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1

Th1s invention pertains. ‘to.the” recording of
sound and more particularly to the recording of
sound on film for use in conjunction with motion
picture film. More specifically the invention per-
tains to the production of a. control corresponding
to the volume variations of sound as said sound
is varied in the production of sound film.

An object of the invention is the improvement
of controls employed to reproduce variations in
sound volume in the manufacture of sound film.

In the sound motion picture industry at the
present time it is.the practice to combine the
sounds produced in a number of sound sources
into a single sound record. For instance, a rec-
ord of the speech sounds occurring during the
filming of a sequence will have added to it other
sound effects such as music, etc. The picture fiim
is projected and the various sound effects are in-
tegrated into a single sound tract at a rehearsal
or. a number of rehearsals. The volume of the
sound from the separate sources is adjusted man-
ually by an attendant or a number of attendants
who operate controls, such as potentiometers or
other volume controls, on what are known as
sound mixer panels. Until recently, when it was
found. necessary to modify a sound track into
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which sound from g number of sources has been -

integrated, there were no means other than the
memory and experience of the mixer atiendants
for reproducing exactly the original control set-
tings and there was no record of such settings
which might have been used as a reference for
changes found necessary in the volume of the
sounds from the various sources.

-Recently means have been provided in the art
for improving this situation. Record is made of
the patent to Wolfe, 2,279,018, April 7, 1942, which
provides a magnetic tape record of the control
settings which is used to reproduce the settings.
Experience has shown that the magnetic tape
method of reproducing the settings of sound vol-
ume control apparatus is not entirely satisfactory.

_ The invention herein affords certain advan-
tages over presently known arrangements, among
the most important of which are its accuracy, its
stability, and its economy and even more import-
ant, its ease of operation and its simplicity, as
compared with presently known devices for per-
forming the same function.

A feature of the invention is apparatus for
translating control settings into permutation
code signals which are recorded as punchings in
a continuous tape. The tape is thereafter used
to reproduce the original settings of the con-
trol instrument..
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The invention may be understood from the fol-
lowing descrlptlon when read. w1th reference to
the drawings in which:

Pig. 1 discloses the means for translating each
of thirty-two settings of .2 potentiometer or vol-
ume control into a different one of thirty-two. dif-
ferent code combinations .of contact settings in
accordance with a five-element permutation code.
It includes a circuit by means of which the per-
mutation code signals are impressed on a set of
five magnets which set in turn controls a set of
five punches in a tape perforating device. Per-
mutation code signals corresponding to the set-
ting of the control instrument are thus punched
in a continuous tape.-

Fig. 2 is an arra.ngement for retransla,tmg the
permutation code signals punched in the tape
produced in the apparatus per Fig. 1 into settings
of a sound volume control device. -

Refer now to Fig. 1. A sound head | compris-
ing a sound track 2 and an electro-optical system,
not, shown but well known, is shown at the upper
left of the figure. - Electric currents corresponding
to the variations in the sound track are impressed
on amplifier 3. The full voltage of the output of
amplifier 3 is impressed across the full resistance
of potentiometer 4. Rotatable contact arm 5 of
potentiometer 4 impresses gradations of the full

. yoltage. on amplifiers 6 and T in parallel, the oub~

puts of which are connected respectively to-a
monitoring sound reproducer 8 and a sound re-
cording device 9. Multiple branches 8! and 82
extend from the connections to the inputs of am-
plifiers 6 and 7. These connect to potentiome-
ters such as 4 in as many other sound sources as
are being integrated into a single record.. If is
emphasized that any number of sound sources
without limit may be connected to a single re-
corder. Arm 5 is controlled by knob {8 through
shaft 1| to which shaft the knob. 10 and arm 5
are rigidly secured. Rigidly secured also to the
shaft {1 are five cams {2 to 6. The cams 12 o
16 are conditioned to actuate their followers to
control contacts 17 to 21, respectively. Rotatable
arm 5 is conditioned to be rotated through an arc
of 270 desrees. . The arc is divided info thirty-
twn egual segments.- The cams 2.0 16 are cut
in a manner to nrovide thirty-two different per-

