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['5 7] ABSTRACT 
For tone generators in an electronic musical instru 
ment, there are provided a plurality of master oscilla 
tors, each for a different octave and each being cou 
pled to frequency dividers having different frequency 
dividing ratios which ratios are respectively deter 
mined to divide down the frequency of the master os 
cillator to pitches of different notes in the intended 
octave. The different notes in an octave are obtained 
by frequency dividing the signal of the single master 
oscillator, and therefore the number of the master os 
cillators necessary for the instrument becomes very 
few. The same lettered notes in different octaves are 
obtained by frequency dividing the signals of the re 
spectively different master oscillators and are indepen 
dent in frequency and phase, and therefore there can 
be obtained much more of a sense of plural different 
tone sources. 

9 Claims, 19 Drawing Figures 
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1 
TONE GENERATOR SYSTEM 

This is a continuationv of application Ser. No. 
l48,746, ?led June 1, 1971, now abandoned. 

BACKGROUND OF INVENTION 
This invention relates generally to tone generator sys 

tems for electronic musical instruments, and more par 
ticularly to a type thereof wherein a separate master os 
cillator is provided for each of the octaves, and differ 
ent notes in an octave are obtained by dividing the fre 
quency of master oscillator by respectively predeter 
mined dividing ratios. 
A typical example of the heretofore employed tone 

generator systems for electronic musical instruments, 
which may be categorized as “frequency-divider tone 
generator systems,” comprises 12 master oscillators re 
spectively generating 12 notes in the highest one octave 
of the instrument. The output frequencies of the 12 os~ 
cillators are successively divided by one-half so that 
subsequent octaves are thereby obtained. Although this 
type of tone generator system is economical in manu 
facture, the same lettered notes‘ in successive octaves 
such as C8, C1, C6 are in an exact duplicating fre 
quencyv relation with each other, and the phases thereof 
are also locked together. For this reason, when a plural 
ity of keys of the same lettered notes in various octaves 
are depressed simultaneously or a key is depressed with 
the octave coupler stop switched on, a plurality sensa 
tion (a sense that the sounds are comingout from a plu 
rality of tone sources) caused thereby is rather weak. 

Another type of the heretofore employed tone gener 
ator systems, which may be termed an “individual tone 
generator system,” comprises fully independent oscilla 
tors for all notes, thus being very expensive in its manu 
facture. However, in this kind of tone generator system, 
all of the same lettered notes in various octaves such as 
C‘, C2, C3, C4, are not in the exact integer multiple 
relationship, and the phases thereof are not locked to 
gether. For this reason, when a plurality of keys of the 
same lettered notes in various octaves are depressed 
simultaneously, a composite sound rich in the plurality 
sensation, such. as that produced by a piano, pipe or 
gan, or the like natural instrument, which has individ 
ual tone sources for all of the notes, or by a plurality of 
monophonic musical; instruments played ’ simulta 
neously, can be obtained. ‘ ' 
Although the so-called “individual tone generator 

system“ has the above described advantageous fea 
tures, it also possesses disadvantages such as requiring 
much labor and skill in tuning and necessitating a pre 
caution in its design for eliminating interference be 
tween the oscillators because a plurality of the oscilla 
tors of nearly equal frequencies (different by a same 
tone) are arranged side by side in a limited space in the 
musical instrument. Furthermore, in the low-frequency 
range of the tone scales (for instance, from several tens 
of Hzto several hundreds of Hz), the sizes of the capac 
itors and indicators of the oscillators are- much en 
larged, thus inevitably causing the instrument to be 
come large sized and expensive in manufacture. 

It is'widely known that in the natural musical instru 
ments such as wind instruments and the piano, the fre 
quencies in the treble regions and the bass regions are 
deviated somewhat from those of the equal tempera 

- ment scales in such a manner that sounds of higher fre 
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2 
quencies are deviated higher in pitch and those of low 
frequencies are deviated lower in pitch from the nomi 
nal frequenciesin the equally tempered scale. These 
temperament characteristics peculiar to these musical 
instruments produce a sensation which is more pleasant 
to listeners when the musical instruments are played, 
and the hereinbefore mentioned plurality sensation can 
be obtained when a plurality of such musical instru 
ments are played simultaneously. 

Differing from the natural musical instruments, the 
electronic musical instruments of the conventional 
types have been designed and manufactured so that the I 
frequencies of the tone generators accurately coincide 
with those of the vequal temperament. For this reason, 
even if the conventional electronic musical instruments 
are designed to produce sounds similar to the tone 
color and attenuation ‘characteristics of those of the 
wind instruments or pianos, the music playing effects 
thereof are different from those of the natural musical 
instruments because of the difference in the above de 
scribed temperament characteristics. 
Furthermore, in the tone generator systems of the in 

dividual tone generator type or of the frequency 
divider type, when it is desired to obtain vibrato sounds 
effectuated on the outputs of the individual or master 
oscillators, eachv of the individual, master oscillators 
must be provided with a vibrato oscillator. As a result, 
the number of the vibrato oscillators becomes consid 
erable, causing the musical instrument to be expensive. _ 
Furthermore, in the case of the frequency-divider type 
tone generator system, where each of the master oscil 
lators is provided with a vibrato oscillator, vibrato ef 
fects of the same frequency, depth, and phase relation 
are rendered on the same tone-names in all of the oc 
taves, whereby the results thus obtained become rather 
simple and monotonous and has had the drawback of 
lacking richness in sensation. 

.SUMMARY OF THE INVENTION 

Therefore, the primary object of the present inven 
tion is to provide a tone generator system wherein the 
number of the master oscillators is substantially econo 
.mized. 

Anotherlobject'of the invention is to provide a tone 
generator system'wherein the advantages in the “fre 
quency dividing tone generator system” and the “indi 
vidual tone generator system" are also preserved. 

