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57 ABSTRACT 

A light-sensitive variable resistor is connected in series 
between a tone filter circuit and an amplifier of an 
electronic musical instrument in order to give expres 
sion to musical performance by the instrument. In par 
allel with the light-sensitive variable resistor is con 
nected a gate circuit which normally is nonconductive. 
Upon failure of a lamp adapted to regulate the electri 
cal resistance offered by the light-sensitive variable re 
sistor to the passage therethrough of the output signal 
from the tone filter circuit, the gate circuit becomes 
conductive to provide a bypass for the signal. An 
alarm lamp may be provided to visually indicate the 
lamp failure. 

10 Claims, 5 Drawing Figures 
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EXPRESSION CONTROL OF ELECTRONIC 
MUSICAL INSTRUMENT 

This invention relates generally to electronic musical 
instruments, and in particular to a novel and improved 
expression control of an electronic musical instrument 
such as, perhaps most importantly, an electronic organ. 

Heretofore, to give greater expressiveness to musical 
performance by an electronic organ and like electronic 
musical instruments, a light-sensitive variable resistor 
such as cadmium sulphide has been usually connected 
in series between a tone filter or "voicing" circuit and 
an amplifier of the electronic musical instrument. A 
shutter positioned between this light-sensitive variable 
resistor and an adjacently provided light source such as 
a lamp is movable by the expression pedal of the instru 
ment to vary the intensity of light incident on the light 
sensitive variable resistor from the light source and 
hence to correspondingly vary the electrical resistance 
offered thereby to the passage of the output signal from 
the tone filter circuit. The signal whose level has been 
thus regulated is then amplified and is translated by a 
loudspeaker into audible sound having a desired vol 
U. 

However, in this type of expression control, the lamp 
often goes off during performance, either upon termi 
nation of its predestined service life or due to the inevi 
table mechanical vibrations of the musical instrument. 
Upon failure of this lamp the electrical resistance of the 
light-sensitive variable resistor increases to such an ex 
tent that the level of the output signal from the expres 
sion control circuit becomes inordinately low. The 
loudspeaker of the musical instrument will then pro 
duce no audible sound, and musical performance must 
be discontinued pending replacement of the lamp. 

In view of the noted inefficiencies of the prior art, it 
is an object of the present invention to provide a novel 
and improved expression control for an electronic mu 
sical instrument whereby musical performance can be 
continued uninterruptedly in the event of a failure of a 
light source positioned opposite a light-sensitive vari 
able resistor adapted for expression control purposes. 

Another object of the invention is to provide an ex 
pression control of simple and inexpensive configura 
tion which can be easily incorporated in an electronic 
musical instrument such as an electronic organ without 
substantially increasing the manufacturing costs 
thereof. 
A further object of the invention is to provide an ex 

pressed control in which a gate circuit is connected in 
parallel with the light-sensitive variable resistor which 
may be connected between a tone filter circuit and an 
amplifier of an electronic musical instrument, in such 
a manner that the gate circuit becomes conductive 
upon failure of the light source to provide a bypass for 
the output signal from the tone filter circuit. 
A further object of the invention is to provide an ex 

pression control for an electronic musical instrument in 
which alarm means is provided to visually indicate a 
failure of the light source whenever this happens. 
A further object of the invention is to provide an ex 

pression control for an electronic musical instrument in 
which at least one additional light source is provided in 
side-by-side relationship with the light source which is 
kept lit up during operation of the electronic musical 
instrument to irradiate the light-sensitive variable resis 
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2 
tor, the additional light source becoming operative 
upon failure of the regular light source for uninter 
rupted musical performance. 

Still a further object of the invention is to provide an 
expression control for an electronic musical instrument 
in which two or more light sources are positioned in 
side-by-side relationship opposite the light-sensitive 
variable resistor and are both lit up throughout opera 
tion of the electronic musical instrument, so that unin 
terrupted muscial performance is ensured despite fail 
ure of either of the light sources. 
With these objects in view and the other objects, fea 

tures and advantages of the present invention hereinaf 
ter made apparent, the invention will now be described 
more specifically with reference to the accompanying 
drawings, in which like reference characters designate 
like circuit elements throughout the several diagrams, 
and wherein: 
FIGS. 1 to 5 inclusive are electrical schematic dia 

grams showing different preferred embodiments of the 
invention. 
A first preferred embodiment of the invention will 

now be described with reference to FIG. 1. An input 
terminal IN of a tone filter circuit 10 is connected to a 
suitable tone-generating source of the electronic musi 
cal instrument not shown in the drawing. The output of 
the tone filter circuit 10 is connected via a light 
sensitive variable resistor 11 such for example as cad 
mium sulphide to an amplifier 12 and thence to a loud 
speaker 13. 

