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The present invention relates broadly to
sound recording and more especially to an
apparatus and method for use in the manu-

- facture of phonograph records.

8  Heretofore in the art, it has been customary
in making a phonograph record to translate
the sound wave into a mechanical wave which
is engraved as a sinuous spiral wave on a wax

- dise. The engraving operation has been per-
10 formed by a cutting tool which cuts the full
tone groove at one stroke. Where this occurs,
the tool cuts the full width and full depth of
the tone groove and forces the wax to break
~out of the groove ahead of the cutter. This
15 method has several disadvantages, one of
which is that ‘the wax in breaking away in
front of the cutting tool leaves ragged edges
on the side of the tone groove. Since the play-
-ing needle on the finished phonograph record,
20 in g lateral wave record, contacts continually
with the side walls of the groove, these rough
spots which are carried into the finished
record distort the wave, wear the needle, and

- produce a scratchy tone in the sound repro-

25 Juction. Another disadvantage is that the

vibration of the cutting tool is resisted by the

wax in making this heavy cut to such an ex-

tent as to slightly modify or distort the me-
- chanical sound wave groove being cut.

30 The present invention overcomes the dif-
ficulties of the known prior art by providing
two moving cutters or engraving tools, one
of which takes out the majority of wax from

-the tone groove and the other of which fin-

35" ishes the tone groove to a true representation
of the tone wave. By this apparatus and
method the finishing tool does but little cut-
ting, and since the major portion of the wax

‘has been cleared from the groove by the for-

40" ward cutter, the finishing cutter leaves a very
smooth groove and the vibration of this fin-
ishing cutter is not impeded by resistance of
a substantial mass of wax.

. The present invention is adapted especially

45 for use with the modern electrical recording
apparatus although it may be used with me-
chanical recording devices.

The present invention, when adapted to
.6lectrically operated recording methods and
‘machines, comprises the usual and well known.
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mechanism for rotating a disc of wax while it
is being moved laterally beneath cutters. In
the present invention, two cutters are pro-
vided, each of which are actuated by its own
motive device which vibrates the cutter ac-
cording to the tone wave being recorded.
Since it is desirable that the forward or
roughing cutter and the finishing cutter shall
both operate on the same wave portion of the
same tone groove, it is desirable to delay the
operation of the finishing cutter so that it
operates on exactly the same part of the tone
wave for which the roughing cutter has al-
ready cut a rough groove. This may be ac-
complished by dividing the electrical circuit
from the microphone and introducing a non-
distortion delay circuit in the finishing cut-
ter’s operating circuit. In view of the fact
that the Iinear speed of a constantly rotating
wax disc varies from the outside of the spiral
to the inside thereof, guiding means for the
cutters are arranged on radial lines relative
to the axis of the wax disc and these guid-
ing means cause the roughing cutter and the
finishing cutter to gradually approach each
other as the spiral on the disc grows smaller.
In this way the time-speed factor of the spiral
ismaintained constant so that the delay estab-
lished for operation of the finishing cutter is
proper throughout its zone of operations rela-
tive to the wax disc.

It isrealized that the present invention may
be practiced by methods and apparatus other
than those disclosed herewith and therefore
it is to be understood that the disclosure is
illustrative and not in the limiting sense.

Fig. 1 is a diagrammatic illustration of an
electrical embodiment of the present inven-
tion. .

Fig. 2 is a diagrammatic illustration of the
wax disc with the cutters thereover and
diagrammatically shows the radial guides for
the cutting tools. v

Fig. 3 1s a detail side view section illus-
trating the action of the cutting tools.

Fig. 4is a front view showing the wax disc
in section and illustrating the relation of the
cutting tools when in a substantially silent
portion of the sound groove.

Fig.'5 is' a plan view showing the cutting
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tools operating in such manner that the
finishing tool operates on the same part of a
wave which has previously been engraved by
the roughing tool.

In reference to the drawings, it is to be
understood that these drawings are diagram-
matic and that the present disclosure illus-
trates the invention by omitting details which
are old in the art and which are well under-
stood by those skilled in the art.

Referring now more especially to Fig. 1,
the wax disc 1 is mounted on suitable appara-
tus for rotating the disc at a constant speed
and for moving the same on suitable track-
ways beneath the cutting tools, all of which
mechanism is well known in the art. A for-
ward cutter 2 is adapted to make a rough cut
which takes out the majority of wax from the
tone groove. A finishing cutter 4 follows in
a groove cut by the roughing cufter and
finishes the groove which the roughing cutter
has laid out. '

The sound to be recorded is picked up by
a microphone 5, the circuit of which leads to
an amplifier 6, the output of which leads to
the driving mechanism 7 for the cutter 1.
The microphone circuit is divided and the
division may take place after the circuit has
passed the amplifier 6, or it may be divided
before the circuit reaches amplifier 6, and the
latter construction is illustrated in Fig. 1.
The branch or shunt circuit from the micro-
phone leads to a non-distortion delay cir-
cuit 8, and the output from the delay circuit
leads to an amplifier 9 from which the output

. leads to the driving mechanism 10 for the fin-
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ishing cutter 4. In this way, both the cutters
are operated from the microphone circuit.
It is understood that suitable power is sup-
plied to the circuits, as is well known in the
art, and the operation of the finishing cut-
ter is exactly the same as that of the forward
cutter with the exception that the operation
of the finishing cutter is delayed sufficiently
so that as the wax disc rotates, the finishing
cutter operates on the correct portion of the
groove which has already been made by the
forward cutter.

