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To all thon it may roncern. : 
IBe it known that I, FENDRI R. JoHANNES 

v.AN per Bt.; L, a subject of the King of Great 
Britain, residing at New York, in the 
courty of New York and State of New 
Yofix, have invented certain new and useful 
Improvements in Photo-Electric Translat 
ing Devices, of which the following is a 
full, clear. concise, and exact description. 
This invention relates to combinations of means for and methods of producing sound 

waves and in the hereinafter described 
embodiment thereof comprises apparatus 
adapted for use in rendering musical con 

15 positions. 
Its object is to provide methods and 

means whereby all the notes and over-tones 
of a musical composition synthetically pre 
pared may be rendered as musical sounds of 

20 the required quality, intensity and pitch. 
Its object is attained by allowing inter 

rupted radiant energy, for example light, to 
fall upon a light sensitive substance, the 
frequency of the interruption being such as 

25 to give the desired note. The variation of 
the electrical properties of this substance, 
due to the interrupted light incident upon 
it, furnishes a means for supplying a suit 
able receiver with a fluctuating current: the 

30 variations in which correspond to, and are 
controlled by the frequency of interruption, 
the intensity and quality of the interrupted 
light rays. 
This invention depends upon the photo 

35 electric properties of certain substances. 
such as the change of resistance of a stil)- 
stance when acted on by light or other 
adiant energy waves. 
The invention may be better utterstood 

40 by reference to the accompanying drawings 
in which Figure 1 shows one method by 
which the aforesaid photo-electric proper 
ties of a substance may be used for the pro 
duction of musical tones; Fig. 2 show's 

45 various musical passages upon a note sheet; 
IFig. 3 shows another form that this inven 
tion may take. Ilike reference characters 
represent like parts. 
The operation of the device illustrated in 

50 Fig. 1 may be described as follows: 
1, 1 represents a hollow cylinder, capable 

of being rotated at a constant speed and 
containing circles of perforations 4. Within 
the cylinder is a source of light 2. The rays 

is of light passing through these aperures fall 
a r- in a. 

upon the note sheet 7 a definite number of 
tinues per seconcl, and are reflected to the 
light sensitive substance 10, giving it alter 
nate periods of light and darkness with a 
(lefinite frequency. A selenium crystal is 60 
the particular light sensitive substance that 
is herein used for illustrating the invention 
although other suitable substances whose 
resistance varies under the influence of 
radiant light or other energy may be used. 65 
Since the resistance of the crystal changes 
under the influence of light, the current 
through the crystal, due to the battery 11, 
will then undergo like variations. That is, 
the current through the crystal will be to 
pulsatory in character, and a suitable tele 
phone receiver 17, placed directly in the 
circuit of the crystal or in a circuit induc 
tively associated there with will then emitta 
note of a pitch determined by the frequency. 75 
of the illuminated periods. These fluctua 
tions in current may be amplified before be 
ing impressed upon the receiver 17. The 
vibration frequencies of the notes emitted 
'by- the receiver will be proportional to the 80 
number of apertures in each circle of perfo 
'ations in the cylinder from which the light 
issues, providing the cylinder is rotated at a 
constant speed: so that by having a differ 
ent number of apertures in each circle of 85 
perforations, any desired note can be pro 
duced in the receiver. As shown in the 
diagram, the cylinder is rotated at constant 
speed by means of a motor 26. 
Now, if the note sheet 7 has a high reflect- 90 

ing power for incident light, the receiver 17 
will give forth a complex sound resulting 
from the combination of the individual 
notes corresponding to each circle of perfo 
rations. But if the rays from part of the 95 
circles of perforations are absorbed by the 
note sheet 7, the notes corresponding to 
those perforations will not be heard in the 
receiver. In general, for the rendering of 
a musical composition, it will be found de- 100 
sirable to hear only a few of the notes at a 
given instant. - 

Consequently, in order to prevent the 
crystal from receiving light simultaneously 
from every circle of perforations, it is nec- 105 
essary to have the note sheet part reflecting. 
and part absorbing, so that light only from 
the cirile or circles of perforations opposite 
the reflecting portion will he incident upon 
the crystal. This will afford a letter 110 sacca L. " arear 



5 

O 

5 

20 

25 

30 

35 

40 

45 

50 

other manner well-known in the art. 