Still another object of the invention is to provide a 
tone generator system wherein a synchronous/asyn 
chronous operation control and vibrato control can be 
achieved in a simpler manner, and the temperament or 
tuning of the tone scales is much facilitated. 
A further object of the invention is to provide a tone 

generator system which can create a good “plurality 
sensation” despite the reduced-number of the master 
oscillators. 
These and other objects of the present invention can 

be achieved by a tone generator system comprising a 
plurality of master oscillators each for different octave 
and each followed by and coupled to frequency divid 
ers having respectively different frequency dividing ra 
tios which ratios are respectively predetermined to di 
vide the frequency of the master oscillator down to 
pitches of different notes in the octave. 
The nature, principle, and utility of the present in 

vention will be better understood from following de 
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tailed description of the invention when read in con 
junction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
In the drawings: - V v \ 

FIG. 1 is a block diagram of a tone generator system 
constituting .an embodiment .of the present invention; 
FIG. 2 is a block diagram of one part of a tone gener 

ator system constituting another embodiment of the 
present invention; . 
FIG. 3 is a block diagram of a part corresponding to 

one octave of the same embodiment of the invention; 

FIG. 4 is a block diagram showing a combination of 
a main oscillator and a frequency divider 'unit forming 
one part of the same example; ' 

FIG. 5 is a block diagram of a tone generator system 
arranged in accordance with the keyboards, which con 
stitutes still another embodiment of the present inven 
tion; ' ~ 

FIG. 6 is a block diagram of the tone generator sys 
tem arranged in accordance with the coupler systems, 
which constitutes still another embodiment of the in 
vention; ' " I v 

7 FIG. 7 is a block diagram showing a detailed organi 
zation of a frequencydivider unit in the-form of a logic 
circuit; 7 ' > .' 

FIG. 8 is a circuit diagram showing a detailed organi 
zation of one part of the-frequency divider unit; 

" ' FIG. 9' is a diagram showing the factorization of the 
frequency dividing ratios of the component frequency 
dividers included in the frequency divider unit; 

' FIG. 10 is a logic circuit organization of the same fre 
quency divider unit; 

FIG. 11 is a block diagram of the tone‘ generator sys 
tem constituting still another embodiment of the inven 
tion; , ' ‘ ’ ' 

FIG. 12 is a block diagram of the tone generator sys 
tem constituting‘still another embodiment of the inven 
tion wherein the frequency‘ divider units of integer fre 
quency ratios and half-frequency divider units are in 
terconnected; ' ’ . 

FIG. 13 is a block diagram showinganother arrange 
ment of these frequencydivider units; ' 

' FIG. l4.is a block diagram of a tone generator system 
constituting still another embodiment of the invention 
wherein the oscillation frequencies of the master oscil 
lators are made adjustable; 
FIG. 15 is a circuit diagram showing the detailed or 

ganization of a master oscillator and a control circuit 
employed in FIG.‘ 14; . 
FIG. 16 is a diagram showing a tuning (or tempera 

ment) characteristics of the'tone generator system ob 
tainable in the example shown in FIG. 14; ' 
FIG. 17 is a block diagram ofa tone generator system 

wherein the operation of the master oscillators is se 
lectably in synchronism and in non-synchronism; 
FIG. 18 is a block diagram of a tone generator system 

wherein vibrato oscillators are provided respectively 
for the master oscillators; and - 
FIG. 19 is a circuit diagram showing a master oscilla 

tor and a vibrato oscillatoremployed in the example 
shown in FIG. 18. 1 

DETAILED DESCRIPTION 
Referring now to FIG. 1 showing an embodiment of 

the present invention, there are indicated eight master 
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oscillators M1, M2, M3, ...., Mg for providing eight oc 
taves, each of which is an ordinary oscillator of, for in 
stancefI-Iartley type, the frequency produced in any 
one of the master oscillators being twice that produced 
by immediately subsequent master oscillator. When an 
output of these master oscillators M1, M2, M3, ...., M8 
is supplied to a corresponding set of 12 frequency di 
viders such as 11, 12, , 112,21, 22, 212; .....; 
or 81, 82, 812, I2 notes in each octave such as C9, 
B8, ...., C3 # ; C5, B1, ...., C1 # Or C2, B1, -..., C1 
# ; are obtained. I . _ 

In the case where the frequency dividers are of a con 
struction employing a plurality of stages of cascade 
connected binary counters and obtaining a desired fre 
quency dividing ratio by feedbacks, it is convenient 
that the number of stages n in each of the above men 
tioned twelve frequency dividers for one octave be se 
lected to be equal for. all of the dividers, and by so do 
ing, thefrequency dividing ratio d ofeach of the 12 fre 
quency dividers falls within a range of 

Furthermore, the approximation error e (‘an errorbe 
tween a frequency of the equal temperament pitch,and 
an actually obtained frequency) in this case can be ex 
pressedaseé l/2 d. g ' V 

“- For?i'ristancejwhen the number n'ofthenstages of the 
binary counters is 10 as later indicated in FIG. 7, alldof 
the frequency dividing ratios d arerespectively deter 
mined to be within the range of 1,024 e d > 512, that 
is, 1,024 2 d 2 513, and the approximating error at 
this time is within e g l/1,()26, that is, less than-1J8 ‘ 
cents. If it is desired, this approximation errors 6,, may 
be made smaller than the above mentioned value by 
properly selecting frequency dividing ratios d of a more 
suitable values. ’ 

‘The term “frequencydividing ratio” is herein used 
instead of the ordinary “frequency dividing factor” to 
prevent confusion'with the common factors or greatest 
common factor used hereinafter. 

