilar
metals.

When two dissimilar metals are joined together and their
junction heated, a voltage is generated which is proportional to
the temperature difference between the heated junction and the
open end of the thermocouple.
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A sensitive milliammeter is connected to the open ends and
is generally calibrated to indicate the current through the
heater. For measurements of very small values, the heater and
the thermocouple are enclosed in an evacuated glass bulb to
prevent oxidation.

SCALE OF THERMAL AMMETER

W

/SENSITIVE

POINTER MILLIAMMETER

|
| —THERMOCOUPLE
|/ (Dissimilar Metals)

FIG. 17—Schematic thermocouple arrangement and connection to sensitive
milliammeter. Note: Unequal division of instrument scale.

This vacuum tube thermocouple is usually mounted under
the sub-base of the meter. The thermocouple instrument may
e used cn either alternating or direct current and is extensively
used in radio and general high frequency work.
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An instrument of this type however has certain disadvantages
compared with various other instruments, as follows:

1. The motion of the pointer along the scale will increase
approximately in proportion to the square of the r.f. current
sent through the thermocouple. Hence the instrument scale
will not have equal divisions.

FIG. 17a—Weston Model 622 Thermo A.C.-D.C. Milliammeter.

2. The thermocouple is sensitive to overloads and may burn
out if excessive amounts of current be sent through it, in which
case the thermocouple will have to be replaced and the instru-
ment recalibratad.
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Flectrodynamometer Type Instrument.—This type of instru-
ment can be employed on either alternating or direct current.

Figs. 18 and 19 show a typical instrument which consists of
two stationary coils (4) and (B) and a movable coil (D) to
which the indicating pointer is attached. The three coils are
connected in series through the two spiral springs, which also
hold the movable coil in position as indicated.

TO i s%

FIGS. 18 and 19—Principal construction method of an electro-dynamometer
type of instrument.

When a current is sent through the coils, coil (D) tends to
turn in a clockwise direction because its flux tends to line up
with the flux of coils (A) and (B).

If a current be sent through the coils in the reverse direction,
the torque developed remains the same, hence the instrument
can be used on alternating as well as on direct current.

However, the scale as shown cannot be graded uniformly as in
the moving coil type, because the torque developed varies as
the square of the current (/2), similarly to that of the direct
current motor.

One of the detrimental factors in this type of instrument is
that the current requirement is approximately 5 times that of a
movable iron type instrument. Hence it is somewhat sluggish,
and on account of the large current consumption uneconomical.
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The Wattmeter.—In direct current circuits the product of
voltage and current is a measurement of the amount of power
dissipated in the circuit in question and is measured in watts.

MOVABLE COIL
(Small Wire)

LOAD
SOURCE

900009

STATIONARY COILS = —POTENTIAL ELEMENT
(Heavy Wire) .[§ RESISTANCE

7

FIG. 20—Construction method of an electro-dynamometer as arranged to
read watts.

The number of watts dissipated may be obtained by measur-
ing the voltage across and the current through the circuit.

Thus in a circuit through which a current of 2 amperes flow at
a pressure of 110 volts, the power in watts (W) will equal 2 x110
or 220 watts or W=1XE =2x110=220 watts.

If in an alternating current circuit it be desired to measure
the power, this relationship holds true only when the connected
-load consists of pure ohmic resistance; and when the circuit in
addition to the chmic resistance also contains inductive or
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capacitive resistance, the power in watts will be equal to
EXIxcos ) or W=E x1xcos 6 in which

W is the power in watts

E, the pressure in volts

I, the current in ampere and 0 the angle of lag or lead be-
tween the current and voltage.

A meter used for the purpose of obtaining the power consump-
tion in an electric circuit is called wattmeter or dynamometer.

The wattmeter may be employed to record directly either
the a.c. or d.c. power at any instant, giving the three values as
indicated by the aforementioned formulas.

A typical instrument is shown in fig. 20. Its operation de-
pends on reaction between the coils when current is passed
through them. Two coils are fixed and the other is movable.

The fixed coils are composed of a number of turns of heavy
wire and fastened to a vertical support and is surrounded by a
movable coil composed of a few turns of very fine wire.

In the operation of a wattmeter, when current is passed
through the coils, the movable coil is deflected against one of
the stop pins, then the tortion head is turned to oppose the
movement until the deflection has been overcome and the coil
brought back to its original position.

When connecting the meter, care should be taken to prevent
damage, i.e. the heavy wire coil (current element) should be
connected in series with the load and the small wire and coil,
potential clement, should be connected across the load to be
measured.

Resistance Measurement.—(Ammeter-Voltmeter Method).
—This is one of the simplest methods of measuring resistance,
and is convenient because of the fact that the instruments used
consist of only an ammeter, voltmeter, battery and switch,
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the connection of which is shown in fig. 21. In making the test
the ammeter and voltmeter readings are taken simultaneously
and the unknown resistance calculated from Ohm’s law.

E E
I=—g or R=—F

Example.—If in fig. 21 the readings oblained are 150 volls and
4 amperes, how many ohms is the unknown resistance?

E 150
R =7 —v~4-~—37.5 ohims

[T [TeT ®
E C\D 1 EBATTERY l.

l SWITCH L SWITCH
S — _ ——

BATTERY

b

FIGS. 21 and 22—Illustrating two methods of connections to obtain resistance
values.

Ohmmeter Method.—By using the ohmmeter previously
described the value of an unknown resistance may be read
directly on the instrument scale without calculation. This type
of instrument is shown in fig. 24 and its circuit in fig. 23. On
an instrument of this type resistance values up to 300 megohms
may readily be obtained.

Wheatstone Bridge Method.—The Wheatstone bridge, fig.
25 consists of several resistances so arranged that an unknown
resistance may be calculated in terms of known resistances.
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FIGS. 23 and 24—Schematic circuit arrangement and front view of typicay
ohmmeter.
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The so calied ‘“Wheatstone” bridge was invented by Christie,
and inmiproperly credited to Wheatstone, who simply applied
Christie’s invention to the measurement of resistances.

‘
swircH K
XS

N
SWITCH
fijejif—=""—
BATTERY

FIG. 25—Schematic diagram of Wheatstone bridge showing resistances and
method of connecting galvanometer, battery and unknown resistance.

As shown in fig. 25 the circuit of a constant battery is made
to branch at P, into two parts, which re-unit at Q, so that part
of the current flows through the point M, the other part through
the pont N. The four conductors, A,B,C,D, are spoken of as
the arms of the balance or bridge.

It is by the proportion existing between the resistances of
these arms that the resistance of one of them can be calculated
when the resistances of the other three are known.
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When the current which starts from the battery arrives at P,
the pressure will have fallen to a certain value. The pressure in
the upper branch falls again to M, and continues to fall to Q.
The pressure of the lower branch falls to N, and again falls till
it reaches the value at Q.

Now if N, be the same proportionate distance along the
resistances between P and @, as M, is along the resistances of
the upper line between P and @, the pressure will have fallen at
N, to the same value as it has fallen to at M; or, in other
words, if the ratio of the resistance C, to the resistance D, be
equal to the ratio between the resistance A, and the resistance
B, then M and N, will be at equal pressures. To find out if this
condition obtain, a sensitive galvanometer is placed in a branch
wire between M and N, which will show no deflection when
M and N, are at equal pressure or when the four resistances of
the arms “balance’” one another by being in proportion, thus:

If then, the value of A, B, and C, be known, D, can be cal-
culated. The proportion (1) is reduced to the following equation
before substituting.

_ BC
T A

For instance, if A and C, be, as in fig. 25, 10 chms and 100

ohms respectively, and B be 15 ohms, D will be

D

(15x100) +-10=150 ohms.

Example.— 1! is desired o use a milli-ammeler whose maximum
reading i1s 5 M.A. lo measure current up to 100 M.A. If the
meler resistance is 50 ohms, what value of external resistance will
1t be necessary to use, and how should it be connected?
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Solution.—At full scale deflection the meter passes 5 M.A.
or 0.005 amperes, hence the voltage drop across the instrument
at maximum deflection will be IR or 0.005 x50 volts, i.e. 0.25
volts. Now, since the meter can take no more current without
danger, it follows that the extra current must be shunted away
from the instrument through a resistance placed in parallel
with it.

In this case, it is desired to pass 100 M.A. through the com-
bination of meter and resistance in parallel so that at the same
time the meter will show its full scale reading. Since it does this
at 5 M.A. the balance of 95 M.A. must obviously be passed
through the parallel resistance.

Now the potential drop across the meter was previously
found to be 0.25 volts and this must also be the drop across the
resistance since they are both in parallel. There is then a means
of finding the value of the resistance, since from Qhm’s law—

025 _ 5 63 ohms.

E . .
R=—I— its value is thus W

Example.—What resistance should be placed in parallel with
a milliammeter of 5 ohms resistance i1 order thal the lotal resisi-
ance of the combination may be 0.5 ohmn?

Solution.—If X denote the value of the required resistance,
by the known formula for resistance in parallel the following
may be obtained:

1 1 1 .1
7—+-5—=W that is _‘XT+O.2=2

hence —)1—{— =18o0r X= 1—18— =0.555 ohms (approximately).

Example.—A 2-volt battery is used to supply filament current
to a multiple recerver. An ammeter is inserled in one of the batlery
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leads and shows that a current of 0.8 ampere is being laken. What
is the lotal resistance of the filament circuit?

.. E
Solution.—According to Ohm's law, it is known that [ =R

for any circuit in which direct current flows through a resistance.
The current 7, is measured in amperes, and the resistance R, in
ohms. Since E =2 volts and I =0.8 amperes, therefore

E 2
R=T=W=2'5 ohms.

Example.— After the battery in the previous example had been
fully charged, it was noted thal the currenl reading had increased
to 1 ampere. What difference does this indicaled in (@) the circuit
resistance; (b) the E.M.F. of the battery?

Solution.—Of course the fact of the increased current is due
solely to the greater E.M.F. of the battery, the circuit resistance
being entirely independent of this and remaining quite un-
changed. The new E.M.F. is obtained by the formula E=IR
in this case 1 X2.5 or 2.5 volts. This condition is of course only
temporary and after a very little time, the battery E.M.F. will
have fallen to its normal working value of 2 volts.

Example.—What power ts consumed by the filaments when the
E.M.F. of a battery is 2 volts and the filament current is 0.8
amperes?

Solution.—In d.c. circuits, the power consumed in any
resistance when measured in watts is given by the product of the
number of amperes passing through the resistance and the num-
ber of volts across it or W= I X E here I =0.8 and E =2.0 hence
the power consumed W =2x0.8=1.6 watts.

Example.—An electric lamp 1s marked 40 watt, 220 wvoll.
What current will 1t take from a 220 volt d.c. source and what re-
sistance will il have al that voltage? What further specification
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would be required before emploving such a lamp in a d.c. current
recetver?

Solution.—It is now fairly common in d.c. sets to employ
electric light “bulbs” to obtain the necessary voltage drop
suitable for the filament supply. Unfortunately, however, the
question of selection is complicated by the fact that when so
used, the full voltage supply is not effective across the lamp.The
result is that a considerably smaller current may flow than would
be the case if the lamp was used simply for its normal lighting
purpose.

The present example refers to the current and resistance of
the lamps at 220 volts; there is therefore no question of employ-
ing it as a ‘“‘voltage reducer.” The fundamental formulae relat-
ing the power taken by a given resistance to the d.c. voltage

2

across 1s W=T where W is in watts and E and R in volts

and ohms respectively. For the lamp in question, W =40 and
E =220, therefore it may be written—-
E? 2202

R=7V— or R=%—=1,210 ohms

220
The current taken by the tamp obviously is 1210 ="9-182amps.

Before the lamp could be employed as a voltage reducing
resistance for a d.c. receiver it is first necessary to know the
voltage and current necessary to operate the tube filaments—
usually connected in series. The actual voltage across the lamp
would be the difference between the filament voltage and that
of the supply. Finally, it is required to know the current actu-
ally taken by the lamp at this reduced voltage. If this current
were approximately the same as that taken by the filaments,
the lamp would be suitable; otherwise another type would have
to be employed.
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CHAPTER 7

Power Supply Units

Receiver power supplies generally may be classified as follows:

1. The a.c. supply group which operate from alternating cur-
rent only.

2. The d.c. supply group which operate from direct current
only.

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 =rrangement, facilitates the
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¥IG. 1—Exterior view of typical power transformer.

PRIMARY
CIRCUIT

000000000009000600)
(70 (07000 (0700 @U@W

—
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.

S
i

o

=

PRIMARY
SECONDARIES

VOLTAGE
REGULATION
SWITCH

e

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.

(For further treatment of transformers see transformer
chapter.)
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A.C. VOLTAGE
INPUT

OUTPUT TO
FILTER

POW
TRANSFORMER

FIG. 4—IJllustrates connection and rectifier tube to obtain half-wave rectifica-

tion.

AC. VOLTAGE
INPUT

OUTPUT TO
FILTER

%

POW
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 easier 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 negative ions. Due to the fact that the positive
ions decreases the normal resistance of the plate-cathode circuit



150 Power Supply Units

the voltage dror 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 the mercury vacuum rectifier is
higher than in the high vacuum type.

iFILTER CHOKES\

INPUT FROM 4+—FILTER—
RECTIFIER TUBE CONDENSERS == L OUTPUT

F1G. o—Choke-input filter.
FILTER CHOKE

CONDENSER
INPUT FROM L, CHOKE | _ LOUTPUT
RECTIFIER TUBE -

s -

FIG. 7--Condenser-input filter.

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 rectifier.
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FIG. 8—Illustrates a ‘‘B”’ power supply unit of the full-wave type. The choke-input filter section is con-
nected to the conventional voltage divider supplying plate voltages to the various tubes. The upper part
of the diagram shows the approximate wave forms at various locations in the power supply unit. For
example: ‘A" represents current supplied from power line; ‘“B” high voltage current supplied to rectifier
tube; “C” rectified unfiltered curreat as obtained from rectifier; ‘‘D’’ current as obtained from choke-
input filter; ““E” ripples direct current furnished to plates.
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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+/ 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 lower peak current will be
obtained.

D.C. Supply Systems.—Although alternating current is most
commoniy 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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9

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.

FILAMENT RESISTANCE
OR SPEAKER FIELD
WW— >

} TO FILAMENTS
FILTER
CHOKE
—"0000 ( =,
CONDENSER CHOKE
D.C. LINE A
SUPPLY
B—-

F1G. 9—Conventional filter system used on D.C. receivers.

FILAMENT RESISTANCE

TO FILAMENT
[ FILTER CHOKE
. /‘066 0_-\ -
O _L k T ¥
=— i
AC. OR DC. =
. ; 2525
LINE SUPPLY RCONDENSER
CHOKE
o - '_L— =)

FIG. 10—Full wave rectifier tube circuit used for A.C.-D.C. receivers
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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 ~onnected 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 (I2R) 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.F.

— ‘ TUBE FILAMENTS I

ooy, = T
€500 ZJ0+60 WA

500,
T —wur
ALTERS J_ i
—

D10 S0+ KA
} N 30KA

J 3350 ‘AOMA
I S '_L_ .

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.

In order 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 unil shown n fig. 11
has 1,000 volts across its oulpul lerminal and thal the required
plate voltages and currents are as follows:

1. 350 volts at 30 m.a. for the oscillator
2. 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

0
350 volt sections will be g’sw or 8,750 ohms.

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

150
0.07 °F 2,150 ohms approx.

500
The resistance required for section (¢) will be 0.13 °r 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+
2,1504-3,850 =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 X0.04 =14 watts
in section (b) 150x0.07=10.5 watts
in section {(c) 500x0.13=65.0 watts

It is evident from the above that this method of providing
operating voltage is uneconomical.




156 Power Supply Units

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-determined 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 outlined may be extended to any number of
taps, and is equally applicable to calculation of voltage dividers
for radio receivers.

220 OHMS. X 2030 HENRYS
5 1L
TO 115 VAC g +135V.
oL B +90V.
= = < o
2525 2525 | | =% g
FULL-WAVE RECTIFIER
lfzgn' OHMS. 2525 2030 HENRYS
e AT £ £
QT
AC. g +90V,
-fod.IEACIT 8 +85V.
2sw. LAMP

HALF.WAVE RECTIFIER

FIGS. 12 and 13—Illustrates 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. 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 chokes reduces the ripple to satis-
factory proportion. Resistor R, is centre tapped with a value of 20 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 circuits 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

h——f@mi

c

R, L R

=10,000 OHMS
s
._/

|
|1

FIG. 16—~Showing application of bleeder resistor across power supply.
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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 voltage 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 ﬁ or 0.109

amperes; the voltage drop across R, (or the no load voltage) will
be I X R,=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 s 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.aq. 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 might 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 tle 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 ragulatory affect. However, a bleeder of even
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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.

110 V. 60 CYCLE 2526 +
A.C. INPUT

“
FILTER D.C.
CONDENSERS OUTPUY
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TRANSFORMER _l_ l
WHEN USED ¢ = C, -

* FILTER LOAD DC.
CONDENSER = RESISTOR (SUPPLY
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FIG. 18—Voltage doubler circuit utilizing two half-wave rectifier tubes.
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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 A4,
rectifier D, is conducting and the condenser C, is being charged.
The two condensers are connected in series with respect to the
load 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 total
power expended in heating the filaments? If a 40 ohms potentiom-
eter were placed across the batlery terminals, what would be the
ncrease 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) =%=74% 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
2

E . .
make use of the formula, power =5~ watts or in this case

4
—4-0—=0.1 watt as before.

Example.— The current for a multi-tube receiver is furnished
by means of a "'B” battery having a potential of 120 volts. If a
milliammeler placed in the negative lead indicales that a steady
current of 8 m.a. (milliampere) 1s passing, what is the d.c. re-
ststance of the circuil?
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Solution.—The comparatively small current flow in the “B”

circuit of a receiver is conveniently measured in milliamperes
1

1000 of an ampere. When, however, a calculation is to be
made, it is better to express it into fundamental units of cur-
rent—the ampere.

When applying Ohm’s law it is always advisable to express
the quantities dealt with in terms of the fundamental units—
amperes, volts and ohms, since the formula E =1 X R holds true
for these denominations.

In the example, therefore, it is required to express the current
in ampere or 0.008 amperes. The resistance of the circuit may
now easily be found by applying Ohm’s law—

r_ £ _ 120 _ 120,000
=T T0.008° 8

or 15,000 ohms

Example.—What amount of power is dissipaled tn the circuil
of the previous example?

Solution.—The power in watts in any d.c. circuit is obtained
by multiplying the current through the circuit by the potential
across it, or written W= E X I. When substituting the values of
current and potential in the above equation we obtain very
simply W =120 x0.008 =0.96 watts.

Problem.—A ceriain recetver consumes 46 m.a. at 250 volls,
the current being supplied through a smoothing choke of 25 henry.
If the actual d.c. output from the eliminalor is 270 volts, what
is the resistance of the choke? The high frequency and detector tubes
are supplied with 8 m.a. through a special smoothing choke of 200
henry and 3,000 ohms. What is the voltage drop in the choke?




164 Power Supply Units

Solution.—This problem offers a simple exercise in voltage
drop calculation. The voltage supplied to the H.P. terminal of
the receiver is 250 volts while the actual eliminator voltage is
270. The difference in 20 volts represents the (/R) drop across
the choke, the symbol R, of course, referring to the resistance
and not the inductance of the coil, the latter of which exercises
no effect whatever upon the direct durrent. Of this /R product
the current value I is known to be 0.046 amperes, thus accord-
ing to Ohm’s law, it may be written

20=Ix R=0.046 X R from which follows
20

R = 67)16— = 435&2

The (IR) voltage drop across the special choke is similarly
found. Here 7 X R =0.008 x 3,000 = 24 volts. Such a slight volt-
age drop is of course immaterial in the case of tubes in the posi-
tion as specified.
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CHAPTER 8

Resistors, Inductors
and Condensers

The Tuned Circuit.—In the chapter dealing with radio funda-
mentals, it has been demonstrated that the flow of electrons
through a wire constitutes an electric current.

The law governing this flow of current under various con-
ditions, as well as the conditions necessary for the introduction
of resonance in an a.c. circuit has also been briefly outlined.

Selectivity of Tuned Circuits.—In order to understand the
selectivity of the tuned circuit and the factors governing this
important phenomenon, the behavior of a simple circuit as
shown in fig. 1, will be considered.

Here the applied a.c. voltage (E) forces a current of (I)
amperes (r.m.s. value) through the loop of the circuit. The
circuit itself opposes or impedes the flow of current and this
opposition is known as impedance.

Now the circuit under consideration comprises the three
quantities resistance R, (ohms) inductance L, (henries) and
capacity C, (Farads) and the total opposition is due to all
three,



166  Resistors, Inductors and Condensers

That part of the impedance due to coil inductance is referred
to as inductive reactance and is given in ohms by the ex-
pression 2xfL where f is the frequency. Similarly the con-

denser possesses a reactance of onfC ohms capacitive
reactance.

| R
I VWWWW.

\ (l}

FIG. 1-——Circuit containing resistance, inductance and capacity connected in
series.

It is a well known fact that the a.c. voltage required to force
a current through an inductive reactance is a quarter of a
cycle in advance of the current, whereas for a condenser the
applied voltage lags by a quarter of a cycle behind the resulting
current.
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FIG. ?—-Valtage and current vectors for a circuit containing resistance and inductance in series.
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FIG. 3—Voltage and current vectors for a circuit containing resistance and capacity in series.
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Ec

Ee

X,

AT RESONANCE

l ( J]: ) E
FIG. 4—Resonance conditions in a series circuit.

X,=Xcandz=R

Xe

Circuit Resonance.—Consequently
the closed loop, where the same current
flows throughout, the component volt-
age absorbed in overcoming the induc-
tive and capacitive reactance are in
opposition—when one is positive and
the other negative at all times.

Thus the voltage absorbed by the two
reactances in series is the difference of
the individual voltage. From this it fol-
lowsthattheinductiveand capacitive re-
actances tend to neutralize each other’s
effects and the resultant reactanceof the

1
circuit is given by 27ch—T2—7?]f ohms.

It is evident from the above that the
inductive reactances increase as the fre-
quency is raised, whereas the capacitive
reactance decreases. Thus there must
be one particular frequency at which
the two become equal and neutralize
each other completely as far as their
influence of the current is concerned.
When this happens the circuit is tuned
to resonance with theapplied frequency,
and the formulae for the resonant fre-
quency is derived by equating the induc-
tive and capecitive reactances namely
2fL = %fé from which f= W—m
cycles per second.
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It follows that at resonant frequency the resultant reac-
tance of the circuit is zero, so that only the resistance remains
to oppose the flow of current and hence ohms law may be

) E
applied, I =g amperes.

CURRENT AMPLIFICATION
i

//

FREQUENCY

FIG. &=—Tyricsl current resonance characteristic.

At any frequency different from the resonant value the
inductive and capacitive reactances become unequal and their
resultant is no longer zero so that the current now experiences
an additional opposition which increases as the frequency
departs from the resonant value in either direction, the cur-
rent being reduced as a consequence.
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Obviously then the current is greatest at the resonant

. ) E
frequency, its value being —~ amperes.
The formula for the current at any frequency is
E

\/R2+<2><7t><f><L—

amperes.
1 2

2XTXfXC
If a curve be plotted of current against the frequency the
familiar resonance curve depicted in fig. 5 will be obtained, the

maximum height being —- ampere, now in receiving circuits the

current is of little significance compared to the voltage built up
across it.

Voltage Amplification.—The voltage across the condenser is

1 . 1 .
I xm and since at resonance 2%C =2xfL it follows that the

voltage developed across the tuned circuit is 7(2%fL) volts.

From Ohm’s law the applied voltage is /R and so the ratio

27fL
of the developed voltage and the applied voltage is 7% .

This is a very important number and is known as the voltage
amplification of the tuned circuit.

1 . .
At resonance 2%f =\—/f—C‘ and so the previous expression

for voltage amplification may be re-written in the form

1 L

Ee=pNT
It now remains to be shown that the selectivity of the
tuned circuit is directly proportional to the voltage amplifica-
tion. This may best be accomplished with a graphic iilus-

tration.
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In the first place, consider a circuit of fixed inductance and
capacity and assume that a number of resonance curves be
plotted each for a different resistance value.

With reference to fig. 6, it may be observed that the peak
of the curves all appear at the same frequency and it will
further be noted that their various heights are inversely pro-
portional to their respective resistance.

125 lvoLTs
=
10015 DESIRED SIGNAL
e
S
75t%
a.
=
<
501w
<
5 40 OHMS
25{3
|

FIG. 6—Typical voltage resonance characteristics indicating the effect of vary-
ing the effective resistance.

It is important to note that all the resonance curves have
approximately the same width near the base, so that by de-
creasing the resistance the strength of the desired signal
increases at the resonant frequency without appreciably
strengthening any signals whose frequency differ moderately
from the resonant value.
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This the degree of selectivity is approximately proportional
to the height of the resonant curve and so inversely propor-
tional to the resistance, like the amplification factor.

Mutual- and Self-induction.—Without a knowledge of the
fundamental principles of mutual induction, it is difficult to
comprehend the theory of coil coupling.

By definition, mutual induction is the electro-magnetic prop-
erty of two circuits or two parts of a single circuit, by virtue of
which a changing current in one causes an electromotive force
to be induced in the other.

= BATTERIES f{a{«—v* ~ GALVANOMETER»(
I RESISTANCE klEﬂ jl/ |
i1 !
S N/ \\ |
SWITCH > \\\‘\/ |
/\ !
| cois

FIG. 7—Diagram showing the action of mutual induction between two coils;
the one including a source of electrical energy and a switch, the other a
current measuring instrument but having no source of electrical energy.
During the increase or dccrease in strength of current as on closing the
switch the current is induced in the secondary circuit. This secondary cur-
rent is flowing in a direction opposite to that of the primary current.

Similarly it can be said that mutual induction is an electro-
magnetic property of two circuits so situated with respect to
each other that a current in one sets up a magnetic field which is
linked with the latter, that is to say, a property of two circuits
which are magnetically coupled together.
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It is a fundamental principle that when a magnetic flux
linked with a circuit is changing, an electromotive force is
induced in the circuit, its magnitude being proportional to the
rate of change.

When the magnetic flux linked with a circuit is produced
by a current in the circuit itself, then, if the current is varied,
the flux will vary also and an E.M.F. is induced in the circuit
proportional to the change in current. '

This property in a single circuit is called self-induction. If,
however, there be two circuits magnetically coupled together
as explained above, a variation in the current in the one will
cause a variation of the magnetic flux through the turns of the
other, and an E.M.F. proportional to the rate of change of
current in the first will cause an E.M.F. to be generated in the
other. This property is referred to as mutual induction.

The first circuit in which the current is varied, is called the
primary and the second in which the induced E.M.F. is con-
sidered, is called the secondary circuit.

As in the case of self-induction, the practical unit in which
mutual induction is expressed numerically is the henry. The
mutual inductance or co-efficient of mutual induclance belween
two circuils is said lo be one henry if one volt is induced in the
secondary circutl, when the current in the primary is changing at
the rate of one ampere per second.

The mutual inductance in henries is usually denoted by the
symbol M, and the induced E.M.F. in volts in one circuit is
equal to the product of M, and the rate of change of current in
amperes per second in the other.

The mutual inductance M, is the same whichever of the two
circuits is taken as the primary.
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Degree of Coupling.—As an example, consider two coils
whose self inductances are L, and L. henries respectively
placed in close proximity to each other as shown in fig. 8.
When a current is passed through L; a magnetic field is estab-
lished and some of the magnetic loops are linked with the
second coil L.

AN
N2

BATTERY ////4/ f :\ Q\\\\
74

\
\

TERMINALS
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///////I I \\\\\ \"‘_//////
ot | N2z

I N
=

FIG. 8—Illustrating the degree of coupling of two coils.

Let M be the mutual inductance in henries between the
coils. Now if the current in L, is varied by changing the rheostat
setting the flux linked with L, will be varied in proportion and
an E.M.F. will be induced in L,. The value of this secondary
induced E.M.F. is equal to M X (rate of change of primary
current). The degree of magnetic coupling obviously depends
upon the proximity and relative positions of the two coils and is
expressed numerically as the ratio of the mutual inductance to
the square root of the product of the individual self induc-
tances. This is called the co-efﬁci}e&t of coupling and is given

by K= v/ LiX L,.

This number cannot exceed unity, and in practice never

reaches unity. Coils are said to be tightly coupled when they
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are brought close together to give a relative high value of M and
K and vice versa. The tightest coupling is obtained when two
coils are wound on the samz form (as for example in a trans-
former) or with the wires wound side by side, but even in this
case the co-efficient is less than unity.

Example.— The mutual inductance of two coils L, and L, s
160 micro-henries. If their self-inductances are 1.,=150 and
L. =275 micro-henries respectively, what is the value of the co-
efficient of coupling in the system?

Solution.—Since . the co-efficient of coupling is expressed by

. M .
the relation K ~ L by substituting
1 2
160 160

=——=———=__"_or 799, approximatel
V/150%275 203 O 17 app y
It should be observed that since in problems of this kind only
a ratio between the mutual induction and self-inductances are
required the values may be expressed in henries, milli-henries
or micro-henries.

Example.— Defermine the resonance frequency and wave-length
of a circuil containing a coil of 500 micro-henries induclance and a
condenser of 0.005 micro-farads capacitance.

Solution.—The frequency of resonance may be determined
from the following formula:

=—"__ by substituting L, and C in henries and

farads respectively, the following is obtained:




176  Resistors, Inductors and Condensers

1
21V 5 X 10-4X5 X 10~
100.7 kilocycles.
Tn a similar manner the wave-length in meters may be obtained
from the formula for natural wave-length L=1,885V LXC.

Where L and C are expressed in micro-henries and micro-
farads, and L, is the wave-length in meters. By inserting

the above values L=1,885 V500x0.005 or 2979 meters
approximately.

=100,700 cycles per second or

CONDENSERS

Condensers in Series and Parallel.—When condensers are
connected in series or parallel, the effect is just opposite to that
of connecting resistances and inductances in series or parallel. A
51mple method, therefore and one which is easy to remember
is as follows: Capacities connected in series should be added in
similar manner as that of resistances connected in parallel, and
capacities connected in parallel should be added similarly as
that of resistances connected in series. Thus, the total capaci-
tance of two or more condensers connected in series may be
written:

1 1

ol C —+—= Cz +—C? etc. or

c=1 1
atate

Where C is the combined capacitance and Ci, C; and C; are
the individual capacities.

Where two or more condensers are connected in parallel the
total capacitance C=C;+C;+C;, etc. In this formula C;, C;
and C; represent the individual capacities.
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SERIES CONNECTIONS

C C

C,

2

\ -/
~"
1
5 = 1 1 1
= 4 =4 2
& C; C2+C3 ‘3

FIG. 9—Mathematical relation between the total capacitance and the indi~
vidual capacities when connected in series combination.

Type of Condensers.—Condensers for radio application may
be classified according to their construction as:

1. Mica and paper type
2. Electrolytic type
3. Ganged or air type.

Their capacity may be either fixed or variable.

As the two first classes utilized in radio circuits do not vary
appreciably from those employed in other electrical systems,
we shall here deal only with the ganged condenser type used in
tuning of radio circuits.

This type of condenser generally consists of two parallel
connected sets of plates of which one is stationary and the other
movable.
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PARALLEL CONNECTIONS

= = —— — |
= 209090909222 eeeaad

C: Cs

Bl
2

\

C=C,+C,+Cs

F1G. 10—Illustrating condenser connection and mathematical reiation between
the total capacitance and the individual capacities when connected in parallel
combination.

INIMUM INTERMEDIATE MAXIMUM
%AAPACITY CAPACITY CAPACITY

ROTOR
“TPLATE

ﬂ!A//_ING SYMBOLS

FIG. 11—Arrangement of straight line capacity condensers for various ca-
pacities.
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The movable plates are made to intermesh (without touch-
ing) with those of the stationary plates, and the maximum
capacity is obtained when the full areas of the two sets of plates
are exposed to each other, and for various other positions some
intermediate value of capacitance exists.

‘The ganged type of condenser is usually made of brass or
aluminum sheets. Commercial types are stamped in a die press
and will hence be very exact in shape and size.

Condensers of this kind are usually rated by the total number
¢f plates in the combination; that is, a condenser having 8 plates
in the rotor and 9 plates in the stator would be rated as a
seventeen plate condenser.

When it is found necessary to accomplish very small changes
in capacity, the condensers sometimes are provided with one
additional plate, which may be separately rotated, and when so
used are called vernier condensers.

Commercial types are made with various standard capaci-
tance values, and the relation between the number of plates and
their maximum capacity in microfarads is approximately as
follows:

No. of Max. Capacity in
plates microfarads

11 0.00025

13 0.00025

17 0.00035

21 0.000365

23 0.0005

Straight Line Capacity Condensers.—Condenser plates of
this type are semi-circular in shape, and the change in capacity
is accomplished by rotation as previously discussed. However
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due to the geometrical form of the plates, the capacity will vary
in direct proportion to the angle of rotation, i.e. if a change in
capacity of 0.0001 Mfd. be made by changing the rotor setting
from 15 to 20 degrees, a similar change in capacity will be made
by changing the setting from 35 to 40 degrees.

FIG. 12—Shape of rotor plates in various type air condensers. Figs. a, b, and
¢ represent straight line capacity, straight line frequency and straight line
wave—length respectively.

Straight Line Frequency Condensers.—In modern con-
densers, however, for convenience in tuning, the condensers are
made with logarithmic plates, i.e. the shape of the plates are
such that a linear relationship exists between the rolor setting in
degrees and the frequency in the circuit.

The advantage of this arrangement is obvious since the
primary employment of the gauged type condenser in oscilla-
tory circuits is for adjustment of frequencies.

The frequency of such a circuit varies inversely as the square
root of the capacity, and the wave-length varies directly as the
square root of the capacity, hence it is evident that in order to
obtain a direct relationship between the rotor setting in degrees
and the frequency in the circuit, the rotor plates must therefore
possess an exponential characteristic.
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'xw =
. NS NS

FIGS, 13 to 22—Various types of condensers used in radio work.
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Example: A condenser of 0.0002 MId. is connected in series
with one of 0.002 Mfd. What is the value of the resulting capaci-
lances and what would be the capacity if they had been connected
in parallel?

Solution.—If C denotes the resultant capacity of the two
capacities in series, then according to the aforementioned
formula:

1 1 1
¢ =0.0002 T0.002

L 5,000--500 = 5,500 from which follows that—

o

C =§’—510—0 or 0.00018 Mfd. (approximately)

If connected in parallel the total capacitance is simply the
sum of individual capacities or 0.002+0.0002 which adds up to
0.0022 Mfd.

Code colors for indication of resistor values. —The
Standard Radio Manufacturers’ Association Code (R.M.A.
color code) for resistor values is as follows: With reference
to fig. 23 the resistor has 3 colors; @ body color, a tip color and
a central dot color. The dot color indicates the number of zeros
or ciphers to be added to the numerals of the other two colors;
and the color of the body is taken first; for instance, if the
body color be blue, which means 6, and the tip color be red,
which means 2, and the dot is orange, which means 3 ciphers
(000), the resistance of the resistor is 62000 or 62,000 ohms.
The color values are as follows:
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Color Bodv and tip numerals Dot ciphers
Black................. ..., O e —
Brown...................... ) U 0
Red............. ..ot P 00
Orange..........coovvvnenn. 1 S 000
Yellow.........ccvvvvnn.nn. Ao 0000
Green........coveiinen... B 00000
Blue.................. L T 000000
Violet........ccovivnneen... Y 0000000
Gray.......oooiieiiinennn.. L 00000000
White. . ..., S 000000000

If no difference in colors are visible, the colors are assumed
to be the same and their values are accordingly. For instance,
an all brown resistor would be 1, 1, 0; or 110 ohms.

TIP DOT
———

{ E

BODY

<————CONNECTORS ———>

FIG. 23—THustrating Standard Radio Manufacturer’s Association (R.M.A.}
color code for carbon resistance.
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500,000
200,000

DIRECTIONS 300,000

Lay straight edge on any two known quantities. Read unknown 200,000
quantity on third scale. ' © 1-$50.009
Dotted line illustrates example of a 10,600 okm resistor dissipat.

ing 1 watt at 100 volts, i Ie‘:‘)ob%%q

60000
0,000
40000
E! W u Powerin Watts 30,000
Wa — E = Voltage in Voits 3
K R = Remstance in Ohms 20,000
15.000
15,000
- £.000
€,900
L 5,000
L 4.000
- 3,200
L 2.000
1+ 1%00
- {200
800
600
t- 500
r 400
+ 300

Fid
- 200

150
& 100

12
+ 15

+ 1
Los
I os
MOLTAGE
VOLTS RESISTANCE-OHMS

FIG. 24—~Convenient table giving the scalear relation between resistance
(R), voltage {E) and power (W). With the chart and a straight edge any ot
the above quantities can be determined if the other two are known.
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CHAPTER 9

Transformers

The alternating current transformer represents an example
of the practical utilization of mutual inductance. By definition
a transformer is a form of stationary induction apparatus in
which the primary and secondary coils or windings are ordinar-
ily insulated from one another, their relative position being
fixed. In the case of low frequency and pawer transformers, the
primary and secondary windings are wound on a common iron

LAMINATED

PRIMARY SECONDARY
WINDING TERMINALS WINDING TERMINALS
|
S /

FIG. 1—A transformer in its simplest form consists of two separate and dis-
tinet coils of insulated wire wound around the laminated iron core, as shown
in the above representation.,

core as shown schematically in fig. 1. In this case, the co-effi-
cient of coupling approaches 1009, but for radio frequency
transformers the windings are usually carried on a non-mag
netic form and are hence said to be air cored..
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Transformer Function.—A transformer does not generate
power, its purpose being merely to change the power from one
voltage to another. Generally when used in connection with
transformation of large amounts of power, from one voltage
to another, a transformer utilized to raise the received voltage
is called a step-up transformer, and when used to lower the
voltage, a slep-down lransformer.

PRIMARY
CIRCUIT

SECONDARY'CIRCUITS

FIG. 2—Typical schematic diagram of powcr transformer used in radio work.

