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in the motion of the disc turntable or the
film-drive sound-sprocket. A separate filter
is used for each purpose; but both are built
upon the same principle. No matter how
much care has been exercised in the design
and manufacture of the machinery, there is
a certain amount of fluttering or irregular
motion, due to the meshing of the gears, ete.
The mechanical filter is designed to over-
come this and deliver an absolutely even
flow of motion, taking up all the shocks,
fluttering and irregularities. Fig. B is a
picture of a Western Electric mechanical
filter for the disc. At one side is the hous-
ing, containing the driving shaft which con-
nects the motor with the worm gear, part
of which is shown engaging the circular
gear.  On the latter are mounted six springs
at three different points. The other ends
of these springs are connected to the turn-
table drive shaft by means of the triangular
part mounted in the center of these springs.
The turntable is mounted directly on this
shaft and the only connection to the driv-
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Fig. B

Disc-type mechanical filter: 1, motor drive

shaft; 2, worm gear; 3, ring gear; 4, springs;

5, turntable drive shaft; 6, triangular connecting
fink.
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ing unit is through these springs. The
difference between this filter and the film-
sprocket filter is that the triangular part
is connected, not to the turntable shaft,
but to a heavy flywheel firmly fixed to the
driving-film sound-sprocket.

In Figure C is shown the Western Elec-
tric universal base, upon which is mounted
everyvthing necessary for one machine to
projeet sound pictures. This machine, when
assembled, may be moved as one complete
unit; thus deing away with the alignment of
various parts, so common with many in-
stallations and with the carlier models of
Western Ilectric sound apparatus.

The positions of the mechanical filters for
film @nd disc is easily discerned; turntable,
reproducer unit and arm, and mechanical
filter are mounted in a suspension arrange-
ment of rubber which absorbs any mechan-
ical vibration of the machine. The shaft
which connects the motor to the mechanical
filter is in two sections coupled by a rubber
hose as an additional buffer.

The Methods of Sound Picture Recording

HE electrical recording of sound re-
quires a method of transforming
sound vibrations into electric cur-
rents; then the transmission, control
and amplification of these currents, and
finally, a method of changing the electrical
energy into mechanical cnergy, so that a
permanent record may be impressed on the
recording  medium—either by modulated
light on a sensitized film, or by the move-
ment of a cutting stylus in soft wax.
In a recording studio, the essential ap-
paratus consists of the microphone pick-ups

By JOSEPH RILEY

on the stage, a mixer and volume control,
amplifiers, recording machines, and a syn-
chronous motor system for synchronizing the
recorders with the cameras.

The stage on which recording is done is
constructed purposely to exclude external
noises by covering the walls and ceiling with
sound-absorbing materials.

As in the broadeast studio, particular
care must be taken in placing the micro-
phones, to record successfully the speech or
music oceurring on the set. However, it
often happens that the problem of locating

Fig. A

A sound-picture staff on the lot; the microphone hangs below the amplificr at the end of the boom.
The cameras used are larger and more complicated than the hand-operated type wsed for silent pictures.

Courtesy United Artists,

the microphones is complicated by the con-
struction of the set, and by the necessity of
keeping them out of view of the camera.
In such a case the “mike” then may be hung
from the ceiling (as in Fig. 13) or sus-
pended from the end of a long boom (as in
Fig. A). 'The microphones used are gen-
erally of the condenser transmitting type;
this is, briefly, a condenser in which one of
the plates is a very thin, stretched sheet of
duralumin, which may be set in motion by
the vibration of the sound waves. ‘The ca-
pacity of the microphone is thus varied,
and a modulation is caused in the eleetrieal
circuit to which the microphone is connected.

Camera hooths are constructed of sound-
proof materials to eliminate camera and
motor noises, but have a clear glass window
in front for the camera to “shoot” through.
In Fig. B a sound-proof camera booth is
shown in an actual studio secene.

The Man Whe Hears

The person responsible for the balance,
quality and volume of the recording is called
the “monitor man.” His duty, is first, to
place the microphones properly after de-
termining  the acoustic conditions of the
set; and he must be, therefore, very familiar
with the action Dbeing photographed. He
then sits in a bay window in the “monitor
room” with a clear view of the stage and,
by means of special horns only, since his
room is insulated from the stage by sound-
proof walls, hears all sounds picked up from
the stage.