- mutative settings of contacts 17 to 21 each corre-

snonding to a different one. of the thirty-two seg-
ments. . The control knob {0 is operated manually
to vary the settinegs of potentiometer arm:5 and
thus to regulate.the input into amplifiers § and-1
which are connected: across the: output of the.
potentiometer. The volume of the sound is re-
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corded by the recorder 9 and monitored by means
of sound reproducer 8,

Magnets 23 to 27 are under control of contacts
1T to 21, respectively. When combinations of
contacts 17 to 21 are closed, circuits are estab-
lished from battery 28 through such of contacts
17T to 21 as are closed and the windings of the
correspondmg magnets 23 fo 27 tpground; ener-
gizing the magnets. ‘Magnets 23 ‘to 27T are.ener-
gized in permutative sets corresponding to the
codes set up on contacts 17 to 2§.

Each of the-

10

magnets controls an armature such as 54 ‘which . .

is pivoted on a fixed rod 62. The left-hand end

4
opening contact 84, stopping motor 85 and reel
45.

When contact 35 is closed, as heretofore de-
scribed, magnet 41 is also energized, attracting
armature 48 which is thus rotated in a clock-
wise direction about pivot 49. Secured to the
bottom of armature 48 is a lever 50 which is con-
ditioned to rotate in a-limited arc about pivot
51.» The lever 53 is ‘tensioned ‘to rotate in a
counter clockwise direction by means of spring

52 which is connected to the upper portion of

the armature 48 and the right-hand end of the

~Jever 58. The left-hand end of the lever 58 is

of each of the armatures is normally meaintained - -

in its lower or unoperated positian under the in-

15:

fluence of a tensioned spring, such:as §3.. When .
a magnet, such as 27, is operated the correspond-. ..

ing armature, such as §1,

is rotated 'in-a clock~

wise direction, as 1ndlcated by the arrow, against .:

the tension of spring 63, about fixed rod 62. The
left-hand end of @ bar, such .as 64, is connected
by means.of a-pin, such as 68§, to. the top.of each
armature lever, such as 51, . The five houzontal
bars, such-as. 64, are supported by. lateral sup-
port 65. 'When fhe armafure is rotated in .a
clockwise direction the bar,.such as.64, is moved
to the right substantially. honzontally 50 that; its
right-hand end is prOJncted mto ahgnment with
a punch, such as 30. .

The armature 37 of magnet_,aﬁ is condltloned
to rotafe in a limited arc about pivot 38. At-
tached to the right-hand end of the armature
31 by means of pin 68 is pawl lever 39. Attached
fo the lower end of pawl lever 39 is a spring 49
which is attached at its lower extremity to fixed
bar §8. The spring is. tensioned to draw the pawl
downwardly, rotating the armature 27 about its
pivot 38 in a clockwise direction. The armature
31 therefore is normally disengaged . from the
depending right-hand ends of the five horizontal
punch ‘bars, such as 64.

‘Motor 31 is driven synchronously thh ‘the ﬁlms
through the sound head. 1. ‘Motor 31 drives cam
32 through gear box 33 and shaft 67. Once in
each rotation of cam 32 raised surface 34 on the
perxphery of cam 32 closes contact 35, energiz-
ing.punch magnet 36, "When magnet 36 is ener-
gized it atiracts the left~-hand end of armature
37 which in rotating in a counter- ClOClese di-

rection . about pivot 38 raises the rlght-hand ends

of the horizontal punch bar, such ss 64. Those
of ‘the ‘horizontal punch bars, such as 4, which
have been actuated to their forward or right-
hand positions will each engage with a punch,

such -as 30, which will be urged upwardly against 1

the tension of springs, not shown, to perforate
tape 44.

