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ELECTRONIC ‘MUSICAL- INSTRUMENT WITH 
VARIABLE FREQUENCY DIVISION 

BACKGROUND OF THE INVENTION 

This invention relates to an electronic musical instru 
ment, and more particularly to an electronic musical 
instrument which is capable of producing a tone signal 
by controlling the dividing factor of a variable divider 
in accordance with a memorized logic code. 
As a result of developments-in digital IC (integrated 

circuits), there can be produced a variable divider such 
as a Shift-Register-Counter (Linear-Shift-Register, 
Maximal-Length-Generator, Maximal-Sequence~ 
Generator, Programmable-Divider or Modulo~N Di 
vider) which is extremely small and available at low 
cost. 

In a conventional electronic musical instrument, a 
frequency dividing IC device is used which divides an 
input high frequency, e.g. several mega~hertz, by 12 
different factors which are integers so as to generate l2 
tone signals of a musical scale in the frequency region 
of a master oscillator. The dividing factors of such an 
IC device are ?xed andunchangeable. 
A tone generator, the dividing factor of which is 

changeable and .programmable, has been used vin the 
prior art together with a Shift-Register-Counter. In a 
musical instrument using such a conventional tone gen 
erator, a tone signal selected and actuated is cut off 
soon after releasing of the key for selecting the tone sig 
nal, and therefore the tone cannot be sustained and 
maintained so as to produce a sustain effect and a 
memory effect. ‘ 

An electronic musical instrument has been devel 
oped, a so called “Synthesizer" which can maintain or 
sustain a selected tone signal. Such a synthesizer is fun 
damentally composed of a voltage controlled oscillator 
and a dc. voltage memory. The output signal of the dc. 
voltage memory controls the voltage controlled oscilla 
tor so as to generate a tone signal and so as to sustain 
the tone signal. 
However, such a synthesizer has a fatal defect that 

the output frequency thereof is unstable and cannot be 
stabilized in a short time period. \ 

SUMMARY OF THE INVENTION 

Therefore, it is an object of the present invention to 
provide a novel electronic musical instrument which is 
capable of producing a tone signal which is stable in 
frequency. 
Another object of the invention is to provide a novel 

and improved electronic musical instrument producing 
a tone signal. the frequency of which can be stabilized 
in a very short time period. 
A further object of the invention is to provide a novel 

and improved electronic musical instrument capable of 
providing a sustain effect and a memory effect by using 
a memory means for memorizing a signal for control 
ling a variable divider even after cessation of a control 
signal and until generation of the next control signal. 
These objects are achieved by providing an elec 

tronic musical instrument according to the invention, 
which comprises a high frequency generator for gener 
ating a high frequency pulse signal, an encoder for gen 
erating a logic code having subsets of bits each corre 
sponding to a tone of a musical scale, the encoder gen 
erating a subset in response to an input musical—scale 

2 
control signal applied to an-input terminal thereof. a 
variable divider for dividing the frequency of said high 
frequency pulse signal generated by said high l‘rc 

- quency generator by an integer determined by said 
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logic code subset applied to the 'program terminals 
thereof, and a memory means for memorizing said 
musical-scale-control signal or a signal essentially 
equivalent to said logic code, subset and which is ap 
plied to said program terminals of said variable divider, 
said signal memorized in said memory means being re 
tained even after said musical-scale-control signal 
ceases until a succeeding musical-scale-control signal is 
generated. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects, features and advantages of the inven 
tion will be made clear from the following detailed de 
scription of embodiments thereof considered together 
with the accompanying drawings wherein: 

FIG. 1 is a schematic block diagram showing a funda 
mental embodiment of an electronic musical instru 
ment according to the present invention; 

FIGS. 2 to 4 are schematic block diagrams of various 
embodiments of an electronic musical instrument ac— 
cording to FIG. 1; 

FIG. 5 is a circuit diagram of an embodiment of con 
trol means and memory means used in an electronic 
musical instrument of the invention; 
FIG. 6 is a circuit diagram of another embodiment of 

control means and memory means used in an electronic 
musical instrument of the invention; 

FIG. 7 is a circuit diagram of an embodiment of an 
encoder used in an electronic musical instrument of the 
invention; 
FIGS. 8 and 9 are diagrams of embodiments of circuit 

connections of a frequency dividing means, an enve 
lope controlling means, a gating means and a tone fil 
tering means of an electronic musical instrument of the 
invention and 
FIGS. 10 and 11 are circuit diagrams of reset and 

current detector circuits, respectively. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring to FIG. I, a keyboard designated by a ref 
erence numeral 1 comprises a plurality of keys corre 
sponding to notes of a musical scale, each of which 
controls a control means 2 so as to produce a musical 
scale-control signal 14 corresponding to the respective 
tones of a musical scale. An encoder 4 responds to each 
of said musical-scale-control signal 14 and generates a 
logic code subset corresponding to the respective tone 
of the musical scale. Memory means 3 is coupled to 
said encoder and memorizes a signal essentially equiva 
lent to said logic code subset. A variable divider 5 such 
as shift-register-counter, linear-shift-register, 
maximal-length-generator, programmable-divider or 
modulo-N divider, divides a high frequency pulse signal 
provided from a high frequency generator 6 by a factor 
of an integer N. The factor N is changeable and deter~ 
mined by said logic code subset applied to program ter 
minals Pl to P12 of the variable divider 5. 
An output tone signal f0/N from the variable divider 