SB 

selecting the pitch, duration and intensity 
of the note or notes that are desired in the 
receiver. Such a selecting means may be 
provided by having the note sheet 7 in the 
form of a strip of black paper with white 
marks thereon, the strip capable of being 
l'olled in either direction, and each white 
mark being of the proper size and in the 
proper position in respect to the circle of 
perforations from which it is to receive in 
terrupted light beams. In Fig. 1; the note 
sheet 7 should be of this character. 
In order to limit the light from source 2. 

to small and properly positioned areas, and 
to increase the intensity on said areas, it is 
desirable to use the converging lenses 6, 8 
and 9 the cylindrical lens 6 concentrating 
the light to a narrow transverse region ex 
tending across the strip, and lenses 8 and 9 
bringing it to a focus on the crystal. In 
order to insure that the beams coming from 
the source 2 have each a definite direction, 
it may be desirable to have a stationary row 
of apertures in the plate 5. The material 
containing these apertures should have con 
siderable thickness so that a beam or pencil 
of light emerging from each aperture has a 
definite direction and cannot interfere with 
light from other apertures. The reflector 3 
is a further means for increasing the in 
tensity of the light from source 2. 
If it is necessary to amplify the fluctua 

tions of the current flowing through the 
crystal before impressing them upon the re 
ceiver, it may be done by such an electric 
system as is shown in connection with the 
crystal. 12 is a transformer for impressing 
the fiuctuations in the current of battery 11. 
on the input circuit 13 of the amplifier 14, 
which may be of the well-known audion 
type. The Oscillations in the output circuit 
15 of the amplifier are impressed on the 
circuit containing the receiver 17 by means 
of the transformer 16. If further amplifica 
tion is needed, it may be obtained by con necting a plurality of amplifiers, such as 
shown, in parallel or in tandem or in any 
Thus, in order to render a certain desired 

musical Sound, we cause a white mark on 
note sheet 7 to be placed opposite the cir 
cle of perforations giving the frequency de 
sired, and the interrupted beam from the 
perforations striking the selenium causes 
the receiver to give forth the note, the in 
tensity and duration of which depends upon 
the width and length of the white mark on 
note sheet 7. In order to get a succession 

usical sounds, the note sheet 7 may be 
it, say from left to right on the draw 

iiig ir toward the end i', there being marks 
oil. iite paper of the right size, shape, and 

ill to give any particular note or notes 
particular time or for any length 

1,869,764 

The sheet 7 does not need necessarily to 
have light marks on a dark background. In 
order to function properly, the sheet 7 needs 
only to have certain portions of itself capable 
of reflecting light to which the light sensi 
tive substance responds, the other portions 
either absorbing or transmitting the light in 
cident upon them or reflecting only that part 
of the incident light to which the light sensi 
tive substance will not respond. The sheet 
used in connection with the apparatus in Fig. 
1 should have portions giving substantially 
total reflection on a light absorbing or trans mitting background. 

Fig. 2 shows a portion 29 of a sheet, 
which illustrates the different markings that 
may be used to produce various musical ef 
fects. However, before such a sheet could 
be used in connection with the system of 
Fig. 1, the markings would have to be 
changed to reflecting portions on a dark 
background, just the opposite to that illus 
trated; otl, erwise the form and relative po 
sitions of the markings would be identical 
in both cases for the production of the de 
sired musical passages. The marks repre 
sented by 18 would give a staccato scale; 19, a legato scale; 20, a legato scale played 
one half as fast as 19; 21 a slow crescendo 
scale; 22 a ritardando scale of the same in 

7 5 

80 

90 

95 tensity throughout 23 a drawn-out diminu- . 
endo note; 24 a diminuendo note of short 
duration; 25 a note of alternately increas 

Ying or diminishing intensity; 30 two notes 
in Octive apart and of substantially the same intensity sounded simultaneously; and 31 
a fundamental tone together with the first 
harmonic thereof, the harmonic having a 
much snialler intensity than the funda mental. 

Fig. 3 represents the invention in a 

00 

105 

slightly different form from Fig. 1, a rotat 
ing disk 27 being used instead of a rotat ing cylinter, and the interrupted light on 
the crystal being received by transmission 
through apertures in the sheet 28, instead of 
by reflection. The disk has circles of per 
forations similar to those in the cylinder. 

