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to all u?ion, it may concern 
Be it known that I, CARL J. HoHENSTEIN, 

a citizen of the United States, residing at New 
York, in the county and State of New York, 
have invented certain new and useful Improve 
ments in Sound - Recording Apparatus, of 
which the following is a specification, refer 
ence being had to the drawings accompanying 
and forming a part of the same. 
The object of my invention is to produce an 

instrument by means of which Sounds of any 
kind, whether simple musical tones or ar 
ticulate speech, may be permanently recorded 
and reproduced at will. The special object of 
the construction which I have devised is to ob 
tain a more sensitive apparatus of the kind 
than has heretofore been made. 

In carrying out my invention I make use of 
a reflector which is supported in such manner 
that it is capable of a slight movement, or os 
ciliation about an axis. Upon this reflector a 
bean of light is directed, and it is reflected 
upon a stationary reflecting-inirror placed at 
a certain distance in front of the vibrating 
reflector. The reflecting - mirror is slightly 
concave and concentrates the reflected rays of 
light to a focus. To obtain a movement or 
vibration of the focused rays corresponding 
to Sound-waves, I either connect with the first 
named reflector a vibrating diaphragm or use 
the reflector itself as a diaphragm, so that 
Speaking against it will impart to it; a certain 
lan ovement, or vibration. Shese vibrations are 
imparted to the beam of light and are greatly 
amplified in the focused rays, so that if a. 
strip of sensitive photographic paper be drawn 
through the focused rays the change of posi 
tion of the latter will be recorded by an un 
dulating line upon the paper. The strip may 
then be developed in the usual manner and 
the line reproduced in various ways, as by en 
graving or photo - engraving or otherwise. 
When obtained in a permanent form in metal, 
the strip may be drawn under a stylus or other 
point connected with a diaphragm and the 
Sounds or words reproduced any number of 
times. - 

The main advantage of this instrument over 
ordinary forms of phonograph or similar in 

So struments resides in the fact that it may easily 
be made extremely sensitive. The vibrating 
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reflector may be used with the diaphragm of 
an ordinary telephone-receiver in circuit with 
a microphone, and the slightest vibrations so 
greatly amplified as to reproduce sounds or 55 
words uttered a long distance from the micro 
phone. 
Many other uses will be suggested by the 

accompanying description of the nature of the 
invention, in which reference is made to the 6c 
drawings. 

Figure 1 is a side elevation of the parts com 
prising the recorder, the side of the box being 
removed. Fig. 2 is a top plan view of the 
same parts, the top of the box being removed. 65 
Fig. 3 is a front view of the vibrating reflector 
and its supports. Fig. 4 is a side view of the 
same without the supports. Fig. 5 is a modi 
fied support for the reflector when the latter 
is used without a diaphragm. Fig. 6 is a plan to 
view of the device for moving a strip of photo 
sensitive paper through the focused light 
rays. Figs. 7, 8, and 9 are different forms of 
tracer or stylus used in reproducing Sound. 
Fig. 10 is a supporting-plate used in the device 75 
shown in Fig. 6. Fig. 11 is a portion of a 
screw-threaded shaft used in the same. Fig. 
12 is a modification of Fig. 6, shown in side 
elevation. Fig. 13 is a top view, and Fig. 14 
a rear view, of the same. Fig.15 is a side view 
of the device for reproducing the sound. Fig. 
16 is a top view of the same with the dia 
phragm and its supports removed. Fig. 17 is 
a side view illustrating the manner of using a 
plate made by the instrument in Fig. 12 in 85 

Fig. iS is a top view of 
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reproducing speech. 
the Same. 
The recording apparatus is contained in a 

close box, A. It consists of the following 
parts: A small circular reflector, B, is soldered 
or otherwise secured to a metal pin, B, which 
serves as a supporting axis, being motinted 
between suitable supports, a ci. A metal or 
other diaphragm, C, is mounted in a suitable 
mouth-piece, C, and the reflector is supported 
a short distance from it. A resilient connec 
tion is made between the diaphragm and the 
reflector, as by a rubber band, c, which is 
passed through holes in the two. A short pin, 
c, is then interposed between the central point Ioo 
of the diaphragm and a point on one side of 
the axis of the reflector, so that any vibration 
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of the diaphragm is imparted to the reflector, sensitive paper, I may use a cylinder upon a 
and appears therein as a movement of Oscilla 
tion or angular displacement about the axial 
supporting-pin B, and this is true, and in large 
measure inmaterial with reference to ultimate 
results, whether the line with reference to 
which the reflector turns pass through the re-l 
flector or be situated at a greater or less dis 
tance from it. 