5 is converted into sound through a gating means 9, a 
tone ?ltering means 10, an ampli?er 11 and a speaker 
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The memory means 3 may be inserted, as shown in 
FIG. 2, between the control means v2 and the encoder 
4, so as tomemorize the musical-scale-control signal 14 
and then feed it to the encoder 4. The memory means 
3 may also be inserted, as shown in FIG. 3, between the 
encoder 4 and the variable divider 5, so as to memorize 
the encoded musical-scale-control signal 14 and then 
to feed it to the program terminals Pl ~ P12 of the vari 
able divider 5. 
FIG. 4 shows an embodiment of an electronic musi 

cal instrument according to the present invention, in 
which the memory ‘means 3 is inserted, the same as 
shown in FIG. 2, between the control means 2 and the 
encoder 4.'The keyboard 1 comprises a plurality of 
keys, each of which corresponds to a tone of a musical 
scale and controls the control means 2. The control 
means 2 produces the respective musical-scale-control 
signals 14 in response to actuation of each of said keys. 
The memory means 3 memorizes output signals from 
the control means 2. The memorized signal in the mem 
ory means 3 is supplied to the encoder 4 and encoded 
thereby. The encoder 4 produces a logic code subset 
corresponding to said musical-scale-control signal 14. 
The logic code subset is applied to the program termi 
nals Pm (m = l, 2,3, . . . ) of the variable divider 5, 
which can be for example, a shift-register-counter. 

20 

25 

In the following embodiment, a shift-register-counter ' 
manufactured by National Semiconductor Corp. under 
the designation of DM75 20/DM352O modulo-n divider 
can be used as the variable divider 5. The operation 
and the con?guration of a modulo-n divider are clear 
from application note AN-l7 published Oct. 1968 by 
National Semiconductor Corp. Therefore, a detailed 
description of the operation and the con?guration of 
the variable divider 5 will be omitted in the description 
of the following embodiment. The shift-register 
counter 5 can have the in frequency dividing factor N 
(N = l, 2, 3, . . . ) changed in response to an input sig 
nal in the logic code subset supplied to the program ter 
minals thereof. The shift~register-counter 5 divides a 
high frequency pulse signal f0 supplied from the high 
frequency generator 6 by a factor N so as to produce 
an output tone signal having a frequency fO/N. This out 
put tone signal ?,/N is further divided by a dividing 
means 7 by any desired factor, for example by a factor 
of 2, 3, or 5, etc, and then is applied to a gate means 
9. The output signal of the gate means 9 is converted 
into a wave form by a tone ?ltering means 10 so as to 
produce a signal which will produce a tone having a 
proper tone character, and then is converted into 
sound through an ampli?er 11 and a loudspeaker 12. 

An envelope control means 8 detects the actuation of 
any key and then produces an envelope signal which 
controls said gate means 9 so as to control the envelope 
of the output tone signal of the gate means 9. The high 
frequency generator 6 is modulated by a vibrato signal 
from a vibrato oscillator 13. , 
FIG. 5 shows an embodiment of the control means 2 

and the memory means 3. The control means 2 is com 
posed, for example, of a priority circuit. Keyswitches 
101 to 120 are single pole, two contact switches and 
are controlled by the keys of the keyboard 1. The keys 
witches 101 to 112 of the ?rst octave are connected in 
a priority circuit in which the normally close terminal 
of each keyswitch is connected to the switch arm, or 
common terminal of the next keyswitch, as shown in 

30 

50 

55 

60 

65 

- 4 

FIG. 5. The keyswitches 113 to 116 of the second oc 
tave and the keyswitches 117 to 120 of the third octave 
are also connected in priority circuits, respectively. 
Normally-open terminals of the keyswitches 101 to 112 
of the ?rst octave are connected to set terminals S of 
Flip-Flop circuits 121 to 132 in the memory means 3. 
Normally-open terminals of the keyswitches 113 to 116 
of the second octave are also connected, through di 
odes 133 to 136, to the set terminals S of Flip-Flop cir 
cuits 121 to 132, respectively. Normally-open termi 
nals of the keyswitches 117 to 120 are also connected, 
through diodes 137 to 140, to the set terminals S of the 
Flip-Flop circuits 121 to 132, respectively. The com 
mon terminal of the keyswitch 101 is connected, 
through a current detector 154, to the positive terminal 
of a power source 360. The common terminal of the 
keyswitch 113 is also connected, through a control 
switch 157 which is normally closed and another cur 
rent detector 155, to the positive terminal of the power 
source 360. The common terminal of the keyswitch 
117 is also connected, through another control switch 
158 which is normally closed and another current de 
tector 156, to the positive terminal of the power source 
360. The negative terminal of the power source 360 is 
connected ground. 
The control switch 157 which is normally closed is 