110 

The operation of the system is essentially 
the same as previously (lescribed for Fig. 1. 
An additional cylindrical lens 6' is used for 
concentrating the rays of light on the disk, 

This invention permits complete control 
of any number of simultaneous tones and 
their relative intensities and duration, with means for successively producing them in 
any older and at any desired time intervals 
necessary to render a musical composition. 
Furthermore, each and every note may be 
combined with any desired number of its 
harmonic's in any relative intensity desired 

15 

29 

. . and the relative intensities of the various 
harmonics may be regulated at will. 

It is well known that by properly relating 
the internal impedance of a thermionic am 30 
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properties are affected thereby. 
While particular apparatus has been de 

plifying tube with respect to its external 
output impedance, it may be made to am 
plify practically without generation of har 
monics, or on the other hand, if desired, to 
act as a harmonic generator, that is, to pro 
duce harmonics of considerable intensity. 
Ordinarily the tube will be adjusted to gen 
erate no harmonics because the harmonics 
will be properly controlled through the nota. 
sheet. Otherwise, undesirable harmonics 
or multiple frequencies of the overtones 
would beheard in the receiver 17. However, 
it may be desirable as, for example, in imita 
tion of an instrument which naturally pos 
sesses a series of overtones, to produce only 
fundamental tones by means of the note 
sheet, and so adjust the tube 14 that it will 
act as a harmonic generator and thereby 
generate a desired series of overtones. 

It is to be understood that the term 
“light” as used in this specification is not 
to be interpreted as limited to ether waves 
of a length to which the human eye is sen 
sitive, as it is well known that selenium and 
other substances of a similar nature are sen 
sitive to radiant energy over a wide range 
of wave lengths. Hence, the invention nat 
urally includes within its scope the use of 
any suitable form of radiant energy upon 
any suitable element whose conducting 

scribed for carrying out the purposes of 
the invention, it should be understood that 

cell to 
current through the said receiver. 
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sounds, said means including a light sensi 
tive element, and of a second means for se 
lecting, in a predetermined order, light 
beans of different interruption frequencies 
and means for causing said selected light 
heams to fall upon said sensitive element. 

4. A device adapted to render musical 
compositions comprising, a plurality of 
sources of interrupted light beams of fre 
quencies corresponding to the notes to be 
rendered, a light sensitive means and a source 
of current therefor, a note sheet for variably 
absorbing light waves for causing the light 
beams of the desired frequencies to strike 
said means with the proper intensity and 
duration, and means for transforming into 
musical sounds the resulting changes in the 
current through the light sensitive means. 

5. A musical instrument comprising, a 
Source of light, means for deriving therefrom 
E. of interrupted light beams of different frequencies, a selenium cell and a 

Source of current therefor, a note sheet 
having portions of different light absorbing 
properties for causing certain selected ones 
of the interrupted light beams and not others 
thereof to fall upon said selenium cell at 
any instant of time, a receiver, and means 
for causing current changes in said selenium produce corresponding changes in 

6. A device adapted to produce musical 
sounds from a synthetically prepared record 
comprising, means for producing a plurality 

75 
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othermodified forms of apparatus not spe-vof interrupted radiant energy beams of fre- 100 cifically mentioned herein will fall within 
the scope of invention, which is generic to 
the synthesis of music containing any de 
sired combinations of tones and harmonics 
thereof in any desired intensity by means 
and methods hereinafter claimed 
What is claimed is: , 
1. The combination with a device adapted 

to emit one group of light beams varying in 
intensity with a given frequency and se 
lected harmonics thereof and another group 
of beams of another frequency and selected 
harmonics thereof, of means for translating 
said light waves into sound waves of cer. 
responding frequencies, and means for de 
termining which of said groups of beams 
shall be supplied to said first means. 

2. The combination with a device adapted 
to emit radiant energy varying in intensity 
according to a plurality of constant fre 
quencies, of a means for translating said 
radiant energy into sound, and a second 
means for selecting and automatically sup 
plying to said first mentioned means in pre 
determined Ortler radiant energy having 
different intensity variation frequencies. 

8. The combination with a device adapted 
to emit light beams of a plurality of in 
terruption frequencies, of means for the 

t5 ti - islation of light waves into musical 

quencies corresponding to the notes to be 
rendered, a selenium cell and a source of 
current therefor, a member synthetically 
prepared in accordance with the music to be 
rendered, said member constituting a means for selecting the frequency and controlling 
the duration and intensity of the radiant 
energy beams incident upon said selenium 
cell, and means for transforming the result 
ant changes in current into musical sounds. 

