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This invention relates to the recording of 
intelligence and particularly to apparatus 
for making a permanent record of spoken 
words. 
The objects are to secure in permanent 

form a record of speech or other intelligence 
which may be reproduced indefinitely. With 
out deterioration, to simplify the making of 
such records, to improve the faithfulness of 
reproduction, and to otherwise improve ap 
paratus of this character. 
In accordance with this invention, the foregoing objects are attained and a simple, 

durable, and faithful record of intelligence 
is secured by shaping the periphery, of the 
armature of an electromagnetic machine in 
such a manner that the contour of the ar 
mature thus prepared is an accurate, repre 
sentation of the speech or other intelligence 
recorded. To accomplish this, a photo. 
graphic film is first prepared with a record 
of the desired speech. The film, thus pre 
pared is driven in synchronism with a blank 
armature disc of soft iron or permalloy, the 
film serving to control the flow of current 
in a photoelectric system, and the varying 
current serving to govern a cutting tool 
which mills the edge of the armature blank 
to form a contour which is a faithful rep 
resentation of the speech recorded on the 
photographic film. 
In the drawings, Fig. 1 shows a system 

for cutting an armature blank in accordance 
with this invention, Fig. 2 is a modification 
of a portion of the circuit shown in Fig. 1, 
and Figs. 3 and 4 are front, and side views of an electromagnetic machine employing 
an armature shaped in accordance with this 
invention. 

Referring to Fig. 1, a photographic film 
1, having been prepared in any suitable 
manner, is placed on the drum 2 which is 
carried on a shaft 3. A blank or disc 4 of 
electromagnetic material is also secured to 
the shaft 3 for rotation in synchronism with 
the drum 2. The shaft 3 is driven by a 
motor M through gears 7 and 8 with a suit 
able reduction gearing 6 interposed. 
A photoelectric system comprising a source 

of light 9, lenses 10 and 11, and a photoelec 

tric cell 12 is associated with the drum 1 for 
the purpose of scanning the photographic 
film 1 and producing photoelectric currents in 
the input circuit 13 of an amplifier A. The 
amplifier A includes a thermionic discharge 
device 14 having filament, plate and control 
electrodes. The output circuit of the ampli 
fier A includes a source of potential 15 and a 
resistance 16. One terminal of the resistance 
16 is connected to a potentiometer circuit 17 
which includes a constant source of potential 
33, a resistance 18 and a movable contact 19. 

O 

The other terminal of the resistance 16 is 
connected to a voltmeter relay 21, and the volt 
meter relay in turn is connected to the mov 
able contact 19. The contact 19 is carried 
on an armature shaft 20, which, through 
gears 24 and 25, is driven by the motor M-1. 
The motor M-1 has its shaft 27 geared to 

a control shaft 29 through the worm gears 28. 
The control shaft 29 engages a carriage which 
carries a milling cutter 32 and its driving mo 
tor M-2. The motor M-1 is capable of ro 
tating in either direction, and, according to 
the direction of rotation of the shafts 27 and 
29, the carrier 31 moves toward or away from 
the armature blank 4 to vary the depth to 
which the cutter 32 cuts the periphery of said 
blank. 
The operation of the device will now be ex 

plained. The photographic film 1, carrying 
a record of speech or other sound, is secured 
On the drum 2, and a blank armature disc 4 
is secured to the shaft 3. The motor M is 
driven at a suitable speed to insure a faithful 
response of the control mechanism to the 
photoelectric currents and the corresponding 
accurate cutting by the miller 32 of the pe 
riphery of the blank. The photoelectric cur 
rents set up in the circuit 13 are impressed 
upon the amplifier A and in turn cause a varia 
ble flow of current from the source 15 through 
the resistance 16 in the plate circuit. This 
causes a variable potential across the resist 
ance 16 which at every instant is a correct 
representation of the record on the film. As 
long as the potential across the left-hand por 
tion of the resistance 18 of the potentiometer 
17 is sufficient to balance the potential across 
the resistance 16, the voltmeter relay 21 re 
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mains inert, and the field circuit of the mo 
tor M-1 remains open. As soon, however, 
as the potential across the resistance 16 varies 
in either direction, current flows through the 
voltmeter relay 21 and the relay attracts its 
armature to close either one or the other of 
its contacts, depending upon whether the po 
tential across the resistance 16 is greater or 
less than that across the resistance 18. In 
any event, the relay 21 closes a circuit for 
one of the field windings 23 of the motor so 
that current flowing from the source 26 causes 
the motor M-1 to rotate in such a direction 
as to advance the movable contact 19 to the 
point on the resistance 18 where it balances 
the potential across the resistance 16 permit 
ting relay 21 to release and the motor to 
again come to rest. As the motor M--1 ad 
justs the potentiometer contact 19, it also ad justs the position of the milling cutter 32 so 
that the edge of the blank 40 formed during 
this process presents a correct representation 
of the sound record on the film 1. This proc 
ess continues, the motor M-1 rotating first 
in one direction and then the other accord 
ing to the change of potential across re 
sistance 16, until the complete record on the 
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film 1 has been transferred in permanent 
form to the armature blank 4, which is to be 
used for an electromagnetic device for repro 
ducing the sound indefinitely without deterio 
ration. 
In the modification shown in Fig. 2, the 