In the case where the allowable approximation error 
so is ?rst given, the necessary number n of stages of the 
binary counters can be ‘defined, by employing the 
above indicated formula, as being an integer satisfying 
n ; logz ( l/eo — 2). Accordingly, when the number of 
stages .of the binary counters is determined to satisfy 
the above relation, the actual approximation errors 6,, 
are always less than the allowable error 6,, (namely e 
S_ 60). 
Where the frequency range of the intended octave is 

from f, to f,,, wherein fl is a frequency of the lowest' 
pitch among the 12 vnotes, and f,, is a frequency of the 
highest pitch among the same 12 notes and is equal to 
2"’12 - f,, the frequency f, of the master'oscillator MI in 
FIG. 1 is selected in a range of 

2n ; fl > 2n-l/l2 .fl, 

or 222-11112 .fh. g‘fl > 2n-l .?, 

and thereby the frequency dividing ratio d for each- of 
the frequency dividers ll, 12, ...'., 112 can conse- >_ 
quently be determined. 
The above described precedures of determining n 

and (I will now be described more fully for the case of 
obtaining notes of an equal temperament scales ranging 
from C8 # (4,434.99 Hz) to C9 (8,372.02 Hz). Where 
the frequency errors with respect to - the standard 
pitches are to be less than 1.8 cents, the number n of 
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stages of the binary counters is determined as being 10 
from the above described relation, and from the above 
described frequency range, it is apparent that the oscil 
lation frequency of the master oscillator M, should be 
within a range of from 4,286.47 to 4,54l .36 kHz. When 
the oscillation frequency f, of the ?rst master oscillator 
M1 is determined as being a value within the above de 
scribed frequency range, the frequency dividing ratios 
of the dividers are determined as being those whereby 
tones respectively nearest to the 12 notes of C8 # , D8, 

B8, C9 are obtainable. Table lshows an example 
wherein a frequency of 4,379 kl-lzwis selected for the 
?rst master oscillator M1, and the frequency dividing 
ratios are made equal to integers, whereby tones near 
est to the notes of an equal temperament are obtained. 

TABLE l 

Frequency dividing Error 
Tonc name ratio (in cent) 

c, 523 +0.17 
.13, 554 +0.48 
A, # 587 +0.31 
A, 622 +0.05 
o,.# 659 +0.01 
0.. 698 +0.47 
r,,# 740 -—0.68 
F, 784 —-0.68 
E, 830 +0.61 
D“ # 880 —-0.66 
D, 932 —0.05 
c,.# 987 +0.68 

In this case, the approximation errors are less than 
0.7 cent and are found to be sufficient for practical pur 
poses. . 

Of course, values other than the above indicated can 
be employed, and when larger errors are allowable, all 
of the frequency dividing ratio can be reduced, and the 
numbers of the stages of the binary counters can be re 
duced. 
The oscillation frequencyf2 of the second main oscil 

lator M2 is selected at 2,189.5 kHz, one-half of the os 
cillations frequencyf, of the ?rst master oscillator M,, 
and the oscillation frequencies fafh ofthe succeed 
ing master oscillators M3, M4, are similarly deter 
mined. , ' 

' Although, in the above described embodiment of the 
present invention, there are provided master oscilla 
tors, the output thereof being frequency divided into 12 
note pitches, it is of course possible for the frequency 
of each master oscillatorto be divided into ‘six frequen 
cies so that notes in one-half of an octave are obtained. 
FIG. 2 indicates such an example, wherein the output 
of the master oscillator M is supplied to six frequency 
dividers 11 through 16, included in a frequency divider 
unit D, each of which has a frequency dividing ratio 
adapted to produce one of the six notes included in the 
half octave supported by the master oscillator M. In 
this example, representing the number of stages in the 
binary counter by n and the oscillation frequency of the 
master oscillator M by f, the oscillation frequency f of 
the master oscillator is selected to satisfy the following 
relationship. ' 

wherein f, is the frequency of the lowest note among 
the six notes, and the frequency dividing ratio d for 
each of the frequency dividers is determined in accor 
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dance with the oscillation frequency f of the master os 
cillator. 
The procedure for obtaining the notes of an equal 

temperament, in the octave ranging from G; (6,27 l .93 
Hz) to C9 (8,372.02 Hz) will now be described in 
greater detail. The allowable frequency deviation (or 
error) is ?rst assumed to be 1.8 cent or less. As a result, 
the number of stages n is determined to be 10, and the 
oscillation frequency f of the master oscillator is ob 
tained as being in a range of from 4,541.36 kHz to 
4,286.47 kHz. The oscillation frequency f and the fre 

quency dividing ratios d for obtaining C9, B8, A8 # , , G, from this oscillation frequency f are determined 

properly under the above described restriction, until 
satisfactory combinations of f and d are found for ren 
dering least frequency errors. 7 

Telélslshgus arssqltof sushdeterminatiom the 05-. 
cillation frequency f.of the master oscillator being se 
lected to equal 4,379 kHz. ‘ 

TABLE 2 

Frequency dividing 
Tone name ratio ‘Frequency error 

C9 523 +017 
B, 554 +0.48 
A,.# 587 +0.31 
AN 622 +0.05 
0,.# e59 +0.01 
GN 698 +0.47 

All of the above indicated errors fall within an error 
. range of 0.7 cent, which is much smaller than the ini 
tially assumed error range of 1.8 cents. 
Although the above described embodiment of the in 

vention makes possible the acquiring of scales corre 
sponding six notes constituting a half octave, it is ap 
parent that the remainder of the notes in the subse 
quent half .octave may also be obtained by employing 
frequency dividers of the same compositions. That is, 
as shown in FIG. 3, the oscillation frequency f of the 
?rst master oscillator M is divided in the ?rst frequency 
divider unit D1,, (including six dividers) for obtaining 
the six notes as shown in TableZ, and the oscillation 
frequency of the second‘ master oscillator Mm, which is 
equal to l/ \/_2 f, is frequency divided in the second 
frequency divider unit D“, (including six dividers) of 
similar organization as that of the ?rst frequency di 
vider unit D,,,, so that six other notes from F8 # to C8 
># in the next half octave can be obtained. 

