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Preface

A complete reference to the many subjects in the general category of sound record-
ing and reproduction has long been wanting. The need for ready reference on audio
in all of its many phases has been repeatedly expressed by the audio engineer, the
audiophile, sound technician, student, recordist, PA service technician and others
engaged in the recording or reproduction of sound by means of disc, tape, wire or
film,

Numerous articles have appeared in technical and non-technical journals cover-
ing various aspects of sound and their relation to recording techniques and methods
of reproduction. Scattered as these articles are, it becomes a problem of continuous
research and reference to hunt through such material, both foreign and domestic, to
locate information on specific subjects in so wide a field.

Accordingly, THE RECORDING AND REPRODUCTION OF SOUND has been written to
cover, in a single volume, all the essential requirements for a complete understand-
ing of all currently employed systems and to include specific data on the components
that determine the final result.

In the design of apparatus for the recording or reproduction of sound, the ulti-
mate destination of the transmitted energy impulses is the human ear. The sequence
of events (including acoustics) occurring from the time sound leaves its source un-
til it arrives at the human ear, is a fascinating subject, rich with interesting phe-
nomena. Acoustics has its inductance, capacitance, resistance; in fact, practically
all the elements found in electrical circuits. It is our purpose to discuss acoustics
insofar as it applies to the explanation or use of specific apparatus.

The recording and reproduction of sound is a complex subject embracing many
methods and techniques. New developments are increasing practical applications for
sound reinforcement, and magnetic recording units have proved their capabilities
for use in the studio, in the home and in commerce. Microgroove records are con-
tributing better music at lower cost to the masses. Magnetic pickups of the variable
reluctance type have proved their worth and new reproducers offer true fidelity
reproduction.

The text of this volume includes an abundance of information for those primarily
interested in getting the finest possible reproduction from all forms of recorded
media. Complete systems are included and a wide choice of amplifiers is presented so
that the reader may make his own selection to suit his own particular requirements.
The book emphasizes subjects known to be of greatest interest to those engaged in
the recording or reproduction of sound. It has been written at semi-technical or
non-technical level, wherever possible, and a practical viewpoint has been taken in
presenting the material. Finally, the book contains essential history which serves
as a background for a complete understanding of the many methods and techniques
employed in recording and reproducing sound.

The author wishes to express his appreciation to the following for their help in
supplying photographs and other material used in this book:

Aerovox Corporation Fairchild

American Standards Association Fidelitone, Incorporated

Armour Research Foundation General Electric Company

Berlant Associates Indiana Steel Products Co.

Brush Development Company Magnecord

Columbia Minnesota Electronies Corp.

Eicor, Inec. Minnesota Mining & Mfg. Corp.
Electro-Voice National Association of Broadcasters
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CHAPTER

Behavior of Sound Waves

The behavior of sound waves—introduction to the history,

development, and applications for the recording and reproduction

of sound. Mechanical, electrical, and electronic methods will

be covered, including sound on wire, dise, tape, film, ete.

® To fully understand the many prob-
lems which enter into the recording and
reproduction of sound, we must first
take into consideration the basic con-
cept of sound. We must understand and
fully appreciate the characteristics of
sound or we cannot apply satisfactory
techniques to obtain a true facsimile
of the original sounds we expect to re-
produce.

Webster defines sound as follows:
“Sensation due to stimulation of the
auditory nerves and auditory centers of
the brain, usually by vibrations trans-
mitted in a material medium (com-
monly air) affecting the organ of hear-
ing-vibration energy which ocecasions
such a sensation. Sound is propagated
by progressive longitudinal vibratory
disturbances (sound waves).”

Thus, it becomes apparent that the
source of sound lies in the realm of
physics, while the effect of sound is a
physiological consideration. The engi-
neering of sound consists of controlling
the cause so as to produce the desired
effect.

The theory of sound waves may be
explained in simplified form thusly: If
a small stone is dropped into a pool of
still water, waves will be set up which
will travel in all directions away frem
the point of impact. If our original

stone were small in physical size, only
waves small in height would result.
However, if a large stone were dropped
into the still water, we would discover
that we have generated waves having a
greater height. The up and down move-
ment of the waves represents the ampli-
tude or the intensity of the waves.

