HOW TO CONDUCT
A SOUND-ON-FILM

RECORDING STUDIO

The studio described by Mr. Queen enables
you to make (I) synchronized lectures, (2)
theatre ftrailers, (3) news events reels, (4)
screen tests, (5) recordings of scientific ex-
periments, (6) home movies (reduced to 16
mm. size), (7) commercial or advertising pic-
tures, (8) short featurettes, and (9) non-syn-
chronized recordings.

THE STUDIO *

I . Q U E EN T PA RT I I

ART I OF this article described in detail the principles

of the various methods of sound recording. Now, in

this Part, we are ready to discuss the problems of set-

ting up and maintaining the studio and the operation of
a typical modern sound-recording outfit. This apparatus has
been in continuous use for the past year in the production of
talking trailers, screen tests, talkie news shots, ete. A double
35mm. recording system is used. The results have been
excellent and compare favorably with regular feature
productions.

ACOUSTICS

A knowledge of the principles of acoustics is of great
importance for proper operation of a studio. In the case of
talking pictures, sound-proofing is of even greater importance
than in broadcasting. This is due to the fact that the miero-
phone will usually be placed at a relatively greater distance
from the subject, so that it will not be in the camera field.
The ratio of original sound to reflected sound is thus greater.
Also, the reverberation period of the theatre in which the
film is projected is added to that of the recording studio,
when the film is reproduced.

It is known that sound waves are reflected from most
smooth surfaces. In the case of a closed room the sound is
reflected from the several walls, ceiling and floor until the
sound energy is dissipated. If the length of time between the
start of the sound until it is inaudible is comparatively long.
either a bad reverberation or an echo will result, that is,
syllables will be superimposed over each other. Also, most
rooms have a period at which they will resonate more freely
than others. This also causes distortion of the sound input.

The remedy for this lies in sound-proofing. If the walls,
ceiling and floor are covered with sound absorbent material,
the energy will be quickly damped (transformed into heat
energy). It is possible, however, to sound-proof a room to an
excessive degree so that the room will sound “dead” and
unnatural. Experiment usually determines how far sound-
proofing can be carried.

Among the more commonly used materials, with their
absorption co-efficients are the following (An open window
is taken as 1. since it will absorb [that is, transmit] all the
energy striking it and return [that is, reflect] mone to
the room.):

+ Acousti-celotex 46
Rock wool .80
Felt .66
Velour 45

An aundience in the studio will greatly contribute to the
absorption of sound, also. A carpet usually covers the floor
where it will not lie in the camera field.

STUDIO TECHNIQUE
A typical studio would have approximately the following
dimensions: 25 ft, wide, 45 ft. long and 15 ft. high. A larger
(Continued on page 430)
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That the Sun moves
north as men travel
south, until finally it
shines continuously
in the north,

For 1,500 years men
faughed at the “gullibil-
ity" of the ancients, until,
by sailing past the Equator,
Europeans of the Middle Ages
DISCOVERED what the Egyptians KNEW thousands of
years before.

Suppressed Knowledge of Ancient Sages

—lost to the world for 3,000 years, but preserved by the FEW
who could appreciate and use it —is available to you, through
association with the Rosicrucians.  Their unique and success-
ful methods of mastering life’s problems and developing
Personal Power are even more effective today. Try their for-
mulas on your own personal and practical problems,

Successful ?—Happy?
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capable? Are you going through life with your greatest assets
—social, business, intellectual —locked in a chest, without
looking for the key?

Send for a Free Copy of “The Secret Heritage.” It may
open up a new world of personal satisfaction and practical
achievement; it might have a startling effect upon your own
Juture. It is sent free to the serious. Address Scribe E.2.0.
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San Jose California
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room will bring ecomplications due to excessive
reverberation unless adequate precautions were
taken and would be unnecessary for most pur-
poses. At one end of the room are built 2 booths,
ench about 4 by 7 ft. These booths are covered
with sound-absorbent material with the exception
that in the doors (facing the studio) each has
a glass window 2 f{, square at eye-level.

One booth is for the camera-man and his
eamera, while the other houses the recordist
and the recording apparatus, Both technicians
ean thus wateh the scene as it takes place and
no noise from the motors in the booth can be
heard outside.

REHEARSALS

Many rchearsals are often necessary before the
seene begins, Unlike in radio broadeasting, the
actors must not only be thoroughly familiar
with their actions but must read the lines from
memory., During the rehearsals, the monitor at
the recording equipment listens-in and may
direct a change in microphone placement or a
slight change in the position of the various props
(propertica—tables, chairs, ete.) to obtain the
clearest sound.

The recording engineer has under his control
a switch for turning on red lights in the studio
and the booths. When the scene is about to begin
these lights are turned on as a warning for
silence. The recordist then presses the switch
which turns on both his recorder and the camera
simultanesously.