In this manner, manufacturing of the frequency di 
vider units can be much simpli?ed because ofthe simi 
lar organization of the ?rst and the second frequency 
divider units D1,, and Dw, thus being well adapted to an 
organization including integrated circuits. It will be ap 
parent that the above described organization of the 
tone generator circuit for the highest pitch octave may 
also be applied to the tone generator circuits for the 
subsequent octaves. - 

In the case where frequency errors of greater values 
are allowed, the number of stages of the binary count 
ers may be reduced, for instance, to eight, and the fre-, 
quency dividing ratios may also be reduced as shown in 
FIG. 4. In this case, the frequency dividing ratios and 
frequency errors corresponding to-the output terminals 
TI, T2, ...., T6 of the frequency divider unit D are as 
shownin Table 3, and the frequency errors are well 
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within :3 cents, causing no deleterious effects in prac 
tical applications. ' 

I TABLE 3 

Frequency dividing ' Frequency error 
Output terminal ratio (cent) 

T‘ 175 —2.8 
T2 I85 +'l .0 
T; 196 +1.0 
T4 207 —l .9 
T5 220 +1.0 

233 +1.6 

In FIG. 5, there is indicated an example wherein a 
plurality of those generator systems, each organized as 
shown in FIG. l,_are provided for the upper keyboard 
section, lower keyboard section, and the pedal key 
board section of an electronic musical instrument, re 
spectively. All of the tone generator systems have mas 
ter oscillators, one provided for each octave, and thus 
the upper keyboard has master oscillators Mu, through 
Mus, and frequency . divider units Dul through Dus 
respectively connected to the master oscillators Mu, 
through Mus. Likewise, the lower keyboard, has master 
oscillators ML, through ML; connectedrespectively to 
frequency divider units DL, through DL_-,, and the pedal 
keyboard has main oscillators Mp1 and Mp2 connected 
respectively ‘to frequency divider units Dpl and Dpz. 

3,809,787 
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Since all of these master oscillators are operated in- _ 
dependently and not in synchronism with other oscilla 
tors, tone pitches indifferent octavesare by no means 
in an integer multiple relationship with each other, and 
the'phase relations thereof are not de?nite, For this 
reason, when two keys in a keyboa'rd'in one-octave dif 
ferent relationship are depressed simultaneously, or 
when they are sounded 'with an octave ‘coupler stop 
switched on, or even when two keys of the same pitch 
but in ‘different keyboards‘ are depressed simulta 
neously, the hereinbefore mentioned'plurality sensa 
tion can be obtained as well as the pleasant, wide 
spreading, and natural sensations. I 
As an auxiliary effect rendering device, each of the 

keyboards may be ‘provided with a vibrato device (or 
ultra-low-frequencyoscillator) such as V1, V2, or V3, 
and the output of each vibrato device may be supplied 
simultaneously to the master oscillators in the corre 
sponding keyboard, when an electronic musical instru 
ment thus provided with vibrato devices is operated, 
vibrato signalswill'be produced only in the speci?c 
keyboard wherein the vibrato device is activated to ef 
fectuate vibrato on all of the tones produced by the se- ’ 
lected specific keyboard, and the auditory sensation is 
thereby enhanced due to the contract between the 
sounds having and not having vibrato effect, or by the 
slight deviation of pitches between the sounds effectu 
ated with the vibrato effect. Otherwise, it may be so de 
vised that not only the ON-OFF control of the vibrato 
signals, but also the pitches and amplitudes of the vi 
brato signals, may also be controlled. 

‘In addition the above described vibrato rendering de 
vice, another type of auxiliary effect rendering device 
may also be employed. One example of such a device 
is one for changing pitches (frequencies) of the main 

. oscillators. This may be carried out by changing the 
dc. level of frequency controlling terminals of these 
master oscillators included in a speci?c keyboard. 
When the pitches of the master oscillators included in 
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the upper keyboard section are elevated slightly, the 
melody-playing portion of the performance can be en 
hanced, and when the pitches of the master oscillators 
included in the pedal keyboard section are lowered ' 
slightly stable and natural sensation of the performance 
can be obtained, . 

Although in the above described embodiment of the 
invention, the tone generator circuits are provided sep 
arately for each of the keyboard sections, the tone gen 
.erator circuits may also be provided separately for each 
of the coupler groupsas shown in FIG. 6. in this case, 
the tone generator circuits are made independent} for 
each group of the couplers such as the standard 8-foot 
register, 4-foot register which are one octave higher 
than the 8-foot register, and 16-foot register which are 
one octave lower than the 8-foot register. For the 4 
foot register, there are provided master oscillators M4,, 
M42, M43, and M.,.,, respectively, followed by frequency 
divider units D41, D42, D43, and D44; for the 8-foot regis 
ter, master oscillators M81, M82, M83, and M94, respec 
tively, followed by frequency divider units D8,, D82, D83, 
and D84; and for the l6-foot register, master oscillators 
‘M161, M162, M163, and Mm, respectively followed by fre 
quency divider units D151, D162, D163, and D164. In addi 
tion, the above described auxiliary effect rendering de 
vices may also be provided for each of the coupler 
groups for obtaining substantially the same effects as 
described above. For instance, vibrato oscillators V1, 
V2, and V3 are provided respectively for the 4-foot,lthe 
8-foot and the l6-foot're'gisters, and respectively con 
nected to the master oscillators in the respective foot 
registers as shown in FIG. 6. ' - 

In FIG. 7, there is shown an example wherein each of 
the above-described frequency dividers included in a 
frequency divider unit D, is constituted by binary 
counters. A signal fl from the master oscillator M, is 
applied tov l0 stages of binary counters B, through Bin‘ 
connected in cascade. Each ‘of theilbinary counters‘B, 
through B", is composed of MOS type ?eld-effect tran 
sistors Q, through‘ Q2» as indicated in FIG. 8, and has 
an input terminal lN, output terminal OUT, and a reset 
terminal R. The resettable binary counter depicted in 
FIG. 8 is of typical and conventional,construction. For ' 
purposes of completeness, and as will be apparent to 
those skilled in the art, ?eld-effect transistors Q2, Q3, 

. Q5, Q6, Q22, vQ24, Q26, and 0280f the binary counter 
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function as resistance elements so as to control biasing 
for'the active part of the circuit. The other fieldfeffect 

_ transistors’ form the active part of the circuit which 
constitutes a conventional ?ip-?op construction. 