Where the wax disc is rotated at a vari-
able speed so that the linear speed beneath
the cutting tool is constant, then the two cut-
ting tools may be retained in fixed position
relative to each other. The common practice
in the phonograph art, however, is to main-
tain a constant rotative speed for the wax
disc and therefore the actual surface speed
of the disc beneath the cutting tool varies
from the outside of the spiral to the inside
thereof, and it therefore is necessary to either
vary the delay circuit or change the relation
of the distance between the cutting tools.
The latter being the simpler problem, the
present disclosure diagrammatically  illus-
trates a simple way of correcting for this vari-
ability in speed by changing the spacing of
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the cutting tools, although it is to be under-
stood that the speed correction may be made
if desired by varying the delay circuit. As-
suming the delay circuit to be constant, then
guides 11 and 12 may be provided for the
cutting tools 2 and 4. These guides are radi-
ally disposed over the disc and are attached
to the carriage 14 upon which the disc is
mounted for translatory movement beneath

“the cutting tools, so that these guides have

a translatory movement with the wax disc.
It therefore will be observed that as the wax
disc is moved transversely beneath the cut-
ting tools, (which are relatively stationary to
the translatory movement of the wax disc)
the cutting tools are brought closer together
by the guides 11 and 12 as the cutting tools
approach the axis 15 of rotation of the disc 1,
and in this way, the finishing tool 4/is re-
tained at all times in the proper part of the
groove 16 which has already been cut by the
roughing tool 2 so that the finished groove 17
is a true tone groove of the sound being re-
corded.

From the foregoing, it will be observed that
the roughing tool does the heavy work of
taking out the major portion of the wax
whereas the finishing tool is merely require
to finish the groove in accordance with the
true tone wave. In this way, the finishing
tool has but a small amount of work to per-
form and consequently leaves a very smooth
finished groove, which groove is accurately
formed as to the sound variations because
the finishing tool is not impeded by a deep
heavy cut through the wax.

Having described my invention, what I
claim is:— :

1. The method of recording sound waves
on a wax record comprising controlling a
roughing cutter by said sound wave to cut a
rough sound groove in said wax and finishing
said groove by another cutter controlled by
said sound wave delayed.

2. The method of making a sound wave
record comprising producing a sound track
representation of said sound wave in rough
on said record and then smoothing said rep-
resentation and maintaining the character-
istics of said sound wave when the smoothing
operation is finished by re-recording the same
sound wave on the said sound track.

3. The method of making a sound wave
record comprising cutting an initial sound
wave groove in said record and subsequently
re-recording the same sound wave in the
same groove and maintaining the characteris-
tics of the sound wave representations made
by the initial cut.

4. The method of recording sound ‘waves
comprising cutting an initial sound wave
groove in the record and subsequently re-
recording the said sound wave in the sound
wave groove originally cut while maintain-
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ing the wave form of the initial sound wave
groove.

5. The method of recording sound waves
comprising receiving the sound waves in a
translating apparatus adapted to convert
said sound waves into electrical waves, di-
viding the electrical wave energy into sepa-
rate channels, delaying the electrical waves
in one channel, and utilizing the electrical
energy of the channels to operate a plurality
of sound recording means operative on dif-
ferent portions of a single sound record track.

6. The method of recording sound waves
upon a rotating record comprising recording
the same sound wave a plurality of times on

the same record and delaying the recording

action of the later recordings to superimpose
the same sound representation at different
times on the same portion of the record.

7. The method of recording a sound wave
as a spiral upon a disc rotated at constant an-
gular speed comprising engraving the same
sound wave at different times in the same
spiral and moving the engraving members
closer together as the spiral grows smaller
to maintain a coordination between said en-
graving members throughout the length of
the spiral.

8. A device for recording sound compris-
ing means for moving record material, a plu-
rality of recording devices all operative on
the same sound track, sound actuated means
to operate said recording devices, and means
to delay the operation of one of said devices
whereby a plurality of said devices operate
to record the same sound in the same wave
track on said record.

9. In a device of the class described, the
combination of a roughing cutter and a fin-
ishing cutter both operative in the same
track, sound controlled means to operate the
roughing cutter, sound controlled means to
operate the finishing cutter, and delay means
to delay the operation of the finishing cutter,
so that the finishing cutter follows the wave
track cut by the roughing cutter.

10. In a device of the class described to cut
a spiral tone groove in a disc record, the com-
bination of a roughing cutter and a finishing
cutter both operative in the same track, sound
controlled means to operate the roughing cut-
ter, sound controlled means to operate the
finishing cutter, delay means to delay the
operation of the finishing cutter, and control
means to cause the finishing cutter to follow
the wave track cut by the roughing cutter
throughout the said spiral groove.

11. In a device of the class described, the
combination of a plurality of successive cut-
ting tools, sound controlled means to operate
said cutting tools to record sound waves, and
sound wave operated means to control said
cutting tools to cause all of said tools to suc-
cessively follow the same wave track.

12. In a device of the class described com-

3

prising a plurality of spaced apart cutting
tools, sound wave controlled means to oper-
ate said cutting tools to engrave a tone wave,
and delay means to control successively said
cutting tools whereby all of said cutting tools
follow a single wave track.

13. In a device of the class described com-
prising a roughing cutting tool and a finish-
ing cutting tool, sound controlled means for
operating said tools, and means to cause said
finishing tool to finish and smooth the groove
cut by said roughing tool and to maintain the
wave form determined by said roughing tool.

GEORGE RAMSEY.
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