opened every time the current detector 154 detects any 
current, and thereby cuts off the connection between 
the keyswitch‘ 113 and the power source 360. The con 
trol switch 158 which is normally closed is controlled 
through an OR circuit 159 connected to the current de 
tectors 154 and 155 and is opened every time either the 
current detector 154 or 155' detects any current, and 
thereby cuts off the connection between the keyswitch 
117 and the power source 360. Therefore, when two or 
more keyswitches are operated simultaneously the 
keyswitches 101 to 112 of the first octave will operate 
and cancel “in the operation” prior in the operation to 
the keyswitches 113 to 116 of the second octave and 
the keyswitches 113 to 116 of the second octave will 
operate prior to the keyswitches 117 to 120 of the third 
octave. Among the keyswitches 101 to 112 of the first 
octave, when two or more keyswitches are operated si 
multaneously, the keyswitch 101 will operate prior to 
any of the other keyswitches 102 to 112, and the order 
of the priority of operation is the order of the keyswit 
ches from 101 to 112. Among the keyswitches 113 to 
116 of the second octave, the keyswitch 113 will oper 
ate prior to any other keyswitches 114 to 116, and the 
order of the priority of operation is the order of keys 
witches from 113 to 116. Among the keyswitches 117 
to 120 of the third octave, the keyswitch 117 will oper 
ate prior to any other keyswitches 118. to 120, and the 
order of the priority of operation is the order of the 
keyswitches from 117 to 120. When two or more keys 
witches among all the keyswitches 101 to 120 are oper 
ated, consequently, the keyswitch 101 will operate 
prior to any of the other keyswitches 102 to 120, and 
the order of the priority of operation is the order of the 
keyswitches from 101 to 120. 

Referring to the memory means 3, output signals of 
the Flip-Flop circuits 121 to 132 for tone memory are 
applied to input terminals 161 to 172 of the encoder 4, 
and also applied to reset circuit 153 through resistors 
141 to 152. The reset circuit 153 detects current or 
voltage applied thereto, and then generates a reset volt 
age when two or more Flip-Flop circuits among the 
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Flip-Flop circuits 121 to 132 are set. The reset voltage 
is applied to. reset terminals R'of the Flip~Flop circuits 
121 to 132 so as to reset instantaneously all the Flip 
Flop circuits 121 to 132. After that, only one Flip-Flop 
circuit is set by the corresponding keyswitch selected 
preferentially ‘ through‘ the operation of the control 
means 2, i.e.-the priority circuit of keyswitches 101 to 
120. Output signals from the current detectors 154, 
155 and 156 are applied to the set terminals s of the 
Flip-Flop circuits 181, 182 and 183 for memorizing oc 

‘ tave information. Signals memorized in the Flip-Flop 
circuits 181 to 183 for octave information memory are 
applied to an input terminal of another reset circuit 184 

' through respective resistors 186, 187 and 188. The 
reset circuit 184 detects current or voltage applied 
thereto, and then generates a reset voltage when two or 
three Flip-Flop circuits among the Flip-Flop circuits 
181, 182 and 183 are set. The reset voltage is applied 
to the reset terminals R of the Flip-Flop circuits 181 to 
183 so as to reset instantaneously all the Flip-F lop cir 
cuits 181 to 183. After that, only one Flip~Flop circuit 
is set by a signal from a corresponding current detector 
154, 155 or 156 through which current is preferentially 
?owing. Thus, the Flip-Flop circuits 181 to 183 for oc 
tave memory memorize which octave selected among 
the ?rst, second and third octaves has been‘selected 
after the selected keyswitch returns to the initial posi 
tion. . 

The reset circuits 153 and 184 are composed of, for 
example, a dc. ampli?er which responds to a current 
or a voltage larger than a threshold value and produces 
a step voltage which is able to drive all the reset termi 
nals. FIG. 10 shows an example of the reset circuit 153, 
which comprises two transistors 28] and 212 and three 
resistors 283, 284 and 285. The base of the transistor 
281 is connected to a negative bias voltage source "VB 
through the resistor 283 and is also connected to the 
outputs of the Flip-Flop circuits 121 to 132 through re 
sistors 141 to 152. The collector of the transistor 281 
is connected to the base of the transistor 282 and also 
is connected to a positive voltage source +Vw through 
the resistor 284. The emitter of the transistor 282 is 
connected to ground. The collector of the transistor 
282 is connected to the reset terminals R of the Flip 
Flop circuits 121 to 132 and is also connected to the 
positive voltage source V“. through the resistor 285. 
The emitter of the transistor 281 is also connected to 
ground. When one or none of the Flip-Flop circuits 121 
to 132 is set in the state for memorizing a signal, the po 
tential of the base of the transistor 281 is lower than 
that of the emitter of the transistor 281. Therefore, the 
transistor 281 is cut off and the transistor 282 is satu 
rated. Accordingly, no reset voltage appears at the col 
lector of the transistor 282. On the other hand, when 
two or more of the Flip-Flop circuits 121 to 132 are set 
in the state for memorizing a signal, the potential of the 
base of the transistor 281 becomes higher than that of 
the emitter of the transistor 281. Therefore, the transis 
tor 281 becomes saturated and the transistor 282 is cut 
off. Accordingly, a positive reset voltage is generated 
at the collector of the transistor 282 so as to reset in 
stantaneously the Flip-Flop circuits among circuits 121 

I to 132 which are set. 