In radio service, a power transformer is used to supply a
high voltage to the rectifier tube for rectification of the alternat-
ing current, (furnished through the wire cord leading from the
wall outlet to the transformer) and also to supply the filament
or heaters with the required voltage and current. For this pur-
pose, the transformer is usually equipped with a single primary
winding and several secondary windings as shown in fig. 2.
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Transformer Theory.—A transformer is said to be loaded
when a current is flowing in the secondary coil. When the
secondary circuit is open and an alternating current from the
power line flows through the primary coil, it causes an alternat-
ing magnetic flux to flow in the core.

This magnetic flux rapidly rising, falling and changing direc-
tion with the impressed frequency, cuts both primary and
secondary coils and induces a voltage in each.

The voltage produced in the primary coil is opposite in direc-
tion and nearly equal to the voltage in the power line. The volt-
age of the secondary coil is proportional to the number of turns
of the wire in the primary and secondary coils.

The choking effect produced within the highly inductive
primary coil, allows only a small current to flow continually
through it. This small current, proportional to the difference
between the power line voltage and the voltage or counter
electromotive force of the primary coil, keeps the core mag-
netized and maintains the voltage in the coils.

When the secondary circuit is closed a current flows through
it. This secondary current is opposite to the primary current
and its magnetizing action in the core opposes and necutralizes
to a certain extent the primary flux and reduces the choking
effect or counter electromotive force. In the primary coil when
this happens more current rushes into the primary coil from the
power line and balances the de-magnetizing action of the
secondary current.

In this way the transformer is made automatic and main-
tains its core flux practically constant regardless of the load on
the secondary. The variation of the load through the primary
varies directly with the load on the secondary.

Relation of Voltage in Primary and Secondary Coils.—The
induced electromotive force in a transformer coil is due to the
three factors: flux, frequency and the number of turns.
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Assuming a sine wave current, the fundamental equation
used in transformer design is as follows:

E=4'44?<{%§‘3X—N ................................. 1)

where f = frequency in cycles per second
¢ =maximum flux on the sine wave
N =number of turns in the respective coils.

The voltages in the secondary and primary coils are pro-
portional to their respective turns as both have the same fre-
quency and are cut by the same flux. It has also been found
that—

where B =maximum flux density in lines per square inch.
A =cross section area in square inches.
If BX A be substituted for ¢ in equation (1) then

E=4’44XBi<O§VXfXAv

This formula may be used in transformer calculations as
shown in the following example.

Example.—In designing a special 60 cycle step-down trans-
former a core of 2 sq.ins. cross section was chosen. Using a flux
densily of 65 kilolines per square inch of the core area, what will
be the voltage of primary and secondary winding if the lurns are
320 and 80 respectively?

Solution.—
E.— 4.44 ><65,00(1)8§320 X60X2 _ 110.8 volts
E, = 4:44%65,000X80X60X2 _ o7 7 o4

108
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Another handy formula for small power transformers is
ohtained by solving equation (3) with respect to turns per volt.

E ——4.44 BXfXA ---------------------------------

A useful transformer design chart based on this equation is
shown in fig. 3 in which the left column represents the flux
density (B), the centre column the core area (A) and the right
solumn the turns per volt.

Using the data given in the previous example with respect
to the primary winding, it may readily be found that if a
straight line is drawn through the chart at 65 kilolines per
square inch, and 2 square inches area, the line will intersect the
right column at approximately 2.9 turns per volt, which is

320
equal to {10.8 being the primary number of turns divided by

the primary voltage.
It is customary to change the turns per volt to an even num-
ber so that the proper center taps may easily be made.

Due to the previously described automatic action of the
transformer which causes the core flux to remain constant regard-
less of load, the primary and secondary induced voltages remains
practically constant, hence:

E_ Ny
By TN et
Where E,=voltage of primary coil
E, =voltage of secondary coil
N, =number of turns in primary coil
N.=number of turns in secondary coil.

It follows from the above that if N;and N are the number
of turns in primary and secondary coils respectively, and if a
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FIG. 3—Turns per volt chart. When it is desired to use flux density in kilolines
per square centimeter as well as the core area in square centimeters re-
spectively, the data supplied at the left and center columns of chart should
be used.
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voltage E; is impressed on the end of the primary coil, the
secondary voltage is given by the following relationship

N
152=E*1>\<,1 L, (6)

=

FIG. 4—Simple diagrammatical representation of typical transformer.

Example.—What will be the ratio of the primary and
secondary turns tn a pover iransformer having 110 volls impressed
upon the primarp coil when 660 volls is required across the plates
of the rectifier tubes?

Solution.—

E_ N 10_ N _1
E. N, 660 N, 6
That is the secondary coil should have six times as many
turns as that of the primary coil.

Ampere Turns.—When a load of impedance Z, of some form
is connected across the secondary coil of a transformer as shown
in fig. 4, a current flows in the secondary winding and this in
turn reacts back on the primary winding through the medium
of the mutual induction. Therefore, the current taken by the
primary winding will depend upon not only the impedance of
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the secondary winding itself, but also on the amount of current
flowing in the secondary, although there is no direct electrical
connection between the windings.

The extra current taken by the primary winding of a trans-
former when a current is allowed to flow in the secondary is
exactly proportional to the secondary current and these two
currents have equal and opposite magnetic effects on the core,
the extra primary ampere turns just opposing the secondary
ampere turns, so that apart from the initial magnetizing current
leN]=12xN2 ....................................... (7)

Example.—If in a certain step-up transformer, the turns of the
bprimary and secondary windings are 40 and 400 respectively,
what will be the current ralio?

Solution. —Inserting the values in equation (7) the following
is obtained:

40 I, .1

00- T, or the current ratio= 10
from which it follows that the current in the primary winding
is ten times larger than the current in the secondary winding
or 11 = 1012.

This is just the reverse compared with the relationship for the
electromotive force, therefore a transformer which steps the
voltage up will step the current down in the same ratio and vice
versa.

Consequently the products of primary volts and amperes is
approximately equal to the products of the secondary volts and
amperes for iron cored transformers, but these conditions do not
hold true for 7.f. transformers where the coupling co-efficient is
considerably less than unity.
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Types of Transformers.—The two transformer types usually
found in radio work are:

1. Core type
2. Shell type.

The core types shown in figs. 5 and 6 may have either a closed
or open magnetic circuit, and are thus referred to as the
closed core type and the open core [ype.

The open core type consists primarily of two windings,
wound on a straight piece of laminated iron. This type of con-
struction is very economical, but on account of very large
leakage losses (its magnetic path being completed mainly
through the surrounding air) it is used very sparingly in the
radio field.

PRIMARY SECONDARY

—LAMINATED 7ERMINALS7 7ERMINALS
=% > s
PRIMARY — | seconoary éfwm' [ A' o
TERMINALS TERMINALS 5
&
. LAMINATED
(RON CORE
CLOSED CORE TYPE OPEN CORE TYPE

FIGS. 5 and 6—Closed and open core-type transformers respectively.

In the closed core type the windings are generally placed
opposite each other as shown in fig. 5. the sides supporting the
windings are referred to as the “core legs.”

The coils generally consist of closely wound cotton insulated
copper wire, dimensioned so as not to cause excessive heating,
i.e. the wire should be of sufficient size to carry the load of the
transformer without over-heating.
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Insulation.—In transformers of higher voltage each layer
of the winding is usually separated from the next by a thin
insulating paper, in order that the effective voltage between
each layer may not break down the insulation, causing a short
circuit between the wires.

The best possible economy is secured when the winding en-
closes 2 maximum of core area with a minimum of wire, and
when in addition the magnetic path is the shortest possible. A
method widely adopted in small transformer design is the use of
a single winding form, all secondaries and primary being placed
on one leg of the core.

PRIMARY SECONDARY

M!
TERMINAL$ TERMINALS SECONDARY

PRIMARY WINDING — TERMINALS
SECONDARY WINDING —

L Comeaary |
I  SECONDARY!
WINDING

- PRIMARY
TERMINALS

FIGS. 7 and 8—Shell and open core type transformers having the primary and
the secondary winding placed directly on top of each other.

Shell Type Transformers.—Referring to fig. 7, this type has
a completely closed core with a centre and two outside legs,
forming two outside parallel paths for the magnetic lines of
force.

On account of the above mentioned feature, this type has a
very low magnetic leakage, and is hence most commonly used
for power and audio transformers in the radio field.
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As shown in fig. 7, the windings are placed directly over each
other on the centre leg, thereby providing for an economical
and compact design.

Transformer Losses.—All of the energy drawn from the
power line by a transformer is not transformed. The various
losses incurred in the transformation process are known as
hysteresis loss, eddy current loss, iron loss, copper loss, magnelic
leakage loss, etc.

The hysteresis loss is energy spent in overcoming the fric-
tion between the molecules of iron as they move backward and
forward with the change of direction of flux; this is theoretical
as some believe it is the natural resistance of the metal to the
flow of flux and that the molecules of iron do not move back-
ward or forward.

The eddy current loss is the energy spent in the heating
action of the induced currents in the iron core by the varying
flux. Voltages are induced in the core by the alternating flux
and these voltages produce eddy currents.

Iron losses are practically constant with or without load and
are manifested by heating. The energy loss in overcoming the
ohmic resistance of both coils of the transformer when current
flows through them (I2R) is known as the copper losses.

Copper losses vary directly with the square of the current
due to the load of the transformer. The total copper loss in the
transformer is (I,2X R;) of the primary, plus (/22X R,) of the
secondary.

Magnetic leakage is another loss. When the magnetic line of
force flows through the core some of them do not interlink both
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coils, thus causing an inductive resistance or counter electro-
motive force in the primary coil, which is not transmitted to the
secondary coil and therefore causes a loss of voltage analogous
to the ohmic resistance loss of the primary winding. '

[0 S — El———,—-cf
£
i G
JI! LAMINATED CORE ||}
: l

FIG. 9—Typical schematical representation of an auto-transformer in which
E, is the primary and E: the secondary voltage.

Transformer Efficiency.—On account of the relatively small
power involved in radio transformation, there is no urgent
need for high efficiency. Generally an 809, efficient trans-
former which takes 75 watts to supply 60 watts is satisfactory.

The efficiency of a transformer may be written in the form of
an equation as follows:

Efficiency — output of secondary
y output of secondary +transformer losses

when the iron loss is small the transformer has a high efficiency
on light loads. When the iron loss is equal to the cooper Joss the
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transformer has a high efficiency on full load or overload.
The efficiency of a transformer may also be written:

output in watts of secondary
input in watts of primary

Auto-transformers.—The auto-transformer is commonly used
in audio frequency amplifier couplings, and in connection with
battery chargers, bell ringing transformers, etc.

Principally the auto-transformer consists of one coil tapped
at certain points, dividing it into parts, any part of which can
be used as primary or secondary. The ratio depends upon the
number of turns in each part.

On account of its simplicity this form of transformer is econ-
omical to build, but is hazardous on high voltage and should be
used only for small ratios of transformation. The transforma-
tion at low ratios is accomplished partly by transformer action;
however, at higher transformation ratios more and more of the
power is transformed by regular transformer action and less by
direct conduction.

Wire Size.—After the current in each winding has been
obtained the wire size is determined by the number of circular
mils per ampere. Generally it is considered safe to use 1,000
circular mils per ampere for transformers of less than 50 watts,
and 1,500 circular mils per ampere for larger transformers.

The design, repair and service of radio and electrical appara-
tus will be greatly facilitated by utilizing the copper wire table
shown on the following page. The reader is, therefore, advised
to familiarize himself with this time saving wire table, as it is an
easy matter by means of it to find the relation between a certain
wire gauge and its diameter in mils, area in circular mils, the
number of turns per linear inch, resistance in ohms per 1,000

frrt AL T raly At~



COPPER WIRE TABLE

Turna per Linear Inch 2 Turns per Square Inch? Feet per Lb. ci."m
5 2 Ohms e Nearest
Gauge Diam. Circular Capacity . e
No. n Ma D.SC. 1 OZ;P,L at ‘l:::ln; g,"#'a
1 .5.C. b .G.
EbQ6 || 18D are | oo | sce. | Do | pee.| sco | Eramd | poc | B | Dec. | e |PREH No.
s.cC.
s.c.C Amp3
1 289.3 82690 = = —_ — — — —_— 3.947 — <1264 85.7 7.348 1
2 257.6 68370 =] = ] —_ bnd -— -— 4.977 —_ <1593 [ 44.1 6.544 3
3 229.4 52640 = = = = = —_ —_ 6.278 —_ .2009 35.0 5.827 4
4 204.3 41740 = ] = = —_ —_ = 7.914 = .2533 2.7 5.139 8
Bl 181.9 33100 = — Lo = —_ - = 9.980 — .3195 22.0 4.821 7
(] 162.0 26250 = = —_ = — —_ —_ 12.58 — .4028 17.5 4.115 8
7 144.3 20820 —_ = = = = = _— 15.87 = .5080 13.8 3.008 L]
8 128.5 16510 7.6 = 7.4 7.1 -— = _— 20.01 19.6 6405 11.0 3.264 10
9 114.4 13090 8.6 = .8.2 7.8 —_ _ = 25.23 24.8 .8077 8.7 2.908 1
10 101.9 10380 9.8 — 2.3 8.9 87.5 84.8 80.0 31.82 30.9 1.018 6.9 2.588 12
11 90.74 8234 | 107 = 10.3 9.8 110 105 97.5 40.12 38.8 1.284 8.8 2.305 13
12 80.81 6530 12.0 = 11.5 10.9 136 131 121 50. 59 48.9 1.619 4.4 2.053 14
13 71.96 5178 13.5 — 12.8 12.0 170 162 150 63.80 1.5 2.042 3.5 1.828 18
14 64.08 4107 15.0 — 14.2 13.8 211 198 183 80.44 773 2.578 2.7 1.628 18
15 57.07 3257 16.8 —_ 15.8 4.7 262 250 223 101.4 7.3 3.247 2.2 1.450 17
18 50.82 2583 18.9 18.9 17.9 16.4 321 306 271 127.9 119 4.094 1.7 1.201 18
17 45.28 2048 21.2 21.2 19.9 18.1 397 372 29 161.3 150 5.183 1.3 1.150 18
18 40.30 1624 23.8 23.6 22.0 19.8 493 454 399 203.4 188 6.510 1.1 1.024 19
19 35.89 1288 26.4 26.4 24.4 21.8 592 553 479 256.5 237 8.210 .88 8116 20
20 31.96 1022 20.4 8.4 27.0 23.8 75 725 825 323.4 298 10.35 .88 .8118 21
21 28.46 810.1 33.1 32.7 29.8 26,0 940 895 754 407.8 370 13.05 54 -7230 22
22 25.35 642.4 37.0 36.5 .1 30.0 1150 1070 910 514.2 4861 16.46 .43 8438 2
23 22.87 509.5 41.3 40.8 37.8 31.6 1400 1300 1080 648.4 584 20.76 .34 .5733 24
20.10 404.0 48.3 35.3 41.6 35.8 1700 1570 1260 817.7 745 26.17 27 5108 25
25 17.90 320.4 51.7 50.4 45.6 38.8 2060 1910 1510 1031 903 33.00 21 4547 26
26 15.94 254.1 58.0 55.8 50.2 41.8 2500 2300 1750 1300 1118 41.62 Bis 9 27
27 14.20 201.5 61.9 61.5 55.0 45.0 3030 2780 2020 1839 1422 52.48 13 36808 »
28 12.64 159.8 72.7 8.6 680.2 48.5 3670 3350 2310 2087 1759 86.17 .11 3211 30
29 11,28 126.7 81.8 74.8 65.4 51.8 4300 3900 2700 2607 2207 83.44 d 31
30 10.03 100.5 90.5 83.3 71.5 85.5 8040 4860 3020 3287 2534 105.2 N7 2546 a3
31 8.028 79.70 101. 92.0 77.5 59.2 8920 5280 4145 2768 132.7 083 2268 34
32 7.950 83.21 113. 101. 83.68 2.8 7080 6230 - 5227 3137 187.3 .2019 36
33 7.080 80.13 127, 110, 90.3 6.3 8120 7380 bnd 6591 4697 21170 033 .1798 ki
34 6.305 39.75 143. 120, 97.0 70.0 9600 8310 = 8310 8168 268.0 026 L1601 38
35 5.815 31.52 158, 132 104, 73.5 10900 8700 —_ 10480 6737 338.0 021 L1428 38-39
368 5.000 25.00 | 175, 143 m. 7.0 12200 10700 —_ 13210 877 423.0 017 1270 3040
ar 4.453 19.83 198 154 118, 80.3 —_ -— - 16660 9309 533.4 013 .1131 41
38 3.985 15.72 | 224, 166 128. 83.8 — — — 21010 10666 672.8 010 .1007 42
39 3.531 12.47 248. 181 133. 86.6 = —_ -_— 26500 11907 848.1 008 .0897 43
40 3.145 9.88 | 282. 194 140. 89.7 — —_ —_ 33410 14222 1089 008 0709 “*

1 A mil is 1/1000 (one thousandth) of an :nch.
2 The figures given are approximste only, since the thickness of the insulation varies with different manufscturers,
2 The cutrent-carrying capacity at 1000 C.M. per ampere 13 equat to the circular-mil area (Columa 3) divided by 1000.
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CHAPTER 10

Metallic Rectifiers

A metallic rectifier also termed disk type rectifier is a device
which presents a high resistance to the flow of current through
it in one direction, and a comparatively low resistance to the
flow of current through it in the opposite direction. Thus, if an
alternating voltage be applied to the terminals of a single
rectifier, electric current will flow easily in one direction, but
practically not at all in the other direction, so that the current
flow is a pulsating d.c. current as noted in fig. 2, since it
flows for half a cycle only, during each cycle of the applied
a.c. voltage.

The unilateral conductivity possessed by the junction of
various combinations of different solids, usually in the form of
disks or plates, is the basis of metallic rectifiers.

Depending upon the solids involved, rectifiers of the fore-
going type may be divided into three classes. They are:

1. Selenium
2. Copper-oxide, and
3. Magnesium.

The type of rectifier to use for a certain application depends
a great deal upon such factors as, first cost of the rectifying
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F1G. 1—lllustrating efficiency characteristics for various loads of single and
three phase selenium rectifier circuits. It will be noted that nonlinear
characteristics of selenium rectifiers contribute to high efficiencies even
at large overload factors.

AVERAGE DC.
; ; / \ NGLE
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FIG. 2—Showing method of connection of simple half-wave rectifier in a
single phase alternating current circuit. As noted in the diagram, the
rectifier allows current to flow in one direction only, thus supplying a
pulsating direct current to the load.



Metallic Rectifiers 201

device, efficiency of operation, useful life, d.c. power require-
ments, ripple factors, etc.

Since metallic rectifiers usually require transformation of
a.c. voltages, this additional cost with accompanying power
lossesin the transformer or transformers, also must be considered.

AVERAGE D.C. I
/- AC.
N/ T \/ SINGLE J
PHASE AC.
1

AC.
[ S ,l 1
ONE CYCLE L

TRANSFORMER

= I+
D.C. LOAD

FIG. 3—Illustrating rectifier connections in a bridge circuit to obtain full-
wave current rectification.

/rAVERAGE D.C.

SINGLE
PHASE

AC.
re——ONE CYCLE L

FIG. 4—Method of rectifier connections in a center tap single phase circuit.
As shown in the diagram a circuit of this type in common with the bridge
circuit provides full-wave rectification of the alternating current.

1
D.C. LOAD —T+

TRANSFORMER N

In low power rectifier circuits, such as in battery charging
and similar applications, it is not necessary to have a steady
output current and in many cases a simple half-wave rectifi-
cation circuit is satisfactory.
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Where full-wave current rectification is desired a bridge or
transformer tap circuit such as illustrated in figs. 3 and 4, has
found numerous applications.

i

In the selenium type of reclifier, the basic materials are:
selenium, aluminum and a low melting point alloy. In the
manufacturing process, aluminum base plates are prepared by
chemical etching and are electroplated with a thin layer of
nickel.

The undercut etch serves as a mechanical means of bonding
the selenium layer to the base plate during the subsequent
pressing operation. The nickel plating governs crystal growth
and orientation in the selenium layer.

High purity selenium is then sprinkled over the nickel plated
base plate in fine powder form and is then subjected to high
temperature and pressure in hydraulic presses with electrically
heated platens.

After the powder press operation, selenium rectifier cells are
placed in ovens for heat treatment which completes the crystal-
lization process. Here the selenium is completely converted
-to a metallic form and the crystals are arranged to cause
rectification.

During the foregoing heating process the temperature is
exceedingly critical, since a one per cent deviation could cause
poor crystallization and consequently a poor rectifier cell.
This heat treatment also forms a very thin “barrier layer’ on
the selenium and it is believed that current rectification is
accomplished in this layer.

Selenium rectifiers are used alternately with copper oxide
rectifiers for alternating current rectification. Typical ap-
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plications include radio and television receivers, business
machines, communications equipment, battery chargers, eiec-
troplating equipment, etc.

Since selenium rectifiers are thermally as well as electrically
rated devices, it is important the rectifier stack be located
away from all heating sources such as resistors, tubes, trans-
formers, ballasts or any other heat radiating element.

In larger installations, forced air cooling is quite often used
as a means of dissipating heat. Thus, for example, a rectifier
that is rated at 10 amperes with normal convection cooling can
be operated at 25 amperes if sufficient cool air is passed between
the cells. Also, to decrease the effects of very high ambient
temperatures, forced air is often used to allow higher percent-
ages of normal rating. In all cases, however, manufacturers’
recommendations should be adhered to.

The efficiency of conversion in selenium rectifiers is relatively
high or in the order 909, in three phase, full-wave circuits and
70% in single phase, full-wave circuits. The nonlinear char-
acteristics of selenium rectifiers, fig. 1, contribute to high
efficiency even at large overload factors.

By the very nature of its construction (two metals separated
by a semi-conductor) selenium rectifiers have a considerable
amount of inherent capacity. This capacity, 0.1 to 0.15 micro-
farad per square inch of rectifying area, limits the frequency at
which rectifiers can be used. The practical limit varies be-
tween 1,000 and 15,000 cycles, depending upon cell size and
electrical requirements.

In general, in applications that require small values of direct
current, the maximum practical frequency is 15,000, and 1,000
where relatively large direct current loads are involved.
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Operation of selenium rectifiers at frequencies above the
practical limit, results in sharp reduction of the rectification
ratio and efficiency, due to increased reverse current.

Selenium rectifiers can be overloaded with respect to their
current output under momentary or cyclic condition without
serious damage. A prolonged overload, however, such as that
occasioned by a short circuit, will damage or destroy the
rectifier. Thus, it is important that proper circuit protection
in the form of fuses or other devices be used, and that proper
precaution be observed to locate and correct the trouble before
power is applied to the rectifier.

Over-voltage conditions are more serious than current over-
loads. A potential in excess of rectifier rating may cause a
breakdown across the selenium layer and while a selenium
rectifier is “‘self-healing’’ to a certain extent, prolonged over-
voltage conditions will cause rectifier failure. If an over-
voltage condition occurs and the breakdown across the rectifier
be sustained, the odor of selenium fumes can be detected and
power should be turned off immediately to minimize the damage.

In the copper-oxide type the rectifying layer is permanently
established in a solid piece of material consisting of copper with
cupreous oxide formed thereon by partial oxidation of the
copper at high temperature.

Pressure or electric forming is not necessary although pressure
is often used in the assemblies as a convenient method of mak-
ing low resistance contact to the unit. Various methods are
used for making contact to the free surface of the oxide without
pressure, such as spraying it with metal, Aquadag, etc.

Copper oxide rectifiers may be used in either half-wave, full-
wave or bridge circuits figs. 2 to 4, with junctions in series or
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multiple as required. Thus, for example, a bridge circuit with
four junctions 114 inches in diameter will supply a rectified
potential of 3 to 6 volts and an output current of from %% to
314 amperes, depending upon the exposed radiating surface of
the disks, the means taken to cool the units, and other factors.

In overloading the rectifier its life will be considerably short-
ened because of high temperature. By keeping the tempera-
ture below 60°C, a life of many years may be obtained.

An efficiency of 60 to 709 is an average figure, under normal
operating conditions, although under certain limited conditions,
efficiencies as high as 809, may be obtained. Frequencies of
very high value can be rectified, although a considerable
capacitance effect will be encountered at the higher frequencies.

Magnesium type rectifiers are made up of layers of magnesium,
cupric sulfide and copper. The general operating characteristic
is similar to other types of disk rectifiers, although magnesium
rectifiers have somewhat shorter life at normal operating tem-
peratures than have the copper-oxide and selenium type.

On the other hand it is claimed that magnesium rectifiers can
operate satisfactorily at temperatures as low as —40°C with
practically no change in their operating characteristics.

The efficiency of a three phase, full-wave magnesium rectifier
is in the neighborhood of 50 to 559}, while that of single phase,
full-wave rectifier is 35 to 409, depending upon whether the
load is resistive, inductive or capacitive.

Magnesium type rectifiers are employed to some extent in
industrial applications such as in battery charging, electro-
plating and the like.
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Rectifier Circuits

Rectifiers may be connected in various ways depending upon
the direct current power requirement for a certain application.
When rectifiers are connected in single and three phase circuits,
they are termed:

1. Half-wave
2. Bridge
3. Center tap.

Single Phase Circuits.—Half-wave rectification is generally
used in applications that require small amounts of power,
Most popular applications have been in radio and television
receivers to deliver B+ power. The ripple frequency is the
same as the supply frequency and the ripple component is
large since the rectifier conducts only during one-half of the
input cycle as noted in fig. 2.

Equipment using this form of rectification usually requires a
special transformer design because of the unidirectional flow
of d. c. current through the secondary.

The single phase bridge rectifier, fig. 3, is popular because it
offers flexibility of design, full-wave rectification, a ripple
frequency that is twice the source frequency in addition to
high efficiency and utilization of an economical transformer
design. Its field of application covers every phase of electronic
and electrical design.

The center lap single phase rectifier which connection is shown
in fig. 4, in common with the single phase bridge type, has a
high ripple frequency and efficiency. The transformer design,
however, is more complicated. The full-wave center tap circuit
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is commonly used in low-voltage applications (less than 10
volts d. c.) such as laboratory, electro-plating, battery charging
equipment and the like.
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FIG. 5—Illustrating connection methods of three phase, half-wave rectifier.
A circuit of this type is used in applications requiring very large current

at a low voltage.
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FIG. 6—Method of connections in a three phase bridge rectifier system.
This circuit provides good economy where the direct current power re-
quirements are large because of its high efficiency.
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Three Phase Circuits.—The three phase, half-wave rectifier
connections, fig. 5, are used primarily in low voltage high current
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applications. The output ripple frequency is three times the
source frequency and the load ripple component is approxi-
mately 20 per cent. The three phase, half-wave rectifier is
commonly used in commercial electroplating applications that
require thousand of amperes of current.
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FIG. 7—Center tap three-phase rectifier circuit. Circuits of this type are
employed in applications where direct current requirements are high and
voltages are low.

TRANSFORMERS

The three phase bridge rectifier connections, fig. 6, supply the
most economical and useful circuit where d. ¢c. power require-
ments are high and efficiency is an important factor. Here the
ripple frequency is six times the source frequency and the load
ripple component is only 4.5%. In most applications filtering
i1s not required. Popular applications include aircraft motor
starters, electrolysis equipment, large power supplies, and arc
welding equipment.

The three phase center tap circuit is used where the d. c. voltage
requirements do not exceed 15 volts and load current require-
ments are high. Special transformer design is required to
provide a six-phase secondary. This connection method, fig. 7,
is used to some extent in electroplating equipment.
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CHAPTER 11

Vacuum Tubes

Vacuum Tubes.—A vacuum radio tube in its simplest form is
somewhat similar to an electric light bulb, but contains a num-
ber of metallic elements for various purposes for use in conjunc-
tion with radio transmission and reception. The parts of a
typical vacuum tube is shown below.

Fig. 1.—Parts and assembly of a typical glass radio tube. The filament, grid screen and
plate are sealed in the tube, from which the air has been removed. (Courtesy R.C.A.
Mfg. Co.}
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F16. 2.—~Internal structure of a glass radio tube. There is at present a great number of tubes
utilized for various requirements. In radio applications they are used for amplifying radio
waves; for converting radio waves to sound waves; for converting alternating current to
direct current, etc. (Courtesy R.C.A. Mfg. Co.)
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F1c. 3.—Inside view of a metal radio tube. The inside parts are similar to those of a glass
radio tube. The housing of the parts consists of metal, which has certain advantages to
that of the glass in required clecctrical shiclding. These types of tubes generally are smaller
and have a central guide pin projecting from the base for easy insertion in the sockets,
and are therefore not as a rule interchangeable with glass tubes. (Courtesy R.C.A.

Mfg. Co.)

Purpose of Vacuum Tubes.—The general purpose of a vac-
uum tube is to detect and amplify radio waves; for changing
alternating current into direct current; for producing oscilla-
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tions or rapid electrical pulsations; for changing an electric cur-
rent of one degree of pulsation to those of another, and for
innumerable other purposes.

Materials Used in Vacuum Tubes.—The materials used for
housing the elements of a vacuum tube may be glass or metal—
sometimes a combination of the two. The essential difference
between metal and glass tubes is that the metal tubes as a rule
are smaller, and have a central guide pin for insertion in the
sockets and hence they are not readily interchangeable with
one another.
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F1G. 4.—~Ilwstrating the flow of electrons in a vacuum tube.
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Principles of Operation of Vacuum Tubes.—In any electronic
tube, thinny electrical charges called electrons jump from
a heated metallic surface, in a vacuum, to another metallic sur-
face and cause current to flow between the two when con-
nected together as shown in fig. 4. This current flow is always
one-directional in that it will flow in one direction only—never
in the reverse.

To produce such a flow of electrons, which constitutes an
electric current the following fundamental requirements must
be obtained:

1. There must be a continuous source of supply for the
cathode which produces the current flow.

2. It must be maintained at the high temperature necessary
for the dissipation of electrons from it.

3. To produce this continuous flow of electrons a force must
be supplied to transfer them through space.

Now, as the electrons consist of infinitely small negative
charges of electricity, it is evident that they are attracted to a
positively charged body and repulsed by a similarly or nega-
tively charged substance. (See page 27.)

Hence if a second element (anode) be added within the vac-
uum enclosure and in addition be maintained at a positive po-
tential with respect to the cathode, it will in accordance with
the above reasoning, attract the negatively charged electrons
to it and at a rate which is dependent upon the rate at which
they are supplied by the cathode.

In its simplest form therefore a vacuum tube consists of two
electrodes—a cathode and an anode (sometimes referred to as
filament and plate), the former emitting or discharging the
electrons and the latter acting as a collector of electrons. When
this condition exists the vacuum tube is called a diode or two-
electrode vacuum tube.
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RUa i

/ SWITCH SWITCH

F16. 5.—Shows how a current will be registered by the galvanometer when the switch is con-
nected to make the insulated plate positive. The current flow, however, will ccase when
the plate is made negative—the switch connects the insulated plate with the negative
terminal of the filament.

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 electron
emission, sometimes called only electron emission.

The electron emission also known as the Edison effect was found
by the famous inventor in his early experiments with the in-
candescent lamp sometime before 1890.

Edison observed that when a metal plate was sealed inside a
lamp bulb so that it was between and separated the two sides
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of the carbon filament, but was entirely insulated electrieally
from the filament, that an electric current flowed through a
galvanometer when connected between the outside terminal of
the metal plate and the posifive terminal of the filament.

When on the other hand, the connection was reversed, and
the galvanometer connected between the negative terminal of
the filament and the outside terminal of the plate, the current
flow stopped.

Although this phenomena was known at this early date, its
availability could not be utilized, due to the abserce of the
vacuum tube. It was only after discovery of the vacuum tube by
Prof. J. A. Fleming and Dr. De Forest that this perhaps
greatest invention in the twentieth century could be made
serviceable.

The flow of current can be amplified by small voltage changes,
the control of all changes is very marked and instantaneous in
action—there being no lagging, also the electricity utilized or
generated can be almost limitless in their number of pulsations.

This current flow or movement of electrons may be acceler-
ated 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 from the plate by
other fast moving electrons are called secondary emission.

When this occurs there is actually a simultaneous electron
flow in two directicns.



216 Vacuum Tubes

DIODE TRIODE
(2 ELEMENT TUBE) (3 ELEMENT TUBE)

FILAMENT

2 3 3
Not Connected
GRID
PLATE RLATE
FILAMENT
1 4 X 4
PLATE PLATE
@ ' )
FILAMENT FILAMENT

FIG. 6.—Views of two and threc element vacuum tubes showing arrangement of prongs and
wiring symbols.
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TETRODE PENTODE
(4- ELEMENT TUBE) (5- ELEMENT TUBE)
GRID
(Connection)
SCREEN
PLATE PLATE ATHODE
CATHODE (Inside of
(Inside of Grid) Contro! Grid)
(Heater not
HEATER Shown Located
Inside of Cathode)
CE SUPPRESSOR
GRID GRID

PLATE PLATE
SUPPRESSOR
SCREEN GRID
GRID GRID .
CATHODE - CATHODE
T A

HEATER HEATER

I16. 7.—Views of ‘our and five element vacuum tubes, showing arrangenitod of yrongs and
wiriny symbols.
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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 Function 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. 8. Radio tubes having such filaments for
cathodes are sometimes referred to as filamentary lubes
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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. 8 (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
] SLEEVING

OXIDE COATING

FILAMENT WIRE

CATHODE SHEAT WIRE

WIRE SUPPORT

(a) (b) (¢)

Fi.. B.—Schematic diagram of directly and indirectly heated cathodes.

account of their property 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 threaded 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

GRI PLATE +
—_
=
l FILAMENT | =
— 1 o
—=- C- & o
—— BATTERY N
+] B -7
ngiggj FILAMENT
mTRANSFORMER
A.C. SOURCE

wG. 9.—Diagram of connection to a triode employing a filament transformer.
far 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
griq circuits to the midpoint of the secondary of the trans-
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former, as shown in fig. 9. Generally, however, it is not possible
to use alternating current in the filament of tubes used in the
eaily 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 pages 228 and 229.

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 unless they can be controlled or made to
work according to a pre-determined schedule. The very
simplest form of tube consists of 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. 10. 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.

ANODE OR PLATE

ELECTRON
FLOW

R FILAMENT
M.A.
A 8
i It——o—J | lll lllll
- I + - +
BATTERIES

F1G. 10.-—~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 increase 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
oF— PLATE 1
CURRENT
A.C. SOURCE ouT-PUT
FILAMENT
HALF - WAY
RECTIFIER
7
\\ y
/
\ //
N N v
~ . - rd

- —

F1G. 11.—Connection diagram of the half-wave 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 characteristic of the diode that has been utilized as a means
of converting or rectifying 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-wave rectifiers, (See fig. 11) 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. 12. 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. 12. 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

RS

OuUT—PUT
CURRENT

110 v.
A.C. SOURCE

‘ +

F1i. 12.—Connection diagram and depiction of the action of a full-wave rectifier tnbe.
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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 plate 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 js 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 curren!, and because it is an indication of the
total number of electrons emitted, it is also known as the emis-
sion current. See fig. 13.

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 SATU RATION—\

\

e

/

PLATE CURRENT

PLATE VOLTAGE

F16. 13.—Characteristic curve of a diode.

Triodes.—The triode or three electrode tube is principally a
two-electrode tube in which a third electrode, called the grid,
is placed between the plate and the cathode. See fig. 14.

The grid consists usually of a mesh of fine wire extending the
full length of the catnode. 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

SIS

GRID OR PLATE OR
C BATTERY B BATTERY

F16. 14.—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. 15.
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F16. 15.—Tllustrating 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 corresponding 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 grid 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 grid and plate, plate and cathode, and grid
and cathode. See fig. 16.

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 CATHODEx GR|)D/ /GRID AND PLATE

4

|
CATHODE " PLATE

Z
CAPACITANCE BETWEEN

PLATE AND CATHODE
Fic. 16.—Diagram showing inter-electrode capacitances in a triode.

quency amplifier circuits, this capacitance may act to produce
undesired coupling between the input circuit, the circuit be-
tween the grid and cathode, and the output 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. 17. With the addition of this fourth electrode
the tube is accordingly referred to as a fetrode.
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The Screen Function.—The position 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
GRID

J, 'T' CATHODE
HEATER LOAD
INPUT
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F16. 17.—Connection of electrodes 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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©#1G. 18.—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. Thisin 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 leirode.

Pentode-type screen-grid tubes are used as radio-frequency
vollage amplifiers, and in addition can be used as audio-frequency
vollage 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 sensilivity—ratio of power output to grid swing causing
it, is higher. In audio power pentodes, 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 amplifier 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

F16. 19.—Conventional representation of beam power tube.

The Beam Power Tube.—In this tube a different method is
used for suppressing secondary emission. The tube (See figs.
19 and 20) 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, eiectrons 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

CATHODE
GRID

F16. 2).—Internal structure of beam power tube, (Courtesy R.C.A. Mfg., Inc.)

An added advantage of the beam power tube is the low carrent
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 lriodes, or duplex-diode peniodes, depending
upon the type of amplifier section incorporated.

Another type is the pentagrid converler, a special tube work-
ing as both oscillator 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 grids 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. 21 to 23. 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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Figs. 21 to 23.—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 cut-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 use.
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CHAPTER 12

Transistor Fundamentals

The transistor, sometimes termed the “Mighty Midget”’ be-
cause of its minute size, is primarily a three electrode germa-.
nium crystal contact device, which when properly connected
in a circuit will provide many of the services which until now
have been delegated to the familiar vacuum tube.

The development of the transistor will undoubtedly make
possible new types of electronic equipment which will use not
only transistors, but also electron tubes, and other electronic
components in increasing quantities.

During certain experiments in the Bell Telephone Labora-
tories, it was found that by placing point contacts of tungsten
and phosphor bronze in close proximity (0.05 to 0.25 mm) on
the specially prepared surface of a germanium block, interde-
pendence of currents in the vicinity of the contacts can be
utilized to obtain power amplification somewhat in excess of
20 decibels.

Transistor Theory.—A reasonable explanation of the mecha-
nism of conduction in the region of contacts is possible in terms
of statistical mechanics, but it is difficult to convey a plausible
‘physical picture of the transmission of current.
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According to the prevailing theories, there are two types of
‘semi-conductors, the so called n-type involving the migration
of electrons and the p-Iype in which permissible but unoccupied
electronic energy levels or “holes” are propagated through the
crystal lattice structure, and are equivalent to a flow of positive
electricity in the opposite direction to the electron flow. The
nature of the conduction is influenced by impurities in the
material.

