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ELECTRONIC MUSIC TONE GENERATOR WITH 
_ PULSE GENERATOR AND FREQUENCY DIVIDERS 

CROSS-REFERENCE TO RELATED APPLICATION 

This is a continuation-in-part application of copend 
ing application Ser. No. 250,439, ?led May 4, 1972 
now abandoned. 

BACKGROUND OF THE INVENTION 

The present invention relates to a frequency genera 
tor for electronically deriving the 12 well-tempered 
halftones of the highest octave of a musical instrument 
from the constant frequency of a pulse generator by 
means of a frequency divider for each halftone. 
From the journal “Elektor," July/August I970, pp. 

136 to I40, a digital tuning device for the exact tuning 
of electronic musical instruments is disclosed in which, 
by means of a digital frequency divider switchable be 
tween two integral dividing factors, the frequencies of 
two neighboring half-tones can be derived from the fre 
quency of a continuously tunable oscillator. In this 
case, use is made of the well-known fact that the fre 
quencies of the half-tones of the well-tampered scale, 
which is also referred to as “equal-tempered scale," 
differ from each other by the constant factor 12 V7, 
this irrational number being approximated with suffi 
cient accuracy by a rational number. For this approxi 
mation, the above-mentioned journal gives the rational 
fraction or numerical ratio 196:185. Thus, the above 
mentioned switchable digital frequency divider can be 
switched between the dividing factors 196 and 185. If, 
therefore, the oscillator frequency is first divided by 
196 and the same oscillatorfrequency‘ is then divided _ 
by 185 then two neighboring half-tones have been 15ft? 
duced. The error resulting in relation tothe irrational 
dividing factor, 12 V7 is 5 X 10'“ and is not perceived 
by the human hearing. 
The above tuning principle is also known from the 

German Printed application No. l,2l 3,210. In this 
prior art reference, however, it is also stated that this 
principle may be used to build homophonic or poly 
phonic instruments. In the homophonic version, a 
switchable frequency divider must be provided having 
twelve different dividing factors that can be selected, 
while in the polyphonic version a maximum of 12 divid 
ers are provided, each of which are adjustable to at 
least two differentdividing factors. 
For the last-mentioned polyphonic version of an elec 

tronic musical instrument, it is also known from the 
journal “Elektor," May 1971, pp. 540 and 541, to asso 
ciate each half-tone with a frequency divider of its own 
having a single dividing factor, each divider being con 
trolled by the oscillator and all dividers being con 
nected in series. 
The principal disadvantage of an electronic musical 

instrument built on the principle of the-known tuning 
devices is that the individual half-tones of the well 
tempered scale can only be obtained by switching a fre 
quency divider. For electronic musical instruments it is 
necessary, however, that the frequencies of the individ-. 
ual half-tones be formed not only after a switch has 
been actuated from outside, but that they be always 
electrically available within the instrument also without 
actuation of a keyboard, or the like. This is necessary 
particularly because conventional electronic musical 
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2 
instruments are designed so that, from the 12 half-tones 
of the highest playable octave, the 12 half-tones of the 
lower octaves are produced by'integral frequency di 
viders based on the factor two. Although this object 
may be regarded as having been attained by the ar 
rangement described in the last-mentioned reference, 
this approach has the decisive disadvantage that the in 
dividual frequency dividers have different dividing fac 
tors, so that 12 frequency dividers must be provided 
which are designed differently from the point of view 
of the circuit engineering. 

SUMMARY OF THE INVENTION 

An object of the present inventionrtoattain the 
above-mentioned object by a different course and elim 
inates the disadvantages of the known prior art. 
A feature of the present invention is to provide an 

electronic music tone generator for producing twelve 
well-tempered half-tones of the highest octave of a mu 
sical instrument comprising: a pulse generator having 
a given stabilized frequency; a ?rst group of four digital 
frequency dividers connected in series; a second group 
of four digital frequency dividers connected in series; 
a third group of four digital frequency dividers con 
nected in series; the first group being directly con 
nected to the generator; a ?rst intermediate digital fre 
quehcy divider connecting the second group to the gen 
erator; and a second intermediate digital frequency di 
vider connecting the third group to the generator; each i 
of the dividers of the ?rst, second and third groups hav 
ing a dividing factor equal to a first rational fraction 
closely approximating a first irrational number equal to 
(12 V7)“; the first intermediate divider having a divid 
ing factor equal to a second rational fraction closely ap 
proximating a second irrational number equal to (12 
V5); and the‘ second intermediate divider havinga di 
viding factor equal to a third rational fraction closely 
approximating a third irrational number equal to (12 
Vi)’. ‘ ' ' ' - 