“The tape is thus perforated in accordance W1th
the -code set up on the cams 12 to 16 Whlch
code ‘in turn depends upon the setting of rotat-
ablearm % of potentiometer 4. After the magnet
36 'is deenergized spring 40 will restore armature
37 to its original position. Pawl 38 will be actu-
ated downwardly, A left-hancl nrOJecmon on the

turns, shaft 42 rotatmg Spur. Wheel 43 Whlch'

engages with a row of longitudinal perforatmns
in-tape 44, advancing the tape to the next’ punch-
ing position.. The tape is wound on reel 45 Wh1ch
is driven by a motor 85." The ‘motor is controlled
by a displaceable roller 83, the Vertical position
of which is changed as the’ amount of unreeled
slack in the punch tape ‘varies, When the sup-
ply of punched ‘tape reaches the minimum per-
_ missible the roller 83 is Taised to its top posxtwn
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;blrus mainfained in engagement with the periph-
€1y of -gear 3. Bach time the magnet 47 is

energized gear £3 4s:rotated one step in o counter-
clockwise direction about shaft 54, Once in each

‘revolution of shaft 54 a pin 55 extending later-
-ally- fromthe front surface of gear 53 engages

the right-hand end of lever 56, the left-hand end
of which. is chdltIO"led to rotate in a limited
arc about fixed pm 5. - Lever 56.is actuated in
a clockmse direction.against fhe tension of spring
58 1o close conta.ct 10, thus energizing magnet
55.  Magnet 59 in turn controls .8, counting and
stamping mechaniem in 2 well-known manner to
stamp the fiim footage 0*1 the edge of the tape
as indicated .at 80..

. “The above-described mechanism cooperates ‘to
provide a tape in which thirty-two different five-
element two-condition. code symbols, each .corre-
sponding to a different one of thirty-two settings
of rotatable arm 5 of potentiometer 4, may be
recorded. One: skilled in fhe art may interpret
the code punchings visudlly directly from the
tape and translate them mentally in terms of
potentiometer . -settings. quite readily. One of
the advantages of the present arrangement,
therefore, is.that it provides an easily translat-
able, visual record .of the successive paotentiome-
ter settings corresponding to the sound volume
control ree orded on the sound track. If it is de~
cided that adjustments are necessary sections of
the tape may be cut out and readily replaced with
new sections of equal length modified as desired.
If it is preferred, the sections of the tape which
are modiﬁed may be made by rerunning the orig-
ma] sound tr.ack and resetting the potentiometer
by adjusting the control 18 as desired after ref-
erence to the codes punched "in the portion of
the tape which is considered unsatisfactory. Or,
if it is preferred, new codes may be punched in
a new section of tape, using the punchings in
the old portion for reference, by means com-
pletely independent of the mechamsm described,
such as a key- operated tape. pe1£orator which is
well know:n.

“The tape: in its ongmal form or modified ‘in
any convenient manner may be used to control
the final sound recording by means of the mech-
anism per Fig. 2 which will now be described.

"The output of a sound head {03 is impressed
on the input of an amplifier i81. A potentiome-
ter 102 is connected across the output of ampli-
fier 181. The potentiometer is divided by means
of taps connected between successive resistance
€lements so that the voltage impressed on the in-
put of amohﬁer {03 which is connected to re-
cording head 184 may be varied through thirty-
two gradations oorresponding to the thirty-two
settmgs of the rotatable arm 5 of potentiometer
4. Thlrty two dlfferent selecting paths are pro-
vlded through the contacts of ‘the five-relay fan
cirehit’ ‘comprising, relays {05 to 189. The relays
(05 t0 109 dre operated in accordance with the
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permutation codes punched in the tape 110 which
is the tape 44 modified as desired. The tape 110
is drawn off supply reel 111 by a sprocket in-the
tape transmitter driven from motor 112 syn-
chronous with ‘metor drive for sound head 100,
and wound on a take-up reel, not shown, secured
by suitable gearing to shaft 120. When switch
113 is closed power is supplied from power source
114 to motor {12 and the winding of ‘magnet {15
in ‘parallel. Normally the transmitter - feed
sprocket is driven from a cam on shaft 129 and
is prevented from rotation by meaxs of the right-
hand end of armature lever (16 which is inter-
posed in the path of a projecting shoulder on cam
{19 rigidly secured to shaft 120. Spur gear 121
is rigidly secured to shaft {20 and engages worm
gear 122 which is connected through fr1ct10n
clutch 123 to motor 112.°

Magnet {15 when energized attracts the left-
hand end of lever maghet {16 rotating it in a
clockwise direction about fixed pin 117 against
the influence of spring {18. The right-hand end
of lever 1186 is thus disengaged from the shoulder
on the periphery of cam H9 perm1tt1ng shaft
{20 to rotate.