In the interior of the box A, but out of line 
with the reflector B, is placed a box or dark 
lantern, D, adapted to contain a lamp, candle, 
electric lamp, or other suitable source of light. 
In the side of the lantern is an adjustable or 
telescopic tube, D', which directs the light 
upon the reflector B. I have a special object 
in using an adjustable or telescopic tube for 
this purpose, for the reason that it may be 
made to increase or diminish the area of the 
light-surface upon the reflector, and thus pro 
vide a means of adjusting the instrument, as 
will hereinafter more fully appear. 
The light-rays reflected from the reflector B 

fall upon a concave reflector, E, placed at the 
opposite end of the box. The beam of light 
does not entirely cover this reflector, but leaves 
an annular space around the edge. By the 
reflector E the rays are concentrated and fo 
cused at a point near the front of the box, 
and in the focus is a strip of photo-sensitive 
paper, d. Any suitable provision is made for 
holding, moving, and receiving this strip. For 
example, I employ a spool, d, upon which it 
is wound. It is then carried over a roll, e, 
and passed between the same and a roll, e', 
provided with a crank. The rolls e and e be 
ing close together, the strip is unwound by fric 
tion and delivered in a receptacle, f. 

In order to produce a record, the light is 
adjusted as above described, the voice directed 
into the mouth-piece, and the handlef' turned. 
The vibration of the diaphragm imparts oscil 
lations to the reflector B, and this produces 
corresponding vibrations or displacements of 
the beam of reflected light. These displace 
ments are amplified by the reflector E, owing 
to its position and distance from the reflector 
B, and the focus of the reflected rays is shifted 
by each displacement of the light-surface on 
reflector E. If while the light-rays are being 
thus effected the sensitive strip is moved at an 
even rate, a photographic innpression of the 
focus in all its positions will be taken, forming 
a wavy or undulating line. The paper is after 
ward developed and the impression fixed in 
the ordinary manner. 
The construction or the arrangement of the 

reflector B and diaphragm may be somewhat 
varied. For example, in lieu of using a dia 
phragm connected with the reflector, the dia 
phragm may be dispensed with and the re 
flector made large enough to serve as a dia 
phragm itself. In this case it is advisable to 
pass a rubber cord, b, around the projection 
or ear, as indicated in Fig. 5, in order to hold 
the reflector better in its position. On the 
other hand, in lieu of using a strip of photo 
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screw-shaft, F, such as is shown in Fig. 6, and 
cover the surface with a sheet of sensitive pa 
per. The screw-shaft is caused to enter a 
threaded bearing, so that the cylinder when 
turned has an end wise movement, which takes 
the impression in a spiral line. When the 
cylinder e' is used merely to move a paper 
strip, its surface is covered with rubber to pre 
vent slipping. It is then mounted with one 
end of the axle in a hole in a Supporting 
plate, F, which is secured in position by 
screws that pass through the slotsf'. The 
end of the screw-threaded axle is provided 
with a suitable bearing, as g, which will turn 
freely in the plate F. 
Another way of taking an impression of the 

path of movement of the focus is to employ a 
Sensitive glass plate. 
upon the surface of this plate and a ulovenent 
is imparted to the plate that carries it under 
the focus in a spiral path. An instrument for 
this purpose is shown in Figs. 12 to 14. G is 
the sensitive plate secured in a holder, g, by 
clamps g”. The holder is mounted in a bear 
ing that is adapted to slide to and fro in a 
supporting-guide, H. The back of the holder carries a raised spiral, H', that engages with a 
set of teeth, h, on the support. On turning the 
handle h' the plate is revolved, and at the same 
time moved horizontally by the spiral H" en 
gaging successively with the teeth h. 

Having obtained a photographic record of 
the sound waves or impulses in any of the 
ways above described, the Dext step is to en 

The light is focused 
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grave or photo - engrave the impression in 
metal or some other hard Substance, to make a 
permanent record that can be used for repro 
ducing the sounds. In some instances I use 
a strip of metal and cut it along one edge to 
correspond to the line traced by the focus, 
This irregular line, as above described, is ob 
tained when the vibration of the beam of light 
shifts the position of the illuminated surface 
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on the reflector E. For example, when the 
illuminated surface is less in area than the re 
flector and is vibrated from side to side, the 
focus will change. On the other hand, if the 
illuminated surface just equal in area that of 
the reflector, then by the vibration of the beam 
more or less light will pass beyond the re 
flector, and the luminosity of the focus will 
vary, making a line upon the Sensitive paper 
of dark and light portions. In reproducing 
this line by photo-engraving a line of unequal 
depressions will be formed. There are other 
ways of effecting the same result, which will 
be well understood from the foregoing. 
To reproduce sounds from the record made 