Positioned opposite the light-sensitive variable resis 
tor 11 is a lamp 14 which is connected via a resistance 
15 to a power supply 16 capable of producing a direct 
current, the positive terminal of the power supply 16 
being grounded as in the drawing. A shutter 17, perfo 
rated in the manner well known to those in the art, is 
provided between the light-sensitive variable resistor 
11 and the lamp 14. Linked to the expression pedal, not 
shown, of the electronic musical instrument, the shut 
ter 17 can be moved relative to the photoconductive 
element 11 and the lamp 14 by the performer in order 
to vary the intensity of light impinging on the former 
from the latter and hence to correspondingly vary the 
electrical resistance thereof in accordance with the 
prior art. 
A gate circuit 18 is connected in parallel with the 

light-sensitive variable resistor 11, and the control ter 
minal of this gate circuit 18 is connected to a point a 
of connection between the lamp 14 and the resistance 
15. 
The first preferred embodiment of the invention 

being configured substantially as hereinbefore de 
scribed, the electrical signal from the aforesaid tone 
generating source is introduced through the input ter 
minal IN into the tone filter circuit 10 for the “voicing" 
operation, in which the signal is suitably processed so 
as to have the tone of a desired musical instrument such 
for example as a violin. The output signal from the tone 
filter circuit 10 is impressed to the light-sensitive vari 
able resistor 11. 

If now the performer of the electronic musical instru 
ment operates the expression pedal, the shutter 17 will 
move in a well known manner relative to the light 
sensitive variable resistor 11 and the lamp 14 to vary 
the intensity of the rays of light traveling therethrough 
from the latter to the former. In accordance with the 
thus-modified intensity of the incident light, the light 



3 
sensitive variable resistor 11 has its electrical resistance 
varied and correspondingly regulates the level of the 
signal impressed thereto from the tone filter circuit 10 
as aforesaid. This signal is then amplified by the ampli 
fier 12 and is succeedingly translated into audible 
sound by the loudspeaker 13. 

In the normal working condition of the lamp 14, the 
electrical potential at the point a will be approximately 
equal to that at the negative terminal of the power sup 
ply 16 if it is understood that the internal resistance of 
the lamp 14 is negligible compared to the resistance 15. 
Accordingly, the control terminal of the gate circuit 18 
is at a negative potential, so that the gate circuit is held 
nonconductive during the normal working condition of 
the lamp 14. 

In the event of a failure of the lamp 14, the electrical 
resistance of the light-sensitive variable resistor 11 be 
comes substantially infinitely great, thereby preventing 
the passage therethrough of the output signal from the 
tone filter circuit 10 to the amplifier 12. However, the 
potential at the point a at this instant becomes, closer 
to that of the grounded positive terminal of the power 
supply 16, so that conduction takes place through the 
gate circuit 18. The output signal from the tone filter 
circuit 10 is now delivered to the amplifier 12 via the 
gate circuit 18, thereby bypassing the light sensitive 
variable resistor 11, and the sound having a predeter 
mined constant volume is produced by the loudspeaker 
13. 

lf desired, the resistance 15 may be replaced by a 
variable resistor, and a knob or the like for changing its 
resistance may be positioned within easy reach of the 
performer. It is possible in this manner to regulate the 
level of the signal from the tone filter circuit 10, so that 
expression control can be carried out almost uninter 
ruptedly if the lamp 14 goes off during performance. 
FIG. 2 illustrates another preferred embodiment of 

the invention, in which a field-effect transistor (herein 
after referred to simply as the "FET") 19 is provided 
in lieu of the gate circuit 18 in the preceding embodi 
ment. The FET 19 has its drain connected to the output 
of the tone filter circuit 10 via a resistance 20, its 
source to the input of the amplifier 12, and its gate to 
the point a of connection between the lamp 14 and the 
resistance 15 via a resistance 21. This point a is 
grounded via the resistance 15, and the other terminal 
of the lamp 14 is connected to the negative terminal of 
the power supply 16, the positive terminal of which is 
grounded. 
The negative terminal of the power supply 16 is fur 

ther connected to the emitter of a transistor 22 which 
in combination with a second lamp 23 constitutes an 
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alarm section 24. The collector of the transistor 22 is 
grounded via the second lamp 23 and its base is con 
nected to the point a via a resistance 25. 