The reset circuit 184 has the same con?guration and 
operation as the reset circuit 153. The description of 
the reset circuit 184 is therefore omitted. 
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6 
FIG. 6 shows another embodiment of the control 

means 2 and the'memory means 3, in which the ele 
ments designated by the same numbers as those of FIG. 
5 have the same functions as the elements of FIG. 5. 
The control means 2 is also composed of a priority cir 
cuit similar to that of FIG. 5. The description of the 
memory means 3 is omitted because the memory 
means 3 of FIG. 6 is the same as that of FIG. 5. 

In the following, there will be described the structure 
and operation of the priority circuit of the control 
means 2. Keyswitches 201 to 220 are normally open 
single pole, single contact type switches and are con 
trolled by keys corresponding to a musical scale on the 
keyboard 1. The normally-open terminals of the keys 
witches 201 to 212 of the ?rst octave are connected to 
a common conductor 174 which is connected, through 
the current detector 154, to the positive terminal of the 
power source 160. The normally-open terminals of the 
keyswitches 213 to 216 of the second octave are con 
nected to a common conductor 175 which is connected 
to the positive terminal of the power source 260 
through the control switch 157 and the current detec 
tor 155. The normally-open terminals 'of keyswitches 
the 217 to 220 of the third octave are connected to a 
common conductor 176 which is connected to ground 
through the control switch 158 and the current detec 
tor 156. The power sources 160 and 260 are connected 
in series in such a way that the positive terminal of the 
power source 260 is connected to the negative terminal 
of the power source 160 and the negative terminal of 
the power source 260 is connected to ground. 
The control switch 157, which is normally closed, is 

opened every time the current detector 154 detects any 
current, and thereby cuts off the connection between 
the common conductor 175 and the positive terminal 
of the power source 260. The control switch 158, 
which is normally closed, is controlled through an OR 
circuit 159 connected to current detectors 154 and 159 
and is opened every time either the current detector 
154 or 155 detects any current, and thereby cuts off the 
connection between the common conductor 176 and 
ground. Therefore, when two or more keyswitches are 
actuated the keyswitches 201 to 212 of the ?rst octave 
are operated prior to the keyswitches 213 to 216 of the 
second octave and the keyswitches 213 to 216 of the 
second octave are operated prior to the keyswitches 
217 to 220 of the third octave. 
The movable contacts of the keyswitches 201 to 212 

of the ?rst octave are connected to the emitters of tran 
sistors 221 to 232, respectively. The collectors of the 
transistor 221 to 232 are connected to the set terminals 
5 of the Flip-Flop circuits 121 to 132. Resistors 241 to 
252 are connected between the bases and the collec 
tors of the transistor 221 to 232, respectively. Each of 
these resistors 241 to 252 has the same resistance value 
r. Resistors 261 to 272 are connected in series and con 
nected between the base of the transistor 232 and the 
negative terminal of a power source 360. The positive 
terminal of the power source 360 is connected to 
ground. Junction points between adjacent resistors in 
the series of resistors 261 to 272 are connected to the 
bases of the transistors 221 to 231, respectively. Each 
of these resistors 261 to 272 has the same resistance R 
which is equal to or higher than the resistance r. The 
movable contacts of the keyswitches 213 to 216 of the 
second octave are connected to the emitters of the 
transistors 221 to 232 through diodes 133 to 136, re 



7 
spectively. The movable contacts of the keyswitches 
217 to 220 of the third octave are connected to the 
emitters of the transistors 221 to 232 through diodes 
137 to 140, respectively. The transistors 221 to 232 are 
all cut off when all the keyswitches 201 to 220 is 
opened because there are 'no current flow between 
bases and emitters of the transistors 221 to 232. 
When any keyswitch among the keyswitches 201 to 

' 220 is closed, the corresponding transistor is switced on 
so as to set the corresponding Flip-Flop circuit. When 
two or more keyswitches among the keyswitches 201 to 
212 of the ?rst octave are closed, a current ?ows 
through only one transistor'which corresponds to the 
keyswitch nearest to the power source 360 among the 
keyswitches closed simultaneously, so that only one 
transistor is switched on and then the corresponding 
Flip-Flop is set in a state in which the closing of the cor 
responding keyswitch is memorized. The operation is 
the same the for the keyswitches 213 to 216 of second 
octave and also for the keyswitches 217 to 220 of third 
octave. Among the keyswitches 201 to 212 of the ?rst 
octave, the keyswitch 201 is operative prior to‘ any 
other keyswitches 202 to 212, and the order of the pri 