The Clap-Stick. An assistant now steps into
the camera field holding up a clap-stick. This
consists of 2 metal plates hinged together wilh
room on the faces for the number of the sccne
and any other information needed later in cut-
ting. This information is photegraphed by the
camera. The assistant now closes the clap-stick
sharply eausing a loud noise, and as scon as he
has stepped out of the camera field tha shooting
of the seene begins, The above procedure is
necessary to synchronize the film. The frame eon
the picture negative showing the 2 metz]l platcs
just closing took place at the instant that the
loud noise caused a heavy overmodulation on tho
track. Since synchroncus metors are uscd and
since the start of the films is known, tlhe sound

and picture films will now match throughout
their length,
MONITORING

There are 3 main pieces of equipment: (1)

the powoer supply, (2) the amplificr, and (3) the
recorder (see the photographs on pg. 415). On
the amplifier panel are 3 major controls. The
left-hand one (A) is the volume contral for the
non-syne. input  (phonograph pickup); the
center one (B) is the volume control for the
microphone ; the third (C) is master control for
the other two. All controls are of the constante
impedance type. At the left side of the panel
is an unealibrated dial (D) to adjust the re-
cording bulb intensity. This bulb is located in the

palvanometer unit. Below this contrel is the
head-set jack (K).
The meter in the center is used both as a

level indicator and as a current meter for the
recording bulb. When the button below it is
depressed it reads on ampere scale, otherwise it
reads in decibels to measure the modulation, Full
modulation iz indicated when the needle swings
to 3 decibels on the peaks. A switch at the right
side of the panel can be used to change-over from
voize to music recordings,

There are 4 special type sockets at the top of
the panel. Left to right, the 1st (F) is marked
“power” and connects to the power supply. The
2nd (G) is connected to the galvanometer socket
in the recorder. It supplies the modulated output,
the D.C. for the recording lamp and the field
eurrent for the clectromagnets. The 3rd socket
{(H} is used for non-syne. input (phono). The
last socket (I) is for microphone. Hum pick-up
is minimized by the separation of power supply
and amplifier into 2 units.

It is the duty of the monitor to wateh the
decibel meter to keep the average modulation at
high level. This is similar to radio broadcasting.
Also it is necessary that he note as often as
possible that the bulb has not burned out, other-
wise many scenes may have to be done over.

PROCESSING

When the recording is completed, the 2 films
are taken from their respective magazines in a

Say That You Saw It in RADIO-CRAFT

dark room and sent to the laboratory for
processing. A different developer i3 used for
ench, The films are then ready for the “cutting’

room where scenes may be shortened, eliminated
or a tchange made in their continuity, Each
change made in the picture negative calls for
an exact and corresponding change in the nega-
tive of the sound, otherwise the synchronization
will be lost.

In splicing film the ordinary splice will not
do sinece it causes a sharp break in the light
beam falling on the photoeleetric eell and a loud
noise. Therefore, a special punch called a
“blooper’ is used. This punches out a section of
the track where the splice is made. The punched-
out section is in the shape of a triangle so that
the beam of light in the projector will now be
interrupted gradually and no sound will result.

The pieture is now ready for printing, that is
the finished positive is to be made. The picture
is printed first, the track section being masked
off in the printer; and then the sound is put
on, the picture part being masked off. The start
of the sound, however, is printed 194 frames or
14.4 ins. AHEAD of the start of the picture.
The reason for this is that in projecting it is
naturally impossible for the 2 apertures to-be
in the same place on the projector. It is neces-
sary for the print to be run through one aperture
and then pass through the other. The standard
adopted has been to place the sound aperture
14.4 ins, ahecd (in the direction of the film
travel) of the piciure aperture. The sound ﬂlm
is now ready for run-cff.

MAINTENANCE OF EQUIPMENT

It is essential that the equipment be kept in
first-class condition at il times. The apparatus
is subject to use at a few minutes’ notice so
that tubes, motors, ete., must be kept inspected
frequently.

This partieular cutfit is sometimes used in a
D.C. district in the heart ¢f Eoston so that a
motor-generator set for supplying A.C. 60-cycle
current must be uscd. A 4-terminal starter is
used for the motor. The total A.C. used by both
synchronous motors, anmplifier, ete., is about 8 A.
An essentinl part of the equipment is o fre-
quency meter to measure the line input fre-
queney, A reed type is used for the purpose.
For possible eervicing and repair work on the
amplifier, power supply and general equipment,
an analyser is always lkept in the booth.

A complete dis m covering both amplifier
and power supply is shown in Fig, 4. Only the
highest grade parts can be used in such a sys-
tem due to the exceptionally low powers dealt
with., Four tubes are used in the amplilying sys-
tem; and 2 rectifiers are a part of the power
supply. The 84 supplies high voltage for the
various tubes, while the EL-22, a high-current
rectifier, supplies 6 V., for the recording bulb,
field magnets and also the filament voltage for
the first 76 tube. Very low hum outlput results
from the D.C. power on its filament.