In operation the level of the output signal from the 
tone filter circuit 10 is regulated by the light-sensitive 
variable resistor 11 in accordance with the position of 
the shutter 17 relative to this light-sensitive variable re 
sistor and the lamp 14, the latter being now assumed to 
be in its normal working condition. The signal will then 
be delivered via the amplifier 12 to the loudspeaker 13 
to be thereby translated into audible sound as in the 
FIG. 1 embodiment. 

In event the lamp 14 goes off, the positive ground po 
tential at the point a is impressed to the gate of the FET 
19 to render the same conductive. The output signal 
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from the tone filter circuit 10 is now permitted to travel 
through the resistance 20 and the drain and source of 
the FET 19 to the amplifier 12 and thence to the loud 
speaker 13. Simultaneously, the potential at the point 
a is also introduced to the base of the transistor 22 via 
the resistance 25 to cause conduction therethrough, so 
that the second lamp 23 of the alarm section 24 is now 
lit up to indicate the failure of the first mentioned lamp 
14. 

Illustrated in FIG. 3 is a third preferred embodiment 
of the invention, which may be considered a modifica 
tion of the FIG. 1 embodiment. The lamp 14 in this 
third embodiment is connected directly to both termi 
nals of the power supply 16, the positive terminal of 
which is grounded, and a second light-sensitive variable 
resistor 26 is disposed opposite the lamp 14. This sec 
ond light-sensitive variable resistor 16 is connected via 
a resistance 27 to a second power supply 28 capable of 
producing a direct current, the positive terminal of the 
second power supply 28 being also grounded. A point 
b of connection between the second light-sensitive vari 
able resistor 26 and the resistance 27 is connected to 
the control terminal of the gate circuit 18. 
Upon failure of the lamp 14 in this third embodiment 

of the invention, not only the first light-sensitive vari 
able resistor 11 but the second light-sensitive variable 
resistor 26 has its resistance increased to such an extent 
that the positive potential developed at the point b is 
impressed to the control terminal of the gate circuit 18 
to cause conduction therethrough as in the FIG. 1 em 
bodiment. 
FIG. 4 illustrates a further preferred embodiment of 

the invention, in which two lamps 14 and 29 are posi 
tioned in side-by-side relationship on the opposite side 
of the light-sensitive variable resistor 11 with respect to 
the shutter 17, so that the expression controlling opera 
tion can be continued without interruption if one of the 
lamps goes off. One of the terminals of the lamp 14 is 
connected to the negative terminal of the power supply 
16, the positive terminal of which is grounded, and the 
other terminal of the lamp 14 is grounded via the resis 
tance 15. The point a of connection between the lamp 
14 and the resistance 15 is connected to the base of a 
transistor 30 which performs a switching function in a 
manner hereinafter referred to. 
The emitter of the transistor 30 is connected to the 

negative terminal of the power supply 16, and its col 
lector is connected to one of the terminals of the lamp 
29. Both terminals of this lamp 29 are connected re 
spectively to both terminals of the lamp 23 of the alarm 
section 24. A point c of connection between one of the 
terminals of the lamp 23 and one of the terminals of the 
lamp 29 is grounded. 
As may be apparent from FIG. 4, the gate circuit 18 

connected in parallel with the light-sensitive variable 
resistor 11 in all the preceding embodiments of the in 
vention shown in FIGS. 1 to 3 is absent in this embodi 
ment. In the normal operative condition of the lamp 14, 
the electrical potential at the point a is equal to that ob 
tained by dividing the voltage of the power supply 16 
by the internal resistance of the lamp 14 and the resis 
tance 15. Since the resistance 15 is sufficiently greater 
than the internal resistance of the lamp 14 as previously 
mentioned, the potential at the point a will be approxi 
mately equal to that at the negative terminal of the 
power supply 16, so that the transistor 30 is held non 
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conductive. Neither the lamp 29 nor the lamp 23 is now 
lit up. 
When the lamp 14 goes off, the point a assumes a 

