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ELECTRONIC MUSICAL INSTRUMENT CAPABL 
OF TRANSPOSITION 

FIELD OF INVENTION 

This invention relates to an electronic musical instru 
ment capable of transposition. 

BACKGROUND 
In an ordinary keyed instrument. natural keys are dis 

posed for natural tones and chromatic keys are dis 
posed for their derivative tones. Accordingly, when flat 
families or sharp families are played in this kind of in 
strument, transposed tones require the use of chro 
matic keys. For example, C, D, E, F, G, A, B, C in the 
case of C major are played by pressing natural keys. 
However, D major begins with the D tone. Accord 
ingly, natural keys and chromatic keys must be pressed. 
Thus, the operation of chromatic keys is required for 
transposition and this applies also to the case of all 
electronic musical instruments. Thus, playing with 
transposition is very difficult for a beginner. 

SUMMARY OF INVENTION 

The present invention relates to an electronic musi 
cal instrument which, in view of the foregoing fact, is 
so designed that sharp families and ?at families can be 
played by using natural keys only in a manner similar 
to the case of C major, through shifting of frequencies 
of sound sources associated with and corresponding to 
the respective keys, without using chromatic keys, and 
such that any music can be readily played by means of 
a switch. 
The instrument is characterized by the following: in 

an electronic musical instrument capable of transposi 
tion a high frequency oscillator is provided on its out-. 
put side with an octave frequency divider comprising 
twelve counter circuits to generate twelve tone signals 
based on a twelve tempered scale. These tone ‘signals 
are respectively frequency divided by respective plural 
ities of counter circuits to obtain a plurality of octave 
tone signals. The instrument is characterized in that an 
oscillator for transposition comprising a plurality of 
counter circuits is provided, and the output terminals 
of these counter circuits are selectively connected to 
the input terminal of the octave frequency divider such 
that the oscillation frequency generated from the high 
frequency oscillator is added to the oscillation fre 
quency generated from the transposition oscillator so 
as to produce an input frequency for the octave fre 
quency divider. 

BRIEF DESCRIPTION OF DRAWING 

Examples of this invention will next be explained 
with reference to the accompanying drawings in which: 
FIG. 1 is a diagram showing the relationship between 

keys and tones; . 
FIGS. 2 and 3 are each a block diagram showing the 

frequency dividing system of an octave frequency di 
vider; . 

FIG. 4 is a block diagram of one example of this in 
vention; - 

FIG. 5 is a diagram showing a wave form at each por 
tion thereof; and . 
FIGS. 6 and 7 are each a block diagram showing an 

other example of this invention. 
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DETAILED DESCRIPTION 

As shown in FIG. 1, C, D, E, F, G, A, B and C in the 
case of C major are played by pressing the natural keys 
K1, K3, K5, K6, K8, K10 and K12. However in the case 
of D major, this begins with the D tone. Accordingly, 
the natural keys K3, K5, chromatic key K7, natural 
keys K8, K10, K12 and K13, chromatic key K14 and 
natural key K15 must be employed. Thus, the opera 

0 tion of chromatic keys is required for the transposition 
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and this applies to the case of all electronic musical in 
struments. Thus, playing with transposition can be very 
difficult for the beginner. 
As for systems employing an octave frequency di 

vider, there are two such systems. FIG. 2 shows one sys 
tem with octave frequency divider 20 which comprises 
twelve counter circuits (20-l).....(20-12) connected in 
series with one another. The frequency dividing ratio of 
each thereof is 196/185. If ‘it is assumed that a fre 
quency of 8372.02 Hz is generated by the first counter 
circuit (20-1), the oscillation frequency fm of a high 
frequency oscillator 10 connected to the input terminal 
of the octave frequency divider 20 becomes 196/185 
times said frequency, that is, 8869.84 Hz. Thus, the os 
cillation frequencies obtained at output terminals (20 
la).....(20-12a) of the counter circuits 
(20-1).....(20-12) become those shown in FIG. 2. The 
tone signals of the respective frequencies are as shown 
in parentheses. Though not illustrated, these oscillation 
frequencies are each further frequency-divided by each 
of a respective plurality of counter circuits, for exam 
ple, into 7 stages if it is intended to cover 7 octaves of 
a whole piano. 