The centralized control for the whole sys-
tem is the “mixer table.” Ilere controls are
located for fading microphones in and out,
maintaining volume balance between several
microphones, and regulating total volume;
also for operating communicating systems,
signal lights and relay-control switches. The
monitor man in his room has a visual vol-

ume indicator, to help him keep the sound
1
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volume range within the limits of the re-
cording system. The amplifier room con-
tains the system amplifiers, monitor ampli-
fiers and power-control panels.

If the picture is to be released with the
sound recorded on film, the common prac-
tise is to operate two film recording ma-
chines for the permanent film record, and
one wax recorder for “playback™ purposes.
The use of the wax playback has proved
advantageous to the director and actors for
immediate judging of the dramatic effort

Fig. C
A “frame” of sound motion-
picture  film, ealarged. The
sowad track at the left, betiecen
the sprocket holes and the pic-
ture, represents the sound fre-
quencies  recorded {n syunchro-
uism qwith the action, thongh
not weccssarily on the identical
piece of film, becanse of the
distance separating the optical
camera from the sound record-
tng - device. This may be com-
pared with the film on page 437
of the Marclh issue of Rapio-
Crarr, Hoth record sound fluc-
twation by light and dark areas,

but in different types of
patterns,

Courtesy R. C. A. Photophone,

and the quality of the recorded scene, with-
out the necessity of waiting for the film or
wax record to be completed.  The recording
rooms usually contain two film and two
disk recording machines, which are all
driven in synchronism with the camera mo-
tors on the sct.
Record on Film

Perfect synchronism between the action
and the accompanying sound is inherent,
since the picture and sound record are made
in fixed relation on the same piece of film.
Standard film is used, but a small portion
of the width of the film one-tenth of an inch
wide is used for the sound track (Fig C,
and see also page 457 of Rapwo-Crarr for
Mareh.) The sound vibrations are recorded
in this track as alternate light and dark
lines of varying density. In the projector,
these lines serve as a means for the repro-
duction of the original sound, accurately
synehronized with the aetion,

The vibrations of the air which consti-
tute sound are picked up by the diaphragm
of the microphone. The vibrations of this
diaphragm in turn give rise to feeble elee-
trieal corvesponding in  fre-
queney and strength to the pitech and in-
tensity of the orviginal sound. These weak
oscillations are then amplified enormously
by four or five stages of vacuuwm-tube am-
plification.  The amplifier must have very
faithful characteristics; so that the output
shall be an undistorted copy of the input,
except that it is much greater in volume.
This pick-up amplification is similar to that
of the speech input svstem of a broadeast
station, or of a public-address syvstem.

The output of the amplifier is applied to
a speeinl vacuum glow tube called an “Aeo”
light. This tube glows with bluish-white
light of its normal brightness when a uni-
form direet current of ten millinmperes is
passed through it.  When the sound-modu-
lated output from the amplifier is also ap-
plied to the tube, the glow is alternately
increased and partially extinguished; it fol-
lows the modulating current in frequency,

oscillations,
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for it varies in intensity with that of the
current. The action of this tube is some-
what similar to that of the neon lamp used
in television work. The light from the
“Aeo” lamp then shines through a slit and
optical system (as in Fig. 1) which brings
it to focus on the film, as a fine line run-
ning erosswise of the sound track. Accord-
ing to the modulation applied to the “Aeo”
light, there is produced in the developed
film a series of alternate light and dark lines
whose spacing and contrast depend on the

frequency and intensity of the modulated
current applied to the “Aeo” light. A low
note corresponds to a slow frequency of
sound vibration, and results in a wider spac-
ing of lines on the film. A high note, cor-
responding to rapid frequency of sound vi-
brations, results in a close spacing of the
lines. Relatively pure notes, such as those
from a whistle, give uniform alternate light
and dark lines; while the complex sounds
of speech and orchestra are recorded in
quite complicated patterns.
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A camera similar to those for making
silent pictures is used in the sound-on-film
method.  However certain  modifications
are made to adapt it to recording sound and
picture simultancously. It is provided with
a holder for the slit and “Aeo” light, at a
point where the film moves uniformly, and
with a motor drive (Fig. 2); since it is not
possible to crank smoothly enough for sound
recording, especially at the speed of ninety
feet of film per minute. On the other hand,
the camera must be quiet, so that noise from
its operation shall not be picked up in the
microphones and recorded along with the
desired sound.

Sound on Wax

If the picture is to be released with the
sound recorded on discs, the electrical im-
pulses, after coming from the amplifiers,
are fed into the recording mechanism. The
wiax recording machine used in the Western
Llectric system consists essentially of the
following parts: a motor drive; a reduction
gear, with a belt drive connected to the
lead serew which moves a recorder radially
across the surface of the wax disk; and a
second reduction gear driving a turntable
on which the wax is placed.