Differing from the behavior of water
waves, sound particles of air do not
move up and down and across in the
pattern in which waves move but all
move in the same direction. These par-
ticles of disturbed air literally bump
one another as they travel through
space. The air, therefore, is alternately
compressed and rarefied.

The number of waves passing any
fixed point per second represents the
frequency or number of waves per sec-
ond. Therefore, the frequency depends
upon the number of waves traveling
past one spot during an interval of one
seecond. If we tie a string to a stone
which is immersed in still water and
move it up and down at the rate of 100
times per second, we will send out
waves from the point of impact at the
rate of 100 per second. In the study
of acoustics we refer to frequency in
terms of cycles per second, abbreviated
cps.

Now suppose we took a large stone
and moved it up and down very slowly

lll



Recording and Reproduction of Sound

in and out of the water, we would then
set up waves at a lower frequency, but
due to the greater displacement of the
water by the object, we would create
waves of greater amplitude.

The top of the wave is referred to as
the crest, while the bottom is known
as the trough. One cycle, as far as one
wave is concerned, would be one com-
plete wave beginning from its normal
still point, building up to a crest, pass-
ing again through its still point, down
to the lowest point, the trough, and its
return to its normal position. See Fig.
1-1D.

Sound waves are not limited to but
one frequency. In fact the speaking
voice is made up of a variety of com-
plex waves. These are continually vary-
ing in both frequency and amplitude.
In other words, if we raise our voices
in pitch, we are actually increasing the
frequency and the louder we talk, the
greater will be the amplitude of the
sound waves sent out by our speaking
mechanism.

All sound waves are composed of fre-
quency, intensity, periodicity, and wave-
form.

1. Frequency is the speed of vibra-
tion or number of complete cycles per
second. Frequency also determines
pitch. If we double the speed of vibra-
tion, we raise the pitch one octave. For
example, a note having 1000 vibrations
(cycles per second) would be raised by
one octave if the frequency were dou-
bled to 2000 cps.

2. Intensity is the amplitude or power
of vibration. Intensity therefore deter-
mines the loudness of a sound. If the
pressure of a sound wave is doubled in
intensity, we increase the power by
about 3 decibels. The decibel is a ratio
of power, voltage or current and not a
quantity.

In the behavior of sound waves vari-
ous ranges of intensities and pressures
are so great that it is necessary to have
some means which will conveniently
measure volume or amplitude. The deci-
bel is a unit used for expressing the
magnitude of a change in either a
sound level or a signal level. One deci-

bel is the amount that the pressure of

a pure sine wave tone must be changed
in order for the change to be just barely
detectable by the average human ear.
The amount of change in power level
expressed in decibels is equal to ten
times the common logarithm of the
ratio of the two powers.
db. =10 logm P1/Pz

3. Periodicity is the lack of, or the
existence of, rhythm in sound. There-
fore, musical sounds are periodic, while
street noises, the jingle of keys on a
chain, ete. are non-periodic.

4. Waveform is a direct pattern of
vibration. Most fundamental sound
waves are modified by secondary vibra-
tions, The timbre of sound is deter-
mined by the waveform. Thus it is pos-
sible to distinguish particular notes
played on various musical instruments
such as the violin and the flute.

Distortion

If a microphone, radio tuner, pickup,
amplifier or speaker is incapable of re-
producing a true picture of the original
sound waves, distortion will occur. This
distortion may come from either me-
chanical or electrical defects in the sys-
tem. Mechanical distortion may be
caused from such conditions as having
a needle in a phonograph pickup move
because it has not been tightened thor-
oughly by means of the needle set screw.
In other words, vibrations set up within
the pickup could not transmit or move
the needle in perfect cadence with the
original electrical vibrations. The
needle would be permitted to move
freely and to follow random vibrations
of its own choice instead of moving in
perfect unison with the armature in
the pickup.

Many reproducer (loudspeaker) cones
vibrate at some particular frequency
not found in the music that is fed to
the speaker for reproduction. The re-
sulting buzzing effect would be a form
of mechanical distortion. The above
illustrations are typical but many oth-
ers may be encountered throughout the
equipment if care is not exercised to
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Fig. 1-1. lllustrating the characteristic behavior of wave motion; (A) sine, (B) periodic, (C) random,

(D} one cycle and (E) harmonics.

adjust each and every part which might
cause mechanical distortion.