In the transistor the main body of the germanium is of the
n-lype with a thin surface layer of p-fype germanium. It is
thought that the current between the emitter contact and the
main body of the germanium is conveyed by “holes” and that
a large portion of these “carriers” are attracted to the collector.

The mobility of the carriers is dependent on temperature
and the field strength. In practice, the finite mobility is
equivalent to the transit time in a tube, and limits the response
of the transistor, at the contact spacings previously noted, to
‘frequencies well below 10 megacycles.

One type of germanium impurities consists of arsenic, anti-
mony and phosphorus, which when added in minute amounts,
result in an increase in the conductivity. Germanijum having
an excess of electrons due to the addition of such impurities
is known as n-fype germanium, that is, germanium having an
excess of negative charges. .

Conduction in germanium may also be increased by adding
a second type of impurities such as aluminum, boron or indium,
which impurities are known as the p-type and create a defi-
ciency of electrons or koles resulting in a positive charge. This
positive charge, or holes contribute to the conductivity of the
crystal in much the same manner as electrons since they also
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move from atom to atom. As more p-lype impurities are added,
more holes are formed and the conductivity of the crystal is
increased.

The main distinction between the two types of germanium
is that the n-fype has an excess of electrons while the p-type
has an excess of holes. Both #n and p types are used in tran-
sistors, and in certain types of transistors both exist in different
parts of the same crystal.

There are presently two principal types of transistors in use,
namely the poini-contact and the junction type. The point-
contact type having reached a more advanced stage of develop-
ment will be treated in the first part of this Chapter.

Germanium Crystal Manufacture.—The heart of the tran-
sistor is the germanium crystal. Germanium is a semi-con-
ductor, a metallic-like substance having conductivity greater
than that of an insulator but less than that of a conductor.
Its resistance in contrast to that of metals, decreases with
an increase in temperature.

In the United States germanium is obtained most frequently
as a by-product of zinc mining. In Great Britain it has also
been obtained in considerable quantities from flue dust residue.

Manufacturers of germanium products receive this substance
in the form of germanium dioxide powder. The conversion of
the dioxide into crystals for use in transistors involves some of
the most important and critical processes in the manufacture
of germanium devices. The electrical characteristics of the
transistor are dependent to a considerable degree upon the
characteristics of the germanium. The control of transistor
characteristics to acceptable tolerances depends upon the uni-
formity of the germanium.
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The resistivity of germanium, an important factor in tran-
sistor operation, is dependent upon the presence in the ger-
manium of minute quantities of certain impurities. If no im-
purities be present in the germanium crystal, no transistor
action takes place. If, on the other hand, too many impurity
atoms be present, the germanium becomes too conductive and
transistor action is adversely affected.

"~ The initial process in the conversion of germanium dioxide
to the final crystals for transistor use is the reduction of the
dioxide to a germanium metallic powder. This process is per-
Jormed in a hydrogen atmosphere at a temperature of approx-
imately 650° C. The powder is then melted at a temperature
of approximately 960° C. and is formed into ingots.

i After the ingots are formed, they may be subjected to one or
more stages of purification. In one type of the purification
process, the germanium ingot is placed in a furnace in an inert-
pas atmosphere, is melted, and is then progressively cooled
from one end to the other. During this cooling process, im-
‘purities present in the germanium tend to concentrate at each
end of the ingot. The inner portion of the ingot, therefore, has
‘a higher purity than the ends where the impurities are con-
centrated. The low-purity ends of the ingot may be cut off
and the process repeated if additional purification is needed.

The germanium ingot formed by these purification techniques
is poly-crystalline. Greater uniformity is obtained in a further
process in which a single crystal is formed from this poly-
crystalline ingot. In this process the poly-crystalline germa-
nium is placed in a graphite pot and melted. A small single
crystal of germanium is dipped into the surface of the melt,
then withdrawn very slowly, pulling with it some molten ger-
manium which solidifies on the crystal seed. The speed of
withdrawal may be about a quarter of an inch per minute.
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Point-Contact Transistors

Transistor Fabrication Process.—The details of construction
of a point-contact transistor are given in fig. 1. This transistor
consists essentially of two rectifying point electrodes which
make contact with a small pellet of germanium. These elec-
trodes are known as the emitter and the collector. A third
electrode known as the base, is in low-resistance contact with
the germanium crystal.

€ THERMOSETTING RESIN

EMITTER CONTACT

COLLECTOR CONTACT

I GERMANIUM CRYSTAL

BASE CONNECTION

< METAL SUPPORT

GLASS STEM

~<——— COLLECTOR CONNECTION

< EMITTER CONNECTION

FIG. 1—Construction details of typical point-contact transistor.

The emitter, collector and base form the three electrical con-
nections to this germanium crystal triode. The complete
assembly is then embedded in a thermosetting plastic to provide
ruggedness and freedom from atmospheric contaminants. The
final process, and one of the most important in transistor
fabrication is “electrical forming.” In this process, relatively
large surges of currents are passed through the collector to
the base.
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Point-Contact Rectification.—Prior to transistor develop-
ment germanium has been known primarily for its use in point-
contact diode rectifiers which have been available commer-
cially for several years. These devices have achieved wide-
spread use in many present day electronic applications. In a
similar manner when the transistor point electrode makes con-
‘tact with the germanium-crystal surface rectification of current
is obtained.

When this contact occurs, a nonlinear relationship exists
between a voltage applied to and the current flowing through
the point of contact. A so-called “barrier’” to the flow of
current will be present or absent depending upon the polarity
of the voltage applied to the metal point.

Thus, for example, if a metal point contacts the surface of
an n-lype germanium, the barrier will be absent and a large
forward current will flow if the metal point is biased positively
.with respect to the crystal. If, on the other hand, the point
is biased negatively with respect to the crystal, the barrier will
be present and only a small reverse current will flow.

If the germanium is a p-fype, the forward current will flow
when the point is biased negatively with respect to the crystal.
One explanation of this barrier is, that a very thin layer at the
surface of the crystal acts as an insulating layer. If the ger-
manium resistivity is too low, this insulating barrier at the
surface does not exist because of the large number of current
carriers present both in the interior and on the surface of the
germanium and poor rectification results.

The foregoing transistor properties may best be observed
by a reference to fig. 2 showing a basic amplifier circuit utilizing
the n-type transistor. In this circuit the collector is biased
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negatively with respect to the base, while the emitter is posi-
tively biased.

If it be assumed at first that no voltage be applied to the
emitter, the collector will draw a current of approximately 0.5
milliampere if a negative voltage of 25 volts be applied to the
collector contact. Then, if a positive voltage be applied to the

%LOAD
E.

SR . iy

FIG. 2—Basic transistor circuit.

EMITTER COLLECTOR

INPUT
6 SIGNAL  E,
SOURCE BASE

s

emitter contacts, electrons will be drawn into the emitter and
a flow of holes from the emitter will be attracted to the nega-
tive field of the collector, thereby increasing the collector
current appreciably.

Now, with both the emitter and collector drawing current,
a small signal voltage is applied to the transistor as noted in
fig. 2. As the applied voltage swings positive, the emitter
current will increase thereby increasing the collector current
by supplying additional holes. On the negative swing of the
signal voltage, the collector current will decrease.
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If the assumption be made that every unit of hole current
which leaves the emitter reaches the coliector, it follows that
a small change in emitter current will result in an equivalent
change in collector current, producing an amplification factor
of one.

It should be noted that the transistor amplifies not only in-
put current but also power. Because the emitter is biased in
the forward direction, only a small impedance to the flow of
current exists, therefore the input impedance of the transistor
is fairly low, on the order of 500 ckms. The collector, on the
other hand, is biased in the reverse direction and hence offers
a higher impedance to the flow of current. The collector
resistance comprises the greatest portion of the output im-
pedance of the transistor.

The load resistance to provide a proper impedance match,
must be fairly high on the order of 10,000 to 20,000 ohms.
With the input signal applied to the transistor at a low im-
pedance and the output taken from a high impedance, power
amplification results.

In the p-fype transistor, electrons are ejected from a nega-
tively biased emitter and collected at a positively biased col-
lector. In general, therefore, the P-type transistor has charac-
teristics similar to the n-type unit, except that in operation, all
battery polaritics are reversed.

Point-Contact Transistor Characteristics. The electrical
characteristics of the point-contact transistor may be described
by static characteristic curves having slopes equal to the open-
circuit resistances.

Thus, for example, the input characteristic illustrated in fig.
3, is defined as the emitter voltage vs. the emitter current for
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several values of constant collector current. The slope of the
curve taken at any point is defined as the open-circuit input
resistance because the output circuit is an open circuit for
alternating currents.
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FIG. 3—Input characteristics of a point-contact transistor. (Courtesy Radio
Corporation of America.)

The feedback characteristic is illustrated in fig. 4. The slope
of this curve is the internal feedback resistance which is mutual
to both input and output circuits. This resistance is a measure
of the effect of collector current upon the voltage drop at the
emitter point. It acts as a positive feedback element and if it
becomes too large, the transistor may become unstable.
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The output characteristic curve is given in fig. 5. The slope
of this curve is the open-circuit output resistance. This re-
sistance is approximately equal to the collector resistance or
the a.c. impedance which exists at the collector contact.
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FIG. 4—Feedback characteristics of a point-contact transistor.

The current amplification factor which is a measure of the
effect of the emitter current upon the collector current, may
also be measured from the output characteristic. Along a line
of constant collector voltage, a change in collector current for
an increment of emitter current may be measured. The cur-
rent amplification factor is equal to the change in collector
current divided by the change in emitter current.
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The output characteristic curve is similar to the curves of
the plate family of electron tubes except that the voltages are
plotted as a function of the currents for the transistor, while
the currents are plotted as functions of the voltages for the
vacuum tube.
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FIG. 5—Output characteristics of a point-contact transistor. (Courtesy
Radio Corporation of America.)

Because a transistor may have a negative input resistance,
it 1s possible to obtain two sets of currents for one set of volt-
ages. This effect is shown in fig. 7 which curve gives the emitter
voltage vs. the emitter current for a constant collector voltage.
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As the emitter and collector currents increase, the voltage
across the internal feedback resistance becomes larger. Since
this voltage is negative with respect to the base and is in series
with the applied emitter voltage, a point is reached where the
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FIG. 6—Transfer characteristics of a point-contact transistor. (Courtesy
Radio Corporation of America.)

total emitter voltage decreases with increased emitter current,
resulting in a negative input resistance. There will also be
different collector currents for each set values of emitter current.



Transistor Fundamentals 251

Because there is only one set of voltages for a given set of
currents, it is desirable to plot the voltages as a function of
currents. It is also highly important that constant current
rather than constant voltage sources be used. If fixed voltages
were applied directly to the emitter and collector, any slight
increase in collector current would tend to increase the emitter
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FIG. 7—Negative input-resistance characteristics of a point-contact transistor.
(Courtesy Radio Corporation of America.)

current due to the feedback effect. This increase would in turn
increase the collector current and considerable instability would
result. In junction transistors, on the other hand, neither the
negative input resistance nor the positive feedback exists.
Therefore, constant voltage supplies may be used with no pos-
sibility of instability.

The transfer resistance is defined as the slope of the transfer
characteristic curve, which is illustrated in fig. 6. This resist-
ance 1s also equal to the product of the current amplification
factor and the output resistance.
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Some typical values of open-circuit resistances for a point-
contact transistor are:

Input resistance, 300 ohms
Output resistance, 20,000 ”
Feedback resistance, 120 "

Transfer resistance, 40,000 ”

Because of feedback effects, the optimum input and output
impedances for maximum gain in an amplifier circuit using this
transistor, are slightly less than the open-circuit resistance
values. An input impedance of 200 to 500 ohms and an output
load impedance of 10,000 to 20,000 ohms, however, would result
in a power gain of approximately 20 decibels, which is close to
the maximum available gain.

It should be noted that the power gain of the transistor de-
pends upon three major factors:

1. The gain varies almost directly with the ratio of output
impedance to input impedance. This ratio may be on
the order of 100 to 200 to 1 in point-contact transistors.
In junction transistors the ratio may be on the order of
10,000 to 1.

2. The power gain varies as the square of the current ampli-
fication factor, which may be on the order of 2 or 3 for
point-contact transistors and slightly less than one in
junction transistors.

3. The positive feedback of the transistor accounts for several
decibels in power gain. The amount of gain due to feed-
back depends upon the magnitude of the internal feedback
resistance and current amplification.
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Transistor Frequency Response.—The frequency response
of the point-contact transistor is limited by the transit time of
the holes or electrons; the transit time being the time it takes
the holes or electrons to travel from the emitter to the collector.
The transit time in seconds may be calculated approximately
by the expression:

Sa
PH I,

T = .

Where S is the contact spacing or the distance between the
emitter and collector in centimeters, p is the resistivity of the
germanium in the ohm-centimeters,  is the mobility of the
holes or electrons in centimeters squared per volt-second and
I, is the emitter current in amperes.

Since an improved frequency response results from a small
transit time, it can be seen from the foregoing expression that
the response can be improved by using germanium of high
resistivity and small contact spacings. The mobility of the
holes or electrons is the velocity with which they move through
the germanium when an electric field is applied.

In the case of n-1ype germanium, holes travel from the emitter
to the collector, whereas in the p-type germanium, electrons
travel from the emitter to the collector.

The mobility of electrons is greater than that of the holes
and hence the frequency response of p-type germanium is slight-
Iy better than that of the n-type for a similar contact spacing
and resistivity.

The frequency response may be defined as the measure of
change in current amplification with the increase in frequency.
The current amplification factor of certain types of close-spaced
point-contact transistors drops approximately 3 db. at 10 mec.
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A 3 db. drop in gain has been chosen to define the cut-off
frequency.

This method of measuring frequency response, however, de-
fines only one parameter as a function of frequency. If the
power gain of the device is measured as a function of frequency
in an amplifier with a high-impedance load, the response of the
transistor deteriorates more rapidly. A transistor having a 3
decibel drop in the current amplification factor at 10 mega-
cycles may have a cut-off of voltage or power gain at 4 mega-
cycles or less.

Frequency Response in Wide-Spaced Transistors.—Since
the transit time of the electrons or holes increases as the point
spacing increases in theory, the frequency response of the
transistor varies inversely as the cube of the spacing.

Some interesting studies made of the #n-types having wide
spacings between contacts, show that such transistors have
certain useful characteristics. It is noted, that if germanium
having high resistivity be used, transistor power gain and
current amplification are relatively independent of the point
separation up to approximately 0.015 inch. As the spacings
incrcase, however, the effect of the collector upon the emitter
decreases, that is, the feedback resistance decreases.

This value of feedback resistance for the wide-spaced tran-
sistors is low enough to assure short-circuit stability while values
of power gain as high as 23 db. are maintained and even though
the frequency response limit varies inversely as the point
spacing, the cut-off of the current amplification factor of the
wide-spaced transistor is approximately 100 kilocycles because
the resistivity of the germanium is higher than that used in
narrow-spaced units. The other characteristics, except for the
low internal feedback are similar to those of the close-spaced
unit.
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Transistor Power Capabilities.—The power capabilities of
point-contact transistors are low which considerably limit the
employment of such devices. Most point-contact transistors
do not withstand a collector power dissipation greater than 200
milliwatts. If the efficiency of operation as a class “A” ampli-
fier is assumed to be 309 only 60 milliwatts of power may be
obtained from one stage of a transistor amplifier. A con-
servative figure for operation would be somewhere between 30
and 40 milliwatts.

There are however, many applications in which some benefit
may be obtained from a device which operates at low power
dissipations. Hence the greatest opportunities for the use of
point-contact transistors lie in those applications where power
output is of relatively little importance and where conservation
of power is essential.

The limited power obtained in contact-point transistors is
largely due to the thermal effect at the collector. Considerable
heat is generated at this point of contact when a current is
passed through it. Germanium is a fair conductor of heat and
some of the heat is conducted away from the point of contact
through the germanium crystal and away from the crystal by
the metal support. If too large a value of current be passed,
however, the germanium and adjacent parts are unable to carry
the heat away rapidly enough.

1f the collector point becomes too hot, the collector resistance
decreases and a change occurs in the collector bias current and
also in the voltage drop across the collector. In order not to
damage the transistor, by too high a power dissipation the
transistor must be designed for best possible heat conductivity
away from the crystal. By increasing the size of the crystal
support and by adding special cooling fins, the allowable power
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dissipation of the transistor may be increased to 500 milliwatts -
or more, thus increasing the power output of the transistor.

Transistor Life Considerations.—The life of the point-contact
transistor is largely dependent upon electrical and physical
considerations. The most obvious requirement for long life is
that the transistor be physically very rugged.

The slightest shifting of the point contacts may result in
large changes in transistor characteristics. The RCA method
of improving the electrical and mechanical stability consists in
an embedding process in which the transistor is embedded in a
thermosetting plastic or resin and as a result of this embedding
process the transistor may be subjected to severe impacts with
no damage to its physical and electrical characteristics.

One of the most important causes of transistor failures is the
attack of moisture and other chemical agents of the atmosphere
upon the point-contact area of the transistor. Therefore, a
transistor which is completely unprotected may fail in relatively
high humidity in a few hours.

It has become necessary therefore, to prevent this moisture
attack as much as possible by enclosing the point-contact area
in waxes or resins having low moisture-absorption properties.
When protected in this manner point-contact transistors have
been subjected to continuous exposure at 957, relative humidity
and immersion in water for periods of several months with
practically no effect on transistor characteristics.

Under normal operating conditions transistors may be ex-
pected to survive with little change in characteristics for a
considerable length of time. Predictions of point-contact
transistor life of in excess of 70,000 hours either on the shelf or
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in continuous operation do not seem at all unlikely, if the
transistors are operated within their ratings.

Exhaustive tests conducted by RCA engineers indicate that
resin-embedded transistors also withstand temperatures lower
than —70°C and higher than -+100°C during storage with no
apparent damage. Operation at the low values of tempera-
tures is practical, but operation at high ambient temperatures
is not feasible, since as the ambient temperature is increased,
the temperature at the point of contact becomes too great and
the collector resistance is reduced. Changes in other properties
of the transistor such as the emitter resistance, transfer resist-
ance and internal feedback resistance, may also occur. The net
result of these changes is a loss of power gain, changes in bias
conditions and possible permanent dainage to the transistor.

Transistor Uniformity.—In order to complete successfully
with other electronic devices, uniformity and reproducibility
of its characteristics are essential.

The uniformity of transistors may be influenced to a large:
degree by the proper control of point spacing, point pressures.
and the fabricating techniques employed. The uniformity of
the germanium itself, however, is probably the most important
factor in obtaining reproducible transistor characteristics.

The art of germanium-crystal growing is rapidly progressing,
and the uniformity of germanium has improved to the point
where various transistor characteristics such as current ampli-
fication, power gain, feed-back resistance and input and output
resistance have been controlled to within 4 259%,. From the
foregoing it follows that uniformity comparable to that of the:
electron tube seems entirely possible.
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Junction Transistors

The junction transistor, generally known as the p-n junction
type, has somewhat different characteristics from those of the
point-contact design. In comparison with point-contact types,
the junction transistor has lower noise, higher power gain,
greater efficiency of operation and higher power-handling capa-
bilities. As noted in table I, these improved characteristics are
not obtained without some loss in frequency response.

Point-Contact Junction
Type Type

Power Gain(Grounded base) . .. .. .. 23db 40 db
Current Amplification Factor. .. .. .. 25 0.98
Noise Figure (db above thermal at

1000 cycles) . . 55db 10 db
Minimum d.c. dlSSlpdll()n for saus-

factory operation . .. ..... 5to1l5 mw. 0.6 microwatt
Efficiency, Class A opcrdtlon .. 30% 499,
Frequency Cut-off (3 db down in cur-

rent amplification factor)...... .. 10 mc. 1 mc.

TABLE I—Showing average value of several characteristics for two types
of transistors.

Two types of junction transistors have been developed. The
n-p-n junction transistor is composed of alternate n, p and n
layers of germanium grown from a single crystal, as shown in
fig. 8. The center layer of p-type germanium is very thin, its
thickness may be as little as 0.001 inch.

Low-resistance contacts to the n-areas form the emitter and
collector, whereas the low-resistance connection to the p-layer
constitutes the base terminal.

The principle of operation of the junction transistor is some-
what different from that of the point-contact type in that the
rectification takes place at the junction between the p and n
{ype layers rather than at the point contacts.
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In the point-contact transistor, holes or electrons drift from
the emitter to the collector under influence of electric fields.
In the n-p-n junction transistor, electrons diffuse through the
p-type layer and are attracted to the collector. The center
layer has an excess of holes, but if this layer be thin enough,
most of the electrons entering the base region from the emitter
will reach the collector region without recombining with the
holes.

GERMANIUM

“n” TYP.E

“p” TYPE
“n” TYPE

FIG. 8—Illustrating arrangement of n and p layers in an n-p-n type junction
transistor.

In a junction transistor of this type, practically all the elec-
trons leaving the emitter reach the collector, thus resulting in
a current amplification of approximately one, but it cannot
attain current amplification of greater than one unless more
complex junctions are introduced. High power gains are ob-
tained as a result of the very high impedance step-up between
the input and output circuits.



260 Transistor Fundamentals

Another junction type transistor known as the p-n-p type as
illustrated in fig. 9, is formed by diffusing two p-lype impurity
metals on opposite faces of a piece of n-fype germanium. The
working principles in a transistor of this type depend upon the
diffusion of atoms from the impurity metals into the germanium
at high temperatures converting a portion of the n-fype into
p-type germanium, thus forming p-n junctions.

GERMANIUM

"p” TYPE

“n” TYPE

FIG. 9—Illustrating arrangement of p and n layers in a p-n-p type junction
transistor.

In this type of transistor, the emitter is biased positively and
the collector is biased negatively with respect to the base.
Hole carriers are injected by the emitter and arrive at the
collector, resulting in a current amplification factor of approx-
imately one, as in the n-p-n transistor.



Transistor Circuits 261

CHAPTER 13

Transistor Circuits

When considering the possible circuit applications for the
two types of transistors, previously described, the limitations
of both types must be recognized. Because of the fact that
transistors are presently available at reasonable cost, they may
advantageously be substituted for vacuum tubes in numerous
circuits. This is particularly true where battery operation is
desirable, since transistors in such circuits are much more
efficient requiring no heater power and will operate with very
low current, thus permitting standard flashlight cells to be used
in a great many applications.

At the present time, the advantages of high gain, low noise
and greater stability of the simple junction transistor can be
utilized at frequencies up to several megacycles in applications
such as 7.f. and 7.f. amplifiers of standard broadcast receivers.
In addition, power outputs greater than one watt appear to be
possible in oscillator and amplifier applications in the audio
frequency and low frequency ranges. Another feature of the
junction transistor is its ability to amplify and oscillate with
microwatt power inputs.

The frequency response of the point-contact transistors, on
the other hand, is somewhat higher than that of junction types.
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As with junction types, point-contact types which are currently
available can be made to oscillate and amplify over the broad-
cast frequency band.

When used as an amplifier, point-contact transistors have a
relatively flat response over the entire broadcast band and
beyond. Types now under development will operate at con-
siderably higher frequencies. Feedback in these units have
been reduced to values which make stable operation at radio
frequencies practical.

The point-contact transistor, therefore, may also have con-
siderable application in radio circuits and may be used in
intermediate-frequency amplifiers, radio-frequency oscillators
and other circuits not associated with the high power stages of
7.f. systems. Point-contact transistors have been developed
which are capable of oscillating at frequencies well over 100
megacycles.

When dealing with radio and other electronic circuits there
are three fundamental functions involved. They are:

1. Detection
2. Amplification, and
3. Oscillation.

Until the invention of transistors, vacuum tubes have been
employed to provide each of these functions. It is now possible
to employ transistors in place of vacuum tubes to perform
these operations.

Detection.—Detection is the process of recovering modula-
tion from a signal. Any device that is “non-linear”’ that is, a
device whose output is not exactly proportional to its input
will act as a detector.
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In radio communication systems, the transmitted intelligence
is contained as modulation of an r.f. carrier frequency. To
make use of this intelligence in its original form in the receiver,
it must be separated from the carrier wave. The act or process
of separation is termed demodulation, or delection.

2N34

LSV, P-P JUNCTION
1 TRANSISTOR
- EMITTER COLLECTOR
R.F. SIGNAL (AN
INPUT OUTPUT BASE
33K 5000 MMF.

FIG. 1—Detector circuit using emitter-base connection.

Although there are numerous devices which have been em-
ployed to accomplish detection, there are only two that bear
any resemblance to a transistor detector. These are the silicon
or germanium crystal, and the vacuum tube diode, which are
employed for the detection of A.M. radio transmission.

The reason for the successful use of each is the fact that they
will conduct current only in one direction, that is, they are
non-linear devices. A transistor, because of its construction, is
also a non-linear device since it has two rectifying contacts,
either one of which could be used with the base to form a
detector.

Detector Circuits.—The transistor may be connected in vari-
ous ways to obtain detection. Fig. 1 illustrates a circuit in



264 Transistor Circuits

which the transmitter is connected in such a manner that the
emitter-base circuit is the rectifying section. Fig. 2 is similar
to that shown in fig. 1 except that here the collector-base is used
as the rectifying section. Fig. 3 shows an emitter-collector circuit.

2N34
1.5V.P-P JUNCTION
5:1 TRANSISTOR
o—
COLLECTOR EMITTER
R.F. SIGNAL
AUDIO
INPUT OUTPUT BASE

33k 5000 MMF.

FIG. 2—Transistor detector with collector-base connection.

2N34
L5V,P-P JUNCTION
o 5:1 TRANSISTOR
EMITTER COLLECTOR
R.F. SIGNAL AUDIO =
INPUT OUTPUT BASE =
33k
) 5000 MMF.

FIG. 3—Detector circuit with emitter-collector connection.
It should be noted however, that the foregoing detector

circuits do not take full advantage of the latent transistor
capabilities, since there is some amplification to be gained by
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merely completing the collector circuit as shown infig. 4. Thus,
by removing the detector load resistor and impressing the audio
signal directly on the transistor in the form of current bias, a
favorable detector circuit is obtained.

2N34

15V.,P-P JUNCTION
5:1 TRANSISTOR
o, -0
EMITTER COLLECTOR AUDIO
‘R.F. SIGNAL OUTPUT
INPUT BASE 100k
— n
= ~22.5V.

AT 0.18 MA.

FIG. 4—Improved detector transistor circuit.

The circuit fig. 4, produces an undistorted output audio
voltage several times the value of the output produced in fig. 1.
From the foregoing it will be noted that it would be uneco-
nomical in practice not to take advantage of the extra gain
characteristics which is an inherent part of the transistor.

Amplification.—Transistor type amplifiers are utilized in the
same manner as are radio vacuum tubes in a conventional
amplification system. It should also be noted that in common
with radio tube amplifiers, a variety of transistor amplifier
circuits are possible, each with its own characteristics, to suit
almost any desired requirement. .

There are three possible ways in which a transistor can be
connected for amplification, namely:

1. With a grounded base
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2. With a grounded emitter, and
3. With a grounded collector.

The grounded base circuit employing a point contact transistor
is perhaps the most difficult to incorporate in an amplifier
because of its inherent instability. The collector current flowing
through the internal base resistance develops a regenerative
voltage which brings about an oscillatory tendency. Therefore,
an amplifier constructed on this principle would be very
unstable and in addition extremely critical with regard to
transistor replacement.

The reason for this will become apparent when it be con-
sidered that the transistor base resistance is very high in the
point-contact unit. This characteristic is determined by the
size of the crystal and the resistivity of the germanium used in
the manufacturing process, and although both of these factors
can be reduced, the base resistance of the point-contact unit
is still much larger than that of the junction unit.

The grounded-emitter circuit, on the other hand, provides an
amplifier which is stable and in addition is not critical of
variations between transistors of the same type.

As noted in fig. 5 the series resistor in the emitter circuit and
the voltage divider which biases the base are both included in
the circuit for stabilization of the operating point. This feature
provides that fluctuation in battery voltage as well as ambient
temperature variation will have only a minor effect over a wide
range of operation.

To correct the low input impedance and relatively poor high
frequency response, it has been found advantageous to drive
the grounded emitter stages from a low impedance source.
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This can best be performed by adding a grounded collector
stage as shown in fig. 6. In this amplifier, the stabilizing net-
work has been transformed to the grounded collector stage and
since this stage operates at a lower current than the second stage,
the power loss in the bleeder network is substantially reduced.

—22.5V.
e}
2N34 10 k
100 k
o TRANSISTOR ? ouTPUT
10 MF. —0
oM D
=
INPUT
| = _] 10MF
FIG. 5—Illustrating transistor amplifier with grounded-emitter.
2N34 JUNCTION
2N34 JUNCTION
il TRANSISTOR TRANSISTOR OuTPUT
INPUT 1O MF.
I g 10k
= —1 20 ° a
VWA —
-225v.

o
e
E

% 1
50 k
o

FIG. 6—Two stage transistor amplifier illustrating use of grounded-
collector circuit.



A268 Transistor Circuits

In an amplifier circuit of this design, the first stage stabilizes
the second by presenting a constant current source to the
emitter of the second stage, and in addition the first stage
provides an increase in power and voltage gain.

In most amplifier applications, the junction transistor is
constantly proving its advantage over the point-contact type
of transistor.

Oscillation.—It is a well known fact that if there be enough
positive feedback in a vacuum tube amplifier circuit, self-
sustaining oscillations will be set up. When an amplifier
is arranged so that this condition exists it is called an oscillator.

A complete circuit is arranged in such a manner that the
feedback circuit subtracts a portion of the energy from the
output and returns it in the proper phase relationship to the
input. This portion of the energy is then amplified, and a
part of the voltage it develops in the output is returned to the
input. When this cycle is continually repeated, the circuit is
said to be oscillating.

Oscillator Circuits.—Since the point-contact transistor is
basically a current amplifier, it can be arranged in a similar
manner to produce oscillation.

By utilizing the negative resistance characteristics of the
point-contact transistor, the oscillator will have current amplifi-
cation, current feedback, and a tank circuit will produce
maximum current.

Since the internal resistances of any transistor are fixed
values, the only variables are the circuit impedances. There
are three external circuit impedances any one of which can be



fransistor Circuits 269

manipulated to bring about oscillation. These are the base,
emitter and collector impedances. Oscillation can be initiated
by increasing the base impedance, decreasing the emitter
impedance or by decreasing the collector impedance.

COLLECTOR EMITTER

=\, /=

i

——

I=1~1,

FIG. 7—Diagram showing current flow in an equivalent transistor circuit.

The effectiveness of the point-contact transistor as an oscil-
lator is due partly to its built-in feedback circuit. As noted
in fig. 7 the collector and the emitter have a common coupling
impedance R, in the base lead which feeds a part of the output
back into the output circuit in the correct phase for oscillation.
Only a small additional impedance is needed in the base arm to

_overcome the effects of the external components in the emitter
and collector circuits.

With reference to fig. 7 it will be noted that emitter and
collector currents flow in opposite directions in the base lead.
Collector current I, is larger than emitter current I, in point-
contact resistors, so the resulting base current 7, constitute
the difference in the two currents flowing in the same direction
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as the collector current. I, flows through R, to produce 3z
voltage at a point (A) that is in phase with the emitter signal.
It is in this manner that a positive feedback required for oscil-
lation is obtained.

1698
POINT - C%NTACT
7V.P.P TRANSISTOR
SIGNAL — ™
1000 § 1000
BROADCAST —— 30-365
0SC. CoiL :r MMF.
—0.75V. = —45V.
AT 0.18 MA. AT 1.2MA.

FIG. 8—Transistor oscillator circuit utilizing the principle of increased
base impedance.

An increase in the base impedance can be achieved by in-
serting a parallel resonant circuit in the base outlet as shown
in fig. 8. This provides a maximum of base impedance at
resonance, and the circuit will oscillate at that frequency. A
decrease in either the emitter or collector impedance can be
obtained by connecting a series resonant circuit from the
respective element to ground as indicated in figs. 9 and 10.

This will produce a minimum impedance and a condition
of oscillation at resonance. The base resistor is required in
figs. 8, 9 and 10, to maintain the base impedance at a high value
and makes it necessary to reverse the normal polarity of the
emitter bias supply in order to maintain the emitter just
slightly positive with respect to the base.
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1698
POINT - CONTACT
TRANSISTOR

A ]
-
=)
x
w O
? 2
@
[=2]
o

0.1V.
P-P SIGNAL
BROS%DC.'
0scC.
10k
0 100 2
| MMF.
$ = = o
—45V.

AT 0.9 MA,
FIG. 9—Transistor oscillator circuit using a decrease in emitter impedance
to produce oscillation.

-1 1698

POINT - CONTACT
TRANSISTOR

10k BROADCAST 10k
% 100 0 % Q é 0SC. COIL Q
30-365

I MMF,

o = o
—0.75V. —45V.
AT 0.18 MA. AT 0.7 MA.

FIG. 10—Transistor oscillator circuit using the principle of decreased
collector imnedance.
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It should be noted that the junction transistor will not oscil-
late in circuits figs. 8 to 10 simply because it is not a current
amplifier, and the maximum current gain of a junction transistor
is always less than unity. Therefore, it is necessary to employ
this unit as a voltage amplifier and to use a voltage feedback
circuit similar to that used with vacuum tubes. This can
usually be accomplished by means of inductive coupling.

2N34
JUNCTION
TRANSISTOR
2.7k BROADCAST
(o} ( 0SC. COoIL
b 30-365
= MMF. T 33k 0
L @ O .
| WW —225V,

jL: 0.1 MMF.

FIG. 11—Transistor oscillator incorporating voltage feedback in grounded
base circuit.

The resulting circuits are somewhat similar to vacuum tube

oscillators and two representative circuits are given in figs.
11 and 12.

Summing up it will be observed that the voltage feedback
type of oscillator is not limited solely to the use of the junction

transistor, but the point-contact unit can also be success-
fully employed.
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O— Py
-225V.

39k

Q

2N34 JUNCTION
TRANSISTOR
—L_30-365
"[" MMF.

_I____ L BROADCAST

0sC. COIL

FIG. 12—Transistor oscillator utilizing the grounded emitter circuit and
voltage feedback.

Transistor Code - Practice Oscillator.—The Code practice
oscillator shown in fig. 13, is an example of a unit in which the
favorable characteristics of a transistor is utilized. It should
be noted that in a circuit of this sort only about a third of a
milliampere is used, thus permitting flashlight cells to be
employed.

Here the CK-722 junction transistor will oscillate readily at
frequencies up to about one megacycle if an r.f. choke is con-
nected in series with R;. Thus it could be used as an 7.f. test
signal source, but it is not suitable for higher frequencies
because of the relatively low cut-off frequency of junction
transistors.
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The circuit diagram fig. 13, shows the use of the conventional
Colpitts circuits with the CK-722, pnp junction transistor. In
comparing the transistor circuit with that utilizing a vacuum
tube, it should be noted that the collector (pin #1 next to the
red dot on the transistor) may be considered analogous to the
plate, the base (pin #2 the center pin) to the grid and the
emitter (pin #3) to the cathode.

CK722 JUNCTION
TRANSISTOR

3 | l
. . 0.1 MF
By

7k C
o PHONE 0.25 MF.
W. JACK 15Vv. | 15V.
i + —HF—
B, | B

R,

N P

FIG. 13—Transistor audio oscillator circuit suitable for code practice. In
the diagram L, represents a primary 500 ohm line-to-speaker transformer;
C, and C; are paper condensers; B; and B, are flashlight cells.

Any magnetic phone’s with an impedance of 1000 ohms or
moremay beused. Crystal phone’s could be connected across C 2

The primary (500 ohms side) of the small line-to-speaker
transformer specified is about of the right inductance. If a
different transformer be used it may be necessary to increase or
decrease C, and C, to obtain a frequency of around 1,000 cycles.
In this connection it should be noted that it is preferable to
make C, larger than C,, but again the ratio is not critical.
R, may be increased to 22,000 ohms or more if less volume is
desired in the headphones.
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A similar circuit for single battery operation is shown in fig.
14. This oscillator will operate on a single dry cell, but two are
required to give enough volume on the loudspeaker to be heard
throughout the room. Headphones could be connected in
series with R; as shown in fig. 13. The current from the two
dry cells is only 0.7 milliampere, thus they will operate for a

CK722 JUNCTION

TRANSISTOR
u
2 c 0.25 MF.
O 20 mh.
J 1 TS INDUCTANCE
15k 0 1 C.
R, 1 R 0.25 MF.
3 W. 0.25MF. /= 33k 0
. Cs 1
3v. { FW.
% +]||l—
| v

B, BSP%A‘};ER

FIG. 14—Transistor audio oscillator circuit arranged for single battery
operation. In the diagram C,, C,, and C; are paper condensers; B,, one or
two 1.5 volts flashlight cells.

considerable time. The dry cells could be replaced by a
crystal, r.f. choke, and capacitor connected as shown in fig. 15
for operation as a complete self-powered keying monitor.

Transistor Keying Monitor..—The Code practice oscillator
shown in fig. 13 may be adopted as a keying monitor when
desired, by using one pole of a double-pole keying relay in place
of the key and powering the emitter circuit from a keyed low-
voltage circuit in the transmitter, or by obtaining the emitter
current from rectified 7.f. voltages.
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Fig. 15 shows the modified circuit for the latter case. The
emitter dry cell B, has been replaced by an r.f. choke, crystal
rectifier and capacitor. Since the collector dry cell is retained,
the circuit cannot be said to be entirely self powered. -

:7 ANTENNA
CK722 JUNCTION
TRANSISTOR
V
2 C,== 0.1 MF
IN34 17— 0. o
M Ly
Cs C,=— 0.25MF.
R C —
FCy s mn 0.25 MF.
.2 mh.
r.f. CHOKE R, +?2_
H
4.7k i 15V

FIG. 15—Transistor keying monitor circuit. In the diagram L, represents
a primary 500 ohm line-to-speaker transformer.

Transistor Phono Oscillator.——~A circuit in which a single
transistor will serve the double duty of audio amplifier and
oscillator is shown in fig. 16. By means of a circuit arrange-
ment of this type music and conversation can be broadcast over
short distances.