, ority of operation is the order of keyswitches from 201 
to 212. Among the keyswitches 213 to 216v of the sec 
ond octave, the keyswitch 213 is operative prior to any 
other keyswitches 214 to 216, and the order of the pri 
ority of operation is the order of the keyswitches from 
213 to ‘216. Among the keyswitches 217’ to 220 of the 
third octave, the keyswitch 217 is operative prior to 
any other keyswitches 218 to 220, and the order of the 
priority of operation is the order of the keyswitches 
from 217 to 220. As described before, the order of the 
priority of operation among the three octaves is the 
first, second and third octaves. Consequently, the keys 
witch 201 is operative prior to any other keyswitches 
202 to 220, and the order of the priority of operation 
is the order of keyswitches from 201 to 220. 
The current detectors 154, 155 or 156 and the nor 

mally closed control switches 157 and 158 are com 
posed of transistor switch circuits as shown in FIG. 11. 
The current detector 154, 155 or 156 comprises a tran 
sistor 191, a base resistor 192 and a collector resistor 
193. The emitter of the transistor 191 is connected to 
an output terminal 196. The base'of the transistor 191 
is connected to a bias terminal 198 through the base re 
sistor 192. The collector of the transistor 191 is con 
nected to the bias terminal 198 through the collector 
resistor 193 and is also connected to a control output 
terminal 199. 
The normally closed control switch 157 or 158 com~ 

prises a transistor 194 and a base resistor 195 which is 
connected between the base and the collector of the 
transistor 194. The collector of the transistor 194 is 
connected to an input terminal 197. The emitter of the 
transistor 194 is connected to an output terminal 190. 
The base of the transistor 194 is connected to a control 
input terminal 189. 
The bias terminals 198 of the current detector 154, 

155 and 156 are connected to the positive terminal of 
the power source 360 in case of FIG. 5, and are'con 
nected to the positive terminals of the power source 
160 and 260 and to ground, respectively, in case of 
FIG. 6. 
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control switch 157 and connected, through the OR gate 
159, to the control input terminal 189 of the further 
control switch 158. The control output terminal 199 of 
the current detector 155 is connected to the conductor 
200 and also connected, through the OR gate 159, to 
the control input terminal 189 of the control switch 
158. The control output terminal 199 of the current de 
tector 156 is connected to the conductor 300. The out 
put terminal 196 of the current detectors 155 and 156 
are connected to the input terminals 197 of the corre 
sponding control switches 157 and 158 respectively. 
The output terminal 196 of the current detector 154 is 
connected to the common terminal of the keyswitch 
101 in case of FIG. 5 or to the common conductor 174 
in case of FIG. 6. The output terminal 190 of the con 
trol switches 157 and 158 are connected to the com 
mon terminal of the keyswitches 113 and 117, respec 
tively, in case of FIG. 5 and are connected to the com 
mon conductors 175 and 176 respectively in case of 
FIG. 6. ' 

In the following, there will be described the operation 
of the current detector 154 and the control switch 157 
of FIG. 11 which are used in case of FIG. 6. When any 
one of the keyswitches 213 to 216 is closed, the output 
terminal 190 is provided with a large negative voltage 
from the power source 360, so that a current flows 

. from the input terminal 198 to the output terminal 190 
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The control output terminal 199 of the current detec- , 

tor 154 is connected to the conductor 100. It is also 
connected to the control input terminal 189 of the next 

through the transistors 191 and 194 and as the transis 
tors 191 and l94are saturated or switched on, the out 
put voltage of the control output terminal 199 becomes 
negative and approximately equal to the negative volt 
age of the output terminal 190. The negative output 
voltage of the control output terminal 199 is fed, 
through the OR gate 159, to the control input terminal 
189 of the next control switch 158, and thereby the 
control switch 158 is switched off. As the operations of 
the current detector 154 and 155 and the control 
switch 158 are the same as those of the current detec 
tor 155 and the control switch 157, description thereof 
is omitted. 
The current detectors 154, 155 and 156 and the con 

.trol switches 157 and 158 may be electromechanical 
relays. As these electromechanical relays can be substi 
tuted easily for the current detectors 154, 155 and 156 
and the control switches 157 and 158 described above, 
a detailed description there-of is omitted. 
FIG. 7 shows an embodiment of the encoder 4 in re 

lation to the shift-register-counter 5, the high fre 
quency generator 6 and the vibrato oscillator 13. The 
shift-register-counter 5 utilizes, for example, three 
modulo-n dividers DM7520/8520. Such shift-register 
counter 5 has 12 program terminals P1 to P12 and can 
divide input frequency by a factor from 2 to 4094. The 
output signals of the memory means are supplied to the 
input terminals 161 to 172 of the encoder 4 so as to be 
encoded through diode matrix 14. The encoded output 
signals, ie the subset of bits of the logic code of the 
diode matrix 14 are supplied to the program terminals 
P, to P12 of the shift-register-counter 5 to set the divid» 
ing factor N. An output pulse signal of the high fre 
quency generator 6 is applied to the input terminal of 
the shift-register-counter 5. The signal from the high 
frequency generator 6 is modulated with respect to its 
frequency by the vibrato oscillator 13 which generates 
a vibrato frequency in the sub-audio range. 
There will now be considered the case where the fre 

