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This invention relates to a method of and
apparatus for the reproduction of sound rec-
ords. ‘

. Hitherto the reproduction of sound rec-

5 ords of the gramophone class has been accom-
plished by a basically mechanical method.
This is the case both with the mechanical
sound box or with the electrostatical and elec-
tromagnetic pick-up and with the more re-

10 cent method of causing a stylus to vibrate in

response to contact with a sound groove, the

vibrating stylus being adapted to actuate a

shutter whereby the flux of light falling upon

a photo-electric cell is made to vary. In all

of such cases the primary transmission is in

the form of a mechanical vibration in the

stylus and the resulting sound effect is greatly

dependent upon the dimensions and physical
properties of the stylus employed.

20 The object of the present invention is to
provide an improved method of an appara-
tus for the reproduction of sound records
whereby to eliminate mechanical contact with
the record surface and with this object in
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- 25 yiew the invention consists in a method of Te-

producing sound from a sound record com-
prising projecting a beam or pencil of light
upon the surface of the record, intercepting
the light reflected therefrom and converting
the light thus reflected into electrical im-
pulses.

The intercepted light is adapted to be di-
rected on to a light sensitive device, for ex-
ample a photo-electric cell which is adapted
to convert the reflected light into electrical
impulses, the electrical impulses being there-
after applied to a thermionic amplifier and
passed to a loudspeaker or similar device for
conversion into sound vibrations.

The invention may be employed in connec-
tion with sound records of the lateral cut type
or of the hill-and-dale cut type. Further-
more the invention may also be employed to
such records in the form of waxes on which
the sound vibrations are initially vecorded or
to either a positive or negative metallic elec-
tro plate of the wax master or to the ordinary
commercial gramophone record. Further-
more the invention may also be employed in
“Y connection with records in the form of a
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thread, the actual sound vibrations being de-
lineated by varying thicknesses of the thread.

The invention contemplates the use of shape
diaphragms for the purpose of varying the
amount or flux of light which is permitted to
pass to the light sensitive device, the amount
or flux of light being dependent upon the
characteristics of the sound record being trav-
ersed.

Further features of the invention will here-
inafter appear. ‘

In the accompanying drawing:—

Figure 1 illustrates in a somewhat diagram-
matic forin the invention as applied to a lat-
eral cut type of record,

Iigure 2 illustrates the invention as ap-
plied to a record of the hill-and-dale type.

- Figure 3 illustrates one form of diaphragm
employed with the invention.

Trigure 4 illustrates a further form of the
invention.

Figures 5, 6 and 7 illustrates further forms
of diaphragm which may be employed ac-
cording to the invention, and ,

Figure 8 illustrates in diagrammatic form
a practical embodiment of the invention.

‘Figure 9 illustrates the invention as ap-
plied to a record in the form of a thread.

Tigare 10 is a diagram of a modification.

In carrying the invention into effect ac-
cording to Figures 1 and 8 and as applied to
a lateral cut type of record, I arrange a beam
or pencil of light to be projected on to the
surface of the record by means of a suitable
lens system not shown. - The focussing power
of such system may be employed to differen-
tiate the groove from the remainder of the
surface of the record.

The sound groove of the record which is
shown diagrammatically at 9 is adapted to
reflect an image of the groove and the light
thus reflected is intevcepted and concentrated
by a lens system 11 and directed on to a light
sensitive device such as a photo-electric
cell 10.

Arronged preferably at the focus of the
reflected light is a diaphragm 12 (Figure 1)
having a shaped aperture 13 (Figure 3)
through which the reflected light is adapted
to pass prior to its passage to the light sensi-
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tive device 10. The light passing through
the aperture may be further concentrated by
a lens 14

The aperture 13 in the diaphragm may be,
according to Figure 3, of a triangular or
lozenge shape arranged with the base of the
triangle substantially parallel to the main
track of the groove image.

During traversing of the record the sound

* groove is adapted to cause a succession of

images to be reflected through the lens sys-
tem 11 on to the surface of the diaphragm and
it will be appreciated that such succession of
images will traverse the surface of the dia-

- phragm in a linear path and parallel to the

short base of the isosceles triangle shaped
aperture. The speed and extent to which
the images move over the surface of the dia-
phragm will be dependent upon the ampli-
tude and frequency of the sound recorded.
Due to the configuration of the aperture of
the diaphragm the amount or flux of light
passing through the aperture at one part will
vary as compared with the amount of light
passing through another part.