As noted in fig. 16, the microphone is connected in the base
circuit from the bias resistor R,. This resistor, and also resistor
R, must be by-passed with electrolytic condensors to prevent
audio regeneration. Since R; must be bypassed for audio, the
r.f. feedback must be prevented from going to ground also.
The RFC choke prevents this.
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Resistor R, prevents a periodic blocking of the r.f. oscillator
by the voltage developed across R;and Cs. It should be noted
that approximately 200 ohms prevents instability for all tran-
sistors, but in most instances 100 ohms will prove satisfactory.

ANTENNA

CK722 JUNCTION
TRANSISTOR

LOOPSTICK
-0
) AUDIQ
{ INPUT
! —Q
1
G,
box MF
0.01 MF. . .
C; 5 Ci|25MF. S Ry
2T R, E: 4?} K 100 k
4 +[6Vv. a
25 MF.
) +
1 <
=3 22.5-30V.
0%, —0
SWITCH

FIG. 16—Transistor phono oscillator circuit. In the diagram the 390 MMF
capacitors are of the ceramic type; C, and C. are paper, whereas C; and C,
are of the electrolytic type. The tuning coil and choke are both cut-down
Ferri-Loopstick units.

The lowest value that prevents motor-boating of the carriers
is the most desirable since high values of R, reduces audio gain.
Because of the voltage drop in the stabilizing resistors it is
necessary to use a voltage source of up to 30 volts which voltage
does not exceed the transistor ratings. Thirty volts of course
gives the greatest power output, but the circuit oscillates down
to 15 volts, subject to variations in individual transistors.
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To test the circuit assembly, a tap or sound into an earphone
should produce sound when the unit is placed a few feet from
a radio receiver. There will be feedback squeak if the micro-
phone be too close to the speaker of the radio. It should be
noted that the earphones give a fairly good impedance match
to the transistor input, but it overloads and distorts easily on
loud sounds. A three inch speaker connected through an out-
put transformer to the oscillator makes a greatly improved
microphone. Carbon microphones which are desirable for this
purpose must have a coupling transformer of the filament type
connected as indicated in fig. 17.

An extra stage of audio amplification may be added to the
oscillator, connected as indicated in fig. 18. As noted, the
amplifier is. connected directly to the audio input terminals of
the oscillator. Although the range of the oscillator is limited
because of low power, the unit will readily transmit signals from
room to room, and with exception of the transistor itself, stan-
dard low-cost components are used throughout.

Recent transistor developments include higher gain, lower
noise, and greater stability. Transistors of the future may
possibly be grouped or combined without the need for trans-
formers or coupling components. Grouping is possible because
crystals may be of the # or p type and thus complement each
other.

A circuit designed at the Bell Telephone Laboratories and
shown in fig. 19, is of the bi-stable type. Here, npn and pnp
junction types transistors are paired. The circuit components
consists of the circuit load R, and resistors R, and R;, the latter
of which may about 100 ohms aid in providing a trigger action.
Ordinarily a trigger effect is associated with point-contact types
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caRBN FLANENT

TRANSFORMER

) | 6V. SEC.%

.

117 v. TO AUDIO
PRI. INPUT

1.5V.

FIG. 17—Circuit for carbon mike output.

TO OSC.
AUDIO INPUT

CK722
JUNCTION
/ TRANSISTOR

ES

8.2k 0, 1 W.

25 MF.

C E —_)Ii—o
6V.

100k 0 47k 0

L™
£
[
=

SWITCH

AUDIO
INPUT °

FIG. 18—Audio amplifier transistor circuit for phono oscillator shown in
fig. 16. The 25 MF. capacitors are of the electrolytic type. The plate-to-
line transformer primary impedance should be 10,000 to 25,000 ohms, with
a secondary impedance of 200 to 500 ohms, primary current 3 to 1.5 ma.
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of transistors only, until it was found that the same result may
be obtained with the less expensive junction types.

When the applied positive signal is low, current through load
resistor R, is small and the voltage drop across R, and R, is
nearly zero. Since this drop determines the emitter bias for
each transistor, each works near cutoff.

| c— npn

FIG. 19—Illustrating a bi-stable circuit with paired transistors.

When the positive input voltage is increased, more current
flows through the circuit since resistors R, and R produce a
greater bias between emitter and base of each semi-conductor.
The bias is always in the forward direction for each transistor.
Additional bias results in more collector current, and in turn,
the emitter bias is increased still further. Soon each transistor
current reaches its saturation value where it remains, and the
load current through R; is maximum. The trigger returns to
low conduction when the input voltage is lowered to near zero.
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The crystal pair shown in fig. 19, is equivalent to a single
transistor with a current gain of A/1-A where A is the gain of
each individual unit. Thus, for example, if each has a gain of
0.9 then the equivalent transistor has a total gain of 9.

Another somewhat similar transistor circuit also developed
at the Bell Telephone Laboratories is shown in fig. 20. Again,
an npn and pnp are arranged in pairs to obtain special effects.
The result is a circuit that can handle relatively large amounts

of power.
‘ + npn
T —Il i
R
i +
T_ —T_.B: ©
O
ﬂg OUTPUT
INPUT pnp
SIGNAL
O —C

FIG. 20—Illustrating a transistor amplifier circuit with paired transistors.

As noted the two transistors V;and V, form a voltage divider
across battery B;. Auxiliary battery B, biases each transistor
in the forward direction, that is, toward lower impedance.

When the input signal is zero, the transistors conduct equally.
The output voltage is one-half of B;. Electrons flow out of the
collector of V,, equal in amount to the holes drawn from the
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collector of V,. The same number of electrons are injected
into the emitter of ¥, as holes injected into the emitter of V.
Thus there is no need for a direct return path for each element.

When the input goes positive, each base receives the positive
potential and the conductivity of V, increases. At the same
time V, decreases in conductivity. The output voltage is
decreased during this time.

During the other half-cycle this process reverses and the out-
put voltage rises. Each transistor contributes toward the
power input, yet the circuit needs no transformers, capacitors
or resistors.
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CHAPTER 14

Radio Receivers

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

The basic receiving 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 selectivity the
most important factor.
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R.F. AMPLIFIER

TUD CIRCUIT
REGEN. DET SPEAKER

TU'D CIRCUIT AupIO
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SPEAKER
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FIGS. 1 and 2—Block diagrams showing essential units of a reyenerative 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 senst-
tivity 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. potential 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 r.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 expression implies may best be conveyed by a descrip-
tion of what the term means.

12

—
o

o

MICROVOLTS PER METER
(2]

——

1400 1200 1000 800 600
FREQUENCY - KILOCYCLES

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 r.f. signal is impressed across the input,
then 50 milli-watts of power will be developed in the output at
400 cycles.

With the constant improvement in 7.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 7.f. signal applied to the in-
put of the set under test.

Thus is generally determined by setting up the receiver to be
tested and impressing on its input an 7.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.

0 ]
~~ "
= 2
O
@ 10 =
2 20 146 k.c.
2 N[ 1904 K.C.
= 4001 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 r.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 a test of this type, it is essential that the source
of the audio frequency voltage used to modulate the 7.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 59.
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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.

/. e L I RUTYICNAL (O

%g-’—m- ) ) o

=GRID VOLTS )
1

INPUT SIGNAL §
3) i

PLATE CURRENT O

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 vollage iype find their application in
reproducing grid voltage variations across an impedance or
a resistance in the plate circuit. These variations are essentially
of the same form as the input signal voltage impressed on the
grid, but of increased amplitude. See fig. 9. This is accom-
plished by operating the tube at a 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 type employs two tubes con-
nected in push-pull, so biased that the plate current is almost
zero when no signal voltage is applicd 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. 10—INustrates operation of tubes in class *‘B” circuit.
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FIG. 11—Illustrates typical class ‘B’ characteristics. An amplifier of this
type generates considerable second and other harmonics. The efliciency 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
stage of radio frequency amplification to the next stage
namely:

1. Resistance coupled
2. Impedance coupled

3. Transformer coupled.

Resistance-coupled Radio Frequency Amplifier.—In this
type of amplifier (see fig. 12) a high resistance is being utilized
for the interstage coupling.

The advantage with this type when used as an audio amplifiex
is that on account of its simplicity it is economical to build, ir
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 of about one microfarad capacity
each.

T
i

FIG. 12—Typical two stage resistance coupled radio frequency amplifier.
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FIG. 13—Two stage impedance coupled radio frequency 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.

1stR.F. 2ndR.F. 3rd R.F,

TRANSFORMER TRANSFORMER
ié e ]‘;

T e rlﬂ‘—f _ 1

Stjslesplsp- B-BATTERY

FIG. 14—Three stage radio frequency amplifier circuit.

/ | TRANSFORMER
g % T0 DT
FLAMENT S 7T STAGE

In the transformer 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.

Al

FIG. 15—Push-pull amplifier circuit. This type of amplification requires twe
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 a 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.

OUTPUT
> T0
SPEAKER

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.
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FIG. 16—Illustrates how the several stages of r.f. amplification increases
the selectivity of a receiver by reducing the strength of undesired 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 %X 84 or 709,; that of the third stage 84 X84 x 34 or 599, and
finally the amplification of the fourth stage 84 X84 X84 X84 or
only a little better than 499.

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 wp 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 small 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.
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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 called 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.

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 control 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 ot
the signal than that in fig. 18 and the resistor is likely to cause
some noise unless by-passed by a large capacity (about 1 wfd.)at
C. In fig. 18 condenser C may be .5 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 contro! 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
7.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 cifference 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 £.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.

FIG. 20—Illustrates how beat frequencies are generated. With reference to
curve 4, 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
f, minus frequency /. 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 7.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 r.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 cdetector
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 r.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 r.f. voltage, the con-
denser C charges up to the peak value of the r.f. voltage.

AUDIO
FREQUENCY
AMPLIF!ER SPEAKER

]

FIG. 21—Diode detector circuit.

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 & to c,
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 r.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 r.f.
component of the voltage 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.
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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 oft
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 detection 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.
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F1G. 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 7.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-biascd 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 r.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.#.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.

BOERMEDIATE A0 FREQ. |y
FREQUENCY AMPUFIER
ineuT SPEAKER

+B

FIG. 24—A typical diode-detector circuit using a duplex-dicde 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 Ra. In a typiczl 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 Cs. 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.
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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 ) (© *
> 10 AMPLIFIER
< STAGE
BY-pAss L. L
CONDENSER %
CATHODE =l
BIAS RES. B
= FILAMENT
TRANSFORMER

[

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 r.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 resistor and the grid condenser as
the 7.f. by-pass condenser.

GRID CONDENSER

GRID LEAK

FIG. 26—Detector circuit grid-feak 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. Fowever, 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
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R.F. AMP. TRANSFORMER | per.
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FIG. 27—Diagram illustrating principle of tuned radio frequency. The usual
method of tuning is by meaus 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. Lo 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, and automobile receivers.
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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 has 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 to 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 the 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 only 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 i.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 methed employs a tube which is especially designed
for this type of service and is known as the pentagrid converter
tube.
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R.F. AMPL.
TUBE o
. T3 L
3 ] T 3&
=
_|
-+
e
1 ¥ TO PLATE
= SUPPLY

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 pentagrid converter see page
249.
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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 fre quency amplifier may
be connected to the following stage, identified as:

1. Resistance 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 Ry, 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.
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FIG. 30—Interstage coupling in a resistance coupled audio frequency ampli-
fier.

Resistance coupling of the audio-frequency stages offer the
advantages of good response at low audio frequencies. How-
aver, 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 320.

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.
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w

IMPEDANCE
colL

(o] o
B-C+ B+ c-

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

—— QUTPUT

INPUT TRANSFORMER

O A-
O 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 6E5 for example has a sharp
cut-off triode which closes the shadow angle on a comparatively
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small value of a.r.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 attracts
electrons from the cathode.

CATHODE FLUORE
LIGHT —me _——COATING
it RAY —CONTRO
RAY - L
~ELECTRODE
TARGET—— _TRIODE
—=pLATE
1
il
TRIO ) | —~CATHODE
GRID——

FIG. 34—Irternal construction of eleciron ray indicator 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.

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 tricde, it acts

e
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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.

0IODE SECTION OF DIODE SECTION OF
[-F TRANS. SECONO OETECTOR -F TRANS. SECOND DETECTOR

He

Rq
AVC, e
i rvp: ar.s '° a-F
R 6C

CIRCUIT

TC SELF-BIAS .TO SELF-BIAS
RESISTOR (Rc) RESISTOR (Rc)
OR GROUIID OR GROUND

FIGS. 35 and 36—Typical tuning indicator circuits. When the strongest carrier
received produces sufficien, 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 R; should be connected, as shown, between the
triode unit grid and cathode in order to reduce the control voitage. The value
of this resistance may best be determined by applying a strong signal and
then adjust Rs until the shadow angle is nearly zero. (Courtesy R.C.A. Inc.)

_[1.0 megohm for B+ =250 volts  R,=R,
~ {0.5 megohm for B+ =100 volts Res+R:=0.2 megohm

R: =0.05 megohm rf ( filter) C1=100 to 200 uuf
R,=0.2 megohm C.=A.v.c. filter condenscr
R;=determined by test C:=0.05to 1.0 uf
R.=a.v.c. filter resistor Ci=C;

“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 uxnit.
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To remedy this situation a circuit known as an ‘‘anti-motor-
boating’’ has 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 on the
power unit.

T B+ R A B+
DET.O AMAVV O DET.
RADIO —L 4 POWER
RECEIVER - Cy =r=C, UNIT
89 i OB_

FI1G. 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 resistance 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 6J7 TYPE 647

C1.Ca = 8 4f, LOW VOLTAGE
€297 0.08 Uf, VOLTACE RATING AS HMIGH
AS VOLTAGE SUPPLY

€3.Ce= oooem- VOLTAGE RATING AS HIGH
VOLTAGE SUPPLY

Rz VOLM-CONTROL POTENTIOMETER

R2,Rg = 600 OHMS, 0.1 WATT

Ry,R7,Rg = SO0000 OHMS, 0.5 WATT

‘Ra,Ra = 100000 OHMS, 0.1 WATT

R3=500000-0OHM VOLUME-CONTROL
POTENTIOMETER GANGED WITH R

F 5 DECOUPLING FILTFR

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 rathcr 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 number 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. Whenr
using this circuit, the cathodes of all tubes are grounded.

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

SPEAKER FIELD
e
=]
[
-
(&)
[¥Y)
oz
e
z T TO C- OF POWER TUBE | TO CATH. OF DIODE
T DETECTOR AND ist
A F. TUBE
. TO C- OF 1stA.F.TUBE

FIG. 39-—Showing how grid bias may be obtained by the use c7 self biased by-
passed resistor.

FIG. 40—Illustrating a simpla 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 screcn 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-
cause 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 ohms. R; is 1.2 times 500,000 divided
by 100 or 6,000 ohms; 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.r.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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—————— -
oo
ol
fra
= « m—
[&]
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2 SPEAKER FIELD
—~ —— E ~3— L
R =
R, R R, R,
12V.| 3V.
TO C- OF QUTPUT TUBE TO CATH. OF DIODE
2nd DETECTOR AND
1st A.F. TUBE

TO C-OF 1stA.F.TUBE

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

2nd DET.
1st AF TUBE 1st A.F. TUBE _
= w - ']—
R‘ !
+ 1
= "R, R
—0000 B+ —E
& SPEAKER L '—WWR;’E
o= FIELD 4 v
=5
& T T T0 C- OF

OUTPUT TUBES

FIGS. 42 and 43—Grid bias method when receiver is equipped with automatis:
volume contrnl.
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supplies bias for Lne output tube; the first a-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 i-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 decoupling resistor in the grid lead of the first
audio tube, as shown 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 sometimes 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 r.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 times the 7.m.s. value or if the peak voltage is known
divide this voltage by the /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 vollage whose peak values are 7 and 22 volts negative,
and what is the grid bias?

+ ——— e
t ;

] NON-OSCILLATING D: C. VOLYAGE. GIVING
= THE SAME HEATING EFFECI (1'R) AS THAT
§ OF THE A.C. VOLTQGE SHOWN BELOW

£ 7er0 vALUE

-
PEAK VOLTAGE

R.M.S OR EFFECTIVE
| VOLTAGE

Y
L7er0 vaLUE

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

Solution.—Since the extreme vaiues of voltage variation are
—7and — 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 7r.m.s. value is always

1
141 ©F 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 (74-22) or 14.5 volts negative.

Example.—If a 2 vol: batlery supplies 0.85 watt to a filament
ctrcuit, what is 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 =%— in which as usual E and I are in volts and amperes,
while W is expressed in watts. In the above example therefore—

I =—O'—§i =(.425 ampere

Example.—It is desired to use 759, of the possible voltage
amplificalion of a triode in a resislance coupled audio frequency
stage. If the w. and a.c. resistance of the tube are 22 and 18,000 £
with 100 volls on the plate, what resistance load is necessary in the
anode circuti?

Solution.—For the purpose of this question, ignore entirely
the frequency distortion which is inevitably introduced into
the resistance capacity audio frequency coupling, by reason of
the inter-electrode capacitance of the tube, and the coupling
condenser, and assume simply that amplification is uniform over
all frequencies. As a working approximation cver a wide fre-
quency band, the actual voltage amplification obtained from a
single stage is given by the well known formula:

®XR

stage gain = —RW
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where p. and Ro are the amplification factor and anode a.c.
resistance of the tube, and R, is the external load in the anode
circuit. In this case, the voltage gain over the stage is 759,
of p.

PXR

R+Ro ™ 100

equating and substituting, it follows that,

R 75
R+18,000 ~ 100

Hence,

or R=>54,000 ohms.

Example.—If the anode resistance in the preceding example 1s
connecled direclly to the oulput of an eliminalor supplying cur-
rent at 300 volts, what is the average current taken by the audio
frequency tube?

Solution.—Since the anode voltage of the audio frequency
tube is specified as 100 volts, the voltage drop across the anode
resistance will be the difference between 300 and 100 or 200
volts. The average current passing will therefore be—

E 200
I=T=-EOW or 3.7 M.A.
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CHAPTER 15

Receiver Construction

Tools.—It cannot be denied that a commercial factory built
receiver from the standpoint of appearance can be made much
neater than most amateur built sets. This is due in most cases
to the lack of necessary tools for handling the modern type of
construction, found in ready built sets.

It is undoubtedly true that with a few well-chosen tools, an
otherwise time consuming piece of work may be turned out
neat appearing, satisfactory and reliable from every point of
view.

Within certain limits it is true that the greater the variety of
tools the better the job will be done, and it is also true that a
great many difficult pieces of equipment have been built by
only a minimum number of hand tools.

A list of tools commonly required by the amateur are as
follows:

1 Hacksaw (12 in. blades).

1 Pr. slip-joint pliers (6 in.).

1 Pr. longnose pliers (6 in.).

1 Pr. diagonal cutting pliers (6 in.).
1 Ball pein hammer (1 1b. head).

1 Bench vise (4 in. jaws).
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1 Round bastard file (coarse, 15 in. or more diam.).

1 Flat file (12 in. very coarse for fast cutting).

1 Taper reamer (1 in.) for brace.

1 Taper reamer (14 in.) for brace.

1 Center punch.

1 Electric soldering iron (100 watts, small pointed tip).

1 Heavy knife

1 Circle cutter (adjustable) for brace.

1 Screw driver bit for brace.

1 Countersink for brace.

1 Carpenter’s ratchet brace,

1 Hand drill (2 speed).

1 Yardstick or other straight edge.

1 Carpenter’s plane (8 to 12 in.).

1 Combination square (12 in.).

1 Pr. wing dividers (8 in.).

1 Long shank screw driver with screw holding clip (Y4 in.
blade).

1 Screw driver (6 in. to 7 in. 14 in. blade).

1 Screw driver (4 in. to 5 in. 1% in. blade).

1 Scratch awl or ice pick.

1 Cold chisel (14 in.)

1 Wood chisel (14 in.).

1 Pr. tin shears (10 in.).

1 Set small stamped steel open end wrenches.

Several small “C” clamps.

Dirills; particularly 34 in., }{ in., 34 in. and Nos. 13, 21, 28,
29, 33, 42 and 50.

Solder (rosin core).

1 Combination oil stone for sharpening tools

Sandpaper and emery cloth (several grades).

Steel wool.

Soldering paste (non-corroding).
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Method of Bending and Cutting Sheet Metal. —The cutting
of sheet metal is generally verformed with a hacksaw, following
a marked outline on the panel to be cut, after which the rough
edge is trimmed down to measurement with 2 suitable file.

A dependable steel square should be used i1, marking out the
various lines to be cut, otherwise the assembly will be out of
alignment when put together.

MARK AND CUT OUT AS INDICATED. 3"

90°

/ 90"\‘
90°/

- 25"

FIG. 1—Showing method of laying out metal to be developed into a radio
receiver chassis. The dimensions shown are typical only, and should not be
considered as standard for any particular job.

-As a final finishing of the edges it is recommender that a long
piece of emery cloth or sandpaper be placed on a flat surface,
on which the edge of the metal be run back and forth.

In bending a piece of metal the sheet may be scratched as
deeply as permissible (without weakening the strength of the
piece) after which it is put in a vise and bent to the desired form.
Sometimes a pair of iron bars or angles of the same length or
longer than the width of the sheet, will facilitate the bending
process.
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—

Laying Out the Apparatus.—A general practice of good work-
manship is to lay out the component parts, on a sheet of heavy
paperupon which theexact outlineof the panel or chassis has been
made. The parts are generally moved around until a satisfac-
tory arrangement has been obtained. The centers and size of the
various holes are then laid out on the paper, after which the

[o— 3'_..4
;v l
~ l‘
PlSCRATCH ON METAL |
! TO FACILITATE BENDING
{ (One Side Only) I
I |
16" f '
! |
1
|
257 = —

FIG. 2—After corners has been removed and the drilling and cutting com-
pleted, the projecting sides of the metal is bent down 90° to form the chassis
as shown in fig. 4.

paper is transferred to the panel and properly fastened by
gummed paper or adhesive tape. Only after this has been done
may the center of the holes be punched through the paper. This
general procedure has been found to save a great many valuable
panels, and is in the long run, a method of time and money
saving. .
When measurements are made it is well to observe with
great care that the necessary accuracy be obtained, otherwise
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unnecessary filing and trimming will be required which may
finally make an unsatisfactory assembly.

Generally it can be said that holes larger than 14 or 34 in.
should be drilled with a small drill and then enlarged succes-
sively until the wanted size is obtained.

NOTE: MATERIAL 5 THICK ALUMINUM

OR COPPER PLATED STEEL = Cing
L T QS MEDUALROT . . T L I
Bo: R _L'*_Pnono..mlo sw. - T’

"Loa o AF. F.C. |
iy DIELECTRIC 4 _‘_; |
. } ) TRIMMERS . : M |.
™ O efuse FCY ., ,_:IV;% i
o] @rmom [T HoLDERS + .__,z @. il I
| x +T
I h.
i — i~ 3%"6 T"s'é',;‘ﬁ i
| s SOCKEE NIKE SOCKET -~ |
{ [H% 80 R O PR ) . o &
i
= 257 -

FIG. 3—Example of a typical chassis size and drilling layout, showing location
of parts.

= 19" — i
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I \L \\\ \N\\X\ _\\ @§\|

SPEAKER SOCKET MIKE SOCKET

FIG. 4~ -Side view of inal develonment of chassis.
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For holes larger than 14 in. a taper reamer should be used if
possible. When holes of 1 in. diameter or larger are to be drilled,
a hole cutter sometimes identified as a fly-cutter is necessary.
If such a tool is not available, it may be cut out by drilling a
series of small holes as close together as possible, as shown in
fig. 5.

FIG. 5--Method of drilling large diameter holes. After drilling is being com-
pleted the remaining corners are removed by a round file of suitable size.

Tapping of Holes.—After the holes are drilled to measure-
ment and before they are tapped, it is well to refer to the table
showing the tap sizes to be used for the various standard sizes
of machine screws.

Certain metals, notably aluminum, are difficult to tap, hence
care should be observed not to break the tap and as a precaution
the tap should be kept at right angle to the metal surface, and
reversed whenever necessary, and niachine oil should always be
used.
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Soldering.—Before proceeding to the actual construction it
may be well to observe the importance of soldering.

In soldering it is important that the solder and the joint be
kept at similar and sufficient temperatures. A good soldering
joint is made when the heat applied to the solder is sufficient
to melt the solder when it comes into contact with the wire
forming the joint. Soldering paste of the non-corroding type is
recommended, and should be used sparingly, because ol the
fact that an excessive amount of solder will spread over the ad-
jacent wire insulation causing leakages and breakdowns.

Finally the tip of the soldering iron should be kept at the
correct temperature as well as clean and well heated.

Wiring.—The importance of wiring in radio receiver con-
struction should not be underestimated. The old geometrical
axiom that a straight line is the shortest distance between two
points should not be taken too seriously when wiring a radio
receiver, if a satisfactory performance is to be expected.

Although there are no specific rules guiding the performance
of this task, many skillful constructors wire a receiver in the
following order:

1. In case of a.c. supply all filaments or heater connections are
wired with a pair of twisted wires. They should be placed
wherever possible in the angles formed by the top of the chassis
separately away from the other circuits.

2. All grid and plate connections are run as directly and with
as short leads as possible from the tube socket or cap to the
indicated terminal (preferably to the condenser in a tuned cir-
cuit) but should be spaced from or run at right angles to other
circuit elements.

3. The plate and grid return circuit with their various filter
elements are placed in a neat orderly way in place.
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Guiding Principles.—Whenever possible, a single common
ground point should be used for each stage. By-pass condensers
should be placed as close to the socket terminal or by-passed
element as possible. Choke coils should be placed so that their
fields do not mutually interact, and as much spacing between
the parts in adjacent stages should be provided as the construc-
tion permits.

When ordinary push-back wire is used for plate and grid con-
nection in short-wave receivers, it should be kept away from the
chassis or other parts, since the insulation at high frequency is
apt to cause leakage. Spaghetti or varnished cambric insula-
tion is generally satisfactory at ordinary radio frequencies.

Important Information.—The one important factor to keep
in mind when wiring a receiver is that damaging reactions be-
tween the stages due to stray coupling between the various cir-
cuit elements should be avoided, hence too much dependency
should not be placed on ordinary forms of insulation, in keeping
the elusive high frequency current in boundaries geometrically
formed b tne wire.

Also the resistance introduced by one single improperly
soldered connection may ruin the performance of an otherwise
perfect receiver.
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CHAPTER 16

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 of 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 incoming
signal itself.

The requirement for an automatic frequency control circuit
are:

1. A d.c. detector operated through an 7.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 7.f. signal to very nearly the correct inter-

1st 1st. 2nd. 2nd.
RE: DET. IF. IF. DET. AF.
=
&= O
0SC. g ;Z;
e

0SC.
CONTROY

FIG. 1—Conventional block diagram of an automatic radio 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 i.f. system. Of course that is easily suffi-
cient.
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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 resonarnce 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,
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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.

Sk

E,
Py B
T 3
MAGNITUDE OF E,
—FREQUENCY +FREQUENCY

d

/
\ 4 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: If 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 wili depend upon the sign of the
frequency departure.

E

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

(AUIDIO &AV.C)
VOLTAGES

R. ICS.
———— (GROUND)

FIG. 3—Automatic radio frequency control detector diagram.

R.f. CHOKE

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

]

R,

"“} .

*DISCRIMINATOR VOLTAGE B+

VIG. 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 conventionai 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 Control Circuit.—A circuit which will convert d.c.
discriminator voltages into changes in oscillator frequency is
shown in fig. 4. In this figure T, 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 paralle]l 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 G,
since a high value of bias permits R, or C; to be smaller for a
given cscillatory 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 obtainable by this circuit is of
the order of 9.59%, of the oscillator frequency in the broadcast
band and 1.59%, 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, making 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 undoubtedly 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 bex.

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 twc switches on the remote
control box.

REMOTE CONTROL TOUCH TUNING
KEYBOARD.

VOL.OECR :L

-

6,5,432, 13,12,3,2,1
STATIONS STATIONS

STATION
-CONTACTS
VOLUME
CONTROL

MOTOR

sTami8N
SELECTOR

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 thirteen
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 346.

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.

v e

t—AF—|.
+7 SWITCH
CONDENSERS {——} |~ S

FIG. 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 shown.
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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 applied to a selective receiver such as a 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.

For the purpose of control the tuning condensers are driven
through a chain of gears from a small electric motor of the

SWITCH
(S3)
MOTOR
WINDINGS PANEL
|
_J (1) [
——— 0000000 —< —= , A
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i (S)
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BUTTONS,
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dl‘% ’ c
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SHAFT

| DIsCs SEGMENTS
U \
A%ﬁ )
\

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.
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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 orne 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.

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 342 . 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
CONDENSER |, -PANEL
SHAFT
OPERATING
LEVER
l PRESS-
e BUTTON
~ - iz':
P
f{ FULCRUM

FIG. 8~Principles of control in which the tuning condenser is rotated by the

pressure of a lever against a heart cam.
%PRESS-BU‘ITON
/

P %

|l PANEL

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 position is parallel with the lever.
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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. 0

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
advanced in an effort to locate weak stations, it loses much of
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 is being received. This system is very efficient as
a noise suUppressor.



-

Control Systems | 355

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 voltage requirements,

In analyzing the nature of this between-station 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 detector circuit as shown in fig. 10 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.v.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
diagram shows the fundamental diode second detector and
a.v.c. rectifier circuit found in the majority of modern 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,
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If the associated parts of the detector circuit consisting of
resistors Ry, R; and R; and condensers C, be arranged as shown,
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FIG. 10—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 1n 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 r.f. choke or it may
be omitted altogether without affecting the performance of the
circuit. The experimenter may also find that some receivers
divide the functions of a.r.c. and detection, using separate
diode sections or tubes for each purpose. In this case, connect
the tone control tube to the detector diode circuit and dis-
regard the separate a.v.c. system.
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CHAPTER 17

Loud Speakers

The function of a loud speaker 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 3097.

Speaker Parts.—Generally loud speakers consist of two main
parts:

1. That part of a loud speaker which changes the varying
currents of the audio frequency amplifier into mechanicai vibra-
tions, which is called variously the 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.

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 into a discussion of

UNIT I

CONICAL

EXPONENTIAL

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. Balaunced armature
4. Induction
5. Metal strip
6. Electro-static, variously called condenser speaker
7. Piezo-electric, variously called crystal speaker.
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FIG. 3—Principal elements of a magnetic type loud speaker.

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 caused 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
nagnetism, 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.

VOICE COIL
TERMINAL FIELD PLUG

FIELD COIL

CORRUGATED CONE—H

LEATHER WASHER—

n

VOICE COIL

OUTSIDE POLE

CARDBOARD WASHERS

CONE SUPPORT

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 with 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 speaker 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.

UUULQQJ OUTPUT

TRANSFORMER

. SPEAKER
FIELD

SPEAKER
PLUG /

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.

&L‘JJ;,— OUTPUT
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FIG. 7.—Schematic diagram of connections to speaker by means of plug-cable
arrangement.

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 the soft iron armature. The poles react on the poles of the
permanent magnet and attraction between 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 vight 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 in 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 passed 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 abjectionable hum being introduced when used in connection
with battery operated receivers, it is particularly adaptable for
automobile radio use.



Loud Speakers

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 dielectric, 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
METAL 4~ (Light Movable Plate) L

PLATE

POLARIZING
BATTERY

- aifojajn} '

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.

" L gy
v
Ui IV pieLECTRIG
(SOFT RUBBER)

FIG. 12—Elements of an electrostatic speaker. It consists essentially of a form
of condenser, hence the name as 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 perceived by the ear.
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The air pushed back in the forward motion must go 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
I
.BAFFLE BOARD — BL BAFFLE BOARD i

—&—————SPEAKER CONE ——>

(a) (b)

FIG. 15—Various speaker baffles; a, and b, indicates box and flat baffle types
respectively. 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 bajfle is to delay the
meeting of the air creating the sound waves, by an artificial
lengthening of the path of its travel.

The baffle, 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 buffle length for a certain frequency.

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

B;%x#: 28)2;5 ............................. )

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 lowes! lone {o be repro-
duced by a speaker, what is the minimum bajfle length required :

Selution.—Substituting the numerical values in equation (1)
we obtain:
282.5

B“=—4(T or 7 feet (approximately)

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:



372 Loud Speakers

Lowest frequency Baffle length from
to be reproduced. cone cenler in feel.
100 2.825
60 4.708
40 7.006
30 9.417
20 14.125

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 1o 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

e
27/L X C
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—

P 1 _ 1,000
27v/1.15 X2X10-¢ 2m/2.3

=105 cycles per second.
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CHAPTER 18

Circuit Fundamentals

Series Circuits.—A series circuit may be defined as one in
which the resistances are connected in a continuous run (i.e.,
connected end to end) as shown.

Re (*otal)
— = )
AW ANMAM SN

R Re R‘J
Rt = R1 + Rz + R, "{- cte.

Where: R, is the total resistance
R, R, Ry, cte., are the individual resistances
All resistances must be expressed in the same
unit (ohms, megohms, ete.)

RESISTANCES IN PARALLEL (two only):

2 3 $ 3 R
R, (total) iR ¥Re Rt{ 3R %Unknown

3 > 1 <
3 3 d $ 2

_RX R, . o
==t I‘)l + R, (unknown) R;—-:—I—e—'——-
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RESISTANCES IN PARALLEL (many):

3 s 3
R o (fotol) :ER1 E:Rz 3Rs
c 2 i etc.
1 1 1 1
e P —— @ + elc
R‘ R, R2 R-‘
or, Ry == —— -
1 1 1

o —

+
Rl Rz RJ

+  efe.

(all resistances in above formulae must be expressed

in same unit (ohms, megohms, ete.)

OHM’S LAW FORMULAE FOR D!RECT CURRENT

CIRCUITS

Ohm’s Law can be expressed in several different forms,

all of which are conveniently tabulated below.

. | w
I (amperes) = ' i E y /.lV l 4
- ] R |1' 4 ,712 -
E ‘ E W
R (ohms) = [ al j W I I
. ' A w
I (vohs) = IR \/ R I“
| | 12
W (watts) —= El IR I‘{_
1 Tl r
G (mhes) = l I l ol S
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RELATIONS FOR ALTERNATING CURRENT
CIRCUITS

SIMPLE REACTANCE:
X Xe X
Com s T — S —

1 1

AL'— 7'[]'L ‘\’4; :;_—ITG‘ AFZQ*I]'L-———M

Where: X, is the inductive reactance in ohms
X, is the capacitive reactance in ohms
X is the net reactance in ohms
27 is a “constant” cqual to 6.28
f is the frequency in cycles per second
L is the inductance in henrics
C is the capacitance in farads

COMPLEX IMPEDENCE:

Z Z
1’_» - r A N
—gn— G~ e —{l—
L

Z= \/j(’,F a5 (2aLf)* 7= /. 1
Y B+ Gepe
z 3
r — N ‘o 'R ‘——-o
— {uon}— '
-.TTIJILf R

: 7 =
VR (@aLf)? VATRIC 4 1
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Where: 7 is the impedance of the circuit in ohms

all other quantities have the same meaning

as cxplained above for “SIMPLE RE-
ACTANCE”.

IMPEDANCE CF RESISTANCE, CAPACITANCE & INDUCT-

ANCE IN SERIES:

4

Z= 4/1z*~'+ (2an _ %ffc )’

IMPEDANCE OF RESISTANCE, CAPACITANCE & INDUCT-
ANCE IN PARALLEL:

RX . X

7 7 ———5h
2= VXX, 2+ RA(X = X 0TS

OHM’S LAW FOR A-C CIRCUITS:

E E

Where: I = current in ampcres

E=em.f in volts
Z = the impedance in ohms

SINE-WAVE YOLTAGE RELATIONS:

For a sine-wave voltage:

(1) Mazimum voltage = 1414 X Effcetive voltage
(2) Effective voltage = 0.707 X Maximum voltage
(3) Average voltage = 0.636 X Maximum voltage
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POWER IN AN A-C CIRCUIT:
R
W=EXIX—,orE X1IX Cosince
Z

Where: T — power in watts

and 122- is called the Power Factor

true power IXR

apparent i)ower " E

RESONANCE FORMULAE:
1 1 1
f=———ol=——— o (= —
2n/LC (2af)*C (2xf)*L

Where: { = resonance frequency in cycles, L = in-
ductance in henrys, and C = capacitance
in farads.

When f, L and C arc expressed in the units indicated
below, the formulac become:

159.2
Joor = N/ L (microhenries) XC (mfd.)
on 159200
Jorer = \/ L (mw:ohcnncs) X( (mmjd)
(159.2)*

L(ml'crohcnrics) = —

jz(kc) C(m/d.)
(150.2)°

C(m/d.) = 2
f (ke) L(microhcnr(eu)
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RESONANT WAVELENTH:

Wavelength (in meters) at which resonance occurs
with given values of inductance (L) and capacitance
(C).

Wavelength = 1885 \/ L (microhenries) X C (mfd.)
or,

Wavelength = 1.885\/L (microhenries) X C (mmfd.)
FREQUENCY AND WAVELENGTH RELATIONS:

300,000,000
ﬁ'rcqzic?zcgj_(w,/cT‘s)
300,000
Frequency (kc)
300,000,000
Wavelength (meters)
300,000
Wavelength (meters)

IMPEDANCE RELATIONS IN SERIES AND PARALLEL
®ESONANT CIRCUITS:

Lol 8 ] 3
[ T & 1k

2xfL i
Z:zT—Zf;.ILij.Z Z:/‘/(.?JrfL— ) + R*

Wavelength (meters) =

Wavelength (meters) =

Frequency (cycles) =

Frequency (ke) =

2nfC
At Resonance: At Resonance:
Z = Q 2rfL Z=R

(Where Q is the “factor of merit” of the coil = 2xfL

yi4
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CHAPTER 19

Auto-Radio Receivers

(Adjustments and Servicing)

Radio receivers mounted in automobiles, or auto-radio re-
ceivers, as they are usually termed, employ the superheterodyne
circuit, with automatic volume control, and differ from the
conventional radio receiver, only with respect to its extreme
compaciness, ils tuning controls, and power supply units.

Power Supply Unit.—Power units employed to convert the
6 volts storage battery d.c. current to the high voltage required
for the radio receiver plate circuits are commonly of the
vibrating type.

-
t o

CONDENSER
T 4, Jvnermoa 15
T = TRANSFORMER
TO “A” 3 >
SuPPLY ¢

SOLENOID

FIG. 1—Schematic diagram showing internal connection of vibrator.
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In the vibrating type of power supply, a rapidly rotating reed
interrupter is employed to produce a pulsating direct current.
When this pulsating current is fed through the primary of a
properly designed transformer it produces a high voltage al-
ternating current in its secondary.