Generally speaking, a sound is said
to be distorted when the waveform is
altered in transmission or when the in-
tensity of any frequency is suppressed
or exaggerated out of its natural pro-
portions.

Eleetrical distortion is caused by the
inability of the microphone, amplifier
or speaker to give a true reproduction

(facsimile) of frequency. For example;
the delicate diaphragm on a microphone
may become warped from excessive
heat, etc. As pressure from the sound
waves strikes this distorted diaphragm,
the resulting currents would become
distorted. There are many forms of
electrical distortion. A poorly designed
amplifier, overloaded audio stages, im-
pedance mismatching and improper
biasing will all result in electrical dis-
tortion.
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The Ear

There are three main divisions to the
human ear: (a) The outer ear, which
is made up of the visible portion of the
ear and the canal which is not visible.
(b) The middle ear, which is the re-
ceiver for sound approaching the ear-
drum and the conducting media for
sounds through a chain of three small
bones (the ossicles), to the inner ear.
(¢) The inner ear is the delicate con-
tainer filled with fluid in which is im-
mersed the nerve ends which perceive
sound and which also transmit mes-
sages to the brain. The part of the
inner ear that perceives sound is called
the cochlea. There is still another part
of the inner ear in the form of semi-
circular canals which give us our sense
of balance.

In the transmission and reproduction
of sound, consideration must be given to
the human ear as a transducer (here
the sound waves are transformed into
a stimulus for the auditory system).
The ear exhibits certain non-linear
characteristics which affect the fidelity
with which sounds are received. For
instance, harmonics of a fundamental
tone are generated at different intensity
levels. This may be compared in a
sense to higher resonant modes of vi-
brating mechanical systems and their
general effect is to reduce fidelity of
the original tone.

There is a definite phase effect exist-
ing between the sound wave and gen-
erated harmonies in the ear and the
effect contributes to the distortion ex-
perienced in hearing. As may be ex-
pected, there are definite intensity lim-
its between which speech and music are
reproduced with perfect fidelity.

There are many factors affecting the
quality of a tone. Among these are the
harmonic content, pitch, and intensity.
The quality of a tone is also called tim-
bre and should be distinguished from
fidelity. Timbre is a relative quality of
sound while fidelity is a true measure
of the accuracy with which a sound is
reproduced. While much has been done
in measuring timbre, the results are

subjective. “Full,” “Rich,” “brassy,”
“metallic” are some of the ferms used
in describing the timbre of a sound.

Speech has a frequency range of
from approximately 100 to 8000 cps.

Sounds having very low frequencies
possess the most power and result in
naturalness and apparent loudness.
High frequency sounds provide intel-
ligibility, If we eliminate all sounds
below 1000 cps we take but little from
the clarity of the sound, but we do
notice that the sound appears to be un-
natural. However, if we eliminate
sounds above 1000 cycles, we find that
the speech is unintelligible but, as far
as volume is concerned, there is little,
if any, apparent change.

Speech may be considered as a series
of periodic sound waves, emitted in a
certain sequence. Association of par-
ticular sound sequences with particu-
lar ideas is the distinguishing feature
between speech and noise. The so-
called “scrambled” speech systems serve
as an excellent illustration of this point.
In such a system, spoken sounds are
distorted by specially designed circuits
and then transmitted in the distorted
form. The receiver must have a recti-
fying circuit to convert the wave im-
pulses back to their original undistorted
form rendering it intelligible to the
human ear.

Music

That sound we choose to call music
consists of a sequence of single tones
or a sequence of several tones played in
unison. Pure single tones are harmonic
in waveform and the key or pitch is

Fig. 1-2. Diagram illusirates keys of a piano
keyboard and shows tempered scale for one
octave on each side of middle C.
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determined by the frequency (with cer-
tain modifications to be discussed later).
The scale is an ascending series of tones
with definite frequency intervals. Fig.
1-2 shows a portion of a standard piano
keyboard for one octave on each side of
middle C. The frequencies noted repre-
sent a so-called tempered scale which
divides an octave into twelve equal
intervals. The relative frequencies of
the tempered scale (omitting sharps
and flats) are shown below for one
octave:
Relative

Y Frequency

1.000

1.122

1.260

1.325

1.498

1.682

1.887

2.000

The combinations of two or more
tones make up a periodic composite
sound. Here again the psychological
phase of music shows up, for if the
new sound is pleasing to the ear, it is
called harmonious. If, on the other
hand, the sound is irritating, the com-
bination of tones is said to be in dis-
cord.

