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To all whom it may concern: 

5 

UNITED STATES PATENT OFFICE. 
FRANCIS W. H. CLAY, of WHITEHALL, KENTUCKY. 

Process of MARING sound-reproducing becoRDs. 
No. 900,706. 

Beit known that I, FRANCIs W 
a citizen of the United States of America, 
residing at Whitehall, in the State of Ken 
tucky, have invented a certain new and use 
ful rocess for Making Sound-Reproducing 

0. 

Records, of which the following is a specifi 
cation. 
My invention relates to sound recording 

and reproduction, and has for its object, pri 
marily, to make reproducing records of the 

15 

20 
g sounds without diminishing in any 

25 

motions of sound waves in a more perfect 
form than has heretofore been attained, and 
particularly to avoid the rasping imperfec 
tions and buzzing sounds iif Ally 8000 
panying the sound reproduction from all the 
present records usédby graphophones, gram 
ophones etc. 
My object further, is to gain complete con 

trol over the loudness and pitch of the re 
egree the accuracy and quality of tone. of 

the same. . . . 
The said imperfections in the present sound 

records result from several conditions neces 
sary and inherent in the processes of product 

35 

40 

ing the records,-notably, ist., the tising of 
metallic or crystalline materials for the rec 
ords and for working and duplicating them; 
2nd, the employment of graving tools, which 
are necessarily rough and only approxi 
mately of the form they are intended to 
have; 3rd, the mass and inertia of certain moving parts used in making a trace of the 
movements of a sound-receiving diaphragm. 
To avoid these imperfections, my process 
employs amorphous-materials in which to 
record the southd wave lines and to take an impression of the same-for reproducing pur 
poses; and further, I use a light ray as the 
recording agency and chemical or other simi 
reduction of the record to a 

45 

50 

across the field of p 

lar means both for the recording and for the 
ermanent may 

terial form for use in reproduction. Thus 
there is no agency employed, between the 
sound waves and the final reproducing record 
as used in commerce, which involves weight 
or inertia to overcóme, or which has withii 
itself any necessary source of imperfections, 
as in all present methods. . . . . . . 
The process which I have invented con sists broadly in vibratingary of light 

5 s through the agency of a body actuated by g sensitive surface of the vibrating ray, sound waves, : ali 
ay. 

- - - - - - - 

sounding E. actuated directly by 

specification of Letters Patent. 
Application filed May 23, 1900, serial No. 17,778, 

light become black by a chemical change and 

Patented Oct. 13, 1908. 

( to thereby trace thereon a line corresponding 
W. H. CLAY, to sound waves, and then developing the 

photographie line into the form of a groove . 
or raised ridge for reproducing purposes, by 
purely chemical means. 

60 

In the photographic arts tyvo general 
classes of light-sensitive materials are used, 
which are typified, respectively, in the com 
mon silverbromid dry plate and the “bi- 6 
chromated gelatin' used in photo-engraving 
drawings. 
A thin film of gelatinous or albuminous 

substance carrying in suspension in its mass 
such a salt as silver bromid, is affected by 
extremely short exposure to light, seaso. 
reduce the stability of the salt, when, in the 
developing of the substance after exposure, 

70 

the portions of the film that are affected by 
75 

supposedly a deposit of metallie silver-the 
unexpose ortions remaining transparent 
after the E. g’ bath. A mass of gelati 
nous or albuminous substance impregnated 
with such a salt as ammonium or potassium bichromate r a comparatively, long 
exposure to light before being sensibly af 
fected. The action of the light on the salt in 

80 

the presence of the suspending medium is of 
80 a character which has a sort of ES 85 

tion on the medium, rendering it insoluble in 
several liquids, such as acetic acid, sulfuric 
acid, hot water, etc., which yet readily dis 
solve the same material where it has been 
protected from the action of the light. In 
view of these facts, I employ as a means for carrying out my process, a P film 