Another feature of the present invention is that it is 
possible to closely approximate the first irrational num 
ber by thev first rational fraction being equal to 44/37, 

' the second irrational number by the second rational 
fraction being equal to 196/ l 85, and the third irrational 
number by the third rational fraction being equal to 
55/49. A ‘ 

Still another feature of the present invention is char 
acterized in that the pulses of the pulse generator are 
applied to both the ?rst frequency divider of the first 
group and the intermediate frequency dividers preced 
ing the two remaining groups, that the output pulses of 
the suppressor circuit of the respective frequency di 
vider are applied to the‘ input of the next succeeding 
frequency divider, and that the 12 half-tones are pro 
duced from the frequency of the pulses produced by a 
second digital counter of each of the four frequency di 
viders of the three groups when it is reset to zero. In this 
connection, it is particularly advantageous if the fre 
quencies of the pulses of the frequency dividers of the 
three groups are each coupled to a di?'erent additional 
frequency divider having an integral dividing factor to 
produce the ,12 half-tones. In this case said integral di 
viding factor may have the values of four or eight, for 
example. 

Still a further feature of the present invnetion is to 
provide a digital frequency divider to provide an output 
signal whose frequency equals the frequency of an 
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input signal divided by a rational fraction comprising: 
an input; a first digital counter coupled to the input; a 
suppressor circuit coupled to the input and the first 
counter; a second digital counter coupled to the first 
counter; and a control stage coupled betweenv the ?rst 
and second counters; the ?rst counter selectively 
counting to those two integers between which is lo-. 
cated the quotient (Z/Z-N) and is subsequently reset to 
zero, where Z is the numerator and N is the denomina 
tor of the rational fraction; the second counter count 
ing to the difference between Z and N and then is reset 
to zero; the ?rst and second counters, the suppressor 
circuit and the control stage cooperating so that when 
the ?rst counter is reset to zero a counting pulse is cou 
pled to the second counter and the suppressor circuit, 
that the control stage switches the first counter be 
tween the two integers as a function of the count of the 
second counter, and that when the suppressor circuit 
receives the counting pulse the suppressor circuit sup 
presses one pulse of the pulses coupled to the input tov 
provide the output. In this connection, it is particularly 
appropriate if the pulses to be suppressed are evenly 
distributed among the number of pulses corresponding 
to the numerator of the dividing factor. 

BRIEF DESCRIPTION OF THE DRAWING 

Above-mentioned and other features and objects of 
this invention will become more apparent by reference 
to the following description taken in conjunction with 
the accompanying drawing, in which: 
FIG. 1 illustrates in block diagram form a circuit ar 

rangement in accordance with the principles of the 
present invnetion; - 
FIG. 2 illustrates in block diagram form a frequency 

divider that may be employed for the digital frequency 
dividers having a division factor equal to a rational 
number; and , 
FIG. 3 illustrates a logic diagram of one embodiment 

of the frequency divider stage of ‘FIG. 2. - 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The block diagram of FIG. 1 illustrates an electronic 
music tone generator in accordance with the principles 
of the present invention including a pulse generator G 
whose frequency 1', may be variable within certain lim 
its for ?xing the pitch, while remaining constant when 
the musical instrument is being played. 
Furthermore, FIG. 1 illustrates three groups of four 

series-connected digital. frequency dividers each having 
a dividing factor equal to a rational fraction, which ra 
tional fraction is 44/37. Thus, the frequencies of two 
neighboring stages of a group differ by three half-tones, 
i.e., by a minor third, because the rational fraction 
44/37 closely approximates the irrational number (12 
V5)“ with sufficient accuracy, i.e., with a no audible 
inaccuracy. - 