AwproHEEgQ D

Frequency Range

If a tone is maintained at a constant
intensity but its frequency is raised
and lowered, high and low frequency
points will be reached beyond which
there will be no sensory perception by
the ear. Generally this frequency range
extends from 30 to 16,000 cps. The
frequency range for conversational
speech is from about 100 to 8000 cps,
as mentioned previously. In terms of
power, conversational speech will vary
over about 50 db. and the intensity of
the loudest sound will be about 100,000
times that of the weakest.

A large symphony orchestra, with
instruments producing an abundance
of bass notes and overtones extends
over practically the entire frequency
range of the ear—30 to 16,000 cps.

The over-all volume range of a sym-
phony orchestra from the softest pas-
sages through the loudest passages and
peaks runs about 70 db. or an intensity
range of 10,000,000 times.

Reproducing systems for highest
fidelity should have a frequency range
that is uniform from about 30 to 16,000
cps and a volume range of 70 db.

Of equal importance, the original
sounds must be reproduced at the same
power levels as were present in the
studio. This is important if proper
balance between the lower and higher
frequencies is to be maintained.

When a sound is reproduced at a
higher level than that of the original,
the low bass frequencies will appear to
be accentuated. If the sound is repro-
duced at a lower level than the original,
bass frequencies will appear to be at-
tenuated (suppressed) with respect to
other portions of the frequency spec-
trum.

Noise

Noise is usually considered to be
random sound waves with little or no
periodicity. That does not completely
define noise for certain “noises” are
associated with certain commonplace
events; for instance, the creaking of
doors or gates, the clicking sound made
by walking on a hard surface with
leather heels, ete. The hum of an elec-
tric motor is considered noise, yet an
analysis of the sound by means of an
oscillogram would indicate a definite
periodicity. Again it seems that the
distinction between the classification of
sounds is psychological in origin and
relative to the observer.

The Technical Aspects of Sound

Sound is usually characterized as
wave motion of which there may be
three forms, namely, harmonie, peri-
odie, and random.

Waves are propagated disturbances
and may be transverse or longitudinal,
depending upon the direction of the
disturbance.

In a transverse wave, the particles
of the medium vibrate in a direction



Recording and Reproduction of Sound

perpendicular to the direction of propa-
gation. For example, in a water wave,
the individual particles of water move
up and down, while the direction of
wave motion is along the surface, or
perpendicular to the particle motion.
Thus, a water wave is a transverse
wave,

A longitudinal wave is so named be-
cause the particles of the medium vi-
brate in a direction parallel to the di-
rection of propagation. In a sound
wave, for example, the individual par-
ticles of air move back and forth in
the same direction that the wave is
traveling. Thus, a sound wave is a
longitudinal wave.

A wavefront may be classified as
plane or spherical. Since a wave in
general spreads out uniformly in all
directions from its source or origin, the
wavefront will be spherical close to the
source, However, at some distance from
the source the curvature is practically
zero, and the wave is considered to be
a plane wave. If a pebble is dropped in
a still pond, circular waves will spread
out in all directions, but by the time
they have traveled a considerable dis-
tance, the waves will be essentially
straight. Thus, a wave which starts
out spherical (or circular in two di-
mensions) eventually becomes essen-
tially a plane wave.

Harmonic Motion is a wave pattern
of the sine curve type illustrated by
Fig. 1-1A. All harmonic motion can be
deseribed by an equation of the form:
y = A sin ot where: y = displace-
ment of the disturbance, 4 = maxi-
mum displacement (which occurs at
90° and 270°), @ = circular frequency
(to be defined in detail) in radians per
second, { = time after disturbance is
initiated.