positive ground potential. This potential is introduced 
to the base of the transistor 30 to cause conduction 5 
therethrough, whereupon the other lamp 29 is lit up for 
the sustained expression controlling operation. The 
lamp 23 is also lit up to indicate the failure of the lamp 
14. This lamp 23 may be disposed at a position readily 
observable by the performer, so that he can confirm 10 
prior to performance if the lamp 14 is in proper opera 
ble condition. 

it will be easy for those in the art to devise a modifi 
cation of this embodiment in which three or more 
lamps are provided instead of the two lamps 14 and 29 15 
shown in FIG. 4. Further, the means for lighting up the 
lamp 23 of the alarm section 24 is not limited to the ex 
ample shown in this drawing but is open to many other 
modifications which may fall within the scope of this 
invention. 20 
FIG. 5 illustrates still a further preferred embodiment 

of the invention, in which two lamps 14 and 31 posi 
tioned in side-by-side relationship on the opposite side 
of the light-sensitive variable resistor 11 with respect to 
the shutter 17 are both kept lit up throughout operation 25 
of the electronic musical instrument. If one of these 
lamps goes off, the other lamp will remain in operation 
to make possible to continue the expression controlling 
operation without interruption. One of the terminals of 
each of these lamps 14 and 31 is grounded via resis- 30 
tance 15 or 32, and the other terminal thereof is con 
nected to the negative terminal of the power supply 16 
the positive terminal of which is grounded. The paral 
lel-connected lamps 14 and 31 are both kept lit up by 
the power supply 16 during performance. 35 
The point a of connection between the lamp 14 and 

the resistance 15 is connected to the base of the transis 
tor 22 via a diode 33, and a point d of connection be 
tween the other lamp 31 and the resistance 32 is simi 
larly connected to the base of the transistor 22 via a 40 
diode 34. This transistor 22 is associated within the 
lamp 23 to form the alarm section 24 as in the FIG. 2 
embodiment. 
When the lamps 14 and 31 are both in their normal 

working condition, the electrical potentials at the 
points a and d are equal to those obtained by dividing 
the voltage of the power supply 16 by the internal resis 
tance of the lamp 14 and the resistance 15 and by the 
internal resistance of the lamp 31 and the resistance 32, 
respectively. Since it is assumed that the resistances 15 
and 32 are respectively sufficiently greater than the in 
ternal resistances of the lamps 14 and 31, the potentials 
at the points a and d are approximately equal to that at 
the negative terminal of the power supply 16, so that 
the diodes 33 and 34 and therefore the transistor 22 are 
all nonconductive. The lamp 23 of the alarm section 24 
is also unlit. 

In event either of the lamps 14 and 31, for example, 
the lamp 14, goes off, the point a assumes a positive po 
tential thereby forwardly biasing the diode 33 to cause 
conduction therethrough, with the result that the bias 
ing voltage is impressed to the base of the transistor 22 
to render the same conductive. The lamp 23 is thus lit 
up to indicate the fact that either of the lamps 14 and 
31 (14 in this case) has failed. However, the other lamp 
(31 in this case) still remains in operation to regulate 
the electrical resistance of the light-sensitive variable 
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6 
resistor 11 through the shutter 17 and hence to control 
the level of the signal delivered by the tone filter circuit 
10 in the usual manner. 

It will be understood that there is practically very lit 
tle probability of the lamps 14 and 31 going off alto 
gether during the performance of the electronic musi 
cal instrument. However, if desired, three or more 
lamps may be provided instead of the two lamps 14 and 
31 as previously mentioned in relation with the FIG. 4 
embodiment. 
While the present invention has been shown and de 

scribed hereinbefore in terms of some preferred em 
bodiments thereof, it will be understood that the inven 
tion itself is not intended to be restricted by the exact 
showing of the drawings and the description thereof but 
is considered to include a latitude of modification, sub 
stitution and change. It is, therefore, appropriate that 
the appended claims be construed broadly and in a 
manner consistent with the spirit and scope of the in 
vention as herein disclosed. 
We claim: 
1. An expression control circuit for an electronic mu 