This high voltage a.c. current is in turn rectified in the con-
ventional manner, as noted in fig. 2, and after proper filtering
applied to the plates of auto-radio receiver tubes.

TRANSFORMER

0 (3 TO FILTER
i _ ¢ & CIRCUIT
-L—. RECEIVER
SOLENOID 2
"= GROUND Ny

1 TO “A"
SUPPLY

FIG. 2—Schematic diagram showing operating principles of vibrator as em-
ployed in automobile radio receivers. With reference to the diagram the
vibrator reed employs three contacts 4, B, and D, arranged as indicated.
When the reed is in the upper position contacts 4 and B are closed. The
battery current then flows through the upper half of the transformer pri-
mary winding, through contact B, through the reed to ground, thus com-
pleting the circuit. When the reed is in the lower position contact B is
open and contact D is closed. The current then flows through the lower
half of the transformer primary (in the opposite direction) through contact
D, through the reed and finally to ground as before. In this manner the
circuit alternates and the rapid reversal of the current is thus transformed
to a higher value in the transformer secondary winding. As noted in the
diagram the secondary transformer winding is center-tapped and is further
connected to a full-wave rectifier tube and filter in the conventional manner.
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Another vibrator unit of somewhat different construction is
shown schematically in fig. 3. It functions as a combined a.c.
generator and mechanical rectifier. With reference to the
diagram, it will be noted that both the primary and secondary
of the transformer are center tapped. By connecting the
outside of each winding to the contacts of the vibrator and
using the arms and center taps of the windings as sources of
input and output voltage a combined generating and rectifying
action is obtained.

TRANSFORMER
PRL ‘ SEC.
T—/P- | ";t
TO A" —4—1 L’ ‘ - - TO FILVER
SUPPLY A CIRCUIT
—===2== T
SOLENOID

FIG. 3—Schematic diagram of vibrator unit.

When the switch is turned ‘“on’ the vibrator makes and
breaks contact at point “A”. This constitutes the driving
action of the unit and is in no way connected with the other
circuits. The primary vibrator function is to connect the input
low voltage current first across one-half and then across the
other half of the primary of the transformer. This results in an
a.c. voltage emanating from the secondary of the transformer.
Due to the transformer having a step-up ratio the a.c. secondary
voltage is considerably greater than the primary. The secon-
dary vibrator functions in a similar manner as that on the pri-
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mary side, so that by reversing the alternations applied to the
load, a pulsating d.c. current is obtained. After filtering this
is used as plate and grid supply to the radio tubes.

TO HEATERS
R.F. MOTOR T0 T0
NOISE CHOKE SPEAKER PLATE
FIELD CIRCUITS
- A
= T o=
= FILTER RECTIFIER
CHOKE . AW
SWITCH
— [E=3} ==l
FUSE =
TO =A" VIBRATOR =
SUPPLY .

CHOKE

FIG. 4—Typical non-synchronous vibrator and rectifier circuit in a commercial
auto-radio receiver. It should be noted that there are several r.7. filter
chokes and by-pass condensers included in the battery circuit to prevent
the transmission of radio interference from the vibrator unit to the receiver
by way of the battery circuit.

Servicing Vibrator Units.—It is usually not advisable to
attempt to service, adjust or repair a vibrator after it has given
a normal period of service. Experience indicates that repaired
or adjusted vibrators seldom give dependable satisfactory
service for any length of time, unless the repair or adjustment
is of a minor nature.

Vibrator dead.—If there be no sound from the vibrator and
if the pilot lamp does not light, check for a blown fuse or for a
poor connection in the fuse container, or at the “A+" con-
nection at the ignition switch. It is also possible that the
“on-off”” switch in the receiver is defective.
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Vibrator normal.—I1f the vibrator seems normal but there is
no sound from the set, look for a burned out or defective rectifier
or audio tube (OZ4 tubes in the power supply are frequent
offenders). Check also for a shorted condenser (usually the
plate bypass in the audio output stage) and check the plate
voltages in the 65Q7 (and similar) audio stages.

A common trouble is failure (open condition) of plate supply
resistors due to short leads. When replacing resistors, make all
leads long enough to allow for expansion and vibration.

If there be a background hiss from the receiver and if this
hiss increases and decreases with the volume control setting,
but no stations are received, touch the antenna with a screw-
driver. If interfering “pops’ are heard, try disconnecting and
reconnecting the antenna lead-in. Check also for a defective
r.f. or other tube ahead of the second detector. (If the tubes
are accessible, feel the envelopes or try removing the last 7.f.
tube from its socket and work back toward the r.f. or converter
tube). Listen for noise when a tube is removed and reinserted.
Trouble usually will be found in the stage just ahead of the one
in which the noise last appeared.

If the stations be received normally, but are accompanied by
vibrator interference, check for broken or loose ground con-
nections, and loose tube shield, or 7.f. can shield. In some of
the older automobiles, this type of interference may require
bonding of fenders, instrument panel, etc. or installation of
spark plug and distributor suppressors. See that the usual
0.5-MF condensers are connected across the low voltage
(“A+"") side of the generator and from the hot side of the
ignition switch to ground.
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Vibrator erratic—If the vibrator acts intermittently and if
there be no sound from the set, check for a defective vibrator
(sometimes caused by defective buffer condensers) which may
not be furnishing enough voltage to operate the receiver.

If there be noise in the set but no station reception, check for
a defective vibrator and for defective buffer condensers (gener-
ally across the secondary of the power transformer) or rectifier
tubes.

If the vibrator sticks, blowing fuses, the points of the vibrator
are probably badly pitted. Replace the vibrator. (Filing the
points generally is only a temporary measure and should be
avoided except in emergencies). Before replacement, check
the buffer condensers. If the set be several years old, or if the
buffers look suspicious, replace them as a safety policy.

If a new vibrator does not start properly, or does not start at
all, check for low battery voltage, blown fuse, or oxidized points
on the vibrator. Note if the pilot light operates. If the vi-
brator will start when the auto engine is running, this is an
indication that the battery voltage is probably low. If the
vibrator points are oxidized (this is fairly common if the
vibrator has been idle or on the shelf for some time), apply
about 12 volts a.c. (from pins on your tube-tester socket) and
allow the vibrator to run for several seconds to remove the
oxidized film.

In several receivers (1950 Dodge and similar) the current
drain on the vibrator is rather heavy and ordinary vibrators
will not last too long. In making replacements, try a heavy
vibrator such as the Philco 83-0026. Also check the buffer
condensers for trouble.
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Vibrator Spring and Contact Adjustments.—When vibrator
condition is such that the contact must be adjusted, the various
contacts should be adjusted in the following order and manner:

ARMATURE

f
BLHO AT
THS POINT
,:11 ) LHL
7-2:10-5 PRIMARY
§=13 §8-3 SICONOARY

FIG. 5—Showing contact arrangement in typical vibrator.

1. With 8 and 10 fig. 5, firmly held against their respective
stops and with 3 and 5 in contact with 8 and 10 respective-
ly, the air gap between 1,6 and 2,7 shall be 0.015 in. plus
or minus 0.005 in.

2. Adjust the buzzer screw 11, fig. 5, so that when the position
of the armature is such that 1 and 2 are just making con-
tact with 6 and 7 respectively, the contact between 4 and
9 shall just be breaking.

Vibrator Adjustment for Minimum Sparking.—If any pair
of contacts show excessive sparking, the following procedure
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will in general reduce the sparking to a minimum. For ex-
ample, consider the case where excessive sparking is occuring
between 6 and 1. Sparking will be reduced to a minimum by
bending the armature spring on that side (secondary side)
away from 6 and toward 8. If the bend be too small, only a
small change will be noted. If an excessive bend be made,
however, the sparking will be transferred from 6,1 to 8,3.

The same method may be applied to any pair of contacts.
Usually only a slight bend will be necessary. Although after
bending, no change in the position of the armature contacts may
be noted, a sufficient change in the initial force requirements
will have been made to reduce sparking.

Output Voltage.—When vibrator is connected to the 6 volt
primary source, the output voltage across a 5,000 ohms resistor
(connected in place of the receiver load at the output of the
filter) must be 240 volts or greater. The output voltage on
receivers should be at least 225 volts.

Failure of Vibrator to Start.—Failure of vibrator to start
may be due to any of the following:

1. Low battery voltage. This may be due to either a low
voltage battery or high resistance connections. The con-
nection to the vibrator should be made to the battery side
of the charge indicator, otherwise the internal resistance
of the indicator may be sufficient to reduce the voltage
at the vibrator to a degree that it will fail to start. If any
doubt exists as to the proper voltage, measure it with an
accurate voltmeter at the vibrator with the set turned on,

2. Improper adjustment of the buzzer screw. Unless the buzzer
screw is adjusted so that the center contact breaks just as
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the outer contacts make when being pushed toward the
coil, failure to start or sticking may occur.

3. Improper lension of center contact spring. 1f there be any
indication of improper tension of the center contact spring,
such as small or irregular amplitude of armature vibration,
it should be removed and flattened so that it is entirely
straight before being replaced. If the vibrator initially
operated properly and then failed, a slight bow should be
placed in the center contact spring in the direction of the
contact.

AUTO-RADIO RECEIVER OPERATION

Radio Switch, Volume and Tone Control Operation.—An
auto-receiver should be turned off while starting the engine
because certain radio parts may be damaged if cranking motor
be operated with radio turned on.

Clockwise rotation of the switch knob to left of dial, turns the
radio on, and further rotation increases the volume. Rotation
clockwise of the tone control knob, behind the switch knob, to
extreme ‘‘treble” position gives the full tone range which will
_produce speech very clearly and distinctly. Rotation counter-
clockwise toward ‘“bass’’ diminishes brilliance and accentuates
low notes.

Push Button Tuning Operation.—To tune in the station for
which the push button is set simply push the button in as far
as possible. The button will move easily at start then a slightly
harder push is required to complete the travel. At end of
button travel the tuner will move to the station for which the
button has previously been set.
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Manual Tuning Operation.—The manual tuning knob to the
right of the dial may be used to tune in stations other than those
for which the push buttons are set. This knob is also used
when tuning to set the buttons for selected stations.

When tuning manually, and particularly when setting up a
station on one of the push buttons, careful adjustment of the
tuning knob is essential to good reception. If the program
sounds screechy or distorted, it is probably caused by improper
tuning and can be corrected by adjusting the tuning knob
slightly. Since low notes are more affected by tuning than
high ones, it is a good plan to tune the receiver to a point where
the low notes are heard best and high notes are clear but not
screechy. Turning the control knob back and forth until the
station is almost lost on either side will enable the operator to
hear the difference in reception and select an intermediate
position giving best results.

Radio Reception is Weak.—In case of weak reception proceed
as follows: :

1. Fully extend the antenna and turn on set. Turn volume
control to maximum position and tune across the dial.

2. If reception seems slightly weak, tune in a station having
good volume for listening and grasp the antenna rod with
yourhand. Ifvolumeincreasesadjusttheantenna trimmer.

3. Check for weak tubes by replacing one at a time until the
faulty one is located, or test the tubes with a reliable
tube checker. ’

4. If tubes be not faulty, substitute a test antenna consisting
of a piece of wire about ten feet in length and connect the
foregoing to a standard antenna lead-in cable. Place test
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antenna outside and away from the car. If radio operates
near normal with substitute antenna some part of car
antenna or lead-in is at fault. If this does not reveal
source of trouble, the receiver will have to be removed for
a thorough test.

Radio Noisy with Car Standing Still.—The procedure when
trouble of this kind occurs is as follows:

1. Start engine, turn on radio and tune radio to a spot be-
tween stations. Engine noise will usually appear in radio
as a clicking sound that varies in frequency with speed of
engine. If noise be present, disconnect antenna lead-in
cable from receiver.

2. If engine noise stops when antenna is disconnected, check
all high tension wires for full seat in sockets of coil and
distributor car. Check distributor rotor (resistance type)
by substituting a known good one. If external suppressor
be used, it must be installed at distributor end of coil-to-
distributor high tension wire. Do not use a suppressor
and a resistance type distributor together.

3. If distributor rotor or suppressor does not correct the
noise, check antenna lead-in cable shield for proper ground.

4. If engine noise continues with antenna disconnected, check
ignition coil and generator capacitors for clean, tight con-
nections; also check the bond strap on the water tempera-
ture gauge tube to make sure it has clean tight connection
to cowl. Remove generator cover band and observe
sparking. If sparking be excessive, check for open arm-
ature coil.
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5. If source of noise has not been found, replace ignition coil
and generator capacitors with known good ones. Ignition
coil capacitor lead must be attached to battery terminal
of coil. Generator capacitor lead must be connected to
“A” terminal of generator. Both capacitors must have
clean metal ground contact.

6. If engine noise be present when engine is running at
approximately 2,000 7.p.m. and all the foregoing items are
satisfactory, the noise is probably due to generator regu-
lator. Correction may be made by mounting a 0.33 m.f.d.
capacitor at one end of the regulator mounting ground
screws and attaching the capacitor lead to the battery
terminal of regulator.

Set Does Not Light Up.—If the set does not light up,
check for a blown fuse. If the fuse is not blown, examine the
fuse contact ends for corrosion or loose connections, and replace
the fuse if necessary. If the fuse holder connections are poor,
stretch the spring in the fuse holder to restore proper contact
pressure. Also check the sealing of the fuse since it may be
the wrong type, in which case the fuse should be replaced with
one of the correct type and rating.

Intermittent Reception.—In the case of intermittent recep-
tion wiggle the antenna and lead-in connections and check the
antenna for loose or intermittently grounded mounting screws.
If a push-type antenna plug is used, see that the plug is in the
receptacle properly, making good solid contact. Check for the
same condition on bayonet or pin-type plugs and see that solder
is built up sufficiently to make a positive contact.
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If the plug pins or soldered connections appear to be cold
soldered, sweat the connection with a hot iron and flow in a
small amount of new solder. Try similar method with the
lead-in at the antenna end. Check the tubes by tapping lightly
with a pencil and it should be noted that in some instances the
set may have to be removed from its mounting to get off the
cover.

If a portion of the broadcast band is dead or intermittent,
check for a defective oscillator tube or possibly a shorting
connection between the plates in the condenser-tuned circuit.
If a new oscillator tube fails to correct the trouble, check the
rectifier tube or measure operating voltages at the oscillator
socket. Defective oscillator coupling or padding condensers
are other possibilities.

Set is Noisy.—One of the most common source of trouble in
many auto-sets is an extremely noisy volume control that
results in high-pitched oscillations preventing correct volume
setting. This condition indicates a defective volume control.
If a thorough cleaning proves ineffective in correcting the
trouble, replacement with a new control of correct taper is
usually the only solution.

A microphonic “squeal’ usually affected by vibration or high
volume, may be due to a noisy tube, generally the oscillator or
second detector. A similar effect can also be caused by an
intermittent open or loose lead of one of the coupling condensers.

If the complaint is low volume with distortion during the
first half-hour or so of operation, with satisfactory reception
thereafter, check for a weak input filter condenser. A satisfac-
tory test of this condition consists in bridging the faulty con-
denser with a good one of the same rating.




392 ) Auto-Radio Receivers

Noise Due to Speaker Defects.—When the receiver has
audio distortion at low levels only, and is normal at medium
and high volume, check the speaker voice coil alignment. If it
is rubbing against the pole piece, try to realign the cone. If
alignment is impossible the only lasting remedy is to replace
the speaker.

Audio distortion at high volume levels only indicates a gassy
audio output tube or leaky coupling condenser. Also ascertain
that the speaker cone is properly glued and centered and that
the audio output is not exceeding the speakers normal rating.

Other speaker defects causing noise and unsatisfactory re-
ception may be caused by a loose unglued rim on the speaker
cone, a warped cone or a collection of foreign matter or metal
filings lodged in the magnet gap.

If the cone is unglued, reglue with regular speaker cement,
making sure that the cone is properly centered. Use speaker
shims or small strips of negative photographic film. If neither
is available, tune in a station at low volume and move the
speaker cone carefully back and forth while exerting pressure
against and around the rim of the cone. Adjust the cone
position for the best apparent quality and freedom of motion.
Apply pressure evenly around the rim to properly set the glue.
If the speaker has an extra centering spider or disc near the air
gap, check this also for unglued condition.

In case the speaker cone is warped, try moistening the cone
at a point directly opposite the warp. When dry, the cone
often will warp an equal amount in the opposite direction and
correct the trouble. On smaller speakers, also try warping a
corner of the frame by springing and twisting slightly with
long nose pliers.
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Ignition Noise.—This is one of the more frequent complaints
when dealing with auto receivers. The usual remedy is the
connection of 0.5 mfd. condensers across the ignition switch,
generator and other electrical components. Also cleaning and
tightening of ground connections. If the foregoing does not
correct the trouble, try cleaning the base and insulator of the
whip antenna. Corrosion often causes considerable leakage
between the antenna and auto body.

If the ignition noise continues to be picked up even with the
antenna removed, the trouble may be picked up via the 6 volt
lead. The most practical solution in this case is to run a sepa-
rate No. 8 or 12 wire directly from the receiver to the battery,
keeping the lead as short as possible and dressing it away from
other A 4 wiring to avoid pickup.

Wheel Static.—A high pitched noise from the receiver present
only when the car is in motion indicates wheel static. If the
noise stops or is reduced when the brakes are applied, install
coiled spring suppressors inside the hub caps of the front wheels.
These suppressors insure good contact between the wheel and
axle.

Parts Replacement.—Auto receiver parts are now generally
standardized and thus presents no problem in replacement. In
some cases, however, the vibrator and power transformer may
be of different construction. Because of the fact that most
well equipped distributors carry all popular types of vibrators
a suitable substitution can almost always be made from one of
these types.

In case of a burnt out power transformer replace it with one
having the same voltage ratio as the transformer to be replaced.
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The only difficulty in making this type of substitution might be
in finding a transformer to fit into the space allotted for it.

After all the necessary adjustments of the receiver is com-
pleated, a complete alignment check should be made. This
should include an accurate check of the dial pointer positions
throughout the dial range. In addition a peeking check of the
1.f. preselector and r.f. trimmers and a final check of the
antenna trimmer (with the set in mounted position) on about
1,400 kc. should be made.

Receiver Alignment

Auto Receiver Alignment Procedure.—Radio receiver man-
ufacturers often make general recommendations with regard to
alignment procedure of their products, which recommendations
are commonly available and thus well known to servicemen.
Circuit alignment should be made only when necessary, and
only when all other causes of trouble are removed.

As previously noted, modern auto-receivers employ the super-
heterodyne circuit which uses an intermediate frequency (z.f.)
amplifier, the characteristics of which largely govern the selec-
tivity of the receiver. The i.f. amplifier characteristics are
determined principally by the adjustment and design of the
1.f. transformers.

It is, therefore, important that the 7.f. amplifier be correctly
adjusted to provide the best selectivity. These adjustments
are in the form of iron cores placed within the coils.

During alignment it is necessary to adjust only these iron
cores as specified in the tabulated adjustment procedure, to
obtain the best operation.
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Incorporated in every receiver is a local oscillator, the output
of which mixes with the incoming signal from the antenna.
The local oscillator does not operate at the same frequency as
the incoming signal, which is to be received. The resonant
(acceptance) frequency of the 7.f. amplifier establishes the
difference in frequency required; 260 k.c. is generally employed
in auto-receivers. The local oscillator operates at a frequency
higher than the incoming signals, the two predominating re-
sultant frequencies produced are the sum and the difference of
the two frequencies.

The design of these receivers is such that the difference in
frequency is the same as the 7.f. amplifier resonant frequency.
Modulation of the incoming signal will be present as modulation
of input to the 7.f. amplifier.

Alignment is generally necessary when replacements have
been made in 7.f. and 7.f. circuits. This includes replacement
of tubes, by-pass condensers, 7.f. chokes, etc. Before align-
ment however, run both the signal generator and receiver for
about 15 to 20 minutes for frequency and temperature stabili-
zation. Non-metallic tools should be used exclusively for
alignment.

To perform alignment correctly, accurately calibrated oscil-
lators and some type of output measuring device must be used.
The output meter may be connected across the secondary of
the output transformer. All alignments should be made with
the receiver volume control on maximum and with the test
oscillator output as low as practical to prevent the a.v.c.
throttling action from influencing the reading.

The intermediate frequency stage should be aligned as the
first step. It is a well known fact that maximum output of a
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receiver is obtained only when every tuned section of it is
properly aligned. Maximum output from the 7.f. amplifier is
obtained when it is adjusted to the frequency for which it is
designed and when exactly that frequency is applied to the 1.f.
amplifier by the output of the mixer.

10
GROUND

TO SIGNAL
GENERATOR

HOUSING SHIELD ANTENNA TYPE
\1_ CONNECTOR
r T
30 mmf. TO RECEIVER

WiRE l 30 mmt. H

FIG. 6—Dummy antenna for use in alignment and touch up of auto radio
receivers.

To sum up the best sequer.ce to follow when making these
adjustments on standard broadcast band receivers (unless the
manufacturer of the receiver prescribes a different procedure) is:

a. First align the various tuned circuits of the 7.f. amplifier
properly with each other at the 7.f. for which the if.
amplifier is designed.

b. The oscillator circuit should then be adjusted at about
1,500 k.c. so that it “‘tracks” properly with the r.f. circuits
at the high frequency part of the dial. This adjustment
should be repeated at about 600 k.c. so that it “tracks”
properly with these circuits at the low frequency part of
the dial.
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¢. Simultaneous with the tracking adjustment of the oscil-
lator it is preferable (in most instances) to properly align
the tuned circuits of the r.f. (preselector) stages with
each other.

The dummy antenna illustrated in fig. 6 will be helpful in
providing a good match between the set and signal generator.
This gives a much better balance than the makeshift coupling
condenser so often used.

Alignment of Typical Circuit.—A typical auto receiver circuit
is shown in fig. 7. The receiver consists of six tubes and recti-
fier. It has a permanent magnet speaker and the tuning is
accomplished either manual or by means of any one of five
mechanical push buttons. The set has a tuning range from
550 to 1,600 kilocycles.

Alignment Procedure

Output meter connection . ..Across voice coil

Generator return ..., .... To receiver chassis
Dummy antenna .......... In series with generator
Volume control position . ...Maximum volume
Tone control position . .. ... Treble
Generator output . ......... Minimum for readable indication
| | | Adjust in
Series Condcnscrl Connect Signal Sequence
Step ‘ or Signal Generator | Generator [ Tune Receiver to for Max.
|Dummy Antenna| to Frequency Output
1 0.1 Mfd. 12BE6 Grid (Pin #7)| 262 k.c. | High Frequency St()é _'A. B,C,D
2 0.000075 Mfd. | Antenna Connector | 1,615 k.c. | High Frequency Stop *E,F, G
3 0.000075 Mfd. | Antenna Connector | 1,000 k.c. Signal Generator Signal J,. K
4 0.000075 Mfd. | Antenna Connector | 1,615 k.c. High Frequency Stop F, G
5

0.000075 Mfd. | Antenna Connector | 1,000 k.c. | Signal Generator Signal } L**
| | |
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NOTES:

*Before making this adjustment check mechanical setting of oscillator
core “H”’. The rear of the core should be 125¢ inch from the mounting end
of the coil form. (This measurement is readily made by inserting a suitable
plug in the mounting end of the coil form). Core adjustment should be
made with an insulated screwdriver, and core studs should be cemented in
place with glyptal or household cement after alignment.

*%41 " ig the pointer adjustment screw which is on the connecting link,
between the pointer assembly and the parallel guide bar. It should be
adjusted so that the dial pointer corresponds with the 1,000 k.c. mark on the
dial (on first *‘0"’ of *“100").

With the radio installed and the car antenna plugged in, adjust the
antenna trimmer “G”’ for maximum volume with the receiver tuned to a
weak station between 600 and 1,000 kilocycles.

Effects of R.F. and L.F. Misalignment.—The effects of mis-
aligned 7.f. and ¢.f. stages are most commonly observed as a
loss of sensitivity either over a portion or over entire broadcast
band; loss of sensitivity, often characterized by the selectivity
being noticeably unequal on the two sides of the point of best
reception; change in fidelity and inaccurate dial readings.

Loss of fidelity will be apparent as a loss of high or low audio
frequencies. If the i.f. amplifier is not tuned to the specific
frequency, the oscillator and other tuned circuits will not track.
The dial readings will then be incorrect and a portion of the
band will have low sensitivity.

Test Oscillator Connection.—The chassis or frame of the
radio receiver is considered as being at ground potential and
the “GND” terminal of the test oscillator should be connected
to the chassis wherever good contact can be established.

The “ANT” or “HIGH” terminal of the test oscillator output
must be connected to the antenna connection or other points
in the radio receiver as specified in the tabulated alignment
specification.
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The use of a fixed condenser in series with the test oscillator
lead is specified in some instances. When this condenser (some-
times called “dummy antenna”) be used, it provides proper
input loading to the receiver. It is important that this con-
denser (when used) be connected at the point where the test
oscillator lead joins the radio set, and should not be connected
at the test oscillator.

Output Meter Connection.—Any standard type of output
meter can be employed during alignment. The meter should
be connected across the secondary of the output transformer.
Itis best to leave the voice coil connected while using the output
meter. It is essential that an output meter with sufficient
sensitivity be used to avoid the possibility of requiring too
much oscillator output to obtain a readable indication on the
output meter.

Sometimes it may be desirable to connect the outpit meter
from plate to plate of output tubes. When this con 1ection is
employed a 0.1 mfd. condenser must be connected in series
with the meter to afford proper protection from the d.c. potential. -
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CHAPTER 20

Phonograph Pick-ups

By definition a phonograph pick-up is a device which con-
verts the vibrations of a phonograph needle in traversing a
phonograph record into audio frequency currents for reproduc-
tion through a radio receiver. See fig. 1.

MOTOR LEADS
FIG. 1—Modern phonograph pick-up unit.

Phonograph pick-up operating on various well known princi-
ples have been developed, such as the condenser type, carbon
resistance. magnetic or crystal type.
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The pick-ups at present are found almost exclusively to be of
either the magnetic or the crystal type. Magnetic pick-ups are
divided into two classes depending on the method of damping
employed, namely:

1. Rubber damped
2. Oil damped.

Conventional types of rubber damped magnetic pick-ups are

shown in figs. 2 and 4.

RUBBER ARMATURE
DAMPER

DAMPER HOLDER

ARMATURE COIL

FIG. 2—Principal parts of a rubber damped magnetic pick~up.

The operation principles are as follows: The movement of the
needle and hence the armature to which the needle is attached
is accomplished by the ripples inscribed in the record which
rotates at a constant speed.

The coil of wire wound on the armature is made to intercept
the magnetic lines of force flowing from the North to the South
pole of a strong permanent magnet.

At any instant that the coil cuts the lines of force between
the two poles, a voltage is induced within the coil, the value of
which is regulated by the amplitude of the vibration. The two
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terminals of the coil are brought out to the input terminals of
the audio amplifier which amplifies the audio-frequency voltage
variations sufficiently to load speaker volume.

VOLUME
CONTROL

TO AUDIO
o[ AMPLIFIER

PHONOGRAPH
RECORD

FIG. 3—Simplified layout of a phonograph pick-up.

One detrimental factor with the average pick-up unit, regard-
less of principle or type, is the weight of the moving parts. The
mass of the usual iron armature for example, causes it to have a
resonance in the audible range which reveals itself to the ear
as a snarly sound in the middle range, and its inertia, coupled
with the type and amount of damping necessary, very often
curtails the brilliance of reproduction, which is largely bound
up with responsiveness to transients.
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In order to counteract the weight of the pick-up head and so
mitigate the aforementioned undesirable qualities, a counter-
balance arm is usually resorted to, although it is not desirable
to completely balance the weight of the pick-up because some
weight must act on the needle in order to keep it from jumping
out of the groove, especially when low frequency notes are
being reproduced.

HIGH-PERM. DAMPING RUBBER
POLE PIECE < COVER

ALIGNING AND
DAMPING RUBBER

HIGH-
CUERCIVE
MAGNET

RUBBER
TUBING

MOUNTING
FRAME_

FIG. 4—Parts of modern rubber damped pick-up.

Therefore, it is important that records should be made of
hard materials, and at the same time possess abrasive qualities
sufficient to grind the needle point at the beginning of its
travel in order to reduce the pressure of the needle.
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Impedance Values.—Magnetic pick-ups are made in all
impedance values, the average being around 20,000 ohms. This
allows direct feeding of the output into the grid circuit of an
amplifier stage without the interposition of any matching
transformer.

MOUNTING
SCREWS
NN E‘ , x VISEoLO0
ARMATURE | '\ WAMATURE cLame Pl DAMPING BLOCK
p -
SOLDER~  “CENTERING SPRING -~ ~ NEEOLE SCREW

FIG. 5—Front view and section of phonograph pick-up. (Courtesy General
Electric Co.)

However, where quality is of the utmost importance, as for
2xample in broadcasting and recording studios, where long
cables are commonly employed, 200 to 500 ohms being prac-
tical averages.

These lower values are much less affected by long connections
in regards to hum pick-up or loss of high frequencies, due to the
distributed capacity of the cables and of the armature coil
winding itself.

When as in some commercial sets low impedance values are
used, a step-up transformer must be resorted to in order to
obtain satisfactory operation.
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The Oil-damped Magnetic Pick-up.—This type of pick-up
is more complicated in construction and hence more expensive
than the rubber damped type. However on account of its
superior frequency response characteristics, it is frequently
employed in sound picture reproduction as well as in high grade
sound amplifier systems.

In this type the horse shoe magnet is enclosed in a case, and
surrounded by oil (which takes the place of rubber in the
rubber-damped type pick-up) damping the action of the
armature.

The Crystal, Variously Called Piezo-Electric Pick-up.—The
action of this device, which on account of certain favorable
qualities has found an increased use, depends upon the prop-
erty of a Rochelle salt crystal in converting mechanical motion
into electrical voltage. In practice this is accomplished by
placing two small crystal slabs together which results in what is
known as a bi-morph crystal element. This crystal element is
then mounted between two small discs of sponge rubber in a
bakelite housing, and a light aluminum rocker arm with
rubber pivoted bearings (substantially the same as that em-
ployed in magnetic units) is used to communicate the motion
of the needle to one end of the crystal.

The “fish tail” of the rocker arm employs a forklike notch in
the extreme end to which the crystal is clamped. On account
of the fact that this armature is much lighter than the iron ones
used in the magnetic pick-ups, they require less damping in
addition to the attractive properties of the voltage generating
element itself.
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The impedance in this unit is very high and the element is
inherently capacitive—which two features call for a somewhat
different technique in the proper operation of the pick-up.

Good results are being obtained with a volume control of 0.5
megohm. All leads should be well shielded.

RUBBER
PAD

INSULATIO \_“ =5
> 5 TERMINAL
METAL iy
FOIL g H =
"l— CRYSTAL
INSULATION
\ ‘IC"—L,,\_,_:, TERMINAL
THUMB’-’“ J
SCREW oo
PAD
RUBBER
TUBING
NEEDLE

HOUSING —»

FIG. 6—Parts and assembly of crystal pick-up.
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One of the most unfavorable points in the employment of a
pick-up of this type is the extreme fragility of the pick-up itself,
another being the variations of output with the temperatures in
excess of 100° Fahr.

Additional points to be considered when selecting a pick-up
unit, regardless of specific types, are solidity of carrying arm
construction and freedom of movement of the horizontal and
vertical bearings.

The pick-up should be so constructed that not more than
three ounces of needle pressure will be used on the record.

Phonograph Motors.—An important part of the phonograph
mechanism is that of the motor, its function being to produce
the revolving motion to the phonographic disc.

The speed of the record should be as nearly constant as pos-
sible. The usual speed of the phonograph disc record being 78
r.p.m. At 78 r.p.m. a 10 inch record plays for 214 minutes,
while the 12 inch record plays for 4 minutes. Again a 16 inch
record (employed in sound picture work) revolving at 3314
r.p.m. plays for approximately 14 minutes.

Motors of the a.c. current type are most generally of the
induction or synchronous type, its speed being controlled by a
governor, as shown in fig. 7. In later type motors a stroboscope
disc is employed which makes closed speed adjustment very
easy.

If a stroboscope disc is not available the following method
may be employed for correct speed adjustments:

1. Place a record on the turntable and insert a small piece of
paper under the edge of the record to serve as an indicator.

2. Play the record in the normal manner and count the num-
ber of revolutions made by the turntable in one minute. The
speed should be 78 revolutions per minute.
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3. Turning the speed regulating screw clockwise allows the
motor to run faster, and counter-clockwise slower.

Adjust by trial until the speed is as exactly as possible 78
7.p.m. as determined from a full minute count.

TO TURNTABLE
MOTOR FRAME

FIG. 7—Motor frame, motor and governor in modern electric phonograph.

The speed of disc should be checked about every two months.
Variation in speed will cause distortion.

The governors are generally designed to maintain a constant
speed of the motor within a range of sudden voltage changes of
20 volts, if the parts be properly adjusted. Therefore any ad-
justment madz on the motor, including lubrication, will have a
certain effect on the speed, which should be checked as pre-
viously described.

Phonograph Pick-Up Connection.—When a phonograph of
the high impedance type pick-up is employed in connection
with the radio receiver, it may be connected in one of several
ways as shown in figs. 8 to 10.



410 Phonograph Pick-ups

PHOII\(I:%GRAPH
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FIG. 8—Method of connecting phonograph pick-up when unit be provided
with an adapter for plugging into the detector tube socket. When plugged
in the pick-up will be connected to the input of the audio amplifier.
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FIG. 9—Conventional method for connection of radio high impedance pick-up.
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In more expensive radio phonograph units a so called scratch
filter consisting of a combination of inductance and capacity is
employed to eliminate or suppress the scratch or hiss caused by
the friction of the needle on the record.

SECONDARY OF
1.F. TRANSF. R.F. CHOKE

TO _POWER
STAGE

FIG. 10—~Method of radio phonograph pick-up connection.

PHONOGRAPH
MATCHING
e TRANSFORMER .
Y > TO AUDIO
FREQUENCY
‘ ~SCRATCH  STAGES
VOLUME 4+ FILTERS
CONTROL | T
h———,—-- L e

FIG. 11—Method of connection for a needle scratch filter.

The loudspeaker reproduction of scratch is due to the fact
that the sides of the wavy grooves in a phonographic record are
seldom cut clean or smooth. The almost microscopic rough
edges will to some extent, affect the motion of the needle and
are responsible for the above described defect. A scratch filter
as commonly used, is shown in fig. 11.
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The simplest method of record reproduction is to employ an
oscillator unit shown in fig. 12. This oscillator in effect is a
miniature broadcasting station and the radio is turned to it
exactly as to any other station. The oscillator and its connection

is clearly indicated in fig. 12 and no changes whatsoever need
be made in the receiver.

& |
MR T

TO ANT. POST
ON SET

CRYSTAL
PICK-UP

(S

3040 H. ]
— T f’
=8 8 4 110 V. AC.
B T . ORDC.

FIG. 12—A portable A.C.-D.C. phonograph oscillator, which may be worked
through existing radio receiver. In this phonograph the record reproduction
is introduced by means of a miniature carrier wave generated by a local
oscillator which is plate-modulated by a single audio power stage into whose
grid the output of the pickup can be connected with a minimum of trouble
and equipment. In effect this is nothing but a small broadcasting station to
which the radio set is tuned, and the carrier pickup is either by conductive
or inductive transformers to the sets antenna lead and the set operated in
the usual manner.

The frequency of the oscillator may be varied so as to select
a channel that is clear of broadcasting.
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FIG. 13—Diagram of connection when oscillator-phonograph units are em-
ployed in connection with receiver for music veproduction.
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FIG. 14—Schematic circuit diagram of typical oscillator unit.
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A schematic diagram of a simple phonograph oscillator which
will give high quality performance is shown in fig. 15, when
used either with a crystal phone pick-up or a crystal microphone.
The output is sufficient to operate a radio receiver located 50 to

75 feet away.

The oscillator portion utilizes the control grid, screen grid,
and plate of a 128K7 tube. The audio modulating voltage is
impressed on the supressor grid, and the per cent modulation
may be varied by adjusting R;, which controls the cathode

potential of the tube. -
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FIG. 15—Schematic diagram of phonograph oscillator, operative for either
voice or recordings. The components employed are as follows:

R\—4.7 megohm, Y w. res.
Ry;—47,000 ohm, Y4 w. res.
R:—10,000 ohm rheostat (adjust.
for % of modulation)
Ri+—740 ohm, 20 w. res.
Rs—22 ohm, Y4 w. res.
R—7000 ohm, 1 w. res.
C1—500 ppfd. mica cond.
C:, Cs, Cs—.05 ufd., 400 v. cond.
25 v. dry elec. cond.

Ci—10 ufd.,

Cis, C+—25 pufd. mica cond.

Cs5—250 ppfd. mica cond.

Cs—20-160 uufd. var. cond.

Cuw, C11—40 ufd., 150 v. elec. cond,

S1—S.p.d.t. sw.

82, S3—S.p.s.t. sw.

Li—Broadcast ant. coil c.t. (1000 to 1700 kc.)

Rect.—200 ma. selenium rectifier (or two 100
ma. rect. in parallel)

1—-J12SK7 tube
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CHAPTER 21

Automatic Record Changers

(Adjustments and Servicing)

Turntable Speed Regulation.—One of the most common
troubles with record players is that of sound distortion. This
condition while sometimes caused by trouble in the pickup is
more often due to incorrect speed of the turntable.

Thus, for example, a “wow” sound caused by variations in
the speed of the turntable, is commonly evidenced by distor-
tion on long sustained notes especially on L.P. records. As a
first step toward eliminating trouble of this nature is a thorough
check of the turntable speed.

Standard three-speed automatic record changers are designed
to play 78, 45 and 3314 7.p.m. records of standard commercial
dimensions. The sizes of standard records for which the
changers are set are 7, 10 and 12 inches, the 7 inch records
being used exclusively for the 45 7.p.m. speed.

Due to the scope of practical manufacturing tolerances and
often because of voltage variations, three-speed changers are
frequently inaccurate at one or more speeds; and whereas
professional standards call for a maximum speed deviation of
0.3 per cent from that required, errors as high as 5 per cent and
more are sometimes found in commercial record changers.
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Thus, in extreme cases it may be found that a 78 r.p.m. record
changer may run as fast as nearly 82 or as slow as 74 revolu-
tions per minute. Similarly, at 45 r.p.m. the same changer
may run as fast as 4734 or as slow as 4234 7.p.m.