voltmeter relay 21, instead of controlling the 
motor M-3 directly as in Fig. 1, operates a 
relay 35 instead. The relay 35 when operat 
ed reverses the direction of current to the 
armature winding of the motor M-3. This 
causes the motor to reverse its direction of ro 
tation advancing the contact 19 to the point 
where the voltmeter relay 21 releases. Re 
lay 21 releasing, releases the relay 35 which 
again reverses the motor M-3, and the con 
tact 19 is now shifted to a point where the 
relay 21 again operates. In this manner the 
contact 19 is continuously hunting, assuming 
the potential across the resistance 16 remains 
constant. This method of control permits 
the contact 19 to more readily follow slight 
variations of potential across the resistance 
16. 

Figs. 3 and 4 disclose a portion of an elec 
tromagnetic machine employing a shaped ar 
mature disc. The shaped armature 4, which 
may be a separate part and attached to the 
body of the disc 40 as illustrated, is arranged 
to rotate between the pole-pieces 42 and 43 of 
a U-shaped magnet41. Pole-pieces 42 and 43 
carry the pick-up windings 44 and 45. An 
energizing coil 46 is wound on the upper por 
tion of the U-shaped magnet 41. As the 
disc 40 rotates, the armature 4 with its ir 
regular shaped periphery varies the magnetic 
resistance between the pole pieces 42 and 43, 
thus causing a variation in the field strength 
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and thereby inducing in the pick-up coils 44 
and 45 an electric current which is a correct 
representation of the sound originally record 
ed on the photographic film 1. This current 
may be amplified in any suitable manner and 
applied to a receiving device. 
What is claimed is: 
1. In combination, a medium having a rec 

ord of intelligence thereon, a source of cur 
rent, means controlled by said medium for 
varying the flow of current from said source 
in accordance with said record, a blank of 
magnetic material, and means automatically 
controlled by said current for cutting away a 
portion of said blank to form a contour 
which represents the variations of flow of 
said current. 

2. In combination, a medium on which is 
recorded a speech record, a source of current, 
means controlled by said medium for vary 
ing the intensity of current flowing from said 
source, a disc of magnetic material, a cut 
ting tool, means for moving said cutting tool 
toward and away from the periphery of said 
disc, and current responsive means for con 
trolling the amount of movement imparted 
to said cutting tool in accordance with the 
variation of intensity of said current. 

3. In combination, a photographic film 
having a speech record thereon, a source of 
current, a photoelectric system including a 
source of light and a photoelectric cell for 
varying the flow of current from said source 
in accordance with the speech record, a disc 
of magnetic material, means for rotating 
said disc, a rotary cutting tool and means for 
rotating the same, means for moving said 
cutting tool toward and away from the pe 
riphery of said disc to vary the depth of the 
cut made in said disc, and means for auto 
matically controlling the movement of said 
cutting tool in accordance with the varia 
tion of said current. 

4. The combination in a recording system 
of a photographic film having a speech rec 
ord thereon, an armature blank of magnetic 
material, a driving shaft for driving said 
film and blank in synchronism, a source of 
current, means including a photoelectric cell 
for varying the flow of current from said 
source in accordance with the record on said 
film, a milling machine for cutting away a 
portion of said armature blank, and means 
controlled by the flow of current from said 
source for varying the position of said mill 
ing machine such that the contour of the ar 
mature blank when milled is a representa 
tion of the record on said film. 

5. The combination in a recording system 
of a medium having a speech record there 
on, an armature blank, means for rotating 
said blank, a milling machine movable to 
ward and away from the periphery of 
said blank to cut away irregular portions 
thereof as the blank rotates, a motor for driv 
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ing said milling machine, a second motor 
for moving said milling machine toward and 
away from the periphery of said blank, a 
source of current, means for varying the flow 
of current from said source in accordance 
with the record on said medium, and means 
for controlling the direction of rotation of 
said second motor in accordance with the in 
tensity of said current. 

6. The combination in a recording system 
of a medium having a speech record thereon, 
an armature blank, means for driving said 
medium and said blank in synchronism, a 
rotary cutter for cutting away portions of 
the periphery of said blank to present an ir 
regular contour, a motor for advancing said 
cutter to and from the periphery of said 
blank, a source of current, a potentionmeter 
driven by said motor, means for varying the 
flow of current from said source in accord 
ance with the speech record on said medium, 
and a relay controlled by said potentiometer, 
and in accordance with the intensity of cur 
rent flowing from said source to control the 
direction of rotation of said motor. 

In witness whereof, I here unto subscribe 
my name this 22d day of September, 1930. 

OHMER. R. MILLER. 