The arrangement may be such that for a
large amplitude of a sound vibration a
greater amount of light is permitted to pass
through the aperture than for a relatively
small amplitude.

The light passing to the photo-electric cell
will therefore depend upon the characteris-
tics of the sound groove being traversed.
The light is converted into electrical impulses
in the photo-electric cell, such electrical im-
pulses being then applied to a thermionic
amplifier and thereafter converted into sound
vibrations by means of a loud speaker or the
like.

In carrying the invention into effect in con-
nection with a record of the hill-and-dale
type as shown in Figure 2, a beam or pencil
of light is projected on to the record shown
as an enlarged partial section in Figure 2
and concentrated in the groove thereof. The
groove is adapted to reflect an image of the
groove, which image is intercepted and con-
centrated by means of a lens system 15 and
projected on to a diaphragm 16 which has a
small aperture sufficiently large to contain
the image of the illuminated part of the hill
of the sound groove at 17, the reflected light
being then adapted to pass through the dia-
phragm 16 to the light sensitive device 10.

As the record is traversed the dale 17a will
in turn be illuminated and will thus reflect
an image which is at a greater distance from
the lens system 18 than the image reflected by
the part 17.

It will be seen, therefore, that since the re-
flected image is at a greater distance from
the condenser 15 the focus of the image after
passing through the condenser is consider-

_ably shortened as shown in dotted lines in

Figure 2, with the result that, instead of a
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fairly concentrated beam being projected on
to the surface of the diaphragm 16 as shown
in the full lines in Figure 2, a diffused beam
impinges on the diaphragm due to the short-
ening of the focus. It will thus be appar-
ent that the hill part of the groove will cause
a greater flux of light to pass through the dia-
phragm on to the photo-electric cell whereas
in the dale part of the record the image is
diffused over the surface of the diaphragm
so that a less amount of light is permitted
to pass through the aperture.

If so desired the arrangement may be re-
versed so as to permit a greater amount of
Light to pass for a dale than for a hill part of
the sound groove,

A further form of the invention is illus-
trated in Figure 4 in which an image of a dia-
phragm is reflected from the sound groove in
place of an image of the groove.

A source of light indicated by the numeral
18 is arranged to project a beam on to a con-
denser 19 which concentrates the beam and
projects it on to a diaphragm 20 having an
aperture shaped as in Figure 1 or in Figures
5,6 and 7 hereinafter referred to.

The light transmitted through the dia-
phragm 20 is totally reflected through a
prism 21 on to a lens system 22 which con-
centrates the beam on to the sound groove in-
dicated at 23. The image of the diaphragm
20 will be reflected by the sound groove back
through the lens system 22 and on to a fur-
ther diaphragm 24 located at or near the
focus of the beam prior to its passage to the
light sensitive device 10.

The diaphragm 24 is preferably provided
with an elongated vertical aperture indicated
at 25 in Figure 5. ‘

The succession of images reflected from
the groove 23 due to traversing of the record
will be displaced laterally depending upon
the amplitude of the sound groove and will
move over the aperture 25 of the diaphragm
24 in a linear path and it will be appreciated
that by virtue of the shape of the reflected
image the amount of light permitted to pass
to the pheto-electric cell 10 will be dependent
upon the displacement of the image relatively
to the aperture of the diaphragm 24,

In crder that the illumination of the
shaped aperture 20 may be uniform the aper-
tare may be illuminated by a beam of parallel
light by placing the light source 18 at the
foeal plane of the condenser 19. '

Greater flux of reflected light and conse-
quently greater variation in the potential of
the photo-electric cell may, if so desired, be
obtained by employing an astigmatic lens
system. , ,

If so desired, instead of a single triangular
shaped aperture as shown in Figure 1 being
employed, a double triangular shaped aper-
ture may be provided as shown at 26 in Fig-
ure 5, the two triangles being arranged with
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their apices in contact so as to constitute a
substantially diabolo shaped aperture.

In some cases the shaped aperture may be
made of a suitably non-linear form. For ex-
ample, the triangular shaped aperture 13
shown in Figure 1 may be provided with
curved concave sides as illustrated in Figure
6 or the aperture shown in Figure 5 may simi-
lariy be provided with curved sides as shown
in Figure 7 while the elongated aperture 25
in Figure 5 may be provided with non-paral-
lel sides as shown in Figure 7.

It will be seen, therefore, that with the
above arrangements the light passed to the
photo-electric cell is not directly proportional
to the displacement of the image relatively
to the aperture but increases more than in
proportion to the displacement. By suitably
choosing the shape of the aperture any de-
sired displacement response curve may be ob-
tained.