FIG. 1—Illustrating Webcor Model 1122 plug-in, three speed automatic
record changer. Courtesy Webster-Chicago Corporation.

Speed Determination.—Although an approximate determina-
tion of speed values may be obtained by counting the number
of revolutions made in a minute or multiple thereof by inserting
a small strip of ordinary white paper between the record and

the turntable, it is preferable to check the speed with the aid
of a stroboscopic disc.
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A stroboscopic disc or strobe card is essentially a circular
cardboard disc with lines so drawn and spaced that when the
disc is placed on a record being played, and illuminated by a
Neon lamp connected to a 60 cycle alternating current source,
the lines appear to stand still when the speed of the record
and turntable is correct. When, on the other hand, the lines
are moving forward, the speed of the turntable is too fast and
when the lines appear to travel backward the turntable is
regulated at too slow a speed.

As previously noted, professional standards call for a maxi-
mum speed deviation of 0.3 per cent, which means that when
using a strobe card not more than 21 bars should appear to
pass a given point during one minute.

A strobe card for speeds of 3314, 78 and 45 r.p.m. is usually
divided into three sections one for each speed, with each section
divided into numerous bars or dots. These bars or dots are
calculated in the following manner, assuming a turntable speed
of exactly 3314 r.p.m. .

A Neon lamp connected to a 60 cycle a.c. source flashes 120
times per second or 7,200 times per minute. If the phono-
graph turntable revolves exactly 3314 times per minute, the
lamp flashes 7200/3314 or 216 times per revolution of the
turntable. Conversely each flash corresponds to 1/216 revolu-
tions of the turntable, but since there are 216 bars or dots on
the 3314 r.p.m. section of the strobe card, each flash from the
60 cycle Neon lamp illuminates a bar that has arrived in
exactly the same position that was occupied in the preceding
flash by the bar ahead of it. This, aided by the persistence
of vision, produces the illusion of the bars remaining stationary.
If the turntable speed exceeds 3314 revolutions per minute,
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each bar moves more than one bar distance during the interval
between the flashes, thus making it appear that the bars are
moving in a forward or clockwise direction.

In a similar manner the strobe card bars appear to be moving
in a counter-clockwise direction when the turntable rotates too
slow or at a speed of less than 3314 r.p.m.

Noting the fact that the Neon lamp flashes 7,200 times per
minute and illuminates 7,200 bars during this period (3314
revolutions X 216 bars in the case of a 3314 strobe card), a 0.3
per cent error in turntable speed is 0.003 X 7,200 bars or 21.6
bars.

It is evident from the foregoing that the 78 r.p.m. section
of the strobe card, will not contain the same number of bars
as the 3314 r.p.m. section. For testing 78 r.p.m., the strobe
card will have 7,200/78 or 92 bars. Thus, when the Neon
lamp flashes 7,200 times per minute, it still illuminates 7,200
bars at 78 r.p.m. because 78 X 92 equals 7,200 approximately.
As previously, a 0.3 per cent in turntable speed at 78 7.p.m.
would cause approximately 21 bars to appear to pass a given
point.

For speed testing of a 45 r.p.m. turntable the strobe card
requires 7,200/45 or 160 bars or dots equally spaced on its
circular surface.

If it be desired to find the center angle between each one of
the bars or dots on the periphery of the strobe card a
simple calculation will show that the various spacings on the
3314, 45 and 78 r.p.m. cards should be 1.67°, 2.25° and 3.91°
respectively.
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Speed Adjustment Procedure.—Because of the fact that
automatic record changers vary in construction, it is not
possible to give a procedure by means of which all changers
may be adjusted as to their speeds, unless a particular model
or type be selected.

It has been found that the speed of a Webster three-speed
changer can be corrected by varying the tension on the spring
between the mainplate of the changer and the link bearing the
idler wheel which moves the turntable.

When the turntable and idler wheel are removed, this spring
is exposed to view. Increasing the spring tension (shortening
the spring) serves to decrease the speed and vice versa.

Sometimes incorrect speeds may be due to dirty or worn
speed reduction pulleys and idler wheel; these should be kept '
clean at all times. Replace worn out or stretched drive belts
(turning them inside out will work in an emergency).

On manual single speed record changers, the turntable speed
is regulated easily by a screw or lever adjustment which con-
trols the action of the governor operating in conjunction with
the phonograph motor.

In some instances, the entire motor must be overhauled,
oiled and greased, and each electrical connection checked and
resoldered. When the motor is of the commutator-brush type,
the commutator and brushes must be carefully cleaned with
fine sandpaper and fitted properly.

Changer Does Not Trip Into the Change Cycle.—During
normal playing, the friction lever is prevented from contacting
the trip switch to complete the solenoid circuit by the oscillating
stud. The rapid movement of the tone arm in the trip groove
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FIG. 2—Exploded view of parts above baseplate in Webster automatic three-
speed record changer.
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FIG. 3—Exploded view of parts below baseplate in Webster automatic three-)
speed record changer.



422 Automatic Record Changers

of the record, however, allows the friction lever to contact the
trip switch before the oscillating stud can prevent it.

The solenoid is then energized and attracts the trip pawl
assembly, releasing a segment of the clutch gear to contact the
rotating pinion gear under the turntable. If the maximum
outward travel of the oscillating stud be more than 1/16 in.
beyond the switch contacts, faulty operation may result. The
trip switch support may be bent if necessary to correct this.
Check also for dirty contacts on the friction lever and trip switch.

Changer Does Not Trip Into Change Cycle or Trips Too Soon.
The trip slide operates the trip assembly and it must move
with the least possible resistance. It must not be bent, rusted
or hindered in its movement. It should be clean and free from
grease. The friction washer holding the gear engagement pawl
and trip motion arm together must be loose enough to allow
the gear engagement pawl to be kicked backward during the
playing of the record.

It must be tight enough to allow the assembly to follow the
quick movement of the trip slide when the tone arm enters the
trip groove of the record. If the washer be too loose, there
will be no tripping; if it be too tight, there will be constant
tripping. The washer may be reshaped to increase or decrease
its friction. The stud upon which the friction washer rests
may be too loose and may be tightened by inserting an addi-
tional washer under the main gear.

Changer Trips Too Soon.—This may result if the maximum
outward travel of the oscillating stud be less than 1/16 in.
beyond the switch contacts.
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Changer Trips Continually or Erratically.—The tip of the trip
pawl may be too near the edge of the gear segment. A slight
bending of the post against which the pawl rests may correct
this.

Records Do Not Drop.—Check for loose set screw holding
ejector lever. The position of the ejector lever and link
assembly on the centerpost shaft is critical. If it be incorrect,
the ejector cam in the centerpost may break. The ejector
lever set screw should be tightened with the ejector cam flush
with the centerpost and the changer in playing position.

The top of the spindle may be bent so that the spacing be-
tween the heel of the floating latch and the spindle does not
allow a record to slide between. If this condition exists, bend
with thumb the top of the spindle slightly in a direction away
from the record selector shelf.

Removal of Tone Arm.—If it be necessary to remove the tone
arm, close attention should be paid to the position of the spring
in the base. If the spring be replaced backwards, the tone arm
will not get down on the record.

Warped Strobe Disc.—To remove the strobe disc, first slide
the selector lever to the extreme right and speed shift lever to
the far left. Next lift off the turntable and remove the strobe
bracket screw and spring. After removal, immerse the strobe
disc in hot water for a few minutes to straighten it.

Records Do Not Drop.—Records are dropped by the action
of the ejector cam which pushes the bottom record clear of the
shelf of the centerpost. The length of travel of the ejector cam
can be increased by turning the push-off adjustment nut
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FIG. 4—Exploded view of parts above baseplate in V-M automatic three-
speed record changer,
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counter-clockwise. Do not increase the length of travel of the
ejector cam excessively as this may damage the centerpost
and cause jamming during the change cycle.

Fig. 6—Exterior view of automatic, three-speed record changer. Courtesy
V-M Corporation.

More Than One Record Drops at a Time.—This may be
due to oversize holes in records, or records may be exceptionally
thin. If the spindle slide be not all the way down more than
one record may drop at a time. Check the slide to see if it be
free and do not bind at any point.

Tone Arm Does Not Index Correctly For the Size Record
Being Played.—Set down position for the tone arm is deter-
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mined by the automatic index assembly working in conjunction
with the index finger. This finger extends momentarily above
the changer pan during the change cycle. If it touch a record
the index assembly sets the tone arm for a 12 inch record; if
it does not and continues upward so that the lower step on the
cap touches a record, the tone arm is set for a 10 inch record.
A 7 inch record permits the index finger to go even higher
and this sets the tone arm correctly for this size.

If the index finger be bent or loses its rubber cap, the indexing
will be incorrect. Burrs in the slots of the index assembly or
binding of the pin which rides in these slots cause incorrect
indexing.

Tone Arm Does Not Land in Correct Indexing Groove of
Record.—A slight adjustment of the tone arm set-down posi-
tion is performed by means of the adjustment screw located
near the base of the tone arm.

45 R.P.M. Records.—Because of the special design features
of certain 45 r.p.m. records, most modern automatic record
players have either a special spider or hole adapter for playing
these records or else are equipped with a 45 7.p.m. spindle.

Lubrication.—Record changers are usually completely oiled
and lubricated at time of manufacture.

Under normal conditions this should be sufficient for ap-
proximately one year or 1,000 hours of operation. When
operated under extreme conditions of dust or heat, they should
be oiled more frequently as required.

Do not permit oil or grease to get on the rubber idler wheel,
motor sleeve, turntable drive rim, velocity trip arm clutch or
raising disc clutch.
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Turntable Does Not Revolve When Control Switch is Turned
On.—When this condition occurs, a check should be made to
ascertain that the current actually is reaching the a.c. leads on
changer. Also check that the switch is closing properly and
that wiring and soldered terminals in changer are in satisfac-
tory condition.

To check for a defective motor, remove turntable to allow
motor to operate without load. If current be available at motor
and drive spindle does not rotate the motor is defective.

If drive spindle is turning, but turntable is not, check motor
idler assembly to determine if it be free to contact the drive
spindle and turntable rim. Wipe off inside rim of turntable to
remove flock, or if oily, clean the turntable rim and rubber tire
of the idler wheel with naphtha or alcohol.

Motor Noise.—If a low-pitched rumbling sound comes from
the loudspeaker while a record is being played, check motor
grommets to be sure that the motor is freely suspended on them.
The motor lead wires should have slack to allow the motor to
float.

Motor rumble may also come from an unbalanced motor
rotor, in which case the motor should be replaced.

A rapid thumping sound while the motor is running may in-
dicate a flat spot on the motor idler wheel or speed pulleys.
If this condition does not clear up after ten minutes of running
time, remove the turntable and check the rubber tire on the
idler or pulleys. If the surface of the rubber tire be not smooth
and even, replace the part. Should the bearing of the idler
wheel show signs of excessive wear or be extremely wobbly,
the idler wheel must be replaced.
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Defective turntable bearings are also apt to cause a rumbling
sound. Check for foreign matter in the bearing, defective balls,
binding between balls and ball retainer or rough surface on
washers. Clean ball bearing, sleeve bearing, and washers;
lubricate with light mineral oil.

o o - 2

FIG. 7—Webcer Model 1127 plug-in, three-speed automatic record changer.
Courtesy Webster-Chicago Corporation.

Defective Records.—Worn or defective records will cause
needle scratch and distortion of the recorded sound. If the
record be warped, it may slip on the other records causing a
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waver in the recorded sound. An enlarged hole in the record
will cause similar trouble and sound distortion.
If a scraping sound occurs as the turntable revolves, the turn-
table itself may be warped, causing its outer rim to rise and fall.
A similar scraping sound may also be caused if the motor
idler or mounting plate be bent or out of alignment.
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FIG. 8—Schematic wiring diagram of General Electric Mode! 4SJ3A1 radio
phonograph combination. Alignment procedure: 1. Turn S1 to radio and
volume to maximum. Connect an output meter across the speaker voice
coil. Connect signal generator ground to B—through a, .1 mfd. condenser,
and the high side to pin 8 of the 12SA7 tube through .03 mfd. Tune signal
generator to 445 kc. and tune T1 trimmers for maximum output reading.
2. Remove signal generator connection to pin 8, unsolder antenna and attach
generator to L1 through 25 mm/fd. Turn tuning condenser of set fully open.
Set signal generator to 1620 kc. Tune oscillator trimmer on tuning gang
for maximum reading; set R.F. trimmer for maximum output reading. Use
only enough signal generator output to obtain a reading on the output meter.
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CHAPTER 22

Magnetic Tape Recorders

These are presently manufactured in various sizes to suit
individual requirements, ranging from elaborate professional
recording equipment to small comparatively inexpensive home
tape recorders,

Taking advantage of their experience in building quality
equipment, manufacturers of such gear are now offering small
compact home recorders capable of reproducing all of the
quality formerly available only on professionally recorded
magnetic tapes.

Because of the fact that the home user, for example, will not
need the heavy duty editing facilities required by broadcasting
and recording studios, manufacturers of the home type class of
equipment generally feature single speed machines of 714 inch
per second, which gives full fidelity rather than two speeds
usually found in commercial equipment. Single speed record-
ers require a smaller less expensive motor and also eliminates
the necessity for providing facilities for changing equalization
to meet different tape speeds.

Basic Principles.—The basic idea of tape recording is ex-
tremely simple and although the principles have been known.
for a long time it is only during the last decade that the tape:
recorder has come into popular use in the home.
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The tape consists of a paper or plastic material coated with
fine particles of iron oxide in an adhesive binder. The tape
(motivated by a small a.c. motor) passes over an electromagnet,
the field strength of which is varied by the incoming audio
waves.

FIG. 1—Typical tape recorder designed to magnetically record on 5 or 7 inch
reel. The one-quarter inch tape width provides a dual tape track. Tape
speeds are 334 and 714, inch per second. (Courtesy Revere Camera Company).
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It is in this manner that the tape is magnetized at a varying
strength along its length, the comparative strength being a
measurement of each audio wave as the tape proceeds on its
path through the electromagnet.

In the playback process, the tape is passed over a similar
electromagnet whose coil is connected to the input of an
amplifier. The moving magnetic lines of force from the tape
are picked up by the electromagnet core and in cutting the
wires of the coil, induces in them voltages of varying amplitude.
These are amplified and the audio is thus reproduced.

The electromagnet used in the recording process is known as
the recording head, whereas the electromagnet employed in the
playback process is termed the playback head.

The foregoing magnets are so similar in requirements that’
a single head is commonly used for both recording and play-
back with provisions for appropriate circuit switching. Such
heads are used in all of the less expensive non-professional tape .
recorders, such as the machine shown in fig. 1.

Professional recorders have separate heads. This has a dual
advantage in that (1) each head can be designed for a particular
application, and (2) with separate heads for recording ana
playback. The recording can be monitored from the tape
during the recording process. :

A diagrammatic view of one type of recording or playback
head is illustrated in fig. 2, viewed from the edge of the tape.
The core consists of a ring of magnetically “soft” material with-
high permeability. Such a material is very easily magnetized -
but does not retain an appreciable amount of magnetism when -
the current is removed from the coil. A typical material used ;
in recording or playback heads is mu-metal.
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The iron-oxide coating of the tape is magnetically “hard”,
that is, once it is magnetized, it retains much of its magnetism
over a long period of time. In recording, the tape moves con-
tinuously over the small gap in the iron core. When the
magnetic lines of force pass through the iron core they are

TAPE
r

[ —

FIG. 2—Construction principles of recording head. In actual practice manu-
facturers of tape recording machines endeavor to keep an effective gap
width of about 0.5 mil. This makes reproduction of 15,000 cycles impossible,
but with equalization, satisfactory response is possible to around 10,000
cycles and output can easily be linear to 7,500 cycles at 7V, i.p.s. Increasing
the speed to 15 i.p.s. gives full linear 15,000 cycle response necessary
for high fidelity.

subject to the reluctance or magnetic resistance of air (or
whatever other material which may fill the gap) which is
comparatively high. These lines, therefore, pass more easily
through the tape coating, and in doing so they magnetize the
coating within the gap.

Now since the strength of the field varies with the audio
waves, each successive small area of tape coating that passes
the gap is magnetized to a somewhat different field strength.
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In playback, the tape may again be passed over the same head.
This time the coil is connected to the amplifier input. As each
little magnetized section of tape passes the gap, its magnetic
field causes lines of force to pass through the core and cut the
coil. The induced voltage is then amplified.

Hysteresis Effect.—The magnetic hysteresis in iron is the
cause of certain detrimental factors in the faithful reproduction
of sound in a magnetic tape recorder. It may easily be visual-
ized that when an unmagnetized tape is subjected to a magnetic
field of certain strength, it is magnetized to a corresponding
strength over a certain range. When the magnetic field is
removed, however, the section of tape leaves the head, and in
so doing the tape magnetism falls to a certain lower value.
This lower value will vary with that of the inducing field over
a very small range, but will never reach zero.

As a result of the foregoing, a sine wave recorded on tape is
somewhat distorted as illustrated in fig. 3. This distortion is
removed by ultrasonic bias, that is, a signal of between 30 and
60 kilocycles is superimposed on the audio fed to the head. The
bias signal is generated by an oscillator incorporated in the
circuit.

Frequency Response.—The frequency response is an impor-
tant factor in the performance of any magnetic tape recorder.
While head inductance causes a change in head reactance as
frequency varies, this is usually countered by feeding the head
from a constant current source such as from a pentode tube.
Since the magnetic field depends upon coil current, the recorded
magnetism on the tape is fairly constant from the low range up
to some midrange frequency. Above this point however,
core losses and gap effect reduce the treble.
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In playback there is a reduction in output between the mid-
range and the bass, as well as from midrange to treble. Fig. 4,
shows the general shape from the output curve of a playback
head from a tape recorded without equalization. The lower

| SINE | | Recoroep |
T WAvE FIELD  waveForm !

FIG. 3—Showing distortion of sine wave field due to lag of magnetic effect

behind their source. This is known as the hysteresis eflect of the mag-
netizing material.

QUTPUT
—

—_—
FREQUENCY

FIG. 4—Typical curve representing the output of a playback head.

part of the curve is due to the induced voltage depending on the
speed at which the lines are cutting the field. At lower

frequencies the velocity is obviously lower, therefore the output
is also lower.
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Gap and Tape Speed Effect.—An additional loss occurs in the
treble due largely to the gap effect. This may best be com-
prehended by referring to fig. 2. Here it will be noted that the
length of tape played back at any one instant is equal to the gap
length. Thus, if the gap be very small with respect to a wave-
length, say 1/20 wavelength, then it scans only 1/20 of the
wave at a time and the output voltage will show a good repre-
sentation of the wave.

Suppose, however, that an entire wavelength fits under the
gap at one time. The wavelength contains all values of mag-
netism from zero to maximum in both directions, the sum total
of which is zero, therefore, the head output is also zero. From
the foregoing it follows that there is a loss in output as soon as
the wavelength of recorded sound on the tape begins to ap-
proach the length of the gap, and there is a total loss when the
wavelength and the gap are equal.

There are two methods used in extending the high frequency
response before it is necessary to equalize electrically. These
are important because equalization causes loss of gain, in-
creased noise and is seldom obtained with any degree of pre-
cision. First the gap should be made as small as possible,
second the length of waves can be increased by making the
tape run faster; this has the effect of spreading out the wave
over a longer portion of the tape.

From the foregoing discussion it will be observed that for
best results the gap width must be as small as possible and in
actual practice manufacturers of magnetic tape recorders are
keeping effective gap width to about 0.5 mil, and while small
inexpensive machines run at a speed of 3.75 and 7.5 inches per
second for speed recording, high fidelity recording of music is
as a rule impossible on machines having speeds of less than 15
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inches per second. This latter type of recorders give the full
linear 15,000 cycle response necessary for high fidelity work.

Basic Sections.—Magnetic tape recorders consist of three
basic sections, they are:

1. The recording amplifier
2. The playback amplifier, and

3. The tape transport mechanism.

In the home type recorder only one amplifier is used for the
recording and playback, with the different functions selected
by a “record-listen’ switch. This switch when in the “record”
position connects the record and playback coil in the head
assembly (one coil performs both functions) to the output of
the amplifier which supplies the audio voltage to be recorded.

In this position, the switch also converts the output stage to
an oscillator, usually 30 to 60 k.c. to provide bias for the
recording head and also erase current for the erase coil in the
head, although on some machines a separate bias and erase
oscillator is employed.

Equalization is also inserted in the amplifier to compensate
for frequency response characteristics of the head and tape
speed. The equalization is in the form of high frequency boost.
This increases the signal-to-noise ratio of the recording during
playback.

In the playback position, the recording coil in the head
assembly is connected to the input of the amplifier. The
bias oscillator is converted back into the output stage, and the
high-frequency boost is removed. The equalization in the
Dlayback position is different from that in the record position.
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The high frequency response is attenuated to retain the
balance of the original program material, and the low-frequency
response is boosted. The low-frequency equalization is accom-
plished during playback rather than during recording to prevent
the low-frequency components from saturating the tape.

The Tape Transport Mechanism.—The mechanical section
of the recorder such as the tape transport mechanism must
comply with certain requirements in order to qualify for its
exacting duty. Thus, for example, its speed must be constant
and wow and flutter held to a low value. It must also be quiet
in operation and able to stand a fair amount of rough treatment
as may be caused by day-to-day usage.

A tape transport mechanism includes the following basic
components:

1. A capstan and flywheel assembly which pulls the tape past
the record and erase-head assembly at a constant rate of
speed, usually 334 or 714 inches per second. This capstan
and flywheel assembly is driven by a small synchronous
motor through a rubber idler wheel. The tape is held
against the capstan by a spring-loaded rubber pressure
roller, and against the heads by a pressure pad assembly
as noted in fig. 5.

2. A take-up spindle assembly. This take-up spindle is
usually driven by the motor that drives the flywheel
through some form of clutch as noted in fig. 6. This
clutch is needed because the diameter of the take-up reel .
is constantly changing as it takes up tape, causing it to
pull more tape with each revolution, but since the capstan
will only feed the tape at a constant rate, the clutch must
supply the necessary slippage.
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3. A rewind spindle assembly. This may be driven from the
flywheel by a chain belt or from the motor shaft by a rub-
ber idler wheel as illustrated in fig. 7.

RECORD-PLAYBACK
LAMINATION

STATIONARY
GUIDE POST

PRESSURE
ROLLER

PRESSURE €
ERASE ARM SPRING A STAN

FIG. 5—The head assembly and capstan of a typical tape recorder. Note that
the head assembly includes the record-playback and erase head in one unit.

TAKE - UP ASSEMBLY REWIND SPINDLE
\ =

INSTANT STOP

FIG. 6—Illustrating typical method of using a flywheel for driving the take-up
reel of a tape recorder. The flywheel is coupled to the motor through an

idler pulley.
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Servicing of Mechanical Section

Although tape recorders are manufactured to give years of
trouble free service under normal operating conditions, minor
adjustments and servicing may become necessary from time
to time.

The most common source of trouble are the rubber wheels
used to drive the different moving parts. These wheels may
become glazed and start slipping or they will wear and get
lumpy, causing wow and flutter.

FIG. 7—Illustrating how the rewind spindle in the lower right is driven by
means of a chain belt from the motor in a typical recorder.

The rubber pressure roller may become fouled with oxide
from the tape which will also cause slipping. Particular care
should be observed in preventing oil from contacting the
rubber wheels.

Wheels that have become glazed after considerable use can
be restored by cleaning with alcohol or by holding a piece of
fine sandpaper on the wheel while it is running. Be careful not
to remove too much rubber if sandpaper be used. Wheels that
have had oil on them must be replaced. In this latter case
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cleaning will not help, since oil will cause a change in the rubber
structure.

Motor bearings should be lubricated at certain time intervals
with a couple of drops of light machine oil. Be careful that no
oil gets on any one of the driving surfaces. Cams and levers
should be lubricated with a small amount of light grease on the
bearing surfaces only.

The pole pieces in the recording head or heads are also subject
to considerable wear. The tape used for magnetic recording
is coated with a metal oxide which acts as a fine abrasive, some-
thing like a crocus cloth. When the pole pieces wear down,
the machine will not record and erase properly because of the
change in gap dimensions, causing low volume, poor high
frequency response and incomplete erase.

A thorough examination of the pole pieces may be made with
the assistance of a magnifying glass or jeweler’s loupe to detect
wear and irregularities in the gap.

“The record gap should be in the form of a very fine line, and
the spacing along the full length of the gap should be even.

The erase pole piece has a gap of from four to five times the
size of the record gap and this should also be even along the

full length of the gap.

Improper recording and erasing can also be caused by a dirty
head. ' Be sure that the head is free from all oxide that may
come off the tape. When replacing heads or pole pieces, they
must be peaked for maximum high-frequency response. This
is accomplished by running a test tape with 7,500 ¢.p.s. recorded
on it, made on a machine known to be perfect and slowly rocking
the head back and forth until maximum response is obtained.

Then lock the head in position.
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Wow and flutter can be traced by listening to its rate, and
watching for drive wheels and pulleys that turn at the same
rate. Thus, for example, a fast flutter would not be caused by
a pressure roller that turns at a slower speed than the rate of
the flutter.

Speed should be checked by making a recording of music
with piano or wind instruments and listening for wow and
flutter. There are instruments on the market made for meas-
urement of wow and flutter, but these are rather expensive and
therefore out of reach for the average service technician.

Some of the more important precautions to observe when
servicing magnetic tape recorders, are:

1. Do not over-lubricate.

2. Do not use carbon tetrachloride to clean rubber wheels as
this will ruin them. Use alcohol.

3. Do not wash oilite bearings in any type of solvent.

4. Do not use magnetized tools on or near recording heads.
Be careful not to scratch or mar the pole pieces.

5. Do not check heads with ohmmeter which may cause the
heads to become heavily magnetized and cause a high
background hiss of the recording.

6. Make sure that the tape being used on the recorder has
the correct wind. Tape is made in two winds; the “A-
wind’' which has the oxide wound facing the hub of the
reel, and the “‘B-wind’ which has the oxide wound facing
away from the hub. After threading the tape through
the machine, the oxide or dull side of the tape should face
against the heads.
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Editing and Tape Splicing.—In case the tape is broken
accidentally or if it be desired to insert a length of tape of
cecorded material from another reel, a splice may conveniently
be made with Scotch tape. To make reliable splice, cut the
broken ends at a 60° angle as shown in fig. 8, and butt the ends
together. Fasten the two ends together with a piece of Scotch

TAPE

SPLICE

FIG. 8~—Showing method of tape splicing.

No. 41 splicing tape or ordinary Scotch Cellulose tape placed
parallel to the cut. Be sure to place this splicing tape on the
back of the recording tape (light colored side of paper tape and
glossy side of plastic tape). Trim the edges so that the
recording tape is slightly narrower at the splice.

Erasing of Recorded Material.—Erasing of recorded material
takes place automatically when new material is recorded, hence
no special steps are necessary to erase old recordings before new
recordings are made.

Adjusting of Tape Tension.—The tape tension may be
measured by attaching a spring balance to the end of a piece of
tape drawn only through the erase head; then through the
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record head. The tension required to move the tape through
the erase head should be from 1 to 114 oz., on the average for
typical recorders.

Cleaning.—The record-play head, capstan and pressure roller
are, as with all tape recorders, subject to an accumulation of
tape coating residue which is worn off the tape as it passes these
parts. Use a soft cloth or cotton swabs and alchol or carbon
tetrachloride to clean the surfaces of those parts. Caution:
Do not use a brush when cleaning the recording head as this
might mar the lamination.

Lubrication.—All rotating parts of modern tape recorders
generally require no lubrication. When unit is disassembled
for repairs, clean all bearings and lubricate with a light grade
of machine oil. If cam and lever actions become sluggish and
slow to respond, it may be due to gum or dirt in the pivots and
under the levers. Clean off all old lubricant, accumulated dirt
and gum with a clean cloth and cleaning solvent. Apply
lubricant in thin film on working surfaces only. Caution: Do
not get oil on rubber parts or on any surfaces which contact
the magnetic tape.

Signal to Noise Ratio.——By definition, signal-to-noise ratio
is the ratio of peak recording level to the total unweighted
playback noise when erasing a signal peak recording level and
in the absence of a new signal.

Peak Recording Level.—The peak recording level is defined
as that level at which the overall (input to output) total r.m.s.
harmonic distortion does not exceed 39, when measured on a
400 cycle tone.
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Servicing of Electrical Section

The servicing of the electrical section of a magnetic tape
recorder does not differ in any important respect from servicing
encountered in other types of sound producing equipment.
Thus all of the troubles likely to occur in the amplifier will
respond to conventional service techniques.

FIG. 9—Ilustrating a popular twin-track two speed model tape recorder,
operating at tape speeds of either 334 or 714 inches per second. (Courtesy
Webster Electric).
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When the machine fails to erase properly, and the recordings
become low in volume and distorted, the trouble will usually
be found in the bias-erase oscillator. A quick check may be
made by placing a neon bulb on the plate of the oscillator and
‘also on the leads going to the head. If the bulb glows, the
oscillator will usually be found in a satisfactory cordition. Also
‘check for worn or dirty pole pieces as they will give the same
type of symptoms.

Head Magnetization.—QOccasionally the heads may become
_magnetized through an electrical fault in the amplifier, improper
use of the machine or by heads coming in contact with a mag-
‘netized object. This will result in an increase in the noise level.

It is especially important that the heads be free from mag-
netization if the dynamic range of the recorder is to be realized.
It should be remembered that any phenomena that tends to
put an unbalanced pulse through the record head will magnetize
it. Such pulses can apgear in the form of signal or power line
pulses. If the following precautions be observed, 110 difficulties
should be experienced:

1. Do not remove any tube from the record amplifier while
the machine is recording.

2. Do not connect or disconnect input leads or head leads
while recording.

3. Do not depress the record button until after depressing
the start button. In other words, allow the transient
caused by switching the motors and solenoids to die out
before the record head is connected. A one-half second
pause is cufficient.
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4. Do not saturate the record amplifier with an abnormally
high input signal. Such a signal would be 10 db. greater
than tape saturation or approximately 30 db. greater than
normal operating level.

5. Do not test continuity in heads with an ohmmeter.
Should the heads become magnetized, they can be de-
magnetized with a head demagnetizer. When demagne-
tizing, the following procedure should be followed: Bring
the tip of the demagnetizer in direct contact or close
proximity to the head or core stack. Run the tip of the
demagnetizer up and down the entire height of the core
stack three or four times. Remove the demagnetizer
very slowly, allowing the a.c. field to die off gradually.
Repeat this procedure on record and playback heads only,
as the erase head will demagnetize itself. In the event
demagnetization is not effected, repeat the process several
times.

if a demagnetizer be not available, place the head near a
strong 60 cycle a.c. field and slowly reduce the field to zero.'
This treatment if repeated a few times should demagnetize
the head.

Capstan Magnetization.—The capstan may become magne-
tized by contact with a magnetized tool. Capstan magneti-
zation appears as noise components usually occurring at the
rotational period of the capstan. They will be present on the
playback of a tape only and will not be heard when monitoring
a tape during the recording process because they will be erased
by the erase head. Should this magnetization occur it may be
removed with an a.c. solenoid placed over the shaft and slowly
pulled away.
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Operating Instructions

Tape recorders are manufactured in a great variety of models
depending upon their use. Thus, for example, professional
recorders employed in broadcast, television and recording stu-
dios must, because of their exact requirements, incorporate the
latest mechanical and electronic refinement, whereas small
portable type recorders used in homes and offices incorporate
only those components which are necessary for their proper
operation.

Because of the limited space available in this chapter, only
the smaller home or oftice recorders are treated here, and
although the operation may vary, depending upon the type of
machine involved, the instructions given should enable the
operator to successfully deal with a machine differing in some
small degree from that given on the following pages.

Preparing the Machine for Recording.—To prepare a typical
machine for recording proceed as follows:

1. Insert the line cord into a convenient wall receptacle,
having the proper voltage and current frequency.

2. Place a reel of tape on the right hand spindle in such a
manner that when the tape is pulled the reel will turn in a
clockwise direction. Make sure that the reel is engaged
with the drive pin on the spindle.

3. Place an empty reel on the left hand spindle.

4. Pull about two feet of tape from the supply reel and feed
it through the recording head slot and then through one of
the radial slots in the empty reel. Use a pencil to hold
the tape in place and rotate the reel clockwise until the
tape is secured to the reel.
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5.

Turn the “off-on volume control” on. This supplies
power to the entire recorder.

To Make a Recording—To make a recording, proceed as
follows:

1.
2.
3.

Insert the microphone into the “Mic” jack.
Place the play-record control in “Record” position.

Turn the “Volume” control clockwise until the incoming
signal is sufficient to cause the Neon level lamp to flash on
high peaks.

Turn the control knob to “Forward” position. Any
sound now entering the microphone will be recorded on
the tape.

To Record Directly From Radio.—To record directly from
radio, proceed as follows:

1.

The special input cord, equipped with microphone plug
and clips, is plugged into the “Mic” jack and clipped to
the voice coil terminal of the speaker in the radio being
used.

Tune in the radio program as usual, but use only enough
volume to hear the program clearly. Set the recorder
volume control so that the level lamp flickers occasionally,
as when using a microphone.

Reverse the clips at the radio speaker if a test recording
be not clear and relatively free of hum. It may be
difficult or impossible to make clear, quiet recordings from
some small a.c.-d.c. radio receivers.
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To Stop Recorder.—The recorder may be stopped at any
time by turning the control knob to “Stop”. This stops the
movement of the tape and shuts off the motor through the
action of switch,

Two-Track Recording.—In recorders designed for two-channel
recordings the heads are designed to record and erase on only
half the width of the tape at a time. In machines of this type,
therefore, after a reel of tape has been recorded, a second track
may be recorded on the same reel.

To make the second recording, proceed as follows:

1. Another recording can be made on the same tape by
removing the reels from the recorder, turning them over,
then placing the full reel on one spindle and the empty
reel on the other in the manner previously described.

2. Thread the tape and proceed with the recording as pre-
viously described.

3. After the second track has been recorded, the first track
is ready to be played by changing reels as described in the
foregoing.

To Rewind the Tape.—To rewind the tape proceed as follows:

1. Make sure the play-record control knob is in *“‘Play”
position.

2. Turn the control knob to “Rewind”.

To Play a Recording.—When it be desired to play a recording,
proceed as follows:
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1. Make sure the play-record control knob is in “Play”
position.

2. Turn control knob to “Forward” position.

3. Set the volume and tone controls at desired levels.

Fast Forward —This is a time saving procedure which enables
the playing of selected parts of the recording only while other
non-essential parts may be omitted. The procedure is as
follows:

1. The “Fast Forward” control operates only when control
knob is in the “Forward” position. Never atllempt to
operate the “Fast Forward” knob at any other time.

9. Control knob will function normally only when “Fast
Forward” knob is in the out position.

3. During the “Play Back” period any portion of a recording
may be skipped or any recording on a tape may be located
in a few seconds by pivoting the “Fast Forward” knob in
a clockwise direction. A few seconds of ‘‘Fast Forward”
is equivalent to several minutes of playing time. The
“Fast Forward” knob has usually three positions.

a. “Out” at which position it must remain at all times,
except for “Fast Forward”.

b. “Pause” is the mid-position that brakes the fast
moving reels and stops all tape movement.

¢. “In” is the “Fast Forward” position.

To Play a Recording Through An External Amplifier.—When
it is desired to play a record through an external amplifier, the
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procedure is as follows:

1. A phono plug and shielded line can be used to connect
from the “Phones” jack on the recorded to the phono
input of an external amplifier or public address system,

To Play a Recording Through an External Speaker.—When
it is desired to play a recording through an external speaker,
proceed as follows:

1. An external speaker of the permanent magnet type having
a voice coil resistance of approximately 3 ohms may be
used by plugging into the external speaker jack. When
an external speaker is plugged in, the internal speaker is
automatically disconnected.
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CHAPTER 23

Public Address Systems

By definition a public address system consists of a sound
amplifier system supplying sound programs from radio, phono-
graph or microphones to one or more loud speakers.

-
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FIG. 1—Schematic view of a music reproducing and program distributing
system.
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~

A public address system may be designed to amplify sound
in one single place such as in an euditorium or in a number of
rooms such as in hotels or hospitals.

In order that the reader may obtain a clear conception of the
various units comprising the system, the following definitions
are given:

Music Reproducing System.—It may be defined as an assc:m-
bly of apparatus consisting of a reproducer set (program
source), the necessary amplifying and control equipment and
one or more loud speakers. A music reproducing and program
distribution system is shown in fig. 1.
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FIG. 2---A small portable announcing system.

Announcing System.—It may be defined as an assembly of
apparatus comprising one or more announcer’s microphones.
The necessary amplifying and control equipment, and one or
more loud speakers. A system of this type is illustrated in figs.
2and 3
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Program Distribution System.—A system which provides
facilities for the distribution of programs from a radio receiver
in conjunction with a public address system, announcing sys-
tem, or music reproducing system to one or more loud speaking
telephones.

Operation Theory.—The aforementioned apparatus operates
as follows: A microphone (which may be of various shapss and
designs as shown in figs. 18 to 23 connected into an electric
circuit, is placed in such a manner that the sound directed into
it will be reinforced.
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FIG. 3—Schematic dizgram of amplifier shown in fig. 2.

The sound waves or vibrations register on the diaphragm of
the microphone causing corresponding fluctuations in the elec-
tric current. This electrical energy is conducted by wires to con-
trol panels which regulate the energy fed into the amplifying
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equipment, where it is amplified to a level millions of times
greater than the original energy put into the microphone. It is
obvious that when reproducers or radio receivers are used as
program sources, this apparatus may be connected directly into
the amplifying equipment.