The middle one of the three groups of digital fre 
quency dividers of FIG. 1 is driven directly by pulse 
generator G, while the group of digital frequency divid 
ers on the right side of FIG. 1 is driven by pulse genera 
tor G via a first intermediate digital frequency divider 
which divides the pulse generator frequency f, by a di 
viding factor equal to the rational fraction 196/185. 
Thus, the input frequencies of the first stage of the mid 
dle and right groups digital frequency dividers differ by 
one half-tone because the rational fraction‘ 196/185 
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4 
closely approximates the irrational number 12 \/'2' with 
sufficient accuracy. 
The group of digital frequency dividers on the left 

side of FIG. 1 is connected to generator G via a second 
intermediate digital ‘frequency divider by a dividing 
factor equal to the rational fraction 55/49, so that the 
input frequencies of the ?rst stage of the middle and 
the left groups of digital frequency dividers of FIG. 1 
differ by one whole tone because the rational fraction 
55/49 closely approximates the irrational number (12 
V32 with sufficient accuracy. Thus, the ?rst stages of 
the three groups of digital frequency dividers are driven 
with frequencies which are shifted in relation to each 
other by one half-tone. The output frequencies of the 
three groups of vfour digital frequency divider stages 
each of which divide by the rational fraction 44/37 are 
used to produce the twelve half-tones of an octave’. 

In FIG. 1, it is also illustrated that the 12 stages divid 
ing by the rational number 44/37 have, in addition to 
the output controlling the next stage, a further output, 
which is followed by a stage dividing by the integer 
four. At the output of this stage, the 12 half-tones of the 
highest octave are available. A subsequent integral di 
vision by eight is also possible. 
From the thusly produced tones of the highest oc 

tave, any tone of a lower octave can then be produced, 
in a known manner, by means of successive division by 
the factor two. 
The just explained facts concerning the dividing fac 

tors and spacings between the individual frequencies 
produced in the block diagram of FIG. 1 is entered in 
FIG. 1 for some of the digital frequency divider stages. 
For example, the output frequency of the first stage of 
the middle group driving the next succeeding stage of 
the middle group is 

12/44/37, 
while the frequency driving the stage dividing by the 
factor four is j',/44, i.e., at the output of the frequency 
divider stage, the input frequency is divided by the nu 
merator Z of the rational fraction. 
Assuming that the frequency f, of the pulse generator 

G is chosen to be 1,473,472 Hz (hertz) and using the 
numerical ratios stated, the tones of the fifth line oc 
tave are available at the outputs of the 12 stages after 
being divided by a factor of four. The frequencies are 
designated f, to f,,, with the‘ frequency f, corresponding 
to the sixth-line C or fifth-line B-sharp, and the fre 
quency fm corresponding to the ?fth-line D-?at or ?fth 
line C-sharp. Taking a concert pitch for the ?rst-line A 
of 440 Hz as a basis, the ?fth-line A must have a fre 
quency of 7,040 Hz. Proceeding from the above 
mentioned frequency f}, = 1,473,472 Hz, a frequency of 
7,040.0907 Hz is obtained with the arrangement of the 
present invention, which, with eference to the exact 
frequency of 7,040 Hz of the ?fth-line A, corresponds 
to a relative deviation of 1.3 X 10*. The following is 
a TABLE relating each of the output frequencies to its 
corresponding musical note or notes of the ?fth-line 
octave. 

TABLE 

Frequency 
Output Musical Note 

f, sixth-line C or fifth line B-sharp 
f, ?fth-line C-flat or fifth line B 
I, ?fth-line B-?at or ?fth line A-sharp 