FIG. 3 shows the other system of octave frequency 
~ divider 20’. It comprises twelve counter circuits 

(20’-l).....(l2’-12) connected in parallel with one an 
other to a common high frequency oscillator 10'. The 
frequency dividing ratios thereof are 1/239. 
1/253 .... ..l/45l, respectively, as shown in FIG. 3. If it 
is assumed that 8372.02 Hz is generated by the first 
counter circuit (20'-1), the oscillation frequency fm ’ of 
the high frequency oscillator 10’ is 239 times said fre 
quency, that is, 2.00024 MHZ. Thus, the oscillation fre 
quencies obtained at output terminals (20'-'lu).....(20’ 
12a) of the counter circuits (20’-1).....(20’12) become 
nearly equal to those in the case shown in FIG. 2. 
FIG. 4 shows one example of this invention. An out 

put terminal of a high frequency oscillator 10' is con 
nected to an octave frequency divider 20' through an 
OR circuit 30 and is connected, in parallel therewith, 
through a NOT circuit 40 (i.e., a circuit which changes 
a 0 to a 1 and vice versa) to an oscillator 50, for trans 
position, comprising a plurality of counter circuits 
(50-2).....(50-l2). It is so arranged that output termi 
nals of transposition oscillator are selectively con 
nected to the OR circuit 30 through a change-over 
switch 60. The change-over switch 60 comprises a sta 
tionary contact (60-1) positioned at a zero position and 
not connected to the transposition oscillation 50, a plu 
rality of stationary contacts (60-2).....(60-l2) con 
nected to the respective counter circuits 
(50-2).....(50-12), and movable contact connected to 
the OR circuit 30. ‘ 
The oscillation frequency of the high frequency oscil 

lator 10' is 2.00024 MHz and the wave form thereof is 
as shown in FIG. 5 (a). This wave form is then differen 
tiated by differentiation circuit D2 (FIG. 4) into the 
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wave form shown in FIG. 5 (b) and is applied to the oc 
tave frequency divider 20’ through the OR circuit 30. 
Also, the output wave form shown in FIG. 5 (a) of the 
high frequency oscillator 10? is inverted by the NOT 
circuit 40 as shown in FIG. 5 (c) and is differentiated 
by differentiation circuit D2 (FIG. 4) as shown in FIG. 
5 (d) and is applied to the transposition oscillator 50. 
The oscillation frequencies generated at the respec 

tive counter circuits (50-2).....(50-I2) of the transposi 
tion oscillator 50 are shown in Table 1 below. 

TABLE 1 

Counter cir- Oscillation Total fre- Tone 
cuit number frequency MHz quency MHz signal 

1 1 2.00024 C 
2 50- 2 0.11717 2.11741 c#1ob1 
3 50- 3 0.24055 2.24079 D 
4 50 - 4 0.37661 2.37685 0*‘ (E b1 
5 50- 5 0.51889 2.51913 E 
6 50- 6 0.66953 2.66977 F 
7 50 - 7 0.82875 2.82899 F# (G 17) 
8 50- 8 0.99593 2.99617 G 
9 50- 9 1.17169 3.17192 G#(A|;-) 
10 50- 10 1.36418 3.36442 A 
11 50 — 11 1.56504 3.56528 A# (B 171 
12 50 - 12 1.77427 3.77451 B 

As clear from Table l, the dividing ratios of counter 
circuits (50-2)...(50-il2) are as follows: 