quency f0 of the output pulse signal from the high fre 
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quency-generator 6 is 7.744 MHz and the program ter 
minals P, to PR of the shift~register~counter 5 are supl 
plied with the input logic code subset as shown in Table 
1 when the respective Flip~Flop circuits 121 to 132 are 
set as the corresponding keys on the keyboard arc actu 
ated. Dividing factor N for the shift register counter 5 
is set by a respective code subset to be, for example, 
1850, 1960, 2077, 2200, 2331, 2470, 2616, 2772, 
2937, 3111, 3296 or 3492 respectively as shown in 
Table 1. Thus, the shift register counter 5 divides the 
input frequency f0 =7.744 MHz by the respective divid 
ing factor N and generates to output tone signal folN 
having a frequency 4185.946, 3951.020, 3728.455, 
3520.000, 3322.179, 3135.223, 2960.245, 2793.651, 
2636.704, 2489.232, 2349.515 or 2217.640Hz for the 
respective dividing factors. These output tone signals 
correspond to tones C, B, A“ ,A, G“ ,G, F"i , F, E, 
Di’ ,D and C” of a tempered scale, respectively. Be 
cause the memory means 3 effectively memorizes these 
logic code subsets applied to the program terminals P, 
to P12, the dividing factor N continues to be set in the 
shift register counter units thestate of the memory 
means 3 is changed by changing the selection of the 
keyswitches. Therefore, the output tone signal f0/N 
continues to be generated at the output of the shift reg 
ister counter even after the corresponding keyswitch is 
opened until another keyswitch is closed. The output 
tone signal ?,/N is supplied continuously to the dividers 
'7 in the next stage until the state of the memory means 
3 is changed. The memory means 3 may be inserted be 
tween the encoder 4 and the shift-register counter 5 
while still providing essentially equivalent operation as 
that described in connection with FIG. 7. 
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are closed stop operation of the frequency dividers 15 
and 16 by bypassing input tone signals to the outputs, 
respectively. When any of the keyswitches 117 to 120 
or 217 to 220 of the third octave is closed, a memorized 
control signal for the third octave is supplied, through 
the conductor 300', to the Flip-Flop 183 for third oc 
tave memory, and from there through the conductor 
300' and an OR-gate 28, to the switch 27. Thus, the 
switches 26 and 27 which are normally open are closed 
and the frequency dividers 15 and 16 are bypassed. 
Consequently, output tone signals fo/2N, f0/4N and 
f0/8N are produced at the outputs of the frequency di 
viders 17, 18 and 19, respectively. 
When any of the keyswitches 113 to 116 or 213 to 

216 of the second octave is closed, a memorized con 
trol signal for the second octave is supplied through the 
conductor 200, Flip-Flop 182 and conductor 200’ to 
the OR-gate 28 and to the switch 27 and the switch 27 
is closed and the frequency divider 16 is bypassed. 
Consequently, output tone signals J's/4N. fu/8N and 
f0/l6N are produced at the outputs of the frequency di 
viders 17, 18 and 19, respectively. 
When any of the keyswitches 101 to 112 or 201 to 

212 of the ?rst octave is closed, the frequency dividers 
l5 and 16 operate normally, because the switches 26 
and 27 are maintained vin the opened state. Conse 
‘quently, output-tone signals ?,/8N, f0/16N and ?,/32N 
are produced at the outputs of the frequency dividers 
17, 18 and 19, respectively. 
The envelope control means 8 is, for example, com 

posed of an OR-gate 321, a diode 29, resistors 30, 31 
and 34, a capacitor 32 and a transistor 33 all connected 
as shown in FIG. 8. When any keyswitch of the ?rst, 

Table 1 

LOGIC CODES APPLIED TO PROGRAM TERMINALS 
N Pl P2 P11 Pl PT PM P11 1|) P11 P12 

C 1850 4185.946 H-_. 0 0 1 0 1 1 1 1 0 l 1 l 
B 1960 3951.020 do. 1 0 1 1 0 0 0 l O 0 0 1 
A11‘ 2077 3728.455 do. 1 0 1 0 0 0 0 0 l l O 0 

‘ A 2200 3520.000 do. 1 1 1 1 1 0 0 l 0 0 0 l 
G# 2331 3322.179 do. 1 l 1 0 l 0 l l 0 0 0 0 
G 2470 3135.223 do. 0 l l 0 1 0 l 0 l 0 1 1 
F1’ 2616 2960.245 do. 0 1 1 l 1 1 0 0 1 0 0 0 
F 2772 2793.651 do. 0 l 0 1 v0 0 1 0 l 0 l 1 
E 2937 2636.704 do. 1 0 1 l 1 0 1 0 0 l O 0 
D# 3111 2489.232 do. 0 0 0 0 0 O 0 l 1 0 1 1 
D 3296 2349.515 do. 1 1 0 0 1 1 l O 0 0 0 1 
C# 3492 2217.640 do. 1 0 1 0 1 l 1 0 0 l l 0 