The 2 input sockets are shown at the left. The
microphone input is applied at the control-grid

The *‘clap-stick” which the assistant is helding -in

the camera field is a device which is rnlghiz useful

in the subsequenf edlhnﬁ cutting, and synchroniza-
tion of the "talkie™.
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of the first tube through a transformer, while
the non-syne. input is sent only through the
last 3 tubes.

The microphone used is a W.E.-630-A type
dynamie. The output is exceedingly low, having
an average of only 103! watts. Because of this
the connecting cables must be shielded from all
possible sources of induction and the shielding
grounded. Also the impedance, approximately 30
ohms, should be matched for best quality and
to prevent loss of energy. Lately, W.E. developed
a non-directional baffle to be used with this
microphone.

To keep the high-frequency response up, so
necessary with sound-on-film, equalizers are in-
serted in the cireuit. The last tube is a 6E6, com-
posed of 2 triodes. They are connected in push-
pull to eliminate 2nd-harmonies. The output is
transformer-coupled, the impedance of the
secondary being approximately 50 ohms to
mateh the galvanometer winding. The master
volume control is indicated in the input ecircuit
to ‘the 2nd type 76 tube, while the other 2 are
connected just ahead of the transformer, coupled
to the 6C6 input.

The diagram of the mixer ecircuit and the
equalizer circuit indicated in Fig. 4 are shown
in Fig. 5. The words “note (x)" and “note (®)”,
code words used by the manufacturer, denote
(respectively) an equalizer and a high-pass filter,

The Equalizer. The equalizer placed after the
76 ia used for the purpose of emphasizing the
high frequencies at the expense of the lower ones.
It is the usual communications type of equalizer.
(See Fig. 6A.) The assembly, L/C, is tuned to
approximately 6,000 cyeles and offers high im-
pedance to frequencies at about this range. The
resistance, R, in series with this ecireuit is for
the purpose of flattening out the curve of fre-
quencies passed on. Systems for aiding the high

frequencies are necessary with sound-on-film
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installations since in reproducing there is always
a tendency to lose them. In other words, since
frequencies in the neighborhood of 7,500 eyeles
and up result in extremely thin lines on the film
it becomes difficult to record them. Also, for the
same volume, & high note means that the
galvanometer must move back and forth faster
than for a low note. If it were possible to move
the film past the slit faster in recording and
reproducing then, of course, a still greater range
of high frequencies would be available, and so
on. For instance, in 16 mm, recording, since the
film travels 2/5 of the 36 mm. speed, the high
frequencies suffer even more and still greater
precautions must he taken if good quality is
wanted. It is necessary, then, that an amplifier
for sound-on-film use must always overemphasize
the high frequencies to result in a straight-line
characteristic in the final film reproduction,

It will be noticed that although a switch
(marked “in" and “out’) is available with the
equalizer, it is always kept in the ecireuit. The
equalizer is placed in the circuit so that it is
effective both on nen-syne. (phono. dise) and
gyne. recording, that is just before the 2nd stage,

The Mixer. The diagram of the mixer elreuit,
also, is shown in Fig. 5A, These are constant-
impedance pads of 30 chms resistance and are
connected in series, their output going to the
equalizer and the next transformer. For example,
an inerease in one control (say, the syne.) and
a decrease in the non-syne. control will, of course,
fade-in the syne. input and fade-out on the non-
syne. as in uwsual sound procedure, The master
control for inereasing or decreasing the combined
inputs of the mixer, is placed just before the
2nd 76,

The Low-Pass Filter. The low-pass filter is
shown in Fig. 6B. This is the unit shown in Fig.
4 as Note (¢).

The box marked UC-35, ete., is the decibel-
ammeter which is shown in the center of the
amplifier panel in the photos., Note from the
connections that depressing the button results
in the meter being an ammeter while release
causes it to be a db. meter, The current meter
is used, of course, to measure current to the
6-V. bulb in the galvanometer assembly and
the decibel meter is used to measure the level of
the output (A.F.) (Characteristic datu concern-
ing the EL-type heavy-current rectifiers appear
in the article “Uses of Low-Voltage Thermionic
Rectifiers” in the April 1936 issue of Radio-Craft.
—Editor)

CONCLUSION

It is hoped that this article has given to the
readers of Radio-Craft a better understanding
of talking picture procedure. Many new de-
velopments in this field are being worked out
in research laboratories and will in time be in
common use, but the foregoing prineciples are
bagic and a knowledge of them will still be
necessary. (The reader may also wish to study
the 3-Part article, “Servicing Theatre Sound
Systems,” which started in the December, 1935
issue of Radio-Craft, for additional information
on the subject of talkies.—FEditor)

This article was prepared in 2 parts, Chapter
I, “Principles of Recording’ was so long as to
require 2 issues of Radio-Craft and therefore
appeared in the November and December issues.
Chapter 1I, “The Studio,” appears in this issue
of Radio-Craft. The editors—and the author, too!
—will be very much interested to receive reader
comments pro and con concerning articles on
this subject.
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Fig. 4. Diagram of complete amplifier. Galvanometer connects at Recorder Socket.
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