Periodic Motion is a wave pattern
compounded from two or more har-
monic motions of different frequencies
as in Fig. 1-1B. Periodic motions are
analyzed by determining the various
harmonic components. The character
of any periodic motion is controlled by
the number and magnitude of its vari-
ous harmonic components.

Random Motion is a conglomeration

of harmonic motions exhibiting little or
no periodicity. Speech, squeaks, scrap-
ing, etc., all produce random motion
unless they are sustained for long pe-
riods. The number of harmonic com-
ponents is so great and their duration
is so irregular as to make the harmonic
analysis of random motion a practical
impossibility. A typical wave pattern
of random motion is shown in Fig. 1-1C.

Harmonic and periodic motions have
certain defining characteristics which
must be considered. These are:

Cycle, which is a sequence of events
or motions that recur in exactly the
same order in certain time intervals.
For example, the motion of a pendulum
started from one side, allowed to swing
to the opposite and back to the start-
ing side, comprises one complete cycle.
This is illustrated in Fig. 1-1D.

Period is the time required for the
motion to complete one set of recurring
values, or one cycle. It is usually de-
fined by the symbol 7.

Frequency is the rate at which the
cycles recur and is usually presented in
one of two ways. If the frequency is
given as , it is known as the circular
frequency and has the dimensions,
radians per second. The frequency may
also be given as cycles per second or
the symbol f in which case it is con-
nected to the circular frequency by the
relation: f = w/27.

Wavelength is the distance between
two corresponding points on harmonic
or periodic waves (Fig. 1-1A) and is
denoted by the symbol A,

Fundamental Frequency is the low-
est component frequency of a periodic
wave motion,

Harmonic Frequency or overtone,
when applied to musie, is that com-
ponent of a periodic wave motion whose
frequency is an integral multiple of the
fundamental frequency.

Sub-Harmonic Frequency 1is that
component of a periodic wave whose
frequency is an integral submultiple of
the fundamental frequency.
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Behavior of Sound Waves

From a purely physical concept,
sound can be considered as an altera-
tion in pressure, displacement of par-
ticles, or the velocity of particles in
elastic media. These pressure or ve-
locity changes are produced by a trans-
ducer, which is an electromechanical
or electroacoustic system for convert-
ing electrical vibrations into mechan-
ical or acoustical vibrations respec-
tively. Microphones and loudspeakers
are typical transducers as is the sound-
ing diaphragm of Fig. 1-3. The moti-
vating source for the diaphragm can
be mechanical (as shown) or electrical
as in the case of a loudspeaker. Since
sound is a particular type of wave
motion, it becomes desirable to consider
particular behavior of waves.

DIAPHRAGM

DRIVING
SOURCE

Fig. 1-3. Sound waves created by the move-
ment of a mechanically-driven diaphrogm.

1. If two harmonic waves pass
through the same point while vibrat-
ing at the same frequency, the resultant
wave formed by adding the displace-
ments will also be a harmonic wave.

2. Conversely, any harmonic wave
can be resolved into a number of com-
ponent harmonic waves. This principle
is covered by Fourier’s Theorem.

3. If two harmonic waves start at
the same point and experience similar
displacements at the same time, they
are said to be in phase with each other,
However, if one wave lags or leads the
other, then they are said to be out of
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Fig. 1-4. The combinotion of two harmonic
waves vibrating at the same frequency.

phase (Fig. 1-4B). It is customary to
denote phase difference in angular units
as that part of 360 degrees or 27
radians.

Almost everyone has witnessed some
example of wave interference. For in-
stance, in Fig. 1-4A, the component
waves (both are identical and appear
as one) form a harmonic wave at twice
the original amplitude. This is said to
be constructive interference. In TFig.
1-4B the component waves are of the
same frequency and amplitude but 180
degrees out of phase, and therefore,
cancel each other in what is called
destructive interference. The resulting
wave caused by the superposition of two
waves of almost, but not quite the same
frequency as in Fig. 1-4C has the char-
acteristic of beats, i.e., alternate periods
of constructive and destructive inter-
ference. Beat phenomena are particu-
larly important in their application to
superheterodyne reception.