In the operation of a frequency divider for the case 
wherein the frequency f, of the master oscillator M, is 
divided into l/523,,for obtaining the tone C9, an AND 
circuit detects the‘ instant when the outputs of the bi 
nary counters B,, B2, B4, and B10 become 1 simulta 
neously and applies a reset pulse RP to the reset termi 
nals R, R, of all of the binary counters.- Since the 
number 523 can. be expressed as a binary number 
100000101 1, that is, 29 + 23 + 21+ 2”, the cascade con 
nected binary counters can count a number from 
0000000000 to 100000101 1, and an output signal hav 
itLg? frequency equal to. 11.1.52} gm be...9b&1_ined frqrn 
,the output terminal OUT, of thelfrequency divider unit 
D1. Frequency dividing circuits-for rendering frequen 
cies of 1/554, l/987 may be organized in a similar 
manner with respectively proper feed backs, and the 



' ered from the output terminals OUTz, 
output signals from these frequency dividers are deliv 

. , OUT”. 

The hereinbefore described frequency divider unit 
D, for an octave is formed by all of the 12 series of the 
above described binary counter circuits, and the 12 
notes (for instance, from C8 to B8) in each octave of an 
electronic musical instrument are obtained from the 
above described 12 output terminals. It is herein as 
sumed that the frequencydividing ratios may be suit 
ably selected as shown m Table 4. 

TABLE 4 

Terminal Frequency Dividing Factorization 
ratio 

When the frequency dividing ratios are resolved into 
factors, the results as shown in the right-hand column 
can be obtained, and from these results, it is apparent 
that these frequency dividing ratios have several com 
mon factors. Accordingly, in the practical construction 
of the frequency dividing circuits, at least some of the 
binary counter circuits corresponding to the greatest 
common factor can be used commonly for the simpli? 
cation of the organization. 
FIG. 9 shows such an example. In this organization, 

the frequency dividing’ ratios are resolved into prime 
factors or second powers of the prime factors, and the 
frequency dividing unit D is’ arranged in accordance 
with these factorization. In the drawing, reference M 
designates a master oscillator (oscillating, for instance, 
at 1.49 MHz), and the numerals indicated in the blocks 
designate the prime factors or they second powers of the 
prime factors. For instance, a frequncy divider circuit 
for obtaining‘a frequency dividing ratio 357 may be 
factorized into 3 X 7 X 17. On the other hand, another 
frequency divider circuit for obtaining a frequency di 
viding ratio 238 may be factorized into 2 X 7 X 17. As 
a result, some of the binary counters counting the 
greatest common factor 7 X 17 may be commonly em 
ployed for these two circuits, and all together a saving 
of eight binary counters can be realized. Likewise, in 
other frequency dividing circuits, many binary dividers 
counting the common factors may be commonly uti 
lized therebetween. 

In FIG. 10, a frequency dividing circuit for counting 
the frequency dividing ratio 357, and another fre 
quency dividing circuit for counting the frequency di 
viding ratio 238 are indicated in more concrete logical 
circuit composition. In the drawing, M designatesfan 
oscillator ‘oscillating at a frequency f (about 1.49 
MHz), and B, through E,,, designate binary counters. 
Two AND circuits AND, and AND, are also employed. 
The output from the oscillator M is applied to the bi 
nary counterv 8,, whereby the binary counters B, 
through E, successively count output “ l ” of the previ 
ous stage. 
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Accordingly if “1” outputs of the binary counters 

B,through B3 and B5 through E, are connected to the 
input side of the AND,, an AND condition will be satis 
?ed when the binary counters B, through B, count a bi 
nary number of 11 101 ll (decimally this corresponds 
to 7 X 17 = 1 19), and a pulse will be delivered from the 
output side of the AND,. This output pulse is applied 
to reset input terminals of the binary counters B, 
through 8,, whereby the binary counters B, through B7 
are reset. The output pulse from AND, is further ap 
plied to binary counters B8 and E,,,. ' 

“ l ” outputs of the binary counters B, and B9 are ap 
plied to the input side of another AND circuit AND,, 
whereby when the binary counters B8 and B9 count a 
binary number I 1 (corresponding to a decimal value of 
3), and AND condition is satis?ed, and an output pulse 
is delivered from the output terminal T, of the AND,, 
causing the binary counters B8 and B9 to reset. As a re 
sult, from the output terminal T, of the AND,, a pulse 
is delivered each time the counters count 357( l 19 X 3) 
of the output frequency of the main oscillator M. This 
means that an output off/357 (= 4,186 Hz when f is 
1.49 MHz) is obtained from the output terminal T,. 
Likewise, the output pulses from the AND, are 

counted in the binary counter E,,,, and an output pulse 
is delivered from an output terminal T,, of the binary 
counter Bu, each time a numberf/238 (= 6,272 Hz) is 
counted therein. The above described AND circuits 
AND, and AND, are not required when l/2" frequency 
dividers are employed. , , 

vAs is apparent from the above described example, bi 
nary counters B, through E, maybe employed com 
monly between the two frequency divider circuits for 
obtaining f/357 and f/238, and all together a saving of 
seven binary counters can be effected. Such an econo 
mization can be realized with respect to the other fre 
quency divider circuits, and when a circuit as shown in 
FIG. 9 is organized under the above described princi 
ple, a total saving 32 binary counters can be effected. 