FIG. 8 shows 'an embodiment of the dividing means 50 second and third octave is closed, the capacitor 32 is 
7, the envelope control means 8, the gate means 9 and 
the tone ?ltering means 10. The output tone signal f0/N 
from the shift-register-counter 5 is supplied to‘the di 
viding means 7 in which the frequency of the tone sig 
nal ?,/N is divided by a factor 2 in turn through fre 
quency dividers 17, 18 and 19. The output signals from 
thefrequency dividers 17, 18 and 19 are supplied to 
gates 20, 21 and 22 of the gate means 9 which is con 
trolled by an output signal from the envelope control 
ling means 8 through a conductor 500. The outputs of 
the gates 20, 21 and 22 are supplied to tone ?lters 23, 
24 and 25 of the tone ?ltering means 10 which converts 
the waveform of the tone signals. The output signals of 
the tone ?ltering means are supplied to the ampli?er 11 
of the next stage. 
Normally open switches 26 and 27 are connected be 

tween the inputs and the outputs of the frequency di 
viders 15 and 16, respectively. The switches 26 and 27 
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charged with octave control voltage directly from the 
current detectors 154-156, through the resistor 31, the 
diode 29, OR gate 321 and the conductor 100, 200 or 
300. In this case, the transistor 33 is cut off because no 
reset pulse is applied from reset circuit 153 and/or 184 
to the base thereof through an OR-gate 35 and conduc 
tors 400' and/or 400. After the keyswitch which is 
closed is opened, the octave control voltage disappears 
and then the charge across the capacitor 32 is gradually 
discharged through the resistors 30 and 31. 

Every time the memory state of the memory means' 
3 is changed, the reset means 153 and/or 184 generates 
a reset pulse which is applied to the base of the transis 
tor 33 through conductors 400 and/or 400’ and the 
OR-gate 35 so as to saturate the transistor 33. The 
charge across the capacitor 32 is instantaneously dis 
charged through the collector-emitter of the transistor 
33 at the moment when the reset pulse is applied. After 
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that, the capacitor 32 can be charged by another oc 
tave control voltage. 
An envelope control signal generated across the ca 

pacitor 32 is supplied to the gates 20, -21 and 22 of the 
gate means 9 through the conductor 500 so as to con 
trol the envelope of output signals from these gates 20, 
21 and 22. if the resistance of the resistors 30 and 31 
is variable, the decay (or sustain) time and/or the rise 
(or attack) time can be changed in accordance with the 
player’s desires. When the resistor 30 is removed or the 
resistance of the resistor 30 is in?nite, then the charge 
across the capacitor 32 remains even after the octave 
control voltage disappears, and in effect is memorized 
until a reset pulse is applied to the base of the transistor 
33. In this case, output tone signal is memorized or 
maintained after the selected keyswitch is opened until 
the next keyswitch is closed. 
The octave control voltages memorized in the mem 

ory means 3 are applied to the tone ?lters 23, 24 and 
25 of the tone ?ltering means 10 through the conduc 
tors 100', 200' and 300' and through the conductors 
501, 502 and 503, respectively, and control the fre 
quency~response characteristics of the tone ?lters 23, 
24 and 25 so as to ?t them to the octave selected in the 
frequency-response characteristics. 
FIG. 9 shows another embodiment of the dividing 

means 7, the gate means 9 and the tone ?ltering means 
10. The output tone signal fO/N of, the shift~register 
counter 5 'is supplied to the dividing means 7 in which 
the frequency ‘of the tone signal fo/N is divided succes 
sively in each of the frequency dividers 15 to 19 by a 
factor 2 so as to generate output signals f02N f0/4N, 
f,,/8N,?,/16Nandf,,/32N. These output signals are sup 
plied to gates 45 to 49 of the gate means 9, respec 
tively. The output signals of the gates 45 to 49 are surp 
plied to tone ?lters 60 to 64, respectively. The output 
signals of the tone ?lters 60 to 64 are surpplied to the 
amplifier 11. The envelope control voltage is is surp 
plied to switches 54, 55 and 56, which are opened nor 
mally, open, from the envelope control means 8 
through the conductor 500. 
When any of the keyswitches 101 to 112 or 207 to 

212 of the ?rst octave is selected, a memorized control 
signal for the ?rst octave is supplied to the switch 56 
from Flip-Flop circuit 181 through the conductors 100' 
and 501 for the ?rst octave memory, so as to close the 
switch 56. Then, the envelope control signal is applied 
'to the gates 49, 48 and 47 from the envelope control 
means 8, through the thus closed switch 56 and/or fur 
ther through diodes 69 and 68 so as to control the enve 
lope of the output signals of the gates 49, 48 and 47.v 
When any of the keyswitches 113 to 116 or 213 to 