When two identical waves travel
with the same speed but in opposite
directions, the resulting wave is known
as a stationary or standing wave. While
there is no translational motion, the
vibratory displacements persist. The
displacements are of equal magnitudes
for distances one-half wavelength apart
and the wave takes the form shown in
Fig. 1-5A at some particular time and
then reverses as shown in Fig. 1-5B. As
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Fig. 1-5. lllustrates displacement of waves.

can be seen from the figure, certain
portions of the wave experience little
or no displacement. The points of maxi-
mum displacement are called anti-nodal
points or loops and the points of zero
displacement are called nodal points.
Standing waves are of great impor-
tance in the theory of antenna design.

The Speed of Sound

The speed of sound in any medium is
a function of the density and elastic
qualities of the medium.

The variation of the speed of sound
with temperature is expressed by the
formula:

/ t
Vi=Von 1+ —
273
where:
Vi=velocity at temperature ¢
Vo=standard velocity at 0° C
t=temperature in degrees C

The speed of sound in air at one
atmosphere pressure at 0° C is approx-
imately 1088 ft/sec. while at 100 atmos-
pheres the speed of sound is 1150
ft/sec.

Pitch and Intensity

The pitch of a sound is best char-
acterized by its frequency (Fig. 1-6) ex-
cept for certain psychological effects.

The audible range is known to be be-
tween 16 and 20,000 cycles per second,
but the average ear does not hear below
30 cycles per second nor above 16,000
cycles. However the piteh, as received
by the human ear, is not a direct fune-
tion of the frequency but varies with
the intensity, This effect has been in-

vestigated in considerable detail by
Fletcher.!
While intensity is popularly con-

sidered to be synonymous with loud-
ness, a distinct difference exists be-
tween the two. The former is a pure
physical quantity while the latter is
psychological in origin. In a strict
physical sense, intensity is defined as
the average rate of flow of energy per
unit area in a direction normal to the
rate of flow. It is expressed by the

formula:
(Pm az )2

2906

where Pmez — the maximum pressure
developed above the steady pressure
for no disturbance, ¢ = wave velocity,
po = medium density, I = intensity in
watts/sq.cm.

The equation may also be written in
the form:

1

I = - poc ©? dmaz
2
where dmaz = maximum displacement
and © = circular frequency = 27f.
For acoustic measurements, the

choice of the equation depends on
whether the recording instruments re-
spond to pressure or displacement vari-
ations.

Current practice now employs the
decibel as a relative measure of inten-
sity. The bel (so named after Alexander
Graham Bell) is defined as follows:

I
b= IOg'm —
I,
where I, and . are the absolute in-
tensities.

The bel is a large unit, an intensity
ratio of 10 to 1 being equivalent to
only 1 bel. This would mean dealing

'Fletcher, H., “Speech and Hearing,”
D. Van Nostrand, New York, 1929.
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Fig. 1-6. Frequency range of musical instruments and those covering the human voice.

with rather small numbers, so it is
customary to use the decibel, which is
one tenth of a bel. Thus the numbers
with which we deal are 10 times as
large when speaking of bels. To con-
vert to decibels, the value in bels must
be multiplied by 10. Therefore:

I
db. =10 logm _—

2

An intensity ratio of 10 to 1 would
thus be equivalent to 10 db., and 3 db.
would be equivalent to an intensity
ratio of 2 to 1.

On the other hand, the loudness of a
tone is a function of its frequency and
intensity and can be defined as the
magnitude or stimulus it creates in the
auditory system. This implies a rela-

tive measure of loudness and some
reference level must be established for
comparison. The tone emitted at 1000
cycles at 0 db. is taken as this level and
the loudness of any particular tone is
determined by adjusting the reference
tone until it sounds as loud as the one
being tested. The increase in intensity
of the reference tone is interpreted in
terms of loudness units. Fletcher and
Munson have done much work along
this line and their results have been
published in the “Journal of the Acous-
tical Society of America” Obviously,
a certain amount of human error is
bound to be injected into such measure-
ments; however, correlation by statis-
tical methods has yielded some very
valuable information.



CHAPTER

History of Acoustical Recording

The history of “acoustical”’ recording machines and the
transition to our present-day so-called “electrical”’ recording
heads of the capacitive, magnetic, and crystal types.