90 

composed of a thin top layer of gelatin or: 
albumen containing silver bromidor a simi 
lar salt and an under layer of gelatin or albu 
men or glue containing bichromate of ammo 
nium or potassium or a similar sensitizing 
salt. Also, in order to be able to develop the 
destroying the under layer I cover the under 
(bichromate) film with a protecti 
collodion or such substance. In the e 
sure in recordi - the motion of the light ray 
the bichromate to is not affected, owing 
the short duration of time exposed; but the 
bromid film is affected to render it black on 
developing. The latter is then treated to 
Ek'. E. common developers, when the 
to 

black line, the remaining portions being 
transparent after the fixing bath. The co, 
tlodiaficoat protects the bic omate film both 

the light ray thereover becomes a 

toplayer when it has been exposed without 
00 

coat of 
0- i. 
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from the developer and the fixer, and all Fig. 4 is a section through another form of 
these operations being carried on in the dark, 
the bichromate film is still light, sensitive, 
and now has superposed upon it a protecting 
black coat where the light ray has played 
over it in recording sound waves. The film 
is next exposed a comparatively long time 
(say 5 or 10 minutes) in strong sun or electric 
light, and then treated to a bath of the sol 
vent developer, which may be, for example, 
glacial acetic acid cold. This dissolves away. 
the upper film of gelatin, the collodion coat 
ing and the unexposed portions of the bi 
chromate gelatin. The sound record is then 
indicated by the difference in the thickness 
or elevation between the parts of the film 
which are light struck and those which are 
not exposed, and if the unexposed portion be 
all dissolved away the resulting sound record 
takes the form of the edge of the film cut 
along the dividing line between exposed and unexposed parts. 

in making sound records in one form here 
inafter to be described, I may proceed by 
placing the bichromate gelatin directly on 
the bromid gelatin after the latter has been 
exposed and developed. Thereupon, the 
second exposure being made from beneath, 
the solvent developer being applied to the 
outer surface leaves the light struckportion,-- 
i.e. the portions under the transparent parts 
of the bromid film, as raised ridges, super 
posed on the bromid gelatin. 

After the sound photograph has been made 
it may be reproduced in relief in gelatin or 
glue or similar substance by printing in the 
sun and dissolving out, as is done in photo engraving. 
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The form in which the photographic sur 
face is arranged is not material to the proc 
ess. But I prefer, for cheaper records where 
accuracy is not the sole consideration, to 
make the record in the form of a ridge or a 
grooved line arranged spirally on a flat plate. 
For more accurate work I make the com 
pound film in the ribbon form, as illustrated in the accompanying drawing at Figure 7. 

actuator and its telescope. Fig. 5 is a verti 
cal section through the telescope. Fig. G is 
a partial section of the compound film car 
ried on a plate. Fig. 7 shows two perspec 
tive and sectional views of the ribbon form of 
the film, in two stages of development. Fig. 
8 illustrates the head of the lever arm for 
actuating the light ray, and the trace of the 
light ray, as arranged when it is desired to 
produce a groove in the bichromate gelatin. 
Fig. 9 illustrates the same as arranged to give 
a raised ridge in the bichromate gelatin, to 
be used as a patrix die in stamping out dupli 
cates. Fig. 10 shows a flat plate with a 
sound photograph traced upon it inspiral 
form. Fig. 11 is a perspective view in sec 
tion of the disk formed by winding the rib 
bon of Fig. 7. Fig. 12 shows in section, at 
two stages of development, the plate form of 
the double film, and the reproducing plate 
stamped out therefrom, below. 

Considering the cost of producing dupli 
cate records prefer the form of the appara 
tus shown in Figs. 1 and 2. 
A light tight box. A contains a motor M 

having a contact or brush-wheel22 on a hori 
Zontal shaft which has a fine screw extension, 
21. This screw works in a block 20 which 
has a base 23 mortised in and sliding freely in 
a groove 26 in a horizontal guide-bar 24 sup 
ported as shown at 25. The traveling block 
20 has a socket which receives the centerpin 
20" of a revolving table t. The table t car 
ries the plate B having the sensitive film f' 
(shown in Fig. 6). The table and plate are 
revolved by the brush wheel 22 and are kept. 
in contact therewith by rolliers 19. The box 
A has a door D for introducing the sensitive 
plate. On top of the box A is stanchion :) 
with an adjustable arm S whici earries the 
telescope and actuator for the light ray. li. 
the form of this figure, a sound receiver 1 
screws into and forms part of a circuiar hous 
ing containing a vibrating (ital ragin -i, 
which may be of glass or inica, heli ibetween 
elastic rings. At the center of the lia 