as described, I pass the record under a tracer 
or stylus attached to a diaphragm. The tracer 
is attached to the diaphragm in the same man 
ner as the reflector, and I may use either with 
the same diaphragm by simply substituting 
one for the other. The tracer shown in Figs. 
7 and 8 is a small piece of metal having a 
point, k, and a shoulder, k, and forming part 
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of a bell-crank lever provided with a hole, l, 
for the spindle in Fig. 9, by which it is sup 
ported when a vertical nuovement is to be in 
parted to the tracer. At l is another hole, 
through which the spindle n is passed when 
the tracer is to be used with a record that, 
imparts to it an oscillating movement. In 
the first supposed case a needle, m, is placed 
between the tracer and the diaphragm, and a 
rubber cord is passed through the hole i and 
one or more holes in the diaphragm. In the 
second assumed case the cordis passed through 
the hole l and the center of the diaphragm, 
and the position of the needle may remain as 
before. 

If a strip of metal be cut so that its edge 
conforms to the photographed line of undula 
tions, it is used with the tracer by drawing it 
through a slot, n, in a guide, m, with its cut 
edge in contact with the shoulder k". The ine 
qualities in the edge of the strip produce ver 
tical vibrations of the tracer and reproduce 
the original sounds. 

If the record be engraved or photo-engraved 
On a limetal strip, the latter is drawn past the 
tracer in Such manner that the point k enters 
the undulating track or groove. If the record 
be one produced by variations in the luminos 
ity of the focus, as above described, the move 
ment of the tracer will be vertical; but if the 
record is a wavy line the point will be oscil 
lated from side to side and the vibrations pro 
duced in that way. 
The record obtained on a plate may also be 

engraved or photo-engraved in a metal plate 
and reproduced by placing a diaphragm pro 
vided with a pointer in front of the plate, as 
in Figs. 17 and 18. The point k should ex 
tend into the engraved track, so that by turn 
ing the handle and revolving the plate it will 
follow the spiral course of the track. The 
Imechanism in this case is the same, so far as 
the support for the plate is concerned, as that 
sil own in Figs. 12, 13, and 14, and described 
above, and is therefore correspondingly let 
tered. The diaphragm and tracer are of the 
Same Construction as in the other devices. 

This apparatus or means of recording and 
reproducing speech is capable of many and 
useful applications. It is more sensitive than 
any of which I am aware, and by it a photo 
graphed record of ordinary sounds may be 
obtained in which the length of the vibrations 
or undulations of light focus is several inches. 
This makes it useful in connection with tele 

phones or microphones, for the purpose of 
recording the words or sounds transmitted by 
them, and such use would be facilitated by 
making the reflector B of iron and placing the 
receiving-magnet immediately behind it. 

I have not described all the various ways in 
which this instrument may be constructed and 
used; but I do not limit myself to the precise 

; forms shown. 
I am aware that sound has been transmitted 

by means of a reflected beam of light, and I 
am also aware that a reflector has been used 
in conjunction with a diaphragm for produc 
ing changes in a reflected beam of light cor 
responding to the vibrations of the diaphragm, 
and these, therefore, are matters which I do 
not claim. 
What I claim is 
1. In an apparatus for recording sound, the 

combination, with a source of light and a 
movable photo-sensitive surface, of a reflector 
for producing movements or vibrations of or 
in a bean of light, and mounted upon an axis 
or pivotal support, whereby the sound-waves 
produce therein an oscillating movement about 
said axis or support, as set forth. 

2. In an apparatus for recording sound, the 
combination, with a source of light and a 
movable photo-sensitive surface, of a reflector 
for producing movements or vibrations of or 
in a beam of light, and mounted upon an axis 
or pivotal support, and a diaphragm connected 
with said reflector, whereby the vibrations in 
the diaphragm produce oscillations in the re 
flector about its axis or pivotal support, as Set 
forth. 

3. In a sound-recording apparatus, the Com 
bination, with a system of reflectors and a 
movable photo-sensitive surface, of an inclosed 
source of light and an adjustable or telescopic 
tube for directing a beam of light upon the 
vibrating reflector, as herein set forth. 

4. In a sound-recording apparatus, the colm 
bination, with a source of light and a movable 
photo-sensitive surface, of a pivoted reflector, 
a diaphragm for imparting oscillations or vi 
brations thereto, a needle or rigid metal piece 
interposed between the diaphragm and re 
flector, and one or more elastic bands for hold 
ing the reflector in position with reference to 
the diaphragm, - 

CARL J. HOHENSTEIN. 
Witnesses: 

RoBT. F. GAYLORD, 
PARKER. W. PAGE. 
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