In FIG. 11 illustrates still another embodiment of the 
present invention. For the upper keyboard UK, main 
oscillators M,, M2, are provided, one for each oc 
tave, and the outputs from the master oscillators are 
supplied respectively to frequency divider units D,,,, 
D,,,, ea'ch dividing the frequency of the output of 
the master oscillator by an integer into twelve notes in 
the speci?c octave. 
For the lower keyboard LK, a number of half-' 

frequency dividers corresponding to the number of 
keys in the keyboard are provided, and the required 
notes for the lower keyboard are obtained by frequen 
lcy-dividing the outputs of frequency divider units for 
the upper keyboard, but these are of one octave higher 
than the required notes. More speci?cally, half 
frequency units E,,, E,,, ...., each having 12 half 
frequency dividers are provided, and the outputs from 
the frequency divider units D,,,, D,,,,.... are supplied re 
spectively to the half-frequency dividers included in the 
half-frequency divider units E,,, E2,, being utilized 
as the required musical scale note for the lower key 
board LK. 
For the pedal keyboard PK, a required number of 

half-frequency dividers are further provided, and the 
outputs of the above described half~frequency dividers 

included in the half-frequency divider units E,,, E,,, utilized for the lower keyboard are further supplied to 



_ frequency divider units E,,, 
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the half-frequency dividers of the pedal keyboard, one 
octave lower than those of the lower keyboard, to be 
frequency-divided therein into half-frequencies, 
whereby‘ the required notes for the pedal keyboard are 
obtained. . 

Although in this example, master oscillators and fre 
quency divider units are provided in the upper key 
board UK, it will be apparent that these may also be 
provided in the lower keyboard LK, with a required 
number of half-frequency dividers provided in the 
upper keyboard and the pedal. keyboard, whereby the 
outputs of these half-frequency dividers may be se 
quentially frequency-divided by those providedin the 
upper and pedal keyboards. 

In FIG. 12, there is illustrated still another embodi 
ment of the present invention, wherein master oscilla 
tors M, and M2 provided for the upper keyboard Uk 
and the lower keyboard LK generate substantially simi 
lar frequencies, and the outputs thereof are frequency 
divided respectively by frequency divider units D, and 
D2 also located in the upper keyboard section UK and 
the lower keyboard section LK for obtainingthe notes 
in the highest octave in these keyboards. Half 

. , B2,, are also pro 

vided as shown, disposed alternately between the upper 
and the lower keyboards, and are connected to other 
one of the two tone source systems formed by M,and 
D,, and M2 and D2. . 

In FIG. 13, showing still another embodiment of the 
invention, master oscillators MU, and MW are included 
in ‘the upper keyboard section UK, wherein MU, 
generates'a frequency about l/4 times lower than that 
of the M,;,. Likewise, the master oscillator ML, and ML, 
are included in the lower keyboard section LK, and Mm 
generates a frequency about l/4 times lower than that 
of the Mu. DU, and Duzare frequency divider 'units' in 
cluded in the upper keyboard, and DL, and D“ are fre 
quency divider units included in the lower keyboard. 
E“, E,;,...., and E“, EL, are half-frequency divider 
units provided in the upper and lower k'eybords, re 
spectively, each including IZ-haIf-frequency dividers. 
In the upper and lower keyboard sections, frequency. 
divider units D and half-frequency divider units E are 
connected together in an alternate manner, so that the 
outputs of the frequency divider units in one of the key 
boards are supplied tov the half-frequency divider unit 
in the other keyboard. ' 

If it is assumed’ that the oscillation outputs from the 
master oscillators MU, and ‘MM, and MW and ML, are 
respectively of substantially similar frequencies, the 
outputs from the frequency divider units DU, and D“, 
and D”- and D1,, will be of the same pitches, and these 
are further supplied to the input of the half-frequency 
divider units E of the upper and the lower keyboards. 
Accordingly, the tone generator system for the key 
boards are different in different octaves, whereby the 
outputs from the frequency divider unit By, and the 
half-frequency divider units EU, are not in the same . 
phase relationship, and the frequency ratio of these 
outputs is not exactly l/2, For this reason, a result simi 
lar to that in the independent'tone generator system, 
which has an independent tone source for each octave, 
can be obtained in this example. 

In FIG. .14, there is illustrated a further embodiment 
of the present invention,wherein are included master 
oscillators M,, M2, M, of different oscillation fre 
quencies, and frequency divider units D,, D2, ...., D3, 
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each including 12 frequency ‘dividers of integer fre 
quency ratios for obtaining '12 notes in an octave, 
whereby the required notes of, for instance, from C, to 
B8 are obtained. K,, K2, K8 are control circuits for 
varying the oscillation frequencies of the master oscilé 
lators M,,'M,, M8 depending on their speci?c scale 
ranges, and are operated under the selection of a se 
lecting device S. . 