The shaped diaphragm referred to above
may form an integral part of the photo-elec-
tric cell, (which latter may, for example
be of the anode plate type), and in place of
the particular shapes shown, the diaphragm
may be furnished with one or more apertures
of any suitable shape.

In some cases for the illumination of the
record surface I may employ a system com-
prising a mirror or reflecting prism covering
a part of the objective through which the
light from a suitable source is projected onto
the record, and the light reflected from the
record is transmitted through that part of
the objective which is not so covered. The
part of the lens system for projecting the
light onto the record need not be so highly
corrected as the other part and may in con-
sequence be a wider aperture system so as
to secure a greater intensity of illumination
of the record groove or other part. Such a
system may be employed with either one
or two shaped aperture diaphragms.

It is important that the distance between
the lens system and the record be maintained
constant.  For this purpose the optical sys-
tem may be arranged as shown in Figure
8 which system corresponds generally to the
system shown in Figure 4 with the exception
that a further prism 27 is provided for re-
flecting the light from the source on to the
groove of the record. The system may be ar-
ranged within a casing or arm 28 as shown
conveniently mounted adjacent to the turn-
table of the machine and which may be ar-
ranged similarly to the usual tone-arm.

The distance between the lens system and
the record may be kept constant by means of
an arm 29 provided with a small roller 30
which is adapted to run in an adjacent groove
of the record. If desired the arm 29 may be
replaced by a flexible stylus with or without
a small wheel at the end or the arm 28 may
carry a pin or projection arranged to be con-
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trolled by a light spring and located in a
part of the arm which rides on the surface
of the record, the pin or projection riding in
the record groove.

If the record should not rotate truly in
one plane the optical system will likewise
move but may still be kept parallel to the
record by the linked movement illustrated di-
agrammatically at 81. Should the record
errors be not great it may be sufiicient to hinge
the apparatus on a fulerum at 32.

The alignment of the record groove with
the optical system is secured by means of the
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arm 29 which not only maintains the vertical .

height above the record at the correct value
but also maintains the tracking or the hori-
zontal alignment of the record groove and the
optical system.

80

It will be appreciated that the arm or

stylus 29 doees not communicate any vibra-
tion to the optical head so that wear upon
the record is reduced o a minimnm.

If so desired, the arm or stylus 29 may be
arranged to travel in a plain or uniform
groove arranged alongside the record groove
so that wear upon the actual record groove
is reduced to zero.

According to a further form the correct
traversing of the record by the optical sys-
tem or vice verss may be obtained by employ-
ing a system of cams, levers or gear arrange-
ments so that the working head $raverses or
is traversed by the record at the desired rate.

In order to keep the record at the correct
distance from the iens system, the arm car-
rying the latter may vest on and slide over
a bar A B (Figure 10) which is kept at a
fixed distance from the record by means of
rollers D and X, which arve adapted to roll
on plain or ungrooved portions of the record.

The lateral eccentricity of record can be

-corrected for by -means of another roller run-

ning on a raised projection or groove at the
edge of the record. It is arranged that this
roller gives a small spring controlled later-
al displacement either to the record, or to
the traversing screw or the nut guiding the
alignment of the optical system and its
groove. Alternatively the turatable car-
rying the record may have a inore or less flex-
ible support so that the essential grooves of
the record are maintained in the correct posi-
tion by the fixed arrangement of rollers or
wheels so that relative to the optical system
the record is free from errors of eccentricity
and warping of the discs.

The invention is of particular service for
ase in the initial recording of the sound vi-
brations upon wax masters and the difficul-
ties of focussing and tracing in the case of
wax are eliminated by mounting the optical
system as an integral part of the head of the
record cutting tocl. The action of the latter
can be electrically controlled by listening to
the reproduction from the cptical reproduc-
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ing system mounted immediately behind the
cutter. _ ‘

The records employed in accordance with
the present invention may as previously
mentioned be of any suitable form and such
may be metallized to afford a better reflective
surface by any convenient process such as
chemical deposition or cathodic spluttering
or any other method so that the metal film
lies either in the record grooves or on the
other parts or both.

Tt will be appreciated, of course, that it
may not be necessary to metallize the surface
of the record since in some cases the ordinary
record surface may be suitable and have a
sufficiently reflective surface so as to obviate
the necessity of metallizing the record.

According to a further form of the inven-
tion I may employ a record in the form of a
thread, the actual sound vibration being de-
lineated by varying thicknesses of the thread.