5 

f4 fifth~line A 
f, fifth-line G-sharp or ?fth-line 

A-?at 
fa fifth-line G 
J‘, ?fth-line G-flat or fifth-line F-sharp 

f" ?fth-line E-sharp or fifth-line F 
f‘ fifth-line F-flat or fifth-line E 
fit fifth»line E-t'lat or ?fth-line D-sharp 

f" ?fth-line D 
f‘, fifth-line D-?at or ?fth-line C-sharp 

FIG. 2 illustrates the block diagram of a digital fre 
quency divider ‘stage having a dividing factor equal to 
a rational fraction. To achieve a rational dividing factor 
which may be written as a fraction in the form “numer 
ator Z divided by denominator N”, e.g. 44/37, the two 
digital counters DZl and DZ2, the control stage St and 
the suppressor circuit A are provided. The counting ca 
pacities of the two digital counters DZl and DZ2, i.e., 
that number of pulses which the digital counter counts 
and whereupon it is reset to zero, are different from 
each other. The second digital counter DZ2 counts to 
the difference (Z-N), i.e., in the above example to 
seven, while the ?rst digital counter DZl selectively 
counts to the two integers between the quotient 
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(Z/(Z—N)) lies, i.e., in the above example to six or 7 
seven. In doing so, the ?rst digital counter DZl is con 
trolled by the pulses of the generator frequency f,, or 
the output frequency of the preceding digital frequency 
divider stage. After each counting cycle of the ?rst digi 
tal counter DZl, a pulse is transmitted to the second 
digital counter DZ2, which counts these pulses. Fur 
thermore, this pulse, which might also be regarded as 
the reset pulse of the ?rst digital counter DZl, is fed to 
suppressor circuit A, which also receives the pulses 
having the generator frequency f,,, or the output fre 
quency of the preceding digital frequency divider stage. 
Suppressor circuit A passes the pulses of the input fre 
quency, such as frequency f}, unchanged unless the 
reset pulses of the ?rst digital counter DZl arrives, in 
which case a pulse of the pulse train of the input fre 
quency is suppressed. Thus, in the above example, 
every sixth or seventhpulse of the frequency f, is sup 
pressed. ‘ 

Control stage St, depending on the count of the sec 
ond digital counter DZ2, controls the counting capac 
ity of the digital counter DZl in such a manner that the 
number of pulses to be suppressed out of Z and corre 
sponding to the difference (Z-N) are as evenly as possi 
ble distributed among the Z pulses. In the example 
given, the counting capacity of the ?rst digital counter 
DZl is so controlled between six and seven that of 
every 44 input pulses the 7th, 13th, 19th, 26th, 32nd, 
38th and 44th pulse is suppressed. 
For the rational dividing factor 55/49, the switching 

of the counting _ capacity of the ?rst digital counter 
DZl between the values nine and ten is effected in such 
a manner that of every 55 input pulses the 9th, 18th, 
27th, 36th, 45th and 55th pulse is suppressed, while for 
the frequency divider with the rational dividing factor 
196/185 the counting capacity of the ?rst digital 
counter DZl is switched between the values seventeen 
and eighteen in such a manner that of every 196 pulses 
the 17th, 35th, 53rd, 71st, 89th, 106th, 124th, I42nd, 
160th, 178th and 196th pulse is suppressed. 
According to the above explanations, the reset pulse 

of the second digital counter DZ2 is always transmitted 
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6 
after the number of pulses corresponding to the numer 
ator Z of the rational dividing factor. The frequency of 
these reset pulses therefore corresponds to the fre 
quencyjL/Z. This frequency, as already stated above, is 
used to produce the 12 half-tones. 
The method of frequency division employed in the 

pulse tone generator of the present invention is based 
on the principle of suppressing (inhibiting) several 
pulses of a continuous pulse train. This is more fully 
xplained by the following example. When suppressing 
every tenth pulse of a continuous pulse train having a 
pulse repetition frequency f, the remaining continuous 
pulse train has an average pulse repetition frequency of 
(9/l0)f. The resulting pulse train now contains eight 
pulses having a distance T from each other and one 
pulse having a distance of 2T from the next pulse. To 
compensate for these great differences of the periodic 
times T and 2T, the pulse repetition frequency of the 
continuous pulse train must be high and the resulting 
pulse train is counted by a binary counter, for instance, 
by a 27 counter. The rectangular output of such a 
counter will have a pulse repetition frequency of 
(9/10X2’) f= (9/lOX128)f and a pulse duty factor of _ 
0.5. The output pulse train of the counter contains two 
periodic times 142T and 143T which exist with two 
predetermined distributions so that the average peri 
odic time is 142.22T. 
The music tone generator of the present invention 