In FIG. 15, there is illustrated a detailed organization 
of the master oscillator M and the control circuit K. 
The oscillation frequency of the master oscillator M is 
set at a predetermined value depending on the scale 
range covered by the master oscillator M, and the sig 
nal sent out from the control circuit K is also deter 
mined depending on the scale range. The master oscil 
lator M comprises a transistor Q, a coil L, capacitors C, 
and C2, and resistors R, and R2 connected as shown. 
The control circuit K comprises a variable resistor VR 
for dividinga dc. voltage, a switch SW operated in ac- ' 
cordance with the operation of the selecting device S, 
and a resistor R. The master oscillator M‘is so arranged 
that a tone signal is delivered from the output terminal 
OUT and is supplied to the frequency divider, and the 
control circuit K varies the bias voltage of the master 
oscillator M depending on the position of a slider of the 
variable resistor VR and on the condition of the switch 
S, thereby controlling the oscillation frequency of the 
master oscillator M. _ ' 

In FIG. 16, there is indicated an example of a tuning 
characteristic of the tone generator system according 
to the present invention. In this example, the tone gen 
erator system is arranged to have eight-octaves, and the 
frequencies‘ of the master oscillators for respective oc 

, taves are determined beforehand. For this reason, the 
tuning (or temperament) characteristic is constant 
within each octave, and by varying the characteristic 
from one octave to another, all of the tuning character! 
istics are varied in a stepwise manner, thus resembling 
the frequency characteristics of the natural musical in 
strument. The adjustment of the tuning characteristic 
may be undertaken selectively by ON-OFF controlling‘ 
of the selecting-device depending on the type of the 
musical instrument which the electronic musical instru- ’ 
ment, is to simulate. , ,_ . . 

, In FIG. 17,.there is‘illustrated still another embodi 
ment of the present invention wherein'Mh M2, ...., M, 
are master oscillators each covering a speci?c octave, 
the oscillation frequency of the master oscillator M, 
being determined, for instance, to be 1.49 MHZ. D,, 
D2, ...., D6 are frequency divider units each including a 
plurality of frequency dividers of an integer frequency 
ratio with binary counters connected in series and with 
feed backs and thereby dividing the oscillation fre 
quency of the corresponding master oscillator by an in 
teger for rendering the notes in the corresponding oc 
tave. For instance, the frequency divider unit D, 
includes twelve frequency dividers each having a. fre 
quency dividing ratio equal to an integer such as 357, 
337, 318, 300, 283, 267, 252, 238, 225, 212, 200, or 
I89. 8,, S2, ...., S5 are selecting devices interconnected 
between the master oscillators M, through M6 for 
changing the operation of these master oscillators be 
tween a synchronized operation and a nonsynchronized 
operation. ' ' . . 

The master oscillators M,, M2, ...., M, are designed 
in such. a manner that the oscillation frequencies 
thereof are successively lowered by a ratio of U2. Fur-v 
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thermore, these oscillators are placed in an indepen 
‘ dent condition when the selecting devices S1 through S5 

, are open-circuited, vand the oscillators are operated in 
synchronism when the selecting devices S1 through S5 
are closed. The selecting devices 8, through S5 may 
consist of switches which are operable independently 
or interlinkedly. These selecting devices may further be 
provided with a terminal connected to the control ter 
minal of the master oscillators M1 through M6, or, when 
it is required, the devices may be providedtwith a multi 
plier circuit or a frequency divider circuit for produc 
ing a control signal for a synchronized operation of the 
master oscillators; 
Assuming that the selectingdevices 5, through S5 are 

operable in an interlinked relation as shown in FIG. 17, 
and that the selecting devices are open circuited as 
shown, the whole organization of ‘the tone source sys 
tem is similar to that-0f the individual type tone gener 
ator system wherein the same lettered notes such as C3, 
C4, C8 in different octaves are in the nonsynchro 
nized relationship. As a result, if the electronic musical 
instrument is played in this state, a performance effect 
similar to that of a pure individual tone generator sys 
tem,-which has an individual oscillator for all of the 
notes, can be obtained. I. 

20 

25 

When the selecting devices S, through S5 are thereaf- I 
‘ter closed, the master oscillators Mlthrough M6 are all 
operated in synchronism, and the‘ operational mode 
thereof is similar to that wherein the tone generator 
system is composed of frequency divider circuits. At 
the time when the selecting. devices SI through S5 are 
closed, it may also be ‘so composed that'a multiplication 
circuit or a frequency divider circuit is operated as de 
scribed above, and the output thereof is employed as a 
synchronizing control signalbetween the master oscil 
lators. More speci?cally, 'because the oscillation fre 
quencies ofthese master oscillators are all in a multipli 
cation relation, the master oscillators may be oscillated 
precisely in synchronism if a specific oscillator is em 
ployed as a prime oscillator, and the output thereof is 
sequentially multiplied or divided to be employed as a 
control signal for other oscillators. Such a synchronized ’ 
operation is required when the ‘.‘beat effect" caused by 
an interaction of the sounds thus generated is to be pre 
vented. ’ , . I 

In the example shown in FIG.‘ 18, M, , M2, M8 are 
master oscillators generating differentfrequencies, and 
D1, D2, ...., D8 are frequency divider units, each divid 
ing the frequency of the corresponding master oscilla 
tor by an integers for obtaining twelve notes in the spe 
cific octave. By means of these main oscillators and fre 
quency divider units, all of the required notes, for in 
stance, C, through B,, can be obtained. ' 

In addition to the above described components, there 
are further provided vibrato-effect oscillators VBl 
through VBH for applying vibrato signals to the modula 
tion input terminals of the master oscillators M1, M2, 

M,,. The vibrato oscillators are operated selectively 
under the action of the selecting device S. 