For carrying out the process and the ma- phragm is a thin aluminut strut 5 to actu nipulation of the film and of the light ray I ate a mirror 
have invented the apparatus illustrated in opening if 
the accompanying drawings, which drawings sirii; 
also illustrate the steps of the process. And smalls 

i in detail in the 
tiescription of the structire and use of the 
the process will be explaiei 

applit ig. 1 represents my preferred form of ex 
posing box, telescope and actuator, shown in 
section. Fig. 1 is a verticaisection, at right 
angles to that of Fig. 1 through the actuat 
ing diaphragm and its housing, showing the 

is. On Oile side, if the lower 
4.- : 

Thus as ti: 
(. 

ceiver the : receives it: it is ir vir:- 
tion about it (idle as a flexiki axis. Tin, 
face of the mirror has a black or a vinite spot, 
preferably diamond-shaped. as stown at Fig. 
1. (If it is black its image 3 tie piate 
will make a ciear line photograpinic trace: if 

EPE of the mirror. Fig. 2 is a plan in-silvered, a biack line trace. f : a purpose 
S. e.the dark box, with a plate in position, hereinafter set forth. w * 

Or, lie sectional form and aeross section of the telescope. Fig. 3 of the ray may be controlled by an opening. 
... is a vertical section of an exposing box for before striking the mirror. 
recording on the ribbon form of the film. The diaphragill housing has a tubular ex 

' iro using is attacited a tin flat : 
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booros . . 
tension below which telescopes over a tube 2 When developed the film f will have a lat 
which again slides in a tube 3 set in the top 
of the box A. All the parts have set screws 
for adjusting. Through the side of the tube 
extends a small tube 18 carrying condensing 
lenses 17 which project rays of lighton, the 

O 

center of the mirror 6 and through the lens 
16. The sunlight is collected and projected 
into the tube by the concave mirror 12 held. 
by a universal joint in the head 14 supported 
by the telescope as shown. The ray of light 
then is reflected downwards and is focused 
by a lens 16 to the fine image on the surface 

5 

20 

25 

30 

35 
: An illustration of the course over the plate 
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lens 45 in the tube. 44, and after passage 

55 

El section at Fig. 6. 

60. ... iv. 

in the head of the art 
Fig. 9, in using whi 
pe unexposed 

a spiral path over the surface a 

through a slit in the side of the telescope. 43 
and g 28 

50. 

arm 27 the rays are focused by the lens 47 

is fight..."(Seefigi: 

of the moving sensitive film f". It will be 
plain that by arranging the distance from the 
mirror to the film f” the movement of the 
focus point of the ray of light may be given 
any desired amplitude of vibration, while the 
lens 16 will reduce the image of the spot on 
the mirror 6-that is, the cross section of the 
vibrating ray-to any desired degree or size. 
Thus both the amplitude of the lateral vibra 
tion on the recording surface and the size 
and brilliancy of the recording beam of light 
are under complete control. As is clear 
from the figure, the ray of light will vibrate 
to and fro in a line radial to the disk B, while 
at the same time the said disk rotating gives 
the irapinging point of the light ray a result 
ant sinuous motion with respect to the cir 
cumference of the plate B and proceeding in 

. E. the cen 
ter of the plate-the screw 21 dragging the 
table and plate laterally under the focus of 
the telescoperas the revolution continues. 
is shown at Fig. 10. 
The actuator shown at Fig. 4 will some 

times be used. The small flat spring sup 
arm 27 of light material as aluminum. At 
its inner end it is attached to a flexible strut 
5 made fast to the diaphragm 4. At its 
outer end, on the longer lever arm, is a flat 
head 27 with a small hole (preferably dia 
mond shaped), and this head and arm extend 