50 — 2 2.00024/0.11717 
50 — 3 2.00024/0.24055 
50 — 4 2.00024/0.37661 
50 — 5 2.00024/0.51889 

only. 
If, next, the movable contact 60a is connected to the 

stationary contact (60-2), the oscillation frequency 
5 0.1 1717 MHz of the counter circuit (50-2) is added to 

the oscillation frequency 2.00024 MHz of the high fre 
quency oscillator 10’. This condition is such that the 
wave form (FIG. 5 (c) inverted by the NOT circuit 40 
is used as the input for the transposition oscillator 50, 
and the output thereof is differentiated (FIG. 5 ((1)) 
and is properly interposed through the OR circuit 30 in 
the oscillation frequency of the high frequency oscilla 
tor 10’ (FIG. 5 (e)). 

15 Thus, the input frequency for the octave frequency 
divider 20' becomes 2.11741 MHz and, accordingly, 
the output frequencies of the octave frequency divider 
become those shown in Table 2, column (II). The tone 
signals are as shown on the right hand side thereof. This 

20 is a C# and shows that it is transposed to the higher 
side by one interval. Accordingly, playing of C# 

' major can be easily effected by operating only natural 
keys in almost the same manner as in the case ofC ma 
jor, Without using chromatic keys. 

25 

30 

4 
and playing can be carried out by using natural keys 

If, next, the movable contact 60a is connected to the 
stationary contact (60-3), the oscillation frequency 
0.24055 MHz of the counter circuit (50-3) is added to 
the oscillation frequency 2.00024 MHz of the high fre 
quency oscillator 10’ and it becomes 2.24079 MHz. 
The respective oscillation frequencies of the octave fre 
quency divider 20’ becomes those shown in Table 2, 
column (III), and the tone signal thereof is D and this 
shows that it is further transposed to the higher side by 
one interval. Accordingly, playing of D major can be 

35 effected by the operation of only natural keys. Thus, 
any desired transposition can be effected by that the 
oscillation frequencies of counter circuits 

When the movable contact 6021 is set to the stationary (50-2)--.-.( 50-12) of the transposition Oscillator 50 are 
contact (60-l),the oscillation frequency 2.00024 MHz 40 selectively added to the oscillation frequency of the 
itself of the high frequency oscillator 10’ becomes an high oscillator 10', and thereby the playing of any de 
input for the octave frequency divider 20', and output sired music with sharps or ?ats becomes possible by 
frequenciesgas shown in Table 2, column (I) are ob- using only natural keys. 

TABLE 2 

Counter 
circuit (I) C major (11) C major (III) D major 
number of 
octave 
frequency Output fre- Tone Output frc- Tone Output fre- Tone 
divider quency Hz signal quency H7. signal quency Hz signal 

1 20' _ 1 8372.02 C 8869.84 C# 9397.21 D 
2 20'— 1 7902.13 B 8372.02 C 8869.84 C# 
3 20’— 3 7458.62 A# 7902.13 B 8372.02 C 
4 20' _ 4 7040.00 A 7458.62 A# 7902.13 B 
5 20' — 5 6644.88 ' G# 7040.00 A 7458.62 A# 
6 20'— 6 6271.93 G 6644.88 G# 7040.00 A 
7 20' — 7 5919.91 F# 6271.93 G 6644.88 G# 
8 20'— 8 5587.65 F 5919.91 F# 6271.93 G 
9 20’ — 9 5274.04 E 5587.65 F 5919.91 F# 
10 20' - 10 4978.03 ' D# 5274.04 E 5587.65 F 
11 20' — 11 4698.64 D 4978.03 D# 5274.04 E _ 
12 20' — 12 4434.94 C# 4698.64 D 4978.03 D# 

Input 
frequency 2.00024 MHZ 2.1 1741 MHz 2.24079 MHz 
Contact 
number of 60 — 0 
changeover 
switch 

tained at its respective output terminals. The tone sig 
nals corresponding to the respective frequencies are as 
shown on the right hand side thereof. This is C major, 