includes divider stages which divide by the above indi 
cated irrational numbers which are approximated by 
the rational fractions 44/37, 55/49 and 196/185. To 
provide frequency division by these ational fractions 
according to the suppression method there must be 
suppressed seven pulses of the 44 pulses, six pulses of 
55 pulses and ‘1 1 pulses of 196 pulses, respectively. The 
resulting 37, 49 and 185 pulses are fed to the next iden 
tical frequency dividing stage which also suppresses the 
above indicated number of pulses for each of the 44, 55 
and .196 pulses at the suppressing circuit output. In ad 
dition, the suppressed pulses must be vdistributed in the 
continuous pulse train as equally as possible. This is 
achieved by suppressing those pulses for each of the 44, 
55 and 196 pulses indicated hereinabove. 
Referring to FIG. 3 there is illustrated therein the 

logic diagram of one embodiment the frequency divi 
sion arrangement of FIG. 2 for a dividing by a rational 
number 44/37 when switch S1 is in its open position 
and switch S2 is in its closed position as illustrated. The 
digital counter DZl is preferably a four stage feedback 
shift register as described in the article by A. C. Davies, 
“The Design of Feedback Shift Registers and Other 
Synchronous Counters,” The Radio and Electronic En 
gineer, April 1969, pages 213-223 and in particular 
page 216 wherein the preferred feedback shift register 
is referred to as a “twisted ring counter." These count 
ers consist of n stages and have a counting capacity of 
Zn since the code produced by the counting has 2n po 
sitions different from each other. Therefore, counter 
DZl has a counting capacity of eight. 
Decoder 1 included in the control stage St monitors 

count positions 6 and 7 of counter DZl and generates 
an output pulse when this counter reaches one or the 
other of these positions. The output pulse from decoder 
1 resets counter D21 and advances counter DZ2 into 
the next counting position. Counter DZ2 is of the same 
type described in the above-identi?ed article and also 
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includes four stages and a counting capacity of eight. 

Decoder 2, which forms another portion of control 
stage St, monitors the counting positions 3 and 6 of 
counter DZ2. Decoder 2 produces a control signal at 
each of these counting positions which controls de 
coder 1 in such a way that if counter DZ2 is in the posi 
tions, 1, 2, 4, 5 and 7, counter DZl produces a reset 
output through an AND gate included in decoder 1 
when this counter is in position 6 and if counter DZ2 
is in the positions 3 and 6, counter DZl counts until po 
sition 7 is reached at which time another AND gate will 
produce the reset output of decoder 1. 

In addition, decoder 2. controls the resetting of 
counter DZ2 after seven counting steps. This reset 
pulse of decoder 2 is, therefore, generated once for 
every 44 input pulses. The frequency of the reset pulse 
is, therefore, fg/44. 

In addition, the reset pulses produced by decoder l 
suppresses seven pulses which are equally distributed 
throughout each group of 44 pulses coupled to the 
input of counter DZl and also to the input of the sup 
pression circuit A. Circuit A includes therein at least 
one inhibit gate which produces the desired suppres 
sion having the distribution of suppressed pulses as 
mentioned hereinabove. As a result, the output of the 
inhibit gate of suppression circuit A is fg/(37/44). 
Therefore, each of the 44/37 divider stages, as de 

scribed with reference to FIG. 3 has a two fold func 
tion, namely, it divides the input pulses by 44 and sup 
presses seven of these 44 pulses. ' ' 