E. freely between the two dis 
are open at the center as shown. The 

light is collected and concentrated to the de 
sired degree on the vibratory head 27 by a 
through the opening in the head 27 of the 
on the surface of the moving sensitive film f". 
The plate B and the filmfare shown in 

lm fis E. on metailorglass and covered with a collodion filmj and upon this is placed 
the bromid filmf'. The form of the opening 
o 27 is best shown at 

the line left on the 
he rest of the sur 

bjected to the action ace will have been 

ported on the diaphragm housing carries an 

erally sinuous spiral line left transparent. 
Onexposure to light again the portions of the 
bichromate gelatin under this will be light 
struck and become insoluble, so that when 
the whole is treated to acetic acid the top 

Es 

O 

in the colodion of and the 
posed portions of the bottom (bichromate). 
film f will dissolve away, leaving, the form 
shown in section (f). This is dried and 75 
hardened and then used as a patrix die to 
stamp into softened celluloid for example, as 
at r, leaving the sound record in the form of 
a groove spirally arranged on the plate or 
disk S. . . . 

The more accurate form in which to make 
the record is by the use of a sensitive ribbon, 
instead of the plate film. This is shown at Fig. 7, and is manipulated by the apparatus 
of Fig. 3. The dark box C contains a spool 
or roller 33 carrying the sensitive ribbon, and 
a spool or roller 34 to receive it. The ribbon 
passes over a support 32 under the vibrating 
ray of light andwinds on the spool 34, which 
is driven by a brush wheel 36 carried on a 
pivoted arm 39 and driven by a pulley 37 
M’. The arm 39 is pivoted on the shaft of 
the pulley 41 and has, integral with it, a fin. 
ger 39 which extends inside the spool 34 and 
rests on the surface of the ribbon already 
wound thereon. It stands parallel and op 
posite to the arm 39, so that as the ribbon 
winds on the spool the arm 39 rises, carrying 
also the arm 39 outward, keeping the point 
posite to the last layer of the ribbon and 
Wils. ribbon on the spool at a constant rate, whatever may be the diameter of the coil on the receiving spool. . Either form of 

- EE and actuator may be used with either form of exposing box and film. . . . 
... The sensitive ribbon is made similar to the 
sensitive film on the plate heretofore de 
scribed, save that it will be more convenient 
in making to coat both sides of the bichromate 
film with the collodion and the bromidgelatin. 

Referring 

collodion, f, for protection. Outside this is 
Upon exposure and Ygge: the trace of 
the ray of light (when the 
tor head of Fig. 8 is used) results as a fine 
black line along the middle of the ribbon, as 
shown. When re-exposed to effect the bi 

he bichroanate chromate film the latter becomes insolible 
all except the portion protected by the black 
tfeiline, which part readily dissolves in thesolvent developer. Consequently, in the 
bath of acetic acid the bichromate ribbon is severed along the line representing the sound 

and cord 38 from the pulley 41 of the motor 

of contact of the driving wheel36 always op 

a -thin film of the silver bromid gelatin, f. 
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to Fig. 7: the thick film fis the 
bichromate gelatin; it is thinly coated with 

115 

orm of the actua 

20 

25 

waves by the dissolving away of the protected 
gelatin. Now.olae of the halves of the sev 
ered ribbon is arranged for sound reproduc 180 
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tion as shown in Fig. 11, where the base his a 
flat disk having a hub. Around this the rib 
bonis wound in layers with layers of packing 
of less width than the ribbon, between them, 

5 so that the gelatin ribbon f stands a little 
above the general surface, forming, when 
completed, a spiral ridge on the disk h, having 
its upper edge undulatory to correspond to 
the sound waves. When hardened this may 

10 be used as a patrix die to stamp into softened 
rubber or celluloid for commercial use; or it 
may be reproduced in various ways. 

v. It is clear that the packing between the 
layers of the gelatin ribbon might as well be 

15 made wider, i.e., higher from the base disk, 
than the ribbon itself, so that the whole will 
present a spiral groove whose bottom is the 
edge of the ribbon, shaped in correspondence 
withsound waves. sy 
The terms 'sound photograph' and 'pho 

nophotographic record' used herein will be 
understood to indicate the trace of the vi 
brating spot of light over the surface of the 
moving bromidfilm, after development there 

25 on, when the line referred to is either a black 
opaqueline or else a clear line in the gelatin - 
depending on whether the recording spot is 
lighted or is black. 
Now the sound photograph may be repro 