® The great American inventor
Thomas Edison, back in 1877, stumbled
across what was to become the first
recording and reproducing system. Edi-
son used an acoustical method for re-
cording and reproducing sound on a
wax roll. Commercial use was not
found for this invention until several
years later when the Ediphone, a busi-
ness dictating machine, was developed.
Correspondence and other intelligence
could be recorded on this unit and later
transcribed from the wax cylinders.
The early models utilized cylinders
which could be used only once, but later
ones were developed with a very thick
coating of wax so that previous sounds
could be scraped from the surface and
the new surface reused.

The record industry had its origin
in 1855 with Leon Secott’s “Phonauto-
graph”. This was not a practical means
for recording or reproducing sound as
about all this machine could do was to
trace grooves in lampblack.

The granddaddy of the present Dicta-
phone machines (shown in Fig. 2-1) was
invented by Alexander Graham Bell and
two associates in 1881. His machine
employed a heavy metal casting to
which was mounted a heavy steel rod,
part of which acted as a “feed screw”
to move the acoustical diaphragm in a
horizontal plane. A wax coated cylin-
der was mounted to the shaft which,

10 -

on Bell’s invention, was hand-driven by
a crank. This historic machine was
removed from its vault in the Smith-
sonian Institute on October 27, 1937,
where it had remained for 56 years.
The wax cylinder when replayed re-
vealed the following:

“The following words and sounds are
recorded upon the cylinder of the
Gramophone . . . tra tra . .. There are
more things in Heaven and earth,
Horatio, than are dreamed of in our
philosophy . .. trr ... I am a gramo-
phone and my mother was a phono-
graph.”

Later in 1885 the Volta Laboratories,
controlled by Alexander Graham Bell,
began filing new patents to make the
invention commercially successful. The
American Gramophone Company was
organized in order to serve a market
for these machines, Edison then began
to exploit his machine commercially.!

There were a few patent difficulties
between Edison and Volta. However,
when these were worked out, they be-
came very friendly competitors in this
new field.

Emil Berliner then came into the pic-
ture and to him goes the eredit for the
records and phonographs we use today.
Berliner devised a means for recording

1Walker, Frank B. RADIO AGE.
January 1942,
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Fig. 2-1. The original Bell Gramophone (1881) now in the Smithsonian Institute.

on and reproducing sound from a flat
dise. (Fig. 2-2.) Furthermore, he de-
veloped a means for pressing (making
copies of) records from a master,
rather than taking a chance of ruining
the original disc, as was done by Edison
and Volta. Berliner later became con-
nected with a Camden machinist by the
name of FEldridge Johnson. Johnson
contributed many improvements to the
original Berliner machine.

The Edison and Bell machines both
worked on the same fundamental prin-
ciple. In both cases, the waves set up in
the air by any source of sound were al-
lowed to strike a delicately held dia-
phragm which vibrated under the im-

Fig. 2-2.
featured the use of a wax disc.

Berliner's original machine which

pact of the sound waves, The only dif-
ference was in the method of recording
the sound on the rotating cylinder. In
the Edison invention, the record was
produced by indenting a line of vary-
ing radial depth, while Bell obtained
the record by actually cutting the line
on a blank cylinder. In both cases the
vibrating diaphragm was made to pro-
duce a sound line of varying depth on
the surface of the record.

Berliner, in 1890, took out patents
for further improvements in the Gramo-
phone. In particular were new forms
of diaphragm holders or sound boxes.
One was designed for recording pur-
poses and the other for reproducing.
Even then the Gramophone had not be-
come a commercial article. It was near
the end of 1897 that the first disc record
was manufactured commercially in the
United States. This made the Gramo-
phone popular as a means for enter-
tainment, Instead of a record being
made from an etched metal original, a
disc record made by a new process
which allowed many hundreds of good
facsimile copies to be made from the
one master record could be offered to
the public. The process consisted of
cutting the first record on a disc-shaped
blank of a wax-like material. Later,
a solid metal negative was made bwv
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Fig. 2-3. Old type mechanical reproducer.

electrodeposition. Then followed the
pressing of copies of the original from
this negative in a material which was
hard at normal temperatures but be-
came plastic under heat.