In FIG. 19, there is illustrated a detailed organization 
of a master oscillator M and a vibrato oscillator VB. 
The oscillation frequency of the master oscillator M is 
set at a desired value corresponding to the scale range 
covered by the master oscillator, and the oscillation 
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frequency of the vibrato oscillator VBis set at a value . 
suitable for the scale range. For instance, in a treble 
range, the oscillation frequency of the vibrato oscillator 

14 
VB is set at a higher frequency (of about 8H2) and in 
a bass range, the oscillation frequency is set at a lower 
frequency (of about 5H2). 
Within the master oscillator M, there are provided a 

transistor 0, a coil L, capacitors C1 and C2, and resis 
tors R1 and R2. In the vibrato oscillator VB, there are 
provided transistors Q, through Q3, a switch SW oper 
ated in correspondence with the selecting device S, re 
sistors rlthrough r", capacitors C3 through C9, a vari 
able resistor VR whereby the oscillation frequency of v 
the vibrato oscillator VB is set at a suitable value within 
the range of from 5 to 10 Hz. With the closure of the 
switch SW, the master oscillator M is modulated at a' 
vibrato frequency to cause a vibrato effect on all of the 
signal produced by the master oscillator. In this organi 
zation, since the vibrato frequency is varied for each 
octave in the case where vibrato is af?xed to all of the 
notes under the control of the selecting device S, the 
vibrato effect thus obtained can create a far rich audi 
tory sensation. Furthermore, the vibrato effect can be 
af?xed selectively to desired octaves under the control 
of the selecting device S, whereby the rendition of the 
musical instrument can be made richer. 

I claim: ’ - 

1. A tone generator system for an electronic musical 
instrument, said system comprising a plurality of mas 
ter oscillators, each master oscillator having an output 
frequency signal representative of a different octave; 
and a plurality of frequency dividers provided for each 
master oscillator to receive the output thereof, each 
frequency divider having a different frequency dividing 
ratio and respectively dividing a frequency of said each 
master oscillator down to pitches of different notes in 
said each octave. 

~ 2. A tone generator sytem as set forth in claim 1 in 
cluding one master oscillator for each octave, and 
wherein l2 frequency dividers are coupled to each 
master oscillator, the frequencies of each said master 
oscillator being different from each other by a ratio of 
2:1, > ' 

3. A tone generator‘ system as set forth in claim 1 
wherein one master oscillator is provided for each half 
octave,'and wherein six frequency dividers are coupled 
to each master oscillator, the frequencies of each said 
master oscillator being different from each other by a 
ratio of 2:1. ' 

4. A tone generator system as set forth in claim 1 
wherein each of said frequency dividers have respec 
tive frequency dividing ratios 'of reciprocals of integers ' 
and comprises a plurality of cascade connected binary . 
counters having outputs connected to an AND circuit. 

5. A tone generator system for an electronic musical _ 
instrument, said system comprising a plurality of mas 
ter oscillators and a plurality of groups of frequency di 
viders couped to individual oscillators; each divider . 
having a different frequency dividing-ratio d falling in 
a range of 2" a d > 2"“‘which is the reciprocal of inte 
gers within an approximation error e 4 1/211, where 
n is the number of stages of binary counters needed in 
said plurality of frequency dividers to satisfy the latter 
relationship,isaid plurality of master oscillators and plu 
rality of groups of frequency dividers coupled thereto 
being provided for rendering notes constituting an oc 
tave, and a plurality of cascade connected half 
frequency dividers coupled to each frequency divider 
for successively dividing the output frequencies of said 
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frequency dividers into'l/2 for rendering notes consti 
tuting other octaves. ’ 

6. A tone' generator system as set forth in claim 5, 
wherein said master oscillators and groups of frequency 
dividers coupled thereto are provided for rendering 
notes constituting the highest octaves in the electronic 
musical instrument; said‘ half-frequency dividers being 
provided ‘for obtaining the remainder of the octaves in 
the electronic musical instrument, whereby the next 
highest octave is obtained by dividing any of the output 
frequencies of said frequency dividers by one half; and 
the subsequent octaves are obtained by dividing any of 
the other output frequencies by half-frequency dividers 
into one half. 

7. A tone generator'system comprising a plurality of 
master oscillators and a frequency divider unit coupled 
to each master oscillator, each unit including a plurality 
of stages n of binary counters, each divider having a dif 
ferent frequency dividing ratio (1 falling in a range of 2" 
a d > 2"“1 which is the reciprocal of integers within an 
approximation error e s l/2d, where n_ is the number 

20 

of stages of binary counters needed in said frequency _ 
divider unit to satisfy the latter relationship thereby di- , 
viding the oscillation frequency of said master ‘oscilla 
tors by integers for rendering the notes within theoc 

, taves, a pluralityof control circuit means each supply 
ing a signal to a'corresponding one of said master oscil 
lators and a selecting circuit for selectively operating 
said control circuit means such'that temperament char 
acteristics of a variable nature can be obtained. 

8. A tone generator system comprising a plurality of 
master oscillators and a plurality of frequency dividers 
‘coupled to each master oscillator, each divider having 
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a frequency dividing ratio d falling in a range of 2" 
l’ d -> 2"’1 which is the reciprocal of integers within 
an approximation error e s l/2d, where n is the num 
ber of stages of binary counters needed in said plurality 
of frequency dividers to satisfy the latter relationship 
whereby dividing the oscillation frequency of said mas 
ter oscillators by integers for rendering the notes within _ 
the octaves, vibrato oscillators individually connected 
to individual master oscillators for supplying vibrato 
signals and having oscillation frequencies set at a suit 
able value for the scale range of the oscillation frequen 
cies of ‘said master oscillators, and a means for selec 
tively controlling the application of said vibrato signals 
to said master oscillators for rendering the vibrato ef 

_ fect selectively. 

9. A tone generator system comprising a plurality of 
master oscillators and a frequency divider unit coupled 
to each oscillator, each unit including a plurality of 
stages n of binary counters, each divider having a dif 
ferent frequency dividing ratio d falling in a range of 2” 
; d > 2"“1 which is the reciprocal of integerswithin 
an approximation error e s 1/2d, where n is the num 
ber of stages of binary counters needed in said fre 
quency divider unit to satisfy the latter relationship 
thereby dividing the oscillation frequency of said mas 
ter oscillators by integers forrendering the notes within 
the octaves, and a plurality of selecting means intercon 
nected between said master oscillators scuh that said 
master oscillators are operated synchronously when the 
selecting means are closed and non-synchronously 
when the selecting ‘means are opened. 

' =|< * * * * 
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