30 duced in raised or depressed form in several 
ways: when it is made as a darkline trace or 
“negative', I may expose under it directly a 
common bromid film and make thereby a 
positive' or clear line trace. This being 

35 developed in oxalate or other non-metallic 
developer, treated to dilute sulfuric acid, 
dried thoroughly and then steamed; where 
upon the (clear line) trace will swell and form 
a ridge, which can be baked and hardened 

40 and used as a patrix die, from which we may 
stamp out duplicates in the groove form. 
Again, i may use a clear line photophono 
graphic record and reverse it over a plate 
covered with thick bichromated gelatin and 

45 after printing thereon dissolve out the unex 
posed portions of the said bichromate gela 
tin, leaving the record again in the form of a standing ridge. On using this as a patrix 
die and stamping out duplicates in celluloid 

50 the record will be re-reversed and take the 
form of a groove in the duplicate, now again 
in obverse and ready for commercial use. 
The ways of duplicating, and of reducing 

the photophonographic record to a tangible 
55 material form for reproducing the sound are 

20 

given only to illustrate the breadth of my in 
vention, being parts thereof, and while they 
are alternate forms of procedure in my proc 
ess I do not limit myself to any one or to all 

60 of them. 
The apparatus herein described, which 

forms another part of my invention, I have 
presented for patent in my application No. 

y 158,311 filed May 22/03, and the same there 

300,06 

fore forms no part of the invention covered 
by claims herein, but 

Having thus described my invention, what 
I claim and desire to secure by Letters Pat 
ent is the following: 

1. The process of making sound reproduc 
ing records by photographically recording 
the movements of a sound-actuated body 
and photo-etching the said graphic record to 
produce an undulating surface corresponding 
in form to the sound waves recorded. 

2. The process of making sound reproduc 
ing records by vibrating a ray of light in con 
sonance with the movements of sound waves, 
moving a light-sensitive film across the field 
of play of the said ray and reducing the re 
sulting trace of the said ray by chemical 
means to material form as an undulating sur 
face in amorphous material. 

3. The process of making a reproducing 
sound record by moving a ray of light in con 
sonance with the vibrations of sound waves, 
translating a light-sensitive material across 
the field of play of the said ray, developing, 
and by chemical means changing the relative 
elevation of the material along the said trace 
on the sensitive surface thereof. 

65 
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4. The process of making sound reproduct 
ing records consisting in vibrating a ray of 
light in consonance with the motions of 
sound waves over a moving sensitive, sur 
face, developing the photographed line thus 
formed, exposing under the photograph 
amorphous material capable of being ren 
dered insoluble by the action of light and dis 
solving out the unexposed and soluble por 
tions of the same, to leave an undulating Sur 
face. 

5. The process of making sound reproduc 
ing records which consists in exposing suc 
cessive portions of a light-sensitive film to the 
action of a ray of light vibrated in consonance 
with the movement of sound waves, develop 
ing the same to reduce the trace of the Fay to 
an opaque line, exposing under this film a 
second film rendered insoluble where light 
struck, and dissolving out the unexposed 
portions of the said second film, whereby an 
undulating surface in the form of the path of 
the light ray is produced in the said second 
film. 

6. The process of making sound reproduc 
ing records by photographing upon a light, 
sensitive film the movements of a ray of light 
vibrated by the agency of a sound wave actill 
ated body, developing the resulting photo 
graphic trace, exposing beneath it a fill, C 
pable of being rendered insoluble by the ac 
tion of light thereon, dissolving away the un 
exposed portions of the same under the Sound 
record trace, to form an undulating surface, 
and reproducing the resulting Sound wave 
forms by impressing the same into soft mil 

literial such as celluloid. 

OO 
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.ing records which consists in R; 
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7. The process of making sound reproduc 
ing records which consists in vibrating a ray 
of light by a sound-actuated body, translat 
ing a light-sensitive ribbon under the point 
of incidence of the said ray to trace an undu 
lating photographic line thereon, exposin 
under this record a ribbon of bichromate 
gelatin, dissolving away the unexposed por 
tions of the latter, so as to divide the said 
ribbon into parts having their edges undulat 
ing in the form of soundwaves. 