sical instrument comprising a light-sensitive variable 
resistor for regulating the level of an electrical signal 
passing therethrough, a light source positioned so as to 
be directed onto said light-sensitive variable resistor 
and kept lit up during operation of the electronic musi 
cal instrument, at least one other light source also posi 
tioned so as to be directed onto said light-sensitive vari 
able resistor and kept unlit during normal operation of 
the first mentioned light source, means for varying the 
intensity of light incident on said light-sensitive variable 
resistor from the first mentioned light source to corre 
spondingly vary the resistance by said light-sensitive 
variable resistor to the passage therethrough of said 
electrical signal, said means being also capable of vary 
ing the intensity of light incident on said light-sensitive 
variable resistor from the second mentioned light 
source when the same is lit up, a detection means cou 
pled to said first mentioned light source for detecting 
failure of said first mentioned light source and switch 
ing means for lighting up the second mentioned light 
source upon failure of the first mentioned light source. 

2. An expression control circuit according to claim 1, 
in which said light-sensitive variable resistor is con 
nected between a tone filter and amplifier means for 
amplifying the signal received from said tone filter of 
the electronic musical instrument, said tone filter 
means supplying said electrical signal to said light 
sensitive variable resistor. 

3. An expression control circuit according to claim 1, 
further comprising alarm means operably connected to 
said detection means for making an indication upon 
failure of the first mentioned light source. 

4. An expression control circuit according to claim 3, 
in which said alarm means includes a failure indication 
lamp which is lit up by said switching means upon fail 
ure of the first mentioned light source. 

5. An expression control circuit for an electronic mu 
sical instrument comprising a light-sensitive variable 
resistor for regulating the level of an electrical signal 
passing therethrough, a plurality of light sources posi 
tioned in alignment with said light-sensitive variable re 
sistor and kept lit up during operation of the electronic 
musical instrument, and means for varying the intensity 
of light incident on said light-sensitive variable resistor 
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from said light sources to correspondingly vary the re 
sistance offered by said light sensitive variable resistor 
to the passage therethrough of said electrical signal, a 
detection means coupled to said light sources for de 
tecting failure of at least one of said light sources said 
light-sensitive variable resistor being connected be 
tween tone filter means and amplifier means of the 
electronic musical instrument, said tone filter means 
supplying said electrical signal to said light-sensitive 
variable resistor, and alarm means operably connected 
to said detection means for making an indication upon 
failure of at least one of said light sources. 

6. An expression control circuit according to claim 5, 
in which said alarm means includes a failure indication 
lamp which is lit up upon failure of at least one of said 
light sources. 

7. An expression control circuit for an electronic mu 
sical instrument comprising a light-sensitive variable 
resistor connected between tone filter and amplifier 
means for amplifying the signal from said tone filter of 
an electronic musical instrument, said light-sensitive 
variable resistor being adapted to regulate the level of 
an electrical signal passing therethrough from said tone 
filter means to said amplifier means, a light source posi 
tioned so as to be directed onto said light-sensitive vari 
able resistor, means for varying the intensity of light in 
cident on said light-sensitive variable resistor from said 
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8 
light source to correspondingly vary the resistance of 
fered by said light-sensitive variable resistor to the pas 
sage therethrough of said electrical signal, a detection 
means coupled to said light source for detecting failure 
of said light source, and gate means connected in paral 
lel with said light-sensitive variable resistor and con 
nected to said detection means, said gate means being 
normally nonconductive and being made conductive 
upon failure of said light source to permit the passage 
therethrough of said electrical signal at a predeter 
mined level. 
8. An expression control circuit according to claim 7, 

in which said gate means includes a field-effect transis 
tor. 

9. An expression control circuit according to claim 7, 
in which the operation of said gate means is controlled 
by a second light-sensitive variable resistor positioned 
with respect to said light source so that said light source 
is directed onto said second light-sensitive variable re 
sistor. 

10. An expression control circuit according to claim 
7, including alarm means for making an indication 
upon failure of said light source, said alarm means in 
cluding a failure indicating lamp which is lit up upon 
failure of the first-mentioned light source. 
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