LIG. 5—Typical transmitter. The parts are: A, fixed carbon disc attached to
the bridge at E; B, movable carbon disc attached to the center of the
aluminum diaphragm D, at C; M, hard rubber mouth piece. The shell is for
protection and for mounting the transmitter to a stand or bracket.
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The so amplified energy passes on to loud speakers which re-
converts it into sound, which is hence distributed over the
desired area.
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FIG. 7—In appearance and design, the new program sound system shows
marked improvement over previous types. All the central control equipment
is contained in an attractive modern cabinet, including amplifiers, retracting
electric phonograph and the monitor loud speaker microphone which operates
through a grille at the top. A high fidelity multirange radio receiver with
automatic volume control and all necessary switches and extension controls
are conveniently located on a bright black panel which makes a pleasing
contrast to the aluminum gray finish of ihe cabinet and its chromium trim-
mings. (Courtesy Western Eleetric Co.)
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Western Electric Co.)
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Amplifying and Control Equipment.—Audio-amplifiers used
in a P.A. system may be either large or small depending upon
the size and the use of the system of which it forms a part.
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| INPUT
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FIG. 9—Detail of radio receiver and switching panels shown in fig. 7. Note:

Card rack for identification of speakers location. (Courtesy Western Electric
Co.)

Equipment for small size systems is usually designed and
assembled with particular attention to facilitate transporta-
tion, and is hence assembled in a small portable carrying case,
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and is suitable for small music reproducing and announcing
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FIG. 11—Detail of amplifier unit shown in lower part of control equipment
panel fig. 8. Note: When a two program system is desired, two similar am~
plifiers are used, as illustrated in fig. 8. (Courtesy Western Electric Co.)
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Again the larger equipments are normally assembled in the
swilchboard manner on metal panels, mounted on angle irons or
pipes, and supported securely from movement in either hori-
zontal or vertical direction. These types are used whenever the
small equipment just described is insufficient. A typical panel
of a public address system of modern type is shown in figs. 7
and 8 with assembly details and amplifier unit shown in figs.
9to 11.

The power output of an amplifier depends upon the number
of loud speakers and input units employed, which in turn de-
pends on the area served and such factors as cubical contents of
rooms (if for indoor service) acoustical conditions, etc.

The amplifier schematic diagram for a P.A. system is shown
in fig. 12. This amplifier has a power output rating of 20 watts,
the input impedance (impedance amplifier is designed to work
from) is 30 ohms, output impedance (impedance the amplifier
is designed to work into) is 350 ohms. Tubes employed are
three 262A—two 300A and one 274A as shown in diagram. Con-
nections to the amplifier are made by plugs to facilitate the
operation.

Amplifier Ratings.—The ultimate function of an amplifier is
to enlarge the sound volume received from the microphone to a
level which makes it possible to be heard over a large area.

Amplifiers in public address systems are rated according to
the number of watts output delivered without distortion. The
outpit depends upon the design and the size of the amplifier in
question.

The amount of this output specifies what volume of sound will
be received and hence the area that can be covered.

Before amplification of an amplifier canbe measured, however,
it is necessary to select some suitable unit of measurement.
When, as stated, the output is measured in watts, it would be
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most convenient to measure the input in the same unit. This,
however, cannot be readily done on account of the fact that the
ear responds to different sound energies in an exponential way.
From this it follows that the gain of an amplifier must be ex-
pressed in the same manner, i.e. by the use of logarithms.*

The Decibel.—The sound volume is measured by means of a
unit named deczbel (db.) which is the unit of sound transmis-
sion, and is defined as the smallest difference in loudness or in-
tensity perceptible to the human ear. It is this unit which is
used in sound calculations for comparison between power out-
put and input values. Before a comparison can be made, how-
ever, it is necessary that the input and output power be ex-
pressed in the same units; for example, in kilowatts (kw),
watts (w) or milliwatts (mw).

Now, if for example P, and P, be taken to represent power
output and power input respectively and N, the number of
decibles denoting their ratio, then the expressed units may be
written thus:

Ndb=10 10g.10 % .................. (1)

This formula is correct at all times for rating of amplifiers.
The ratio is termed a gain when P, is greater than P, and a
loss when P, is smaller than P,.

The unit decibel can also be used for comparison of the two
currents or the two voltages. Before such a comparison be made
however, it is necessary first to translate the values into equiva-
lent power ratios. As the power expressed in watts is /2R or

2

R these values may be substituted for P, and P, in equation

*The logarithm of a number is the power to which 10 must be raised to
equal the number in question. For example, log. 100=2 because 10*=100.
Similarly log. 867 =2.9380 because 102-93% =867, etc.
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LvR,

- IeR, Liv
(1) or N4y =10 log .10 'R, =201log.10 Py LI (2)
Similarly
El-:“\/Rl
Nap=20logae ———— . .. ...........
db 0g .10 Est~/Rs 3)

Example.—What gain in decibels will be received if the voltage
of an amplifier rises to 5 times the normal level at a certain fre-
quency?

Solution.—
N =20 log.;o 5=20%0.699 = 14 decibels (Approx.)

Reference Level.-——It is important to note that the decibel
is not a power unit such as the watt or kilowatt but is strictly
speaking, a co-operative unit in that it always expresses the
comparison of a ratio between two powers.

In order to make such a comparison, a definite reference level
or value has been set for various sound producing devices. This
level for example for telephone work is set at 10 milliwatts (0.001
watts) which is the output of a standard transmitter used by
telephone engineers, whereas for radio work the reference level
has been set at 6 milliwatts (0.006 watts).

By using 6 milliwatts as reference level, amplifiers may be
rated at a sound energy level of a certain number of decibels.

The convenience of such a reference may best be illustrated
by the following example:

Assuming an amplifier delivers 6 walls output, what is ils out-
put level in decibels?

Nas=10 log.10 ﬁ =103 or 30 decibels
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If the output be doubled the ear will notice an increase in
volume which will not be twice as great but will increase in
logarithm manner,

N2 =10 log. 0.10206 ~10%3.3 =33 decibels

FIG. 13—Typical exponential loud speaker horns.

Loud speakers for Public Address System.—The determina-
tion of loud speakers tc be employed depends on individual ser:
vice requirement. For example, the straight horns Type A and
B shown in figs. 13 are largely used for outdoor installations
where it is desired to cover a broad area such as a race track,
football field or similar locations. Several such straight horns
are sometimes grouped together, as shown in fig. 14.

Because of space requirements the straight exponential
horns are not usually employed in indoor installations.
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The so called folded horns have been designed for this pur-
pose. In this type the effective length is attained while the ac-
tual length has been materially decreased.

;4 )
N

’,}.} e E ‘ <24y -. ‘
\ S Sl LT T L v —

FIG. 14—Grouping of horns when used for outdoor installation.

When folded horns are employed in very large indoor sys-
tems, or in outdoor installations where the power requirements
are large, the horns may be equipped with throat sections which
will facilitate the attachment of a number of receiver units into
one horn. See fig. 15.

In smaller indoor installations such as schools, hospitals,
apartment houses, suites or offices, the direct radiator type
shown in fig. 16 is largely employed. The loud speakers may be
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incorporated in the building design and mounted preferably
flush with the wall.

. Inbuildings already completed the loud speakers may be hung
on the wall or placed on a suitable piece of furniture which will
harmonize with the surroundings.

FIG. 15—Cluster of horns for indoor public address system.

Special selectors as well as volume controls may be incor-
porated to choose programs from any number of radio broad-
casting stations when the system is equipped with the radio
receiving apparatus required for such reception.

In hospitals and sanatoriums individual head sets or pillow
type speakers are often utilized so that patients or guests who
listen to programs will not disturb others in doing so.
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Apparatus and Their Location.—Whenever possible the
logical relationship between the various units comprising the
P.A. system should be preserved. Locations giving the best re-
sults should always be used. Loud speakers should be placed as
closely as possible to the program source and so that the sound
be directed from it.

FIG. 16—Direct radiator type speaker suitable for indoor installation.

If the system be utilized entirely for music distribution from a
reproducer set or a radio set, the location of loud spcakers is
important only from the standpoint of distribution, as long as
care is exercised to guard against acoustic feed-back from the
loud speaking telephones to the radio set.

In auditoriums and other buildings provided with a stage or
raised platform, horn type loud speakers should be located
above the stage in the center of the proscenium arch, mounted
so that they are not directed at the microphones on the stage
platform.
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In buildings already erected, it may not be practicable to in-
stall loud speakers behind a grille in the arch. Then the prefer-
able location is outside the arch in the center of the ceiling.
When the loud speakers are suspended from the ceiling, the
gondola which houses them, or the mouths of the loud speakers
themselves should be covered with decorative grille work to har-
monize with the architecture. If the ceiling be not more than 15
or 20 feet above the stage platform the horns may be sus-
pended from trusses or other framework so that the tops of the
loud speakers will be only a few feet from the ceiling.

FIG. 17—Method of installing outlets for condenser and carbon microphones.

When simultaneous distribution to a number of committee or
similar rooms be desired, individual small, horn type loud
speakers with volume control units are preferred. With this
equipment, the sound may be regulated to suit the size of each
room. Loud speakers should be located at either end, in the
corners or in the center of the-room, to give equal distribution.

For outdoor use, such as at race tracks, football fields or air-
ports, loud speakers should be of the horn type and in sufficient
numbers and of adequate capacity to cover the prescribed area.
Horns should be located above the heads of the audience and
pointed slightly downward.
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The number of microphone outlets provided on a stage or
other platform is dependent upon the size of the stage and the
kind of programs to be given. Normally, it is advisable to install
at least three; one on each side of the stage and ¢ne in the center.
If more are desired, they should be placed in the most conven-
ient locations. The method of installation is illustrated in fig. 17.

In announcing systems, installed in a hotel, or in a hospital, a
close talking microphone is used with flush or surface mounted
wall type loud speakers. The microphone may be installed in a
telephone booth adjacent to the telephone exchange. Thus the
transmitter is shielded from sound radiating from loud speakers
and at the same time is conveniently located for use by the tele-
phone switchboard operator. If a telephone booth be not used,
the microphone may be located in any convenient place where
there will be no interference from the loud speakers.

In indoor installations, available space determines the loca-
tion of amplifying and control equipments. They should be lo-
cated in any room which is free from dampness or mcisture.
For use in outdoor installations they should be located in a
room set aside for the purpose in which they are fully protected
from the weather. This room may be located under a grand-
stand or in any other convenient place where wires or cable for
the necessary power circuits can be brought in.

The operater in charge of the control equipment should be
provided with a monitoring loud speaker to keep him informed
of the progress of the programs. For obvious reasons, only
authorized persons should have access to the room in which
control and amplifying equipments are located.

When a motor generator set be used for supplying power to
the amplifiers, it should not be placed in the same room with the
amplifying equipment unless there be an intervening space of
at least 30 feet. Unless there be this space, the elecirical field set
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up by the motor generator may be picked up on the input leads
to the amplifiers and cause noise in the circuits.

Storage and dry batteries may be placed adjacent to the am-
plifying equipment or in any other convenient place. When a
reproducer set and radio receiver form part of the equipment,
they generally are installed in the control room. In auditoriums,
they may be placed on or adjacent to the stage. In the latter
location, control is provided easily.

Cf“c?
.{‘ D

*

FIGS. 18 and 19—Carbon type desk and close talking type microphone.

Microphones.—Microphones used in a public address sys-

tem may be as follows:
(a) Carbon type.
(b) Condenser type.
(¢) Moving coil type.

Carbon type microphones (see figs. 18 and 19) are used ex-
clusively for announcing purposes. This microphone has a
mounting similar to the well known desk telephone, except that
the receiver and the switch hook is omitted.



478 Public Address System

When this type is used, it is usually placed upon a small desk
or a pedestal where the user speaks into it similarly as he would
into an ordinary telephone, holding it in his hand if desired.

Usually the microphones utilized for speech only are designed
with a higher sensitivity, but smaller frequency range than types
intended to cover ranges of both speech and music combined.
The usual type of carbon microphone requires a power source of
12 volts direct current to energize the carbon buttons, with a
current drain of approximately 50 M.A. for each microphone.

The condenser transmitter has a vacuum tube amplifier asso-
ciated with it and requires plate filament power supply for the
operation of the vacuum tubes.

A potential of 200 volts direct current usually obtained from
dry cell batteries is required for a transmitter polarizing poten-
tial and for the plate circuit of the vacuum tubcs.

The filaments of the vacuum tubes operate usually on a 6 volt
direct current obtained from a storage battery.

The condenser and moving coil microphones are designed
usually for use in studios and other locations where musical
and other programs originate and where the very best acoustic
pick-up characteristics are desired. For these purposes they give
better performance than the carbon type.

A typical moving coil microphone of Western Electric manu-
facture is illustrated in fig. 20. Its basic simplicity is responsi-
ble for several distinct advantages. The fact that a permanent
magnet of cobalt steel is used to provide the magnetic field in
which the moving coil vibrates, obviates the necessity for sup-
plying polarizing energy to the microphone.

A moving coil microphone being a low impedance device is
less subject to disturbance from other circuits in the neighbor-
hood than other microphones and may be used with complete
satisfaction at a considerable distance from its amplifier.
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It is obvious that since no amplifying equipment need be
directly associated with it, much of the care formerly required
in handling of microphones is unnecessary.
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FIG. 20—Simplified cross-sectional view of a non-directional moving coil
microphone.

Factors such as changes in temperature, humidity and baro-
metric pressure which have long constituted obstacles in the
consistent operation of microphones have no unfavorable effect
on the performance of the moving coil microphone.
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All microphones are usually furnished with a suitable length of
cord and connecting plugs so that they may be connected in cir-
cuit by plugging into conveniently placed outlets.

FIGS. 21 to 23—Various sound cell type microphones, for use in public ad-
dress systems. {Courtesy The Brush Development Co.)

Acoustic Consideration in Public Address Systems.—It is a
well known fact that acoustic conditions exert a considerable
influence on the reception of amplified sound. To obtain the
most satisfactory result from a P.A. system, it is therefore
necessary to understand the principles of acoustics and be ac-
cordingly guided when making installations. .

There is for example a large difference in materials of which
walls are constructed, and even when the two rooms are of the
same size and shape a considerable difference may be encoun-
tered in tone, volume and clarity.

When surfaces or furnishings are made of hard smooth ma-
terial such as plaster, brick, concrete, polished weod or glass,
only part of the sound which reaches the listener’s ear emanates
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from the original sound source, part of it comes by way of
reflection. A full realization of the importance of sound reflection
in buildings may be had when it is considered that an ordinary
plaster wall is a better reflector of sound of certain frequencies
used in speech and music than a good mirror is of light.

Sounds may be repeated and become unduly prolonged, one
sound or syllable overlapping the beginning of the next, the
result being a noisy, indistinct effect frequently multiplying into
a continuous roar called reverberation.

When instead of multiple reflections, there is one predomi-
nating reflection, sounds being definitely repeated at a definite
interval, there is an echo instead of reverberation; however,
very frequently both reverberation and a distinct echo are
simultaneously present.

Resonance occurs when a thin hard surface such as a wooden
panel vibrates freely as a diaphragm at its own natural fre-
quency, hence in the vicinity of a resonant area, tones which are
unduly emphasized will sound louder than other tones.

Some porous and soft surfaced materials, such as special
acoustic plasters, cloth curtains and felt are relatively poor re-
flectors of sound because they dissipate a portion of the sound
which strikes them. This gives rise to a third effect which is
known as absorption.

The combination of these three effects namely, reflection,
resonance and absorption give rise to the complete phenomena of
frequency selection and wave interference responsible for the
difference in the volume of quality of sound, heard so often in
different parts of a building.
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Pointers in Construction of Walls, Floors and Ceilings and
the Use of Sound Absorbing Materials.—From the foregoing
it is evident that excessive reverberation can be largely over-
come by covering some wall surfaces with soft porous sound ab-
sorbing material such as velour or upholstery fabric. It is on
account of this property that veiour or monk’s cloth is used
extensively in broadcasting studios.

If sound be undirected, the absorbent effect is practically
independent ot the location of the absorbent material with
respect to the sound source. Again if sound be directed, the
absorbent material as a general rule should be located in the
area over which the sound is directed. Frequently the desired
effect can be obtained by the use of carpets.

The amount of absorbent materials to be used and the area
to be covered may best be determined by tests.

Certain wall surfaces, especially those broken up by pilasters,
cornices, coffers, etc. will diffuse the sound and thus eliminate
distinct echoes, and if those surfaces are absorbing, they will
also help to dampen the sound waves.

It isa known fact that the presence of an audience aids greatly
in decreasing reverberation, but at the same time increases the
amount of sound absorption, and also increases the noise level
in the room so that a greater acoustic power output is required
of the loud speakers than would be necessary for the same space
if no audience were present. Hence acoustic conditions may be
best determined when an average fixed audience be present
and the furnishings be all in place.

If sound absorbing materials have been utilized in the con-
struction of a building, then excessive reverberation of voice or
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musical instruments can be eliminated only by the employment
of acoustic treatment.

The proper location of loud speakers of a P.A. system in, for
example, a large reverberant room may be assisted to some
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FIG. 24—When the horns are placed in front of the microphone as shown, the
sounds will travel from the horns to the fiat wall surface and then be re-
flected back, so that the reduced volume will be picked up by the micro-
phone and passed through the amplifying equipment out through the horns
again; i.e. a circuit is built partly of sound waves and partly of electrical
waves, and in the electrical path a great deal of amplification is obtained.
This circuit continues to build itself up until it develops a *‘sing” or ‘“‘howl".
The point where the equipment starts to sing is called the “singing point”
and is the measure of the maximum amount of amplification which can be
used under these conditions.

extent in overcoming the unpleasant results which are encoun-
tered with the unaided voice or unaided musical instruments.

Utilization of a P.A. system will permit the speaker to talk
in a lower and more natural tone of voice and yet reach each one
of his audience. It is evident that if a number of loud speakers
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are used, each assigned to a small part of the total area, the acous-
tic level of each individual loud speaker may be considerably
lower than would be the case if only one was operated.
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FIG. 25—By reference to fig. 24, it will be noted that placing the horn in the
most advantageous position is a rather difficult task. It is nearly impossible
to place the horns so that they will not have a direct throw at the edge of the
balcony. This sound path is much shorter than that shown in fig. 24. There-
fore if the horns are placed so that a direct path or short sound wave circuit
be built up around the microphone, it will be necessary to reduce the gain
of the amplifying equipment. Under the circumstances, the longer the
soundpath, the greater the gain on the horns without the tendency to sing.
This will explain the need of draping the walls for an inside installation. For
that same reason it is also advisable to drape the outside of the buildings,
bill boards, etc. on outside installations as well. It is evident that in an out-
side installation, consideration must be given to weather conditions to de-
termine in so far as possible, which direction the wind may be blowing dur-
ing the operation of the speakers. In addition, it is also advisable to deter-
mine as nearly as possible, the amount of outside noise sources that must
be taken into account, such as trains, airplanes, heavy trucks, automobile
horns, etc. Therefore arrange to place the horns as closely as possible to the
group that emanates the greatest amount of noise. In this manner the great-
est number of persons will be able to hear the system.
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In case of excessive reverberation the following acoustic treat-
ment is recommended:

1. Care should be taken to point loud speakers away from the
microphone because of the fact that when projected sounds
reach the microphone in sufficient strength, it will be reinforced
again. This will give rise to a factor commonly known as
“singing’’.

FIG. 26—Illlustrating adjustable response type microphone. To increase
pitch, push button upward; to lower pitch push button down. This adjust-
ment according to the manufacturer will automatically take place without
introducing any peaks or undesirable effects. {Couriesy The Amperite Co.)

The loud speakers will if properly directed overcome poor local
acoustics, i.e., improve areas where local conditions for hearing
are poor.

2. Where, as in auditoriums, it is desired to use sound rein-
forcement equipment, it will be desirable to use drapes or other
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suitable acoustic treatment on the stage to make it relatively
non-reflecting or acoustically “dead”. This will aid materially
in reducing the amount of sound reflected back into the micro-
phone by adjacent surfaces and therefore, permits the use of
much higher amplifications without the production of the
“singing” effect already described.

3. Local sounding devices such as soundboards ang the like
are unnecessary when a properly designed P.A. system is used.
It may introduce annoying acoustic conditions.

PUBLIC ADDRESS SYSTEM, MAINTENANCE POINTERS

Causes of Low Volume.—Low volume may oe caused by one
or a combination of the following:

1. Low Line Voltage.—This is generally common in rural
communities and especially at the tail end of long transinission
lines with insufficient capacity of conductors and transforming
cquipment. Low-tube voltage results in reduced output.

2. Low Speaker Field Voltage.—If the field of the speakers
are improperly excited, there will be a considerable loss in
volume.

3. Open Coils in Speakers.—The opening of a voice or field
coil will result in a reduced volume especially where a series-
parallel voice coil arrangement is used. In this type of connec-
tion, two or more speakers will be out of service in each case
depending on the particular wiring arrangement used.
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4. Faulis in Tubes.—When weak or faulty tubes are sus-
pected, check by analyzer to determine if the plate current con-
sumption be of proper value. When push-pull stages are em-
ployed, both tubes should have approximately equal plate
current drain.

5. Unresponsive Microphone.—This may be due to moisture,
large temperature changes, careless handling, or packing of
carbon granules. A weak microphone battery will cause a re-
duced current through the microphone buttons, and hence re-
duce the output from the microphone to the amplifiers.

Poor Sound Quality.—This may be caused by one or a com-~
bination of the following factors:

1. Weak Tubes. See 4, on Low Volume.

2. Overloaded Speakers.—When volume of speaker is run
too high it will cause a chattering and distorted sound. The size
of the speaker should in each case conform with the power re-
quirements.

3. Singing of Speakers.—Cause and remedy for singing, see
page 443.

4. Faulty Microphones.—See 5, on Low Volume, this chapter.
In addition. try phonograph reproducer in phonograph input
taps if this provision is made and note result.

5. Field Excitation too Low.—If the field has improper ex-
citation, the frequency response of the speaker will naturally be
poor. This is because of sluggishness of the speaker unit to
lower impulses. This voltage should be checked and compared
to that specified by the manufacturer.
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No Sound.—When no sound is received, check for trouble
among the following items:

1. A transformer or resistance coil may have become opened
or short-circuited. Check for proper voltage across each sus-
pected faulty device.

2. Check tubes. A burnt out tube (except where tubes are
connected in push-pull or parallel) will interrupt the current
flow.

3. Microphone Troubles.—See (5) Low Volume, this chapter.

Wiring of Conduits.—Since the energy in the microphone
circuits is at a level considerably below that required in loud
speaker circuits, these circuits must be run in separate conduits.

If this be not done, the difference in gain between these cir-
cuits, due to the amplifiers, will cause electrical interference and
may result in a singing noise in the output of the loud speakers.

Wiring for the observer’s communication system should also
be run in a conduit separate from these circuits, unless this
wiring be shielded. If shielded it may be run in the same con-
duit as that of the loud speakers, but should under no circum-
stances be run in the same conduit as the microphone circuits.

All microphone circuit wiring from the loud speakers and
observer’s communication circuit wiring should be terminated
in separate terminal boxes. The circuits for microphones are
usually run so that when copper shielded wire is used, the copper
shield is used as the ground side of the circuit.

Wiring of Receiver Units.—In the voice circuits of re-
ceiver units, No. 14 B & S gauge twisted pair rubber covered
wire generally is used. The size of the wire, however, depends



Public Address System ' 489

upon the length of the run from the amplifier to the receiver
units, the type and number of unit used, and also by the re-
quirements of each individual unit for the operation condition
presented.

The wire used must be in twisted pairs in order to provide a
balanced circuit. When receiver units which require a direct
current circuit for energizing the field coil are used, the wire for
the power circuit may be either in a twisted pair or parallel laid.

When an alternating current power circuit is used to supply a
rectifier located at the receiver then the power line sheuld con-
sist of a twisted pair. No. 14 B & S wire is generally used for this
circuit, but the size depends again upon the length of run and
number and type of receiver units.

It should also be observed that receiver circuits of the low
impedance type which are used on relatively long runs, will
necessitate the installation of wires of larger carrying capacity.

Wiring of Amplifying and Control Equipment.—The ampli-
fiers and control equipment are generally mounted on steel racks
and are provided with marked terminals to facilitate the mak-
ing of proper connections.

When connecting the amplifiers and control equipment, it is
generally desirable to use shielded wire to prevent against possi-
ble feed-back between circuits of different levels. An illustration
of public address system wiring is shown in fig. 8.

When making power connections to the amplifiers (110-volt,
60 cycle A.C.) it is desirable that the power leads be run in
conduit from the power source to the amplifiers. Wire used for
this purpose should be rubber covered. It is also important that
all power circuits be properly fused to protect the equipment.
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Wiring of Communication Equipment.—The wires which
shzuld be used for connecting the various observer’s communi-
cation stations to the control room proper is the same as that
used in ordinary telephone work. The size of this wire may be
No. 19 or 20 B & S or larger.

Rules for Antenna Wiring.—The antenna shall be erected
on suitable supports for roof mounting. The horizontal distance
batveen the supports should be 75 to 150 feet, so that an an-
tenna of that length may be stretched between them, at a
height of 25 feet from the top of the roof and remote from any
metal structuie rising above the level of the roof.

The antenna shall be of No. 14 gauge stranded copper wire,
and shall be provided with suitable insulators. The lead in wire
from the antenna snall be No. 14 gauge rubber covered. This
wire shall be run to an antenna terminating panel located on the
roof and an antenna transmission line shall be run from this
panel to the control room in a half inch conduit and shali be
terminated at tbe receiver panel. The lead in wire shall be
brought in through the roof in an approved weather proof
fitting.

The ground wire shall be run from the contiol rocm to the
water pipe and shall be fastened to the pipe by an approved
clamp.

An approved lightning arrester shall be installed on the out-
side of the building clear of all woodwork within thiree fect of
the point where the wires enter the building.

All wiring shall be made to conform with the Underwriter’s
requireimnents.
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Example.—If by means of an input potentiometer the power out-
put of a certain amplifier can be varied between 0.1 watt and 10
walls. What is the power range in decibels?

Solution.—The decibel system of expressing the difference
between two power levels is now coming into everyday use, and
to-day it is quite common to express in decibels the range in
values which a receiver can handle. It is important to note that
the decibel is not a physical unit such as the “watt’’ or “volt”
but it might rather be called a comparative unit in that it
always expresses the comparison between the physical quanti-
ties. The units compared are usually those of power; thus, in
comparing one amount of power with another on a decibel
basis, we may refer either to the ratio between them or else to
the difference between them in relation to one of the powers.

The point to note is that a given amount of power is not
expressible in decibels; it is only when there is a comparison
stated or implied, that recourse is made to this unit. The deci-
vel number is thus equivalent to a ratio between two powers,
the nature of the equivalent being more precisely defined as
follows:

The difference between two power levels expressed in decibels
is equal to ten times the common logarithm of the ratio between
the two powers. Now if P; and P. be taken to represent two
power values, then the difference D, decibels in their power
level is given by equation.

D=1010g. o5 .. ovoiiii i, )

In the present example the ratio between the two powers

. . 10
representing the extremes of the range is 0.1 °r 100, the com-
mon log. of which is 2. Accordingly the difference between the
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two power levels is 10 X2 or 20 decibels which thus expresses
the power range. Note that a power amplifier varying in output
from say 3 to 300 watts would have exactly the same decibel
range.

Example.—A transformer coupled stage of audio frequency
amplification incorporates a device for lone control by the use of
which the effective amplification of the stage may be varied be-
tween three times and 0.15 times the amplification of the tube.
What is the amplification range of the tone control in decibels?

Solution.—Perhaps the simplest way of looking at the decibel
is to regard it as the unit in terms of which the difference be-
tween two power levels may be measured. Taking the symbola
P1 and P, to represent two power values, then the difference
D, decibels, in their power levels is given by—

D=10(og. P.—log. Ps)............... (5)

The difference in power levels thus depend upon the ratio
between the two powers. Since the decibel is defined in terms
of a ratio between powers, care must be taken in applying it to
measure ratios between other quantities such as currents and
voltage. Where it is desired to express a ratio between voltages
and decibels, first translate the voltage ratio in equivalent power
ratio. This can be done by making a convention, viz: that the
two voltages are arranged to operate across the same resistance
R ohms, so that the resulting power dissipation may be com-
pared.

Thus, if the difference between E, and E, volts is to be ex-

pressed in decibels, the two powers are then E? and E;? volts
2

. . 1
and the power ratio IS 3-
%
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Now substitute this for the ratlo-l—,;.:1 in equation (6) obtaining:

D=10 ]og.%;i.e.D=ZOlog. gi ........... )

In the example, voltage amplification is dealt with, which of
course is quite a different matter from power amplification.
Equation (7) will therefore apply,

E, being 3 XM while E, i1s 0.15X M,

E, . 3
o is thus OTS-—ZO

Whence, D =20 log. 20=20x1.301 =26.02 decibels.

Example.—A loud speaker whose inductance is 1.15 henries
ts coupled to a power tube through a condenser of 2 mfds. To whal
frequency will the combination be resonant?

Solution.—This is obviously a simple exercise in finding the
resonant frequency of a series tuning circuit and the only point
calling for any remarks lies in the treatment of the units in-
volved. When the inductance L, and the capacity C, of a series
circuit are both expressed in fundamental units, for example,
henries and farads, the resonant frequency in cycles per second
is given by the well known formula

1
J=onvI.C

In the present example, the condenser is of 2 microfarads
capsacity, therefore this must be expressed in terms of farads
before applying the formula: evidently it is 2Xx10-% farads
Substituting numerical values in the formula, the following is
obtained:
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1
f=21c><\/1.15><2><10—6

which gives f=105 cycles.

Example.——An allernaling current of amplitude 10 mnilli-
amperes and frequency 750 cycles, passes through a resislance of
50,000 ohms. What amount of power is dissipated in the resist-
ance? What power would be dissipated if the frequency were in-
creased o 1,000 cycles?

Solution.—It is first necessary to obtain the root mean
square (r.m.s.) value of the current, which is 0.707 times the
amplitude or ir: this case 7.07 m.a.

It is a sound rule in working out electrical problems to express
the quantities in fundamental units. In this case, express the
(r.m.s.) values in amperes, i.e. 0.00707 amperes. Now if an
{(r.m.s.) current of I amperes flow through a resistance of R
ohms the power dissipated is given by /2R watts. Hence,

power (W) = (0.00707)? x 50,000 =2.5 watts
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CHAPTER 24

The Radio Compass

and

Principle of Operation

The radio compass is an instrument for observing by means
of radio, the direction of a station emitting radio signals;
briefly, in aerial and marine navigation, it is an instrument for
taking radio bearings.

Operating Principles.—Since the radio compass is built
around the loop antenna it is necessary to understand its princi-
plesof operation before undertaking a study of the other units.

The radio compass utilizes the directional receiving properties
of the coil, which consists essentially of several turns of wire
wound into a large coil. This coil will receive the radio signals
with maximum intensity when the plane in which the coil is
wound is in the line of the direction to the transmitting station.
See fig. 1.

As may be observed from the diagram, the minimum is well
defined, and the maximum is not, hence it is evident that the
strength of the signal varies rapidly with the movement of the
coil near minimum, but very slowly with the movement near
the maximum.
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It is for this reason that the minimum is utilized in observing
bearings. If it were not for this, there would be great advantages
in taking bearings on the maximum, on account of greater
audibility and thus diminishing the interference effect.

The coil or loop antenna part of the compass operates on
the principle that the amount of electronotive force induced
in a vertical loop of wire by an arriving electromotive wave,
depends on the angle between the plan of the loop and the wave
front.

MINIMUM

MAXIMUM

/
g"- \ MAXIMUM
/

~_|_~

N\ /

/
(
\

/
AN
/
\

MINIMUM

FIG. 1—Hlustrating directional effect of radio waves on the loop-antenna part
of the radio compass.

In a rotatable coil of practical size the voltage induced by
radio signal is very small. Hence for use of such small coil for
radio compass purposes, it is necessary to generate a great
amplification, and it was the utilization of the multistage
vacuum tube amplifier which made the instrument usable for
marine and aerial navigation.

As previously asserted, the radio compass utilizes the direc-
tional receiving properties of the coil type of the antenna. To
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further facilitate the understanding of the instrument, an
analysis of the behavior from the point of view of the magnetic
field is as follows:

It is a-well known fact that the radio waves emanate from
the transmitting stations in all directions, very much the same
as water waves on the surface of a quiet pond when a stone is
dropped in. The length of a radio wave is the distance between
successive crests of the wave; the number of crests passing a
given point per second is the frequency, and the product of the
wave length and frequency gives the velocity of the radio wave.
The product of these two factors (wave length and frequency)
is always about 300,000,000 meters (186,300 miles) per second.
Radio waves are accompanied by a magnetic force which is
horizontal and at right angles to the direction in which the
waves are traveling.

As a radio wave passes a given point the magnetic force, or
field strength, varies from moment to moment from a maximum
in one direction through zero to a maximum in the other direc-
tion. At a given point the cycle from maximum in one direction
back to maximum in the same direction is performed in a very
small fractional part of a second. For a wave length of 300
meters this cycle is performed in one-millionth of a second.

If a coil of wire is held in a fixed position, such that the lines
of magnetic force thread or pass through the coil and are not
parallel to it, while the magnetic field varies in intensity, as is
the case with that accompanying the radio wave, an electromo-
tive force or voltage will be induced in the coil.

Since the magnetic force is horizontal and may be thought of
as forming circles around the transmitting source, the compass
coil when turned with its plane parallel to the direction of the
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FIG. 2—Typical Marine radio compass installation. (Courtesy Western Elec-
tric Co)



The Radio cuinpass 499

Ni-DIRECTION
UANTPENNC ONAL CONDUIT FOR LEADS FROM
COIL APPROX 25 FT LONG COLLECTOR BRUSHES TO
HOUSING b RECEIVER
23"0D

COMPASS
oIL
/\ ®
_\N
5 LJ
“FRONT
DECK A 21 =
] = DIAGRAM SHOWING SPACE REQURED:
copgcron OR RECES
—{
1 CALIBRATION
. SCALE
14 I, HAND WHEEL ]
AUTOMATIC ~— o —F ANTENNA SWITCH IN RADIO
LS =) SI6HT WIRES ROOM I8 FROM WALLTO
DUMB COMPASS OR
EVP;:YD?A'}'RBROKEN SPERRY REPEATER GROUND
0 SHOW 7 CONNECTIONM
SGHT WiRES ISUAL BATTERY CHARGING
v
SIGNAL LIGHT— “TSIGNAL i Eé&g‘ro&lALLm
4% FROM
UNI-DIRECTIONAL-| T TOP OF COVER
SWITCH COMPARTMENT
RECEIWVER — | _ 110 VOL
i 0.0 S0FeLy
COMPARTMENT
FOR . — Tidge
HEAD TELE PHONES
AND BATTERY
SWITCH 2
GROUND
CONNECTION .
3 § LEAD 70 SIGNAL LIGH IN RADIO ROOM

FIG. 3—Kolster radio compass installation.
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transmitting station is threaded by the maximum number of
magnetic lines of force, and the signal heard in the telephone
receivers is a maximum. When the plane of the coil is turned at
right angles to the direction of the transmitting station, no
magnetic lines of force thread through the coil, and therefore
no voltage and no current are induced in the coil and no signal
will be heard in the telephone receivers.

The Marine Radio Compass.—A radio compass frequently
found on board ships of U. S. registry was developed by F. A.
Kolster and is manufactured by the Federal Telegraph Co.,
named variously The Kolster Radio Direction Finder or The
Kolster Radio Compass.

Other radio Direction Finders have been developed by the
Radio-Marine Corporation of America, the Marconi Wire-
less Telegraph Co., etc.

. By means of this device, radio bearings can be taken in dense
fog, snow storms and over distances greatly beyond the horizon

with an accuracy equal to that obtained with visible sight, thus

eliminating one of the greatest hazards to marine navigation.

The modern method of obtaining radio compass bearings on
shipboard requires the installation of radio beacons on light
vessels and light houses in the vicinity of harbor entrances and
other places dangerous to navigation, the exact locations of
which are shown on all sailing charts.

Operation of Unit.—With reference to the electrical circuit
fig. 4, the theory and operation of the unit as developed by
the U. S. Bureau of Standards is as follows:

The variable condenser C, together with coil L, form the
main receiving circuit which is tuned to the signaling wave
length.
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Connected across the condenser C; either directly or through
the potential transformer P, is the vacuum tube amplifying
and detecting apparatus.

TELEPHONE
RECEIVERS

L

‘gﬁSLIP.RINGS

P

) o
é RECEIVER
0 o—

i

FIG. 4—Circuit of Kolster radio direction finder.
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As developed by the U. S. Bureau of Standards this receiver
consists of a three-stage radio-frequency amplifier, a detector
and a two-stage audio frequency amplifier made up as a unit
with a minimum number of operating adjustments. However,
the receiver may be of any standard design.

The telephone receivers are located at a distance from the
magnetic compass to avoid any effect upon the compass due to
the magnets within the telephone receivers.

The auxiliary circuits of the direction finder are controlled by
switch S. With the switch closed to the right, the middle plates
of the double condenser C, are directly grounded.

The double condenser is utilized to bring about electrical
symmetry of the coil system with respect to the earth. In other
words by adjusting the middle plates of the condenser Cs, to
the right or left the earth connection is brought to the electrical
midpoint of the coil system, and the signal received in tele-
phones, results only from the energy directly received in coil L,.

With the switch closed to the left a small condenser Cs is con-
nected across half of the double condenser C4, and the induc-
tance L; and tuning condenser C, are inserted in the ground
lead.

Under these conditions the coil system is no longer elec-
trically symmetrical with respect to earth, and received energy
enters the coil circuit L,C; indirectly through the tuned ground
circuit, of which the capacity of the complete coil system to
earth forms a part.

By proper adjustment, a complete uni-directional effect can
be obtained.

In the practical operation of the direction finder, all tuning
adjustments remain set for the wave length of the signaling
station. Switch S is closed to the right when observing the line
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of direction of a given signaling station and to the left when it
is desired to determine the sense of direction.

In other words, to determine the line of direction of a sta-
tion, the coil system which is directly grounded at its electrical
midpoint by throwing switch S, to the right, is rotated to the
position of critical silence at which time the plane of the coil is
normal to the direction of the approach of the signaling wave.

To determine the sense of direction of the station, switch S
is closed to the left and the coil rotated to the position of
maximum signal intensity at which time the plane of the coil
is in direction of approach of the signaling wave and pointed
toward the signaling station as indicated by an index pointer
for that purpose.

Bellini Radio Compass.—Another type of radio compass
known as the Bellini direction finder, is shown in fig. 5.

The frame consists of the loop L and condenser C, and C,.
The vertical antenna consists of the grounded center of the
loop and the two condensers C; and C. which are grounded
through the tuning condenser C;.