Recording is done with an electrical re-
corder receiving its power from the system
amplifiers. The electrical energy drives a
cutting stylus, made of sapphire or ruby,
which must be sharp to insure a clean cut;
since any roughness in the walls of the
groove introduces extraneous noises into the
reproduced sound. In “lateral” recording,
which the Western Electric system uses,
the vibrations are produced along a radius
of the disc record; so that the stylus cuts a
spiral  groove of constant depth, about
0.0025-inch, but of varyving width.

The lateral method of recording is used

Fig. B
Recording a talking picture at R. C. A. Photophone’s Gramercy studio, New York City.
points to the microphone. ’
on the floor marks the area of the picture.

The arrow

The optical camera is behind the screen @t the lower right: the wohite line
The sound is recorded in the sound-proof box at the

loweer left.
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Fig. 1
The system of recording sound on film may be
compared <with that for reproducing it from
the film, shown on page 517. The AEO light
flickers according to the audio modulation of
its current.

almost exclusively in sound picture work.
The original wax is a disc of metallic soap,
from thirteen to seventeen inches in diam- .
cter and about one inch in thickness. This
disc is first given a high polish, before being
mounted horizontally on a turntable which

[nstalling

HEN the local house installed talkies, '

I did quite a bit of the electrical and
mechanical work. Numercus special prob-
lems arose, and it was usually necessary to
consult an expert. If the Service Man has
a knowledge of some of the problems, he is
in a position to make more money.

Sound on film is hardly practicable for
small houses, because of its price and the
technical and mechanieal difficulties. How-
ever, there are several medium-price ($1,000
to $2,000) outfits on the market.

There are two types of disc machines: the
first drives the projector, the second is

INPUT P

e
-+ HORNS = == s

SOUND
SCREEN

N
TO VOLUME CONTROLS

Fig. 2

Two arrangements of the reproducers in a

theater; twoe horns may be scparated by the

screen, but it is better to put four behind a
porons (“sewnd”) screen.
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is driven at a uniform speed of approxi-
mately thirty revolutions per minute (or
less than onc-half the speed of the ordinary
phonograph). At the same time, the disc
is being synchronized with the film being
run through the cameras. On the ordinary
phonograph, the reproducer travels in play-
ing from the outer edge towards the center
of the record; but, in sound recording, the
stylus is made to travel outward from the
center of the disk at such a rate that it
cuts a spiral having the piteh of about one
hundred turns per inch.

As mentioned before, as soon as the wax
has been cut, it is desirable to play it at
once, in order to detect any flaws by the
play-back. This special reproducer is ex-
tremely light, so that it produces no appre-
ciable wear on the comparatively soft wax
record. Then if the wax is pronounced sat-
isfactory, it is dusted with a fine conduct-
ing powder and electroplated, thereby creat-
ing a megative copy of the wax, called the
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AED LIGHT

Fig. 2
The sct-wp for a “talkic’” studio; the micro-
phone conncets thronwgh the amplifier with the
apparatus of Fig, 1, which is in the base of
the camcra, and operates on the unexposcd
side of the synchronous film,

“master” record. DBy successive clectroplat-
ing steps, duplicates of the “master” are
obtained. These are known as “stampers,”
from which large quantities of playing rec-
ords may be pressed. By taking the proper
precautions during these processes, the
acoustical fidelity is preserved.

“Talkies’’ In a Small Town

By ROBERT HAVILAND

driven by the projector. The Vitaphone is
usually chosen to represent the first, and
some smaller outfit, such as the Mellophone,
is taken for the second type. The first
sells for about $10,000 complete, and the
second for about $1,000. There is some dif-
ference in tone, and much in amplifier
capacity.

The disc is a 16-inch record, turning at
about 33 1/3 R.P.M.; the record tracks
from the center to the edge. The film runs
through the machine at the rate of 90 fect
per minute. The main drive shaft turns at
90 R.P.M.

The aunditorium of the house here is 65
x 22 x 11 feet; according to the rule below,
no acoustical treatment was necessary.
However, the back wall was covered with
acoustical “Westfelt.” It was found that
the sound was improved, with an audience
below the average, and that noise from the
projection room was reduced.