The period that followed was devoted
by several inventors to mechanical im-
provements for the machine. An effi-
cient governor, or speed regulator, was
provided to insure a uniform speed of
rotation of the turntable. The hand-
driven machine was abolished and a
new machine, which was driven by a
spring motor, substituted. The speed
regulator was furnished with an indi-
cator that showed the speed when the
machine was running so that the rec-
ords, on reproduction, could be revolved
at exactly the same speed as the blank
on which the original record was cut.

The sound box also went through a
series of improvements, the inventors’
object being to render the diaphragm
as sensitive as possible, either to the
sound waves of the selection being re-
corded or to the vibrations transmitted
to it from the record dise, as the case
might be. Other improvements were
made in the means of conveying the
sounds recreated in the sound box to
the ear of the auditor (Fig. 2-3). The
old air tube had disappeared to give
place to a small horn. The sound box
was attached to the narrow end. The
next step was to remove the amplifying
horn a short distance from the sound
box and to carry it upon a rigid bracket
on the cabinet of the instrument. The
sound box was connected to the small
end of the horn by a piece of flexible
tubing which allowed the sound box to
move across the turntable and also to be
raised or lowered above the record.
Patents were taken out in 1903 to re-
place this piece of tubing with a paper
arm. A joint in the amplifying horr
itself was also added. The idea was
that while the horn could be located
immediately next to the sound box, the
latter could be moved with freedom
without moving the heavy bell portion
of the amplifying horn. The success of
this invention was immediate and a
tapering sound arm was adopted.

A modern version of this acoustical
technique is shown in Fig. 2-4 A and B.

FIBRE CASE

SPEAKER CONE
(PAPER)

=

PIvOT POINTSUA

RECORD

A

CIRCULAR BOX ENCLOSING
SPEAKER CONE

PIVOT POINTS

v

RECORD
(R

Fig. 2-4, Two relotively new types of acoustical sound reproducers,
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AIR QUTLET TO TRUMPET—’

Fig. 2-5. Construction details of Parson’s
Auxetophone designed for intensifying sound by
means of air pressure.

The Auxetophone

Sir Charles Parsons, English in-
ventor, did much development work on
the Gramophone. He perfected means
for intensifying the sound by using air
valves. Improvements in sound repro-
ducers or intensifiers (as they were
then called) applicable to phonographs,
Gramophones, telephones, etc. were re-
placed by Parsons with the well-known
mica diaphragm and by a very finely
adjusted valve which controlled the
flow of a column of air supplied under
pressure. (Fig. 2-5). The action of Par-
son’s invention, which he called the
Auxetophone, was as follows: As the
needle followed the sinuosities of the
sound line on the record, the valve
moved with it and this opened and
closed the slots in the valve seat through
which the air was rushing. The air
was therefore given minute pulsations
corresponding to the undulations in the
sound record so that sound waves iden-
tical with those originally recorded
were set up in the surrounding air and
traveled to the ear of the hearer. The
valve was mounted on a weigh bar
rigidly connected to the reproducing
stylus bar or needle holder. This weigh
bar was capable of oscillating rotation-
ally only about its own axis. A box
containing a filter was also provided to
insure that the air, before entering the

valve, was perfectly clean. Very fine
adjustments of the valve would be un-
balanced if particles of dust or oil got
into the unit.

Later patents taken out by Parsons
related to musical instruments. Patents
described the use of a valve as adapted
to stringed instruments such as a violin,
violoncello, bass, double bass, piano-
forte, harpe, ete. He replaced the usual
sounding board or membrane by a valve
operated directly by the vibrations of
the strings. The valve was substantially
the same as previously described and,
as applied to a violin, was supported
from a structure on which the bridge
was carried, the sounding board being
removed. On the exit side of the valve
an expanding trumpet was provided
and this was lined with velvet which
had the effect of damping out any
scratching sounds and very high har-
monics.

Parsons’ further contributions to the
art included means for attaching
Gramophone needles to the sound repro-
ducer. He made the hole for the needle
diamond shaped so that when in use the
needle seated itself in the hole by the
pressure between the socket and the
record. To retain the needle in position
when the reproducer was not resting
on the record, he provided a small mag-
net with its poles sufficiently near the
needle to keep it in a slanting position.
Alternately, instead of using a magnet,
a very light spring attached to the
socket arm was used, pressing lightly
against the needle to keep it from fall-
ing out.

Parsons took out other