8. The process of making sound reproduc 
SC 

cessive portions of a light-sensitive film to 
the action of a ray of light vibrated in conso 
nance with the movements of sound waves, 
developing the same to produce an opaque. 
line on the trace of the ray, exposing under 
this film a second film rendered insoluble 
where light-struck, dissolving out the unex 
posed portions of the said second film so that 
the form of the edge of the path of the ray of 
light is imparted to an undulating surface 
representing sound waves, and winding this 
film about a center so that the said edge is 
arranged spirally with the volutions of the 
edge Early in a plane. 9. The process of making sound reproduc 
ing records which consists in vibrating a ray 
of light by a sound-actuated body, translat 
ing a light-sensitive ribbon under the point 
of incidence of the said ray to trace an undu lating photographic line thereon, exposing 
under this record a ribbon of bichromated 
gelatin, dissolving away the unexposed por 
tions of the latter to sever the R 
parts having their edges in the form of sound 
waves, and winding the ribbon into a disk 
with the edge of the ribbon forming a spirally 
arranged surface with undulations in the 
plane vertical to the plane of the disk. . 

10. The process of making sound-produc 
ing records which consists in vibrating a ray 
of light by a sound-actuated body, translat 
ing under the point of incidence of said ray a 
compound sensitive ribbon composed of a 
top layer of silver bromid emulsion and an 
under layer of bichromated gelatin the latter 
being protected by a skin of collodion, devel 

50 

55 

oping the top film, re-exposing to effect the 
under film, dissolving away the top film and 
the unexposed portions of the under film so 
as to sever the under film along the line of 
the trace of the light ray, and winding the re 
sulting wavy-edged ribbon with alternate 
layers of packing, into a disk with the edge 

60 

of the ribbon forming a spirally arranged sur 
iface on the face plane of the disk, the undula 
tions in the form of sound waves being in a 
plane vertical to the disk. 

5 

11. The process of making sound repro 
ducing records consisting in vibrating a ray 
of light falling on a sensitive film in conso 
nance with sound waves, developing the pho 
tograph thus formed exposing under the 

Steph a strip of amorphous material 
capab 
action of light, dissolving out the unexposed 
and soluble portions of the amorphous ma 
terial, winding the strip thus formed into a 

65 

e of being rendered insoluble by the . . 

70 
spiral with the undulating edge correspond 
ing to the sound waves extending in one di 
rection, and impressing in or upon plastic 
material the said undulating St. 8 
ranged edge of the strip. 

12. The process of making sound repro 
ducing records which consists in RS: successive portions of a light-sensitive 
the action of a ray of light vibrating in con 
sonance with the motions of sound waves, 
developing the same to produce an E. 
line, exposing under this film a second film 

75 

lm to 

80 

capable of being rendered insoluble by the. 
action of light, dissolving away the unex 
posed portions of said second film to form the 85 
material under the edge of the path of the 
ray of light into an undulating surface hav 
ing the shape of the sound waves, winding 
this film about a center so that the said edge 
is arranged spirally, lying in approximately a 
plane, and then impressing the resulting rec 
ord disk into soft material to make commer 

bon into 

cial records in the form of a . h; spirally arranged surface with the undula 
SE in a plane vertical to the plane of the 

ate. ... 
p 13. A photophonogram having an undu 
latory operating surface, the undulations 
thereof corresponding to sound waves, and 
composed of amorphous material rendered 
practically insoluble in water by the action 
of light. 

90 
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14. A photophonogram having a continu 
ous spirally arranged undulatory operating 
surface, the undulations thereof correspond 
ing to sound waves, and composed of amor 

105 

phous material rendered insoluble by the 
action of light. 

15. A surface of amorphous material ren 
dered insoluble by the action of light havin 
cut therein by tracing with a sound actuate 
ray of light and a developer a spirally ar 
ranged portion having an undulating surface 
corresponding to sound waves. In testimony, whereof, I hereunder sign 
my name in the ES of two witnesses. FRANCIS W. H. CLAY. 

Witnesses: . 
DANIEL WILsoN, 
CHAs. H. URBAN, 
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