Operation.—To obtain a bearing the switch S is closed and
the loop tuned to the incoming signals. The false vertical effect
of the loop is practically eliminated by grounding the center
point of the loop through the variable resistor R. The sharpen-
ing effect of the minimum due to the elimination of the remain-
ing vertical effect is accomplished by varying condensers C;
and C,.

To obtain the sense of true direction, the switch is opened
and the vertical antenna tuned by means of condenser C;, by
varying the resistance R, it is possible to obtain the con-
ventional heart-shaped diagram.
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-

Dependable bearings can be obtained only by precise adjust-
ments of condenser C; and C,. The presence of tube damping
across the loop is detrimental in that it limits the range and
selectivity of the set.

LY

> 4
~—ZR

L
| ———
!

[ SLIP RINGS

Ist
AMPLIFIER
TUBE

FIG. 5—Circuit of Bell-ini Radio direction finder.

The frame supporting the loop is square in shape, each side
being approximately 32 inches long and ten turns are wound
for a wave length of 300 to 1100 meters.

The energy from the frame to the amplifier is transferred
similarly to the previously discussed Kolster type direction
finder by means of slip rings.
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will be obtained. The arcs of circles indicate the characteristics of the radio

Leacons, and the radius shown is approximately half the ordinary range.
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A typical shipboard compass installation is shown in fig. 2.
When the coil is rotated by means of the hand wheel, the
characteristic signal from the signaling station will be heard in
the telephone with varying degrees of sharpness until the
plane of the coil is at right angle to the direction of the incoming
waves at which point the signaling fades out completely.

The position of silence is very sharp and hence indicates
with great accuracy the line of direction of the incoming waves.

By means of cross bearings as indicated in chart, fig. 6, on
two or more stations or by several bearings on a single station
with the distances logged between bearings, the position of the
vessel can be determined by simple triangulation with an
accuracy equal to sight bearings on visible fixed objects.

Example on Cross Bearings Obtained by Radio Compass
from Two Adjacent Radio Beacons.—With reference to fig. 7
showing two beacon transmitters 77 and T, the bearings on ship
S may be computed by the navigator who reads the ship’s
head and corrects for deviation and variation as follows:

1. Ship’s head as read by the magnetic compass =45° = 45°
Variation obtained from chart =10°E = +10°
Deviation obtained from correction table = 2°E=+4 2°
True ship’s head relative to true North = 57

2. Radio beacon T, as read on radio compass = 272°
Correction from QE* curve for 92° = — 1.°5
Radio bearing on T, relative to ship’s fore

and aft line = 270.°5

Thus, bearing on T relative to true north = true ship’s head +
corrected radio bearing = 57°+270.°5=327.°5, This gives posi-
tion line T,0Y from radio beacon 7.

*QF—Quandrantal error calibration curve. A curve representing th?
deflection of radio bearings due to the unequal distribution of metal on the shi-
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3. Radio beacon 7, as read on radio compass = 223.°5
Correction from QE curve for 223° =+ 095
Radio bearings on T, relative to ship’s fore

and aft line = 233

Thus the bearings on T relative to true north=True ship’s
head and corrected radio bearings = 57°+233° = 290°. This gives
position line 7,0X from radio beacon T3, and the intersection
of the two lines at O is the ship’s position.
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FIG. 7—Diagram illustrating method of computing ship’s location by means of
radio direction finder. In this illustration the following assumptions should be
noted.

1. That the radio bearings are taken very rapidly, so that the distance
covered by the ship between observations are negligible.

2. That the distances between the ship and the radio beacons are less than
180 miles and hence no convergency has been considered.
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AUTOMATIC
COMPENSATOR

FIG. 8—Kolster compass and compensator arrangement.
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CHAPTER 25

Radio Beacons”

Radio beacons as pertaining to marine radio navigation, are
simply radio stations installed at lighthouses, on light-ships, or
at other points shown on charts for the radial dispatch of radio
signals for the guidance of ships.

By means of the radio compass, (see page 500) it is hence pos-
sible for the ship navigator to ascertain his position at any time
when within receiving distance of the radio beacon.

As the radio compass aboard ships are usually designed to
enable the operator to take radio bearings without outside as-
sistance, the general problem and practice in navigation becomes
very much the same when using radio bearings as they are
with visual bearings on lighthouses and other known objects.

The practical difference between the two being that with the
availability of the radio beacon much greater distanccs can be
covered under all conditions of visibility.

As previously asserted, the radio beacons are located at defi-
nite points clearly marked on the chart, and send out signals in
all directions similar to that of light beams sent out by the
lighthouse.

*The radio beacons in the United States are erected and maintained by the
U. S. Department of Commerce, Lighthouse Service as a part of its system of
aids for the navigation of ships.




510 Radio Beacons

Another similarity is that as the light beams may be dis-
tinguished from one another by definite characteristics, so has
each radio beacon a definite signal.

Location Methods.—The common method of ascertaining the
location of a ship equipped with radio compass is by means of
cross bearings using two or more radio beams as shown in fig. 1
or by visual and radio bearings in combination.

Of course the usual principles apply, as to employing stations
which will give good intersections, and as to allowing for the

N

8 7——RADIO BEACON

VIG. 1—Illustrating method of ascertaining location of ship, by means of radic
compass aboard ship and shore radio beacons.
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distance run between the times of taking bearings if the interval
is appreciable. A typical example on how to obtain radio bear-
ings is shown on page 506.

The ship’s location may also be established by bearings on a
single radio beacon using the customary method of taking two
or more bearings at sufficiently different azimuths, and plotting
these in combination with the distance and course run between
bearings.

Indirect use of radio bearings in navigatic a is also possible.
For example a vessel equipped with a radio compass and know-
ing its own position will be able to assist other vessels by means
of radio bearings. Thus, where a vessel seeking another in dis-
tress is unable to locate it because of inaccurate reported posi-
tion, neither having a radio compass, a third vessel so equipped
will be able to guide the rescuing vessel by the utilization of
radio bearings.

Time Schedules for Sending of Radio Beacon Signals.—Gen-
erally radio beacon signals when operating are sent for one
minute out of each three minutes. Subject to this they are
operated continuously during fog and low visibility, and they
are also transmitted on regular time schedules regardless of fog.

Power and Range of Radio Beacon Signals.—The distance of
availibility of ranges, considered desirable for radio beacons
vary greatly with the purpose of the respective stations. In this
country the stations are divided into three general classes:

Class A, primary station, with power approximately 500
watts, with a range of 200 to 300 miles.

Class B, intermediate power 100 to 200 watts, with a range
of 100 to 150 miles.
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Class C, low power 5 to 50 watts with a range of 10 to 50
miles.

However, the actual range at which signals can be picked up
and bearings taken, may under favorable conditions exceed the
aforementioned distances.

Although it is possible with present day equipment to greatly
exceed these distances, the practical limitations are:

1. The power required may cause a considerable amount of
interference.

2. A small error in the direction of a bearing is much magni-
fied in a derived position at a great distance.

3. The possible deviation of radio bearings, particularly as
regards the various types of transmission, has not been fully
investigated at great distances.

it is at present, considering the above, much more important
to develop accurate and dependable direction finding apparatus
on ships to be used for distances of 200 miles, than to seek for
the possibility of bearings at greater distances.

Radio Beacon Equipment.—As the location of radio beacons
in the United States in nearly all instances has been established
at existing light stations, and as the space required for the trans-
mitting apparatus is comparatively small, they are usually
housed within the light emitting station, and generally no
additional buildings are necessary.

The equipment of a radio beacon station comprises the
following:

1. Radio transmitter

2. Automatic code machine

3. Power supply equipment consisting of a generator. a
battery or both

4. Antenna

5. Synchronizing clock
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6. Radio receiver

7. Automatic warning devices.

On account of the importance of continuity of service, all
apparatus as far as practicable, are installed in duplicate, with
means for switching from one transmitter, generator or code
machine to another in case of trouble.

F1G. 2—Standard 200 Watts Marine Radiobeacon transmitter.

Transmitter.—Transmitters of late design are generally of
the so-called master-oscillator power-amplifier type, usually
employing a 714 watt tube as master oscillator, following with
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one or more 50 watt and 250 watt tubes as intermediate and
final power amplifiers.

The plate supply is usually obtained from a 110 volt, 60 cycle,
alternating current source through suitable tube rectifying
circuits, employing rectifiers of the mercury-vapor type. The
filament current in nearly all cases is supplied by a separate
motor generator or rotary converter to secure better voltage
regulation, and is usually 60 cycle a.c. current to obtain uniform
filament evaporation.

Code Machine.—The code machine is entirely automatic in
its operation and provides for the sending of the station
characteristics.

The code is formed by a series of combination of short and
long segments of a revolving code wheel, making short or long
contacts as the wheel is revolved to produce dots and dashes.
This wheel is revolved by an electric motor through suitable
reduction gears which also drive a contacting cam designed to
open or close the circuit, so that any desired combination of
“on”’ or “off” operating intervals may be obtained.

Power Supply.—The location of radio beacons usually is a
determining factor as to power supply to be used, and.commer-
cial current is employed when available. However, when loca-
tion prohibits the use of commercial current, internal com-
bustion or steam engines with electric generators are provided.

In case of power failure a duplicate source of supply is util-
ized to provide against possible interruption of service.

On practically all ship stations as well as on land stations
where the storage of gasoline utilized in prime movers for
generating equipment would constitute a fire hazard, storage
batteries are used as a source of power.
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Synchronizer for Radio Beacons.—This apparatus has been
designed to automatically cortrol the sending intervals of a
radio beacon, and to synchronize the sending intervals of several
stations in a group so that they will not overlap.

The actual work of synchronizing is accomplished through
control of the “on” and “off” periods of the transmitter by
accurate clocks. Two types of clocks are used to accomplish
this, the larger number being of the marine escapement type
which are serviceable alike at ship and shore stations. Pendulum
clocks are also used at a considerable number of land stations.
Both types of control clocks are equipped to close an electric
contact at the beginning of each minute. This contact is in series
with the windings of an electric solenoid or a similar device,
which when the contact is closed advances the drum, carrying
the other and larger electrical contacts one step at a time.

This multicontact drum, called a synchronizer or secondary
clock, is also divided into minutes, or spaces corresponding to
minutes, and makes one complete revolution in an hour. It is
this drum that provides that the radio beacon signal shall be
emitted for exactly one minute and be silent for two minutes. It
isalso feasible to select any other “on” and “off”” arrangement so
long as the changes occur at even-minute intervals. Incidentally,
this multi-contact drum which is advanced at minute intervals
by an accurate clock, provides a ready means of closing and
opening other circuits in addition to those controlling the ‘‘on”
and “off” minute periods, thus furnishing the means by which
any radio beacon station can be made fully automatic.

For example, one contact can start a gasoline driven electric
generator, another contact can place the transmitter in opera-
tion, while another controls the duration of the characteristic
signal period, the operation for 15 minutes in each hour.
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Although the control clocks are accurate and sturdy, it is
necessary to provide for correction and adjustment against a
standard time signal. An attempt to permanently fix the elec-
trical contacting mechanism to the clock time train and depend
on regulating the clock to correct for accumulated errors, was
found to require too frequent adjustment of the clock.

Instead of this, the contactor itself in the clock 1s made ad-
justable, so that the instant of contact can be advanced or
retarded manually as necessary to allow for accumulated clock
error. This adjustment is made by a suitable device without
opening the clock. This provides a ready means whereby the
attendant at the radio beacon station can listen in on the other
radio beacon stations in the synchronized group and correct at
once for any errors. This is done twice a day. For this purpose
one station in each group is taken as a master station, to which
the clocks at the other stations are adjusted. The clock at the
master station is adjusted twice a month from the standard
time signals.

Warning Device.—Automatic operation of radio beacons 18
at present being provided in many locations. -

In order to insure operation without the constant attendance
of the keeper, a positive warning device has been developed
whose function it is to notify the keeper in case of failure of
any part of the radio-beacon system.

The function of the radio-beacon transmitter system is to
induce an 7.f. current in the antenna, and the warning device
being actuated by the antenna current, automatically sounds a
warning, in case the antenna current for some reason is being
interrupted.

The device operated by sounding a gong or horn whenever the
aforementioned antenna current (radio signals) stops for a longer
period than two minutes, this being the normai silent period.
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CHAPTER 26

Automatic Radio Alarm

An automatic alarm is a device used to enable a ship in dis-
tress to summon aid at any time by radio from a nearby vessel,
and especially during those periods when the radio operator on
the nearby vessel might not be “on watch.”

Special regulations governing this distress signal and the
number of operators which their installation shall release are
now in force.

0 5 10 15 20 25 30 35 40 45 50 55 60 SECONDS

! | |'-|-1:.l||||v|||||n’-|n||||||||||||\ Troas SIGNAL

=
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FIG. 1—Standard auto alarm signal.

The function of this distress signal is to actuate an automatic
receiving device on the vessel in the vicinity of the ship in dis-
tress and by means of bells or other signal producing apparatus,
call attention to the fact that a distress call is being transmitted.
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This special distress signal only supplements and does not
supersede the conventional SOS call, and is known as the auto-
malic alarm signal and the special receiving apparatus is called
the auto alarm.

Auto Alarm Signal Characteristics.—The auto alarm signal
is transmitted by the ship in distress just prior to sending the
normal SOS signal. This signal consists of a series of dashes and
spaces, each dash having a duration of four seconds and each
space between dashes a duration of one second. Twelve such
dashes and spaces can be transmitted during one minute. (See
fig. 1)

The auto alarm is designed to operate bells after a certain
number of consecutive dashcs and spaces are being correctly
received.

Foreign Practice as Comparcd with F.C.C. Requirements.—
Foreign practice sometimes rcquire the arrangement of bells to
ring when three consecutive dashes and spaces pass through the
receiver, whercas the U. S. Federal Cummunication Commis-
sion (F.C.C.) requirements arc based on ringing of the bells
after four consecutive dashes and spaces are corrcctly received.

It is obvious that the four-dash cycle considerably minimizes
the possibility of false alarm, since the chances are quite remote
for accidental combination of signals to repeat themselves four
times to imitate the alarm signal. In this connection it may be
mentioned that the currcnt designs of American auto alarms
may be easily arranged to accept either the three or four dash
cycle and in any case no Intcrnational operating difficulties
occur since the vessels in distress always send twelve or more
dashes.

A single master switch to place the auto alarm in service is
required which inust be so arranged that power cannot be ap-
plied to the alarm circuits unless the main antenna is connected
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to the alarm receiver and having an interlocking feature to pre-
vent the ship transmitter from being keyed unless the auto
alarm receiver is turned off.

Basic Elements of the Automatic Radio Alarm.*—The com-
plete radio alarm consists of two main parts name:ly the radio
receiver and the selector unit.

FIG. 2—Type AR-8600 auto alarm with cover and panel open.

*An auto alarm designed by the Radio Marine Corp. of America and gener-
ally referred to as the Model AR-8600 is described on the following pages.
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The radio receiver forming a part of the alarm must be de-
signed to possess uniform sensitivity over a frequency range
from 487.5 to 512.5 k.c. The normal distress frequency is 500
k.c. but provision must be made for the auto alarm receiver to
accept signals outside tnis exact frequency, thereby permitting
some variation in the adjustment of the radio transmitter on the
vessel in distress.

The band width of the alarm receiver must also be fixed as an
integral part of the design,and not be adjustable by the operator.

Warning Apparatus.—Since it is necessary that the auto
alarm when connected in the circuit to operate unattended for
several hours, some means must be devised to indicate when
operation is not normal.

During abnormal atmospheric conditions for example, prc-
longed static of high level may tend to ‘“‘hold over” some of the
relays in the selector unit. Hence it is necessary to arrange for a
warning light or its equivalent to indicate to the bridge that the
radio operator is required to readjust the sensitivity control.

At other times vacuum tubes in the alarm may burn out, and
when this occurs, a “no current” relay is utilized to energize
warning bells located on the bridge. Failure of the source of
energy which rings the bells is shown by a continuous burning of
warning light placed alongside the bells, in a position where
they must be observed.

After the radio signal passes through the receiver it controls
the selector mechanism. To allow for reasonable variations in
timing of the alarm signal the selector must be designed to ac-
cept dashes having a duration of 3.5 to 4.5 seconds and spaces
of from 0.1 to 1.5 seconds. The question of operation through
interfering signals in the 487.5 to 512.5 k.c. band as well as the
possibility of false alarm must also be considered when deter-
mining the selector timing tolerances.
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It is necessary also that the alarm function through a reason-
able amount of interference on the same wave length as the dis-
tress signals. This interference may produce two effects on the
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FIG. 3—Type AR-8600 auto alarm with panel closed and cover open.

selector, one of which is to prolong the normal four-second
alarm signal in case the interference appears at just the correct
time to add to the desired signal, the second effect of interfer-
ence is to ““fill in” the normal one second spaces.
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If the spaces are completely filled in at the correct time the
selector functions to reject the signals and it will do the same if
interference unduly prolongs the desired dashes.

False Alarms.—The false alarm possibility is determined by
a combination of three main factors, namely:

1. Accidental combinations of signals or noise equivalent to
the alarm signal.

2. Timing tolerances of the selector.

3. The number of dashes and spaces which are selected to ring
the bells.

The Selector Unit.—Under normal conditions, 16 hours per
day or approximately 5,800 hours per year of operation is nec-
essary, hence the selector unit to be most reliable should have
as few moving parts as possible.

As previously mentioned the Standard automatic alarm sig-
nal is composed of 12 dashes and spaces, but the alarm bells
are to be actuated after the receipt of four dashes with toler-
ances of 3.5 to 4.5 seconds and spaces with tolerances of 0.1 to
1.5'seconds.

Thus if the space between the first and second dashes is com-
pletely filled with interference, the alarm would be actuated at
the end of the sixth dash. If interference prolongs the length of
any dash beyond 4.5 seconds, or completely fills in the space be-
tween dashes, the mechanism used for selection would be re-
stored to normal. Thus, of the 12 dashes comprising the signal,
four consecutive dashes having a space at the beginning and
ending of the group, as well as between dashes, must be re-
ceived before the alarm bells will ring.

The obvious advantage of a 12 dash signal is that it permits
more chances of the alarm being actuated under severe condi-
tions of interference both from the standpoint of prolonging the
dashes and fiiling in the spaces.
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The aforementioned dash and space tolerances seemingly im-
pose difficult terms for the selector response. For example, four
dashes and the intervening three spaces might vary in total
elapsed time between 14.3 and 22.5 seconds.

Obviously the selector must check individual dashes and
spaces since any attempt to use the sum would result in the
false alarm probability being greatly increased.

The schematic circuits of the receiver and selector units are
shown in fig. 4.

Flapsed time of signal duration is measured by RC circuits
connected 1n the grid circuit of individual selector tubes.

The ~rinciple utilized is the familiar one of current decay in
a series RC circuit.

With reference to fig. 4 warning relay No. 8 being connected
in series with the tube heaters across the ship’s 110 volt line,
will cause the alarm bell to ring when any one of the tube heat-
ers burn out, or when voltage failure occurs.

Warniag relay No. 9 is connected across the storage battery
through a series resistor. Failure of the battery supply will
allow relay No. 9 to de-energize and turn on the warning lights
at each bell location point. Warning of power failure is therefore
obtained except for simultaneous failure of both the 110 volt
ship line supply and the storage battery.

The following is a summary of warnings indicating various
conditions when using auto alarm apparatus heretofore de-
scribed:

1. Bells ringing may be caused by:
a. Receipt of auto alarm signal.

b. Receipt of a false auto alarm signal caused by a fortui-
tous combination of static and keyed interference.

¢. Loss of ship’s line voltage.
d. Tube heater burn-out.
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FIG. 4—Complete schematic circuit diagram of AR-8600 auto alarm unit.
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2. Warning lights burning continuously are caused by:

a. Receipt of a continuous signal from a transmitter
whose key is being held down for a period consider-
ably greater than 4.5 seconds.

b. Sensitivity control set too high for the prevailing noise
level.

¢. Loss of 6 volt battery supply.

e

.G. 5—View of warning light and bell located on bridge of ship.
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3. Warning lights burning intermittently are caused by:
a. Occasional long bursts of static.

b. Transmitter testing using dashes slightly longer than
3.5 seconds.

c. Heavy 500 k.c. interference caused by saveral tele-
graph transmitters transmitting at the same time.

FIG. 6—Typical shipboard installation showing location of aute alarm unit and
associated equipment.

Warnings as under 3, are to be expected and indicate that the
auto alarm is functioning correctly. Warnings as under 1 and 2,
should be investigated as to their cause.

The following gives a summary as to procedure to be followed
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in order to properly operate and maintain the auto alarm as
given on the instructions accompanying the equipment.

ADJUSTMENTS TO BE MADE BY RADIO OPERATOR BEFORE GOING OFF WATCH
On the front cover of the auto alarm there will be found printed instructions which read as
follows:
IMPORTANT INSTRUCTIONS

"TO TEST ALARM: Close master switch. Set sensitivity control to.approximately 40. Using
radio room clock transmit alarm signal with test push button on auto alarm. Bells will ring after
four correct dashes and spaces. See instruction book for further details.”

“TO ADJUST SENSITIVITY CONTROL: Set scale at 0. Set current switch at 4. Meter will
read about 7.5 M.A. Turn sénsitivity control to right until average meter reading due to noise,
static. etc., is about 1 M. A, less than maximum vaiue. Listen with phones. Incoming signals wili
cause signal relay to chatter slightly and meter reading to fall toward zero. If sensitivity is set
too high for prevailing noise level, warning lights will indicate need for lower setting. Do not set
sensitivity control lower than necessary as weak distress calls may not be received.”

When testing the auto alarm with the test buzzer and push button the operator should
observe that the milliammeter reading falls to zero or nearly so each time the test button is
depressed. Close this-button quickly several times and observe that the radio relay, whose arma-
ture click may be heard, follows the keying speed. Each time a correct four second dash and
apace are'sent with the test buzzer, it may be observed that the stepping relay advances one posi=
tion. If there is considerable radio interference or static during the time the alarm is being
tested, it will be observed that the restore coil on the stepping relay is also energized, thereby
preventing the stepping relay from advancing further. This condition will occur during testing
whenever static or interference completely fills the spaces between dashes so that the normal
auto alarm signal is distorted The position of the sensitivity control, during the test of the auto
alarm, may be used as an approximate check on the sensitivity of the receiver and the correct
performance of all tubes. If it is found necessary to advance the semsitivity control beyond
approximately 40 to 50 on the scale, it may be inferred that one of the tubes in the radio receiver
part of the circuit is defective. After a little experience with the alarm, using the headphones
plugged into the jack and by observing the operation of the radio relay on incoming signals, the
operator may reach an approximate determination as to whether or not the receiver sensitivity
is normal In other words on the average shipboard antenna it should not be’ necessary to
advance the sensitivity control to the extreme right in order to make the radio relay operate with
the average incoming signal.

SENSITIVITY CONTROL ADJUSTMENT

A clear understanding of the results to be expected from various settings of the sensitivity
control is necessary in order to adjust this control to the optimum or most favorable position. For
example if the sensitivity control is turned to the extreme right (100 on the dial) or nearly so, it
may be found that the average noise level and static will cause the radio relav to hold over for
long periods of time, or to chatter or vibrate steadily When this occurs the adjustment is not a
favorable one, for not only will the warning light be illuminated frequently whenever static or
noise persists for 8.5 seconds or more, but also a real alarm signal will be more apt to have its .
dashes prolonged and its spaces filled in, with such an adjustment. On the other hand if the sen-
sitivity control is adjusted too far to the left, that is toward zero on the scale, then only very
strong signals will operate the auto alarm, and a distress call from a distant ship might be missed.
The optimum adjustment will be found to be that which gives a reading on the milliammeter
(with no incoming signals) which is approximately one milliampere less than the reading
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obtained when the volume control is at zero. With such an optimum adjustment the radio relay
may close occasionally from short bursts of static or from ordinary code signals. The operator
should keep in mind that if the sensitivity control is set too high the radio relay will vibrate con-
stantly, which is an undesirable adjustment. The officers on the bridge will have instructions to
summon the radio operator whenever the warning light on the bridge is illuminated for periods
of five minutes or more. When the sensitivity is set at 100 or maximum, a signal strength of
approximately 200 microvoits will operate the auto alarm. At a dial setting of 50 (midscale) a
signal of approximately 1000 microvolts is required. At 0 setting of the sensitivity control a
signal strength of 20,000 micrnvolts is required.

FAULTS WHICH WILL CAUSE SOUNDING OF THE AUDIBLE ALARM

1—False alarm. Accidental combination of static or other intcrference may oceasionally
‘cause the stepping relay to advance to its fourth position, which will lock in the bell ringing relay
and cause the bells to ring continuously. Bells will stop when reset push button is depressed on
auto alarm panel.

Z~Filament burnout. If any one of the vacuum tube filaments (heaters) should burn out,
or if one of the 30 ohm series filament resistors in the junction box should burn cut, the filament
burnout relay on the auto alarm panel will have its coil de-energized, which will close the back
contacts, and cause the bells to ring. Bells can only be stopped from ringing by replacing the
defective tube, or resistor or by opening the master switch.

' 3—Low or high line supply voltage. If the 110 volt shipboard supply is reduced below nor-

mal or increased above 120 volts, the line voltage relay in the junction box will operate, which
will short out the coil on the six volt relay, causing the bells to ring. The bells will continue
ringing until line voltage is restored to normal or until master switch is opened.

4—If the six volt battery approaches discharge and its voltage falls below about 4.5 volts,
the back contacts will close on the siz volt relay, causing the bells to ring continuously until 4
suitably charged battery is placed in circuit or until the master switch is opened.

5—If the one-half ampere fuse on the auto alarm panel or any of the fuses in the junction
box should be blown, the bells will ring continuously until the fault is corrected or unless the
master switch is opened. The one-half ampere fuse will blow in case of tube shorts or condenser
breakdown in the receiver-selector unit.

OPERATION OF WARNING LIGHTS

The purpose of the warning lights as explained previously is to provide a visual indication
whenever prolonged static or other interference holds the radio relay open, After 3.5 seconds
the stepping relay will advance one position and remain there as long as the interference is con-
tinuous. An auxiliary set of contacts on the stepping relay will close a circuit to the three warn-
ing lights to indicate this condition. The remedy is to readjust the sensitivity control to a slightly
lower setting so that the stepping relay drops back to its normal or zero position.

PROCEDURE TO BE FOLLOWED WHEN ALARM BELLS RING

. 1—If alarm bells ring momentarily, then stop ringing, and repeat this cycle frequently, the
difficulty is most likely due to low, high or variable line voltage. Go to the radio room, open the
Idoor of the junction box and observe the line voltage relay contacts. Also measure the line volt-
-age by placing the voltmeter switch in position five on the auto alarm panel. If the voltage is
much below 100 volts, it will be observed that the line voltage relay “left” contact is closed,
causing the bells to ring Higher than normal line voltage will cause the “right” contact to make
on the relay, also ringing the bells. This condition of low, variable, or high line voltage should
be brought to the attention of the proper ship's officer.

2—Alarm bells ringing continuously. Go to the radio room and depress the reset button on
the auto alarm. If this stops the bells from ringing a pair of phones should be immediately
plugged into the phone jack to determine if an alarm signal has been transmitted by a vessel in
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+distress. If the bells do not stop ringing when the reset button is depressed the fault may be low
line woltage, high line voltage, low six volt battery supply, filament burnout, or blown fuses.
Filament burnout may be immediately determined by placing the voltmeter switch in position
four, where a reading of 100 volts or more will be obtained instead of the normal reading of
approximately 60 volts. A blown one-half ampere plate fuse or 110 volt line fuse may be quickly
determined by observing if any reading is obtained on the voltmeter with the switch in position
five. No reading will be obtained if these fuses are blown. If the six volt battery is low this
should be checked with the three scale voltmeter carried in the radio room as a part of standard
safety of life at sea equipment.

8—When troubles which cause the bells to ring continuously cannot be located quickly, it is
desirable to disconnect the bridge bell and operator’s bell temporarily to avoid undug ahnoyance
to the ship’s personnel. This may be done by removing the lead (blue with red tracer) which
will be found on terminal 28 on the vertical right hand terminal block of the junction box. After
the trouble has been corrected the operator should make certain that the lead to termimal 28 is
firmly reconnected, and he should make a test with the bridge and the operator’s room to insure
that the bells are again functioning normally. ’

LOG ENTRIES

The following instructions with regard to log entries should be carefully observed as they
are required by the Federal Communications Commission.

1—While the ship is at sea the auto alarm shall be tested by means of the testing device
supplied, at least once every 24 hours, the timing of the dashes to be made by reference to the
sweep seconds hand of the station’s clock. Bridge bell and warning light and operator’s room
bell and light must show correct operation when this test is made. A statcment that the forego-
ing has been fulfilled must be inserted in the ship’s official deck log and the radio log daily.

2—If the warning light is illuminated for a continuous period of five minutes or more, the
operator shall record in the radio log the time when he was called by the bridge, the time when
he goes to the radio room to investigate the difficulty, the reason for the warning lights burning,
and a statement as to the adjustments found necessary to restore normal operation.

8—If the bells ring, the operator should record in the radio log the time of the occurrence
and the time when he arrives at the radio room to investigate the reason for the bells ringing. A
record should also be made in the log to explain what caused the bells to ring, such as actual
alarm, false alarm, filament burnout, low line voltage, low baftery voltage, blown fuses, etc.

4 Vacuum tube and battery information to be entered in log. Each vacuum tube initially
supplied in the auto alarm is dated at the time of installation. If any tube becomes defective the
operator should remove the tube and make an entry in the log to indicate the date the tube was
removed and replaced and the tube socket from which it was taken. The defective tube should
not be destroyed, but should be returned to the radio company responsible for the maint of
the auto alarm. The new tube which iz used to replace the defective tube should be dated by the
operator. This may be done by scratching the date on the metal shell of the tube with the point
of a knife or other sharp tool. .

The 9 volt “C” battery (type D6BP) mounted in the junction box is provided with a label to
record the date when installed, and also the date when it should be replaced. If for any reason
the operator finds it necessary to replace the “C” battery with his spare “C” battery, he should
enter this fact in the log, recording when the old “C” battery was taken out, when the new one
was replaced and on the label of the new battery he should write the date when installed. The
“C” battery should be replaced when it falls below 8.5 volts,

GENERAL MAINTENANCE AND REPAIRS AT SEA
If normal operation of the auto alarm cannot be obtained, the radio operator should proceed
as follows:

IMPORTANT: Do not remove relay cover or oven cover on the auto alarm panel or work with
tools around any of the parts unless the master switch is ia the “off” position.
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. 1—Check with three range radio room voltmeter to determine if the 110 volt line voltage
‘and six volt battery power exists across the appropriate input terminals in the junction box. If
correct readings are obtained make similar measurements acrcss the proper terminals of the
receiver-selector unit. Refer to T-361.

2--Make certain that all leads on the junction box terminals from number 1 to 82 inclusive
are tight and making good connections.

3—Relay contacts should be checked and cleaned, if necessary, to insure proper contact. To
clean contacts use the special burnishing tool which is furnished, taking care not to remove toe
much contact material with the burnisher.

4—1If defective tubes are suspected, they should be replaced one at a time, starting with the
6-A-8 tube, always returning good tubes to the same socket from which they were removed. This
will avoid confusion in locating a defective tube. Type 1611 tubes may be checked for emission
by placing them ively in the d socket from the left in the lower row of tubes. This is
the radio relay tube socket and the plate current of this tube may be read by the milliammeter
with the switch in position number four. Normal tubes with 100 volts line should show a plate
current with no incoming signal of approximately 7 milliamperes or more. When checking tubes
&l1 tube sockets must be filled, otherwise bells will ring.

5—Each selector circuit may be checked by sending a test signal through the auto alarm
and successively placing the “current” switch. in position 1, 2 and 3. In position 1 after a long
dash a current of approximately 8 to 10 milliamperes will be obtained. In position 2 after a long
dash a similar value will be obtained. To check selector number 3 place the switch in position 3,
send a 4 second dash with the test buzzer and then observe after about 5 seconds that the meter
reads momentarily a value of approximately 6 milliamperes. The third selector tube shuts off its
own plate current after it checks a space and for this reason only a momentary meter reading
will be obtained.

) 6—1It is possible to check various voltages in the junction box and on the various component
units back of the auto alarm panel by referring to diagram T-351, and by using the three range
voltmeter which is carried in'the radio room. Such a voltage analysis will enable the operator to
determine if open circuits or poor connections exist in various parts of the circuits.

7—The switch contacts on the master switch should be checked occasionally to insure that
they are making good connection, removing any corrosion or oxidation which may have taken
place.

8—Normal operation of the oven heater will be indicated by intermittent operation of the
small pilot light mounted on the back of the junction box cover. This pilot light is provided to
enable the radio operator to determine that the oven circuit is operating normally whether or
notthe auto alarm is on watch.

9—If for any reason the auto alarm 6 volt battery becomes discharged the operator should
substitute one of the radio room 6 volt storage batteries temporarily. The auto alarm battery
should then be placed on charge from the standard radio room “A” battery charger. The opera-
tor should determine why the auto alarm battery became discharged. The auto alarm master
switch is arranged to place the 6 volt battery on charge at a rate of approximately 2 amperes
whenever, the master switch is in the “off” position. This charging rate is sufficient to keep the
alarm battery fully charged if the alarm is “on watch” for a period of 18 hours daily. In other
words 6 hours charging in each 24 hours will keep the battery in good condition. If either or both
battery charging resistors at the top of the junction box should become defective, standard 110
volt 100 watt lamps may be used as a substitute.

10—When replacing the 9 volt “C” battery, make certain that the green lead connects to
the negative terminal and the brown lead to the positive terminal. -No current is takan by the
“C” battery, therefore if early “C” battery repl t is ry look for shorts or leakage.
A voltmeter connected in series with one of the “C” battery leads should show no reading for
normal operatiom

11—1If plate current is obtained through each selector relay as explained under “5” above
and the stepping relay does not operate, inspect the contacts on the selector relay in the oven.
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Remove oven cover screws and carefully withdraw the oven cover straight out to prevent break.
age of the thermometer. Relay contacts may now be examined and cleaned if necessary.

12—Note that the 6 volt storage battery has two fuses in the positive side of the circuit, a 6
ampere glass fuse in the junction box and also an external 10 ampere fuse installed near the bat-
tery. Short circuits in the 6 volt circuits in the auto alarm or junction box will normally cause
the 6 ampere glass fuse to blow. Short circuits in the wiring to the warning bells will cause
blowing of the external 10 ampere fuse. This arrangement allows the warning bells to ring when
the 6 ampere_fuse is blown. Both fuses should be inspected in case of trouble. Always use the
specified ratings when replacing fuses.

13—The line voltage relay will also cause the bells to ring if the polarity of the 110 volt ship-
board line is reversed. The voltmeter on the receiver-selector unit in switch position 5 will also
indicate this condition by reading in the reverse direction.

TYPICAL READINGS OF CURRENT AND VOLTAGE FOR NORMAL
AUTO ALARM OPERATION

The following reading s are based on an average line voltage of 100 volts. Higher line volt-
ages wil! give slightly higher readings.

CURRENT SWITCH

Position 1—First selector relay closes at approximately 4 M.A.

Position 2—Second sclector relay closes at approximately 6.5 M.A.

Positian 3—Third selector relay closes momentarily at approximately 6.5 M.A. )

Position 4—Signal relay plate current is 7.5 M. A. with no incoming signal. With signals, lower
values, down to zero, will be obtained.

Positian 5—Not used.

VOLTMETER SWITCH

Position 1—Grid charging voltage 52 volts.
Position 2—Grid bias on selector tubes 1 and 2, 29 volts.
Position 3—Grid bias on third selecto: tube, 29 volts.
Position 4—Heater wvoltage 60 volts.
Positicn 6—Reads ship’s line voltage.
When going off watch the operator should always leave the “current” switch 1n position 1
and the “voltage” switch in position 5. If the current switch is left in position 4 the milliamme-
ter will follow all incoming signals, causing unnecessary wear and tear on the instrument.

TESTING AUTO ALARM UNDER SEVERE STATIC CONDITIONS

Occasionally when static is very severe the sensitivity control cannot be advanced far enough
to permit the test buzzer to actuate the receiver without causing the radio relay to “block’ from
the static. To test the alarm under these conditions place a temporary short circuit between the
AA terminal and ground terminal on the master switch. After the test the short circuit should
be rercoved and the sensitivity control adjusted to optimum for the prevailing noise level.

UNDERSTANDING SELECTOR ACTION BY OBSERVING RELAYS

1—Transmit “V”s or other code signals with test buzzer. Radio relay will follow keying
and milliammeter in position 4 will show a lower reading each time buzzer is operated. No
other relays will operate.

2—Transmit one four second dash. Radio relay will operate instantly and after 3.5 seconds
qumber 1 selector relay in oven will close, auxiliary relay will close, “notch” coil will be energized
and stepping relay will advance one position. This checks if dash is long enough. -
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3—Transmit one dash of b seconds or more. Same action as under 2" above will take place
and in addition number two selector relay in oven will close and “restore” coil on stepping relay
will be energized. When long dash is broken stepping relay will return to zero or normal posi-
tion. This checks overlong dashes.

4—Transmit one four second dash to advance stepping relay one position and then break this
aash. After approximately 5 seconds “restore” coil will click and stepping relay will return to
zero. This checks spaces.

6—Transmit four correct 4 second dashes separated by 1 second spaces and watch the step-
ping relay move up with each dash, finally causing the bell ringing relay to lock in when the
fourth dash is broken. Note that each dash, including the fourth dash must be followed by &
space to lock in the bell ringing relay. If the fourth dash (or any other dash) is too long the re.
store coil is energized on the stepping relay

PREVENTING OVERCHARGE OF 6 VOLT BATTERY

When the ship is in port or drydock or if the auto alarm is in use for only a few hours
each day, the 6 volt storage battery may become overcharged. To avoid this use one charging
resistor .f the alarm is in use only a short time daily. In port or in drydock remove both charg-
ing resistors by unscrewing from sockets.
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CHAPTER 27

Short Wave
Receiver Principles

As short waves perr % the reception at much greater dis-
stances than that wit! longer waves, regularly employed by
commercial broadcasting stations, it has become the practice to
transmit important programs simultaneously on both long and
short waves.

Generally a radio program received at a frequency at or
above 1,500 k.c. is classed as short wave reception, and the
simultaneous trans