216 of the second octave is selected, a memorized con 
trol signal for the' second octave is supplied to the 
switch 55 from Flip-Flop circuit 182 through the con 
ductors 200' and 502 for the second octave memory, 
so as to close the switch 55. Then, the envelope control 
signal is supplied to the gates 48, 47 and 46 from the 
envelope control means 8 through the thus closed 
switch 55 and further through diodes 53, 67 and 66 so 
as to control the envelope of the output signals of the 
gates 48, 47 and 46. 
When any of the keyswitches 117 to 120 or 217 to 

220 of the third octave is selected, a memorized control 
signal for the third octave is supplied to the switch 54 
from F lip-F lop circuit 183 through the conductors 300' 
and 503 for the third octave memory, so as to close the 

10 

12 
switch 54. Then, the envelope control signal is supplied 
to the gates 47, 46 and 45 from the'envelope control 
means 8 through the switch 54 and further through di 
odes 52 and 51, so as to control the envelope of the 
output signals of the gates 47, 46 and 45. 
As described hereinbefore, the electronic musical in 

strument of the present invention, sustain effect and 
memory effect can be provided, because the input 

logic codes to the program terminals of the shift-regis 
ter-counter 5 are effectively memorized by the memory 

, means 2 even after the ?nger released from any key, in 

20 

25 

other words after opening any keyswitch, until the next 
key is depressed in other words, until the next keys 
witch is closed. _ 

It is further advantageous in that the envelope of the 
output tone signals can be controlled so as to have vari 
ous kinds of attack and decay envelope waveform by 
using the envelope control means 8 in the electronic 
musical instrument of the present invention. 

It is further advantageous in that the frequencies of 
output tone signals are quite accurate and stable be 
cause of the use of only one accurate and'stable high 
frequency generator 6. 
A further advantage is that an electronic musical in 

strument according to the invention can easily be con 
structed of ICS, MSls and/or LSls because almost all 
the systems of the invention can make use of a digital 

\ system. 
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While particular embodiment of the invention is de 
scribed hereinbefore,'it will be apparent that various 
modi?cations can be made in the form and construc 
tion thereof without departing from the fundamental 
principles of the invention. it is, therefore, desired by 
the following claims, to include within the scope of the 
present invention all similar and modi?ed forms of the 
apparatus disclosed, and by which the results ofthe in 
vention can be obtained. 
What is claimed is: 
1. An electronic musical instrument with variable fre 

quency division, comprising: . 
a high frequency generator for generating high fre 
quency pulse signal; 

a variable divider coupled to said generator for divid 
ing the frequency of said high frequency pulse sig 
nal generated by said generator by one of a plural 
ity integral number factors according to one of a 
plurality of logic code subsets containing a plurality 
of bits applied to program terminals thereof, said 
logic code subsets corresponding to said number 
factors for producing tone signals corresponding to 
tones of a musical scale; ' 

an encoder coupled to said variable divider for gener 
ating said logic code and supplying a logic code 
subset to the program terminals of said variable di~ 
vider; 

control means coupled to said encoder for supplying 
to said encoder an input musical-scale-control sig 
nal for causing said encloder to generate a logic 
code subset corresponding to the control signal; 
and 

a memory means coupled to said encoder for memo 
rizing the logic code subset which is supplied to 
said program terminals of said variable divider so 
as to cause said variable divider to‘ continue to pro 
duce a tone signal in response to said musical 
scale-control signal, even after said musical-scale 
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control signal ceases and until a succeeding musi 
cal-scale~control signal is supplied. 

2. An electronic musical instrument as claimed in 
claim 1, wherein said memory means is coupled be 
tween said encoder and said variable divider. 

3. An electronic musical instrument as claimed in 
claim 1, wherein said memory means is coupled be 
tween said encoder and said control means. 

4. An electronic musical instrument as claimed in 
claim 1, wherein said control means comprises a key 
board for controlling generation of said musical scale 
control signals. 

5. An electronic musical instrument as claimed in 
claim 4, wherein said control means further comprises 
a priority selector circuit for producing a musical-scale 
control signal corresponding to the key which at the ex 
tremity among keys of the keyboard which are de 
pressed simultaneously. 
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14 
6. An electronic musical instrument as claimed in 

claim I, wherein said instrument further comprises gate 
means coupled to said variable divider for gating the 
output tone signal thereof, tone ?ltering means coupled 
to said gate means for ?ltering the output tone signal 
thereof, and envelope control means coupled to said 
gate means for controlling amplitude envelope of the 
output signal of said gate means, said envelope control 
means being coupled to said control means and to said 
memory means and being operated in response to said 
musical-scale-control signals and also to operation of 
said memory means. 

7. An electronic musical instrument as claimed in 
claim 6, wherein said envelope control means includes 
tone characteristic control elements for controlling the 
characteristics of said tone ?lters. 

* * * * * 
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