Tape (10 is drawn over ﬁve sensing pins.
‘Where any of the five lateral positions in a trans-
verse section of tape {18:is punched a sensing pin
in a corresponding position is admitted through
the opening and a corresponding one of contacts
124 to 128 is closed in a well-known manher.
circuit may thereupon be fraced from- battery
{29 through such of the contacts 124 to 128 as
are closed and the windings of the corresponding
relays 185 to 169 operating the corresponding re-
lays. The contacts of relays 105 to 109 will be
closed in varioiis patterns to establish g different
one of each of thirty-two paths through the re-
lay: contacts for each of ‘the thirty-two different
code combinations which may be punched in the
tape (18, Whenever a relay is operated it is
locked over a path which may be traced from
battery (30 through resistance 131 and contact
132 which is connected in parallel to an arma-

ture on each of relays 105 to 109 which cooperates 4:

with a locking contact on each of these relays to
extend the path through the relay winding to
ground. Contact 132 is under control of cam
133. The cam is arranged so that once in each

revolution contact 132 is opened for a short in- -

terval, thus unlocking those of relays 165 to (09
which may have been operated by the particular
code combination for an interval just sufficient
for them to release so that the relays may re-

spond to the next code combination. This inter- s

val is timed to correspond with the stepping of
the tape from one code combination to the nex.

The bottom terminal of amplifier 101 is con-
nected to the bottom terminal of potentiometer
{02 and the bottom terminal of amplifier 103.
The top terminal of amplifier 181 is connected
to the fop terminal of potentiometer 102.
of the thirty-two taps connected to the junctions
of the resistance elements of potentiometer 102
extends through a different path through the
contacts of relays 108 to 109 to conductor {34
which connects to the top terminal of gmplifier
103. When relays 105 to 109 are each in the
released condition, as shown in the drawings, up-
per conductor 134 extends through contacts 135,
136, 137, 138 and 139 to junction point 140 of
potentiometer {02. If relay 105 is operated and
relays (06 to 109 are released, a circuit may be
traced from conductor 134 through contacts {41,
142, 143, 144 and 145 to junction point 146. If
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rélays 105 and | 06 are operated and. relays o1
to 109 are released, a circuit-may be traced from
conductor 134 through contacts 141, 141, l48 149
and 150 to junction point 5. For each one
of the other taps of potentiometer 192 there is
a single selecting path “extending through the
relay contact fan circuit which is closed through
the operation of the proper combmatlon of re-
lays 105 to 108; -

It has been pomted ‘outb above that the ﬁnal
sound track is ordinarily made by, controlhng the
volume of sound from a number of souices. Any
number of separate sources may be employed for
this purpose.

The mechanism which has been descrlbed 1n
detail is arranged to provide a record of the varj-
ations in the volume of one sound source only.
If more than one source is employed, which will
almost invariably be the case, it will be necessary
to provide a separate mechanism such as has been
described for’ thé production of a record corre-
sponding to the variations of each sound sotrce,

,Attention is partlcula.rly called to the fact. that
a.separate tape, such as 44, is prepared to record
the potentiometer or volume control settings of
each potentiometer or volume control which con-
trols the output of the sound from each sound
head, such as {, which is connected to record-
ing head 8. The multiple leads 81 and 82 which
connect to the input of the common sound re-
producer 8 and common sound recorder 9 are
mu1t1pled to as many. separate potentiometers,
such as 4, as there are separate sound heads, such
as I, Voltages corresponding to the combined
solinds are impressed on the input.of amplifiers 6
and 1. An individual record of the settings of
each potentiometer, such as 10, is recorded simul-
taneously in separate tapes, such as 44, by means
of an individual tape perforating mechanism con-
trolled by an individual set of permutation cams
and contacts for each separate sound source.

If it is found desirable to modify the sound re-
cording produced by the mechanism of Fig. 1,
such of the individual tapes corresponding to 44
as ‘are unsatisfactory are modified as desired.
Then the original sound tracks used in prepar-
ing the original tapes are run through their re-
spective sound heads. This time instead of con-
necting each sound head through a manually ad-
justed potentiometer, such as 4, to the recording
head, each separate sound head is connected
through a potentiometer, such as 102, which is
controlled by a relay fan circuit in response to
the modified codes in its respective tape.