(The rule for determination of acoustical
treatment, given through the courtesy of
the Western Felt Works, is:

Find the total “cffective audience” by a
formula which adds to the average number
of persons in the hall on an ordinary night,
one for each ten square feet of tapestry,
seventeen feet of carpet, three empty up-
holstered chairs or 14 empty plain chairs.
This is to give the equivalent sound absorp-
tion of the contents of the theatre. The
acoustic felt absorbs as much sound as one
person, with 22 square feet of 1/4-inch ma-
terial, or 12 square feet of 1/-inch. The
“effective audience,” thus found, is sub-
tracted from the quotient of the number of
cubic feet, in the auditorium, divided by
150. The remainder is then multiplied by
12, to get the number of square feet of
Yo-inch material needed to equalize the
acoustic conditions.)

A Samson “PAM 17 was used for the
amplification; the house is small, so that
this model was found to give ample volume.
Bigger houses require a larger amplifier;
any manufacturer will supply data. It is

necessary to add input, output, and im-
pedance-matching  transformers, switches
and faders to any self-contained amplifier,
A volume indicator is very helpful at all
times.

The turntables were located under the
lamphouses of each machine; a larger motor

REWIND
TABLE

Fig. 1
Arrangement for the sound-on-disc apparatus
of the booth as twired by Mr. Haviland, It
may be seen that compactness was uccessary,

or weighted turntable will reduce the
“flutter.” Twisted leads were run from the
pick-ups to the fader, and from the fader
to the amplifier. (Illustrations of apparatus,
fully explaining all terms, are contained in
the articles on Modern Sound Projection,
which began in the February issue of Ranio-
Crarr.—Editor.) It may not be necessary
to shield these, but this reduces pick-up of
A.C. hum from the supply line to the pro-
Jector; LBX, with a flexible, braided cover,
is excellent.

Low-priced faders cut off the frequencies
necessary for best reproduction, Amplifiers
fall off in amplification on the high and the
low frequencies; if the output impedance

(Continued on page 535)
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“Talkies” in a Small Town

(Continued from page 520)

of the fader does not match the input im-
pedance of the amplifier, these frequencies
will be even more reduced. A constant-im-
pedance fader deercases the resistance from
pick-up to amplifier as it is turned on; but
it does not change the resistance across the
pick-up or amplifier terminals.

To switch in the “non syne,” a D.P.D.T.
switeh is used; two non-syne turntables may
he used with a fader between, Fig, 1 shows
the general layout, omitting the projectors.

The output of the amplifier is fed through
a Samson “012” transformer into another
pair of twisted leads. (In large houses, a
ruck-and-panel installation is best.) This
pair of leads is connected through the out-
put panel by parallel leads to each speaker.
Thach lead should have its own volume con-
trol of the constant-impedance type, of
course.

The speakers used are two Temple “Air-
Chrome,” a large one for low notes and a
smaller one for the high frequencies. Dy-
namics could be used, but I never could
understand the fuss over dynamics. If you
use horns, take a tip from W. I.; they
use a small horn for the high notes, and
two larger horns for the low notes. It
seems that the small horns have a high
cut-off frequency, while the larger ones sup-
press the high notes because of their very
long air column.

The two speakers ave placed on ecither

side of the screen (as shown in Fig. 2),

giving good illusion. If four speakers are
used, a “sound screen” is necessary. The
speakers are adjusted for volume and angle
until the reproduction is best; the volume
should be as low as possible.  Installation
is largely a trial-and-error method.

GROUNDING THE BOOTH
By R. E. Norris

S(JME time ago the local theatre man de-

cided to install an amplifier and dise
apparatus to furnish music for his theatre;
and I, as the local Service Man, was na-
turally called into consultation. Mr. Theatre
Man was easily convinced that his equip-
ment should he bought with the idea of
utilizing it later for talkies.

With record amplifieation, we had no
trouble; but, when he bought the “talkie”
equipment, our difficulties started.

First, the arc lights had to be changed
to Mazdas:; then, we found that we ecould
get no volume out of the pick-ups through
the fader attached to the metal-lined walls
of our booth, though we used standard por-
celain insulators and plenty of separation
between wires. We were in touch with vari-
ous parts manufacturers who, in all fair-
ness it must be said, tried to help us as
much as they could. We also talked to
several experts in nearby cities without re-
sults. TFinally, as a last resort, the iden
oceurred to us to ground the lining of the
booth—and the job was done! Not only did
our volume from the machine fader come
up, but our speaker controls, local and re-
mote, then behaved as they should.

Another trouble we encountered was poor
reproduction of music from the dises, which
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