“As shown in Figure 9 a record in the form
of a thread is indicated at 83 and is arranged
so that light may be reflected therefrom
through a condenser 34 on to a diaphragm 35.
The operation of the device shown in Fig-
ure 9 is similar to that described in connec-
tion with the hill-and-dale type of record il-
lustrated in Figure 2.

According to a further form the light may
be reflected from a mirror placed immediate-
ly behind the thread record and the aperture
employed with either a parallel or focussed
beam of light.

If desired in place of the shaped dia-
phragm referred to above I may employ a
neutral tinted wedge for the purpose of vary-
ing the amount or flux of light which may or
may not be combined with clear glass wedge
for compensating the natural deviation in the
neutral tinted wedge.

In some cases I may provide suitable means.

for varying the intensity of the light reflected
from the record for the purpose of varying
the volume of sound reproduced.

Tt is to be understood that T am not to be
limited to the above details of constructions
since I may vary the arrangement of lens
system, the particular disposition and ar-
rangement of the apertures depending upon
any practical considerations that may have to
be fulfilled. - :

Having now particularly described and
ascertained the nature of my said invention
and in what manner the same is to be per-
formed, I declare that what I claim is:—

1. Apparatus for reproducing sound from
a sound record, said apparatus including
means for projecting a beam of light upon
a record, means for intercepting the light re-
flected from the surface of the record, a
light sensitive device for converting the re-
flected light into electrical impulses, a dia-
phragm having an aperture, means for pro-
jecting an image of said aperture onto the

1,017,003

surface of the sound record, a diaphragm in
front of the light sensitive device, and said
second diaphragm having an aperture for
the passage of light rays.

9. Apparatus for reproducing sound from
a sound record, said apparatus including
means for projecting a beam of light upon a
record, means for intercepting the light re-
flected from the surface of the record, a light
sensitive device for converting the reflected
light into electrical impulses, and means for
compensating for any irregularity of move-
ment of the record.

3. Apparatus for reproducing sound from
a sound record, said apparatus including
means for projecting a beam of light upon a
record, a lens system for intercepting the
light reflected from the surface of the record,
a light sensitive device for converting the re-
flected light into electrical impulses, said lens
system arranged to direct the intercepted
light onto the light sensitive device, an arm,
rollers engaging the portions of the record,
a bar supported by said rollers in spaced re-
lation to the record, and said lens system
slidable on said bar and maintained at the
correct distance from the record thereby.

4. A method of reproducing sound from a
record having a sound groove therein com-
prising projecting light upon the surface of
the record, intercepting and concentrating
the light reflected from the record groove,
passing the light thus concentrated to a light
sensitive device for conversion into electrical
impulses, and- varying the amount or flux
of light passed to said light sensitive device
in accordance with the characteristics of the
sound groove.

5. Apparatus for reproducing sound from
a sound record having a sound groove there-
in, a source of light, means for projecting a
pencil of light from said source into the sound
grooves, means for intercepting the light
reflected from the sound groove, a light sensi-
tive device, means adapted to pass said inter-
cepted light to sald sound sensitive device,
said sound sensitive device adapted for con-
verting the reflected light into electrical im-
pulses, and means for varying the light or
flux of light projected to said record groove
depending upon the characteristics of the
record groove.

6. Apparatus for reproducing sound from
a sound record having a sound groove there-
in, a source of light, means for projecting a
pencil of light from said source into the
sound grooves, means for intercepting the
light reflected from the sound groove, a light
sensitive device, means adapted to pass said
intercepted light to said sound sensitive de-
vice, said sound sensitive device adapted for
converting the reflected light into electrical
impulses and means for varying the amount
or flux of light passed to said light sensitive
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device depending upon the characteristics of
the record groove.

~ : .

7. Apparatus for reproducing sound from
a sound record comprising means for pro-

~ Jecting a beam of light upon a record, means
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for intercepting the light reflected from the
surface of the record, a light sensitive device
for converting the reflected light into elec-
trical impulses, and a diaphragm having a

-5 triangular shaped aperture through which

the light reflected from the record is adapted
to pass. '
8. Apparatus for reproducing sound from

5

a sound record comprising means for project-
ing a beam of light upon a record, means for
intercepting the light reflected from the sur-
face of the record, a light sensitive device for
converting the reflected light into electrical
impulses, a diaphragm having an aperture
through which the light reflected from the
record is adapted to pass, and said aperture
being triangular shaped and having curved
sides.

Signed at London, England, this 2nd day
of January A. D. 1930.

WILLIAM EWART WILLIAMS.
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