Only one sound head and its associated tape
controlled potentiometer are shown in detail.
Conductors {34 and 160 which interconnect po-
tentiometer {02 associated with sound head (00
and the common recorder 104 are multipled
through conductors 170 and 171 to other poten~
tiometers, such as 102 and (00, each of which is
individually controlled by its respective tape, such
as (18, and its own individual fan relay circuit

3 corresponding to relays {05 to 109.

An amplifier 172 and a sound reproducer 1713
serve for monitoring the production of the final
sound record.

If it is desired, a permutation code of a larger
number of elements may be used to provide finer
adjustment. It would also be feasible to set a
single group of a larger number of contacts per-
mutatively to integrate the settings of a number
of volume controls and thus provide a punched

tape in which a single code having a larger
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number-of elements deﬁnes the- setting -of all of
the .pstentiometers. sxmultaneously .

- What is claimed is:

A In a sound -recording system, means for
varymg sound. volume, and means ‘controlled in
accordance with successive sound va,rymg -ad-
justments of said first hamed means for pro-
v1d1ng a visible permutation code record of said
sound volume so varied, said record comprising
vxslble permutatmn code combinations, at succes-
sive equal jnfervals, each individual combination
correspondmg to, the full amplitude of said vol-
ume so varied, to facilitate the reading mter-
pretatlon and modification of said record.

2. In a sound recording .system, a volume con-
trol, means for varying the settings of said vol-
ume control, and means dlrectly responsive to the
operation of said varying means for perforating
permutatxon code 51gnals deﬁnmg sa,1d Varlatlons
in a tape. ' . .

3. In a sound recordmg system a sound track,
a sound reproducer connected thereto, a sound
voiume control intermediate said track and said
reproducer means for varying the: settlngs of said
control ‘means for recording a contmuous series
of permutatxon code 51gnals deﬁmng said set-
fings, 'said last means comprising a continuous
tape, separate from said track, said tape having
code ‘combinations corresponding to said settings
visibly impressed thereon at short equally spac%l
intervals,. " -

4, In g sound recordmg system 8 sound track,
a sound reproducer ‘neans intermediate said
track and said reproducer for varying the volume
of ‘sound, means responsive to said variations for
permuta,twely controlling -a plurality of contacts,
and means connected to-said contacts for produc-
ing a visible permutation code record having a
sequence of permutation codes each representing
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a volume of .sound chana.cteristlc of a.small por-
tion .of said-track.

8. .In a:sound recordlng system, a sound tmck
recorded upon..a medium, 2 sound reproducer
means intermediate said track and- said repro-
ducer for varying the volume of sound, and.means
responsive to changes in the setting of sald sound
varying .means. for producing .a visible record- of
said 'seftings-in a medium separate. flom sazd
sound medium,, said.record-being a successmn of
permutation code combinations of visible ele-
ments, each .of said. code combinations. corve-
sponding - -to -a particular .setting -of sald vary-
mg means. -

6. In a sound recording. system a. sound track
a sound reproducer, a sound volume control, in-
termediate said ‘track and said .reproducer, for
varying the volume of sound,-a set of .cams,-a set
of -contacts controlled by .said -cams, means for
varying the setting :of said volume contrel, and
means for controlling said: contacts so as to set
up -a multiclement permutation code.signal cor-
respending to settings of said volume «contrel.;

7. In a sound recording. system,-a sound track,
& sound recording device, a volume control in-<
termediate said frack and said device, 2 medium,
a -succession  of: permufation code combinations
of visible .conditions in-said medium, and means
capable of assuming successive permutative con-
ditions under control -.of said medium for selec-
tively setting. said volume conirol in accordance
with said conditions,

8. An.elongated flexible medlum a sound VOl-

- ume control, and means directly responsive to.

changes in the setting of said control for physi-
cally impressing said medium with successive per~
mutation code combmatmns representmg sound
Volumes :
EDWARD P. WATSON. -