One stage of a 55/49 divider is built in a manner simi 
lar to a 44/37 divider stage with the following excep 
tions. Counter DZ] has five stages and, therefore, a 
counting capacity of ten. Decoder 1 monitors the 
counting positions 9 and 10. Counter DZ2 has three 
stages and, therefore, a counting capacity of six. De 
coder 2 monitors the counting position 6 and controls 
decoder 1 in such a way that as the result of the cooper 
ation of counter DZ] and decoder 1 counter DZl 
counts ?ve times to 9 and one time to 10 to provide the 
desired pulse distribution as set forth hereinabove. 
The reset signal of decoder l suppresses six of 55 

input pulses in suppressing circuit A. 
A stage of a 196/185 divider is substantially the same 

as illustrated in FIG. 3 with the addition of a digital 
counter D23 which is placed in operation by closing 
switch S1 and opening switch S2. Counter DZl has ?ve 
stages and a counting capacity of 10. Decoder 1 moni 
tors the counting positions 8 and 9 of counter DZl. 
Counter DZ2 has six stages and a counting capacity of 
12. Decoder 2 monitors the counting position 11 of 
counter DZ2 and resets this counter if it reaches count 
ing position 11. Further, decoder 2 controls decoder l 
in such a way that counter DZl‘ counts to 9 ten times 
and to 8 one time. Therefore, the suppressing circuit A 
would supress 22 pulses of 196 pulses. But since only 
11 pulses are to be suppressed each second suppressing 
pulse must be rendered inactive. This is accomplished 
by counter D23 which is a one stage twisted ring 
counter having a division factor of two. 
Through the suppression of the (Z-N) pulses out of 

every Z pulses and the above-explained passing of the 
frequency f, divided by the rational dividing factor Z/N 
on to the next frequency divider stage, a phase modula 
tion (jitter) is obtained which increases from stage to 
stage. This results in a possibly audible frequency spec 

trum which is not in a “musical” relation to the half 
tone produced and, therefore, has a disturbing effect. 
The principal advantage of the inventive arrangement 
of dividing the 12 frequency dividers among three 
groups each consisting of four frequency dividers is 
that, thanks to the small number of series-connected 
stages, this jitter error cannot sum up to interfering val 
ues. The inventive driving of the integral frequency di 
vider stages by means of the reset pulses of the second 
digital counter of the respective frequency divider of 
the groups of frequency dividers has the additional ad 
vantage that the phase modulation obtained in the fre 
quency divider stage of a group does not contribute to 
the half-tone produced by means of this integral fre 
quency divider stage, but becomes effective only in the 
next stage. These advantages must be emphasized par 

‘ ticularly in relation to the arrangement known from the 
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above-mentioned journal “Elektor,” May 1971, pp. 
540-541, in which 12 divider stages are connected in 
series and in which, consequently, the phase modula 
tion resulting from the rational fraction approximation 
of an irrational number (jitter) sums up to a much more 
considerable extent than in the arrangement according 
to the present invention. In addition, the dividing factor 
(12 \/_2)3 can be approximated by a fraction whose nu 
merator and denominator have considerably smaller 
numbers than the approximation for the dividing factor 
12 V2, resulting in a much smaller investment in cir 
cuitry for each vfrequency divider stage. 
The electronic music tone generator of the present 

invention can be realized in a very simple and space 
saving manner by means of monolithic integrated cir 
cuits. Possible solutions are using both bipolar inte 
grated circuits and metal oxide semiconductor field ef 
fect transistors, the most favorable solution being a 
total integration of the circuit with the last-named tech 
nique. 
While 1 have described above the principles of my in 

vention in connection with speci?c apparatus it is to be 
clearly understood that this description is made only by 
way of example and not as a limitation to the scope of 
my invention as set forth in the objects thereof and in 
the accompanying claims. 

I claim: 
1. An electronic music tone generator for producing 

twelve well-tempered half-tones of the highest octave 
of a musical instrument comprising: 
a pulse generator having a given stabilized frequency; 

a ?rst group of four'digital frequency dividers con 
nected in series; . ‘ 

a second group of four digital frequency dividers con 
nected in series; 

a third group of four digital frequency dividers con 
nected in series; ' 

said first group being directly connected to said gen 
erator; 

a ?rst intermediate digital frequency divider connect 
ing said second group to said generator; and 

a second intermediate digital frequency divider con 
necting said third group to said generator; 

each of said dividers 'of said first, second and third 
groups having a dividing factor equal to a ?rst ra 
tional fraction closely approximating a first irratio 
nal number equal to (12 V3)“; 

said first intermediate divider having a dividing factor 
equal to a second rational fraction closely approxi 
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mating a second irrational'number equal to (12 
V7); and 

said second intermediate divider having a dividing 
factor equal to a third rational fraction closely ap 
proximating a third irrational number equal to (12 7 