7. In combination, means for producing 
a plurality of radiant energy beams having 
different interruption frequencies, a note: 
sheet, means for passing said sheet across 
the path of said beams, said sheet having a longitudinal region thereon corresponding 
to each of said beams, an element sensitive 
to radiant energy, certain portions only of 
certain of said regions having characteristics 
Which cause transmission of the energy of the particular beam corresponding to said 
region to said element, Saidportions having 
characteristics which enable the intensity of 
application of Said biram to said element to 
be instantaneously or gradually varied. . 

8. Means for the rendition of music, said 
means coin prising the combination of a ro tating cylinder containing perforations, a 
Source of radiant energy within said cylin 
der, an electrical system containing an ele 

05 

10 

115 

120 

125 

l30 

  

  

  



10 

5 

20 

2. 

ment sensitive to radiant energy, a receiver 
and a source of current, a note sheet, and 
means for passing it before said cylinder, of 
which sheet only certain portions are ca 
pable of reflecting said radiant energy, the 
said radiant energy beams from said cyl 
inder being reflected by means of the reflect 
ing portions of said moving sheet to said 
sensitive element, thereby causing fluctua 
tions in the current through said element, 
the electric oscillations arising therefrom 
being impressed on said receiver. 

9. Means for producing a musical compo 
sition including means for producing a se 
ries of pencils of radiant energy, each said 
pencil having a constant frequency of inter 
ruption, there being a frequency correspond 
ing to the vibration-frequency of each tone 
and overtone in the composition to be pro 
duced, means to translate interrupted radi 
ant energy pencils into sound waves of cor 
responding frequency and intensity, and 
means for successively producing from said 
pencils other pencils and combinations of 
pencils of such relative intensity as are nec 
essary to produce the successive tones and 
combinations of tones in such relative inten 
sity as are desired in the musical composi 
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tion, and means for transmitting said sec 
ond mentioned pencils to said translating 
Ile:S. 

10. The method of producing sound waves 
which comprises producing a beam of ether 
waves, interrupting said beam at a uniform 
rate and separately modifying the cross sec 
tional area of said beam at intervals and 
transforming into Sound waves the energy 
of the beam thus produced. 

11. The method of producing sound waves 
which comprises producing a beam of ether 
waves, interrupting said beam at a uniform 
rate and separately modifying the cross sec 
tional area of said beam at intervals, trans 
forming into fluctuating electric current the 
energy of the bean thus produced and trans 
forming the energy of the electric current 
into Sound waves. 

12. The method of producing musical 
sounds which includes producing a plurality 
of interrupted light beams of different con 
stant frequencies of interruption, selecting 

1389,784 

and varying them in intensity and duration, 
and in translating said interrupted light 
beans into musical sounds. - 

13. A method of producing a musical con 
position which consists in producing a series 
of beams of radiant energy, each said bean 
having a constant frequency of interruption, 
there being a frequency of interruption cor 
responding to the frequency of every tone 
and overtone of the composition to be pro 

55 

60 

duced, successively selecting said beams and 
combinations thereof whose frequencies are 
necessary to the production of successive 
tones and combinations of tones of the com 
position to be produced, and translating said 
beams and combinations thereof into corre 
sponding tones and combinations thereof. 

14. A combination of devices for use in 
producing music including an element whose 
impedance to electrical current changes with 
a frequency corresponding to the frequency 
of interrupted, radiant energy impinging 
thereupon, Ineans for successively causing 
interrupted radiant energy of different fre 
quencies and combinations of frequencies to impinge upon said element, an electric cir 
cuit in which said element is located, and a 
thermionic applifier so associated with said 
circuit as to amplify current changes therein. 

15. In combination, a source of radiant en 
ergy, a space discharge device having an 
input circuit, radiant energy sensitive means 
operatively related to said input circuit, an 
element between said source and said sensi 
tie means for variably controlling the ra 
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diant energy from said source, and sound 
producing means controlled by said device. 

16. In combination, a source of radiant en 
ergy, a space discharge device, a radiant 
energy sensitive means for controlling the 
discharge current of said device, a moving 
record upon which said radiant energy in 
pinges for variably controlling the quantity 
of radiant energy falling upon said sensitive 
means from Said source, and sound produc 
ing means controlled by said device. 
In witness whereof I hereunto Subscribe 

my name this 6th day of November, A. D. 
96. - 

HENDRIK JOHANNES van dei BijL. 
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