The above is the case where transposition is to the 
higher side. As shown in FIG. 6, the high frequency os 
cillator 10' is provided on its output side with a fre 



3,877,337 
5 

quency divider 70 comprising a plurality of counter cir 
cuits, so that the oscillation frequencies thereof are 
lowered by steps at each counter circuit. If the output 
terminals thereof are selectively connected to the OR 
circuit 30 and the NOT circuit 40 through a change 
over switch 80, a transposition to the lower side can be 
easily effected by selective connection of the change 
over switch 80 and selective connection of the change 
over switch 60. Additionally, movement of an octave 
becomes possible by that the frequency dividing ratio 
of each counter circuit of the frequency divider 70 is 
designed to be 1/2. lf, under this condition, the oscilla 
tion frequency of the high frequency oscillator 10 is 
made higher by several octaves, movement of an oc 
tave either to the higher side or the lower side becomes 
possible by selective connection of the change-over 
switch 80. Accordingly, a player can play any octave at 
a predetermined position, without especially moving 
his position. 
FIG. 7 shows the case where the NOT circuit in 

FIGS. 4 and 6 is omitted. In this case, the oscillation 
frequency of the high frequency oscillator 10' is dou 
bled to be 4.00048 MHz and this frequency is made to 
be 1/2 through a binary circuit 90. At the same time, 
positive and negative wave forms as shown in'FlGS. 5 
(a) and (c) are taken from the binary circuit 90. Thus, 
this only slightly different from the case of FIGS. 4 and 
6 
The above explanation has been given with reference 

to the second frequency dividing system of an octave 
frequency divider, but this is similar also in the case of 
the first system except only that the oscillation frequen 
cies of the high frequency oscillator 10 and the transpo 
sition oscillator become smaller. 
Thus, according to this invention, the oscillation fre 

quency of the high frequency oscillator is properly 
added to any of the oscillation frequencies of the trans 
position oscillator comprising the plurality of counter 
circuits so as to produce an input for the octave fre 
quency divider so that, by means of selecting the add 
ing frequency. and desired transposition can be ef 
fected. Accordingly, the playing of any desired music 
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6 
with sharps or ?ats can be effected by a player as long 
as he can play in C major. 
What is claimed is: 
1. An electronic musical instrument capable of trans 

position comprising a high frequency oscillator having 
an output side, an octave frequency divider including 
twelve counter circuits to generate twelve tone signals, 
a transposition oscillator including a plurality of 
counter circuits coupled between the output side of 
said oscillator and said divider, means to control the 
addition of the frequency of the output of said high fre 
quency oscillator to the frequency of the output of the 
transposition oscillator to generate an input frequency 
for the octave frequency divider, said means including 
21 NOT circuit coupled between said oscillators and an 
OR circuit coupled between said high frequency oscil 
lator and divider, and a selector switch between the 
transposition oscillator and said OR circuit. 

2. An instrument as claimed in claim 1 comprising 
differentiation circuits coupled between said OR cir 
cuit and said high frequency oscillator and switch. 

3. An instrument as claimed in claim 1 comprising 
frequency divider means coupled to said high fre 
quency oscillator and a change-over switch coupling 
said frequency divider means to said NOT circuit and 
OR circuit. 

4. An electronic musical instrument capable of trans 
position comprising a high frequency oscillator having 
an output side, an octave frequency divider including 
twelve counter circuits to generate twelve tone signals, 
a transposition oscillator includiing a plurality of 
counter circuits coupled between the output side of 
said oscillator and said divider, means to control the 
addition of the frequency of the output of said high fre 
quency oscillator to the frequency of the output of the 
transposition oscillator to generate an input frequency 
for the octave frequency divider, said means including 
a binary circuit between the high frequency oscillator 
and the transposition oscillator and divider and an OR 
circuit coupling said high frequency oscillator and said 
transposition oscillator to said divider. 