2. A generator according to claim 1, wherein 
each of said dividers of said ?rst, second and third 
groups have two outputs, the first of said two out 
puts providing a ?rst signal having a frequency 
equal to the input frequency thereof divided by the 
numerator of said ?rst rational fraction and the 
second of said two outputs providing a second sig 
nal having a frequency equal to the input frequency 
thereof divided by said ?rst rational function, said 
second signal being coupled to the input of the next 
succeeding one of said dividers in the associated 
one of said ?rst, second and third groups. 

3. A generator according to claim 2, further includ 

12 additional digital frequency dividers having a se 
lected integral dividing factor, each of said addi 
tional dividers being coupled to a different one of 
said dividers of said ?rst, second and third groups 
responsive to said ?rst signal to produce one of said 
12 half-tones. ' 

4. A generator according’ to claim 3, wherein 
said integral dividing factor equals four. 
5. A generator according to claim 1, herein 
said ?rst rational fraction equals 44/37; 
said second rational fraction equals 196/185; and’ 
said third rational fraction equals 55/49. 
6. A generator according to claim 5, wherein 
each of said dividers of said ?rst, second and third 
groups have two outputs, the first of said two out 
puts providing a ?rst signal having a frequency 
equal to the input frequency thereof divided by the 
numerator of said ?rst rational fraction and the 
second of said two outputs providing a second sig 
nal having a frequency equal to the input frequency 
thereof divided by said ?rst rational fraction, said 
second signal being coupled to the input of the next 
succeeding one of said dividers inthe associated 
one of said ?rst, second and third groups. 

7. A generator according to claim 6, further includ 
ing , 

12 additional digital frequency dividers having ase 
lected integral dividing factor, each of said addi-‘ 
tional dividers being coupled to a different one of 
said dividers of said ?rst, second and'third groups 
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10 
responsive to said first signal to produce one of said 
12 half-tones. 

8. A generator according to claim 7, wherein 
said integral dividing factor equals four. 
9. A generator according to claim 1, wherein 
each of said dividers of said ?rst, second and third 
group and said ?rst and second intermediate divid 
ers include 

an input, 
a ?rst digital counter coupled to said input, 
a suppressor circuit coupled to said input and said 

?rst counter, 
a second digital counter coupled to said ?rst counter, 
and 

a control stage coupled between said ?rst and second 
counters, 

said first counter selectively counting to those two 
integers between which is located the quotient 
(Z/Z-N) and is subsequently reset to zero, where Z 
is the numerator and N is the denominator of the 
associated one of said first, second and third ratio 
nal fractions, . 

said second counter counting to the difference be 
tweenZ and N and then is reset to zero, 

said ?rst and second counters, said suppressor circuit 
and said control stage cooperating so that when 
said ?rst counter is reset to zero a counting pulse 

, is coupled to said second counter and said suppres 
sor circuit, that said control stage switches said ?rst 
counter between said two integers as a function of 

- the count of said second counter, that when said 
suppressor circuit receives said counting pulse said 
suppressor circuit suppresses one pulse of the 
pulses coupled to said input to provide an input sig 
nal for the next succeeding one of said dividers, 
and that said second counter provides an output 
signal from which the associated one of said twelve 
half-tones are generated. 

10. A generator according to claim 9, wherein 
said ?rst rational fraction equals 44/37 and said sup 
pressor circuit suppresses the 7th, 13th, 19th, 26th, 
32nd, 38th and 44th of every 44 input pulses; 

said second rational fraction equals 196/185 and said 
suppressor circuit suppresses the 17th‘, 35th, 53rd, 

» 71st, 89th, 106th, 124th, l42nd, 160th, 178th and 
196th of every‘ 196 input ‘pulses; and 

said third rationalfraction equals 55/49 and said sup 
pressor circuit suppresses the 9th, 18th, 27th, 36th, 
45th and. 55th pulse. of every 55 input pulses. 

. * * * * 4: 


