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[57] ABSTRACT 

An electronic organ usable for educational purposes 
includes a ?rst tone generating circuit for generating 
the equal tempered musical scale and a second pro 
grammable tone generating circuit for simultaneously 
generating a second musical scale such as a Just, Py 
thagorean, mean tone or other scale. Separate key 
boards are provided to allow a direct comparison of 
the tonal characteristics of the various scales. The pro 
grammable tone generating circuit utilizes program 
mable digital dividers with switchable feedback taps to 
allow the generating circuit to be rapidly tuned to any 
desired scale. 

5 Claims, 2 Drawing Figures 
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ELECTRONIC MUSICAL INSTRUMENT 

BACKGROUND 

1. Field of Invention 
This invention relates generally to musical instru 

ments, and more particularly to electronic musical in 
struments of the keyboard type which may be readily 
tuned to several musical scales, including the equal 
tempered scale and various primitive and non-standard 
scales. The instrument may be tuned to two different 
scales simultaneously to allow a direct comparison to 
be made between the tonal characteristics of the vari 
ous tunings. ' 

2. Prior Art 
There are many applications wherein it is necessary 

to provide a musical instrument that can be tuned to 
various tuning systems other than the equal tempered 
scale. Such instruments are useful for educational pur 
poses to illustrate the differences between modern and 
ancient tuning, and for musical experimentation with 
non-standard tuning schemes. 

Several techniques for tuning a musical instrument to 
musical scales other than the equal tempered scale are 
known, however, all such techniques require that each 
note of the scale be individually tuned to the proper 
frequency. 
Whereas this technique provides a way to tune an in~ 

strument to a non-standard‘ musical scale, the tuning 
procedure is very complex and time consuming. 
Trained personnel employing special equipment are re 
quired, and the tuning process often ‘requires several 
hours, thereby precluding the possibility of a direct 
comparison of the tonal qualities of different scales. 

SUMMARY 

It is an object of the present invention to provide an 
electronic musical instrument that is readily tunable to 
a variety of musical scales with a minimum of time and 
effort. ' 

It is a further object of this invention to provide a mu 
sical instrument that can be simultaneously tuned to 
two different musical scales to provide a direct compar 
ison of the tonal qualities of various musical scales. 

It is another object of this invention to provide a mu 
sical instrument that can be quickly and repeatably 
tuned to any experimental scale, including a twenty 
four note quarter tone scale, without the use of special 
equipment or trained personnel. 

In accordance with a preferred embodiment of the 
invention, a master oscillator, which may be a crystal 
controlled oscillator for stability reaons, is used to pro 

’ vide a reference signal to a pair of frequency generating 
circuits. A 3.58 MHz color television crystal may be 
used for reasons of economy. The ?rst frequency gen 
erating circuit utilizes twelve divider chains having divi 
sor numbers (numbers by which the input frequency is 
divided) selected‘ to generate twelve signals having fre 
quencies related by the twelfth root of two for generat 
ing the equal tempered musical scale from the fre 
quency provided by the master oscillator. The second 
frequency generating circuit also includes twelve di 
vider chains, at least eleven of which are programma 
ble. The divider chains employ digital dividers having 
switchable feedback taps for allowing the divisor num 
bers to be set to any desired value. By adjusting the 
feedback taps, the ratio of the divisor numbers of the 
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various divider chains can be selected to generate any 
desired musical scale, including ancient and experi 
mental scales. A twenty-four note quarter tone scale 
may be generated by tuning the second frequency gen 
erating circuit to produce tones having frequencies 
lying between the frequencies produced by the ?rst fre 
quency generating circuit. The musical scales gener 
ated by the two frequency generating circuits are ap 
plied to separate keyboards to allow simultaneous 
sounding of tones of different scales for comparison 
thereof. The instrument can be readily tuned to differ 
ent scales by simply changing the feedback taps on the 
digital dividers by means of a program card, jumper 
wires or switches on the panel of the instrument. 

DESCRIPTION OF Til-IE DRAWINGS 

In the drawings: ' 
FIG. l is a block diagram of the musical instrument 

according to the invention; and ' 
FIG. 2 is a block diagram of the divider chains within 

the programmable divider of FIG. ll, portions thereof 
broken away. 

DETAILED DESCRIPTION 

Referring to FIG. l, a master oscillator lltlt having a 
frequency control resistor 12 connected thereto is con 
nected to the input of a buffer ampli?er M. The out 
puts of the buffer ampli?er 114 are connected to ?xed 
and programmable tone generating divider means, in 
this embodiment, divider circuits l6 and 26, respec 
tively, each of which has twelve outputs. The twelve 
outputs of the tone generating divider circuits l6 and 
26 are connected to octave dividers l8 and 28, respec 
tively. The octave dividers each have sixty-six outputs, 
in this embodiment, which are connected to keyboards 
20 and 30, respectively. The outputs of the keyboards 
20 and 30, which can be coupled together by means of 
a cross coupling switch 24 to allow two scales to be si 
multaneously sounded from a single keyboard, are con 
nected through an adder circuit 32 to an ampli?er 34 
which has an output connected to a loudspeaker 36. A 
divider control program 22 is connected to the tone 
generating circuit 26. 

In operation, oscillations from the master oscillator 
10 are applied to the buffer 14, which in turn applies 
the oscillations to the tone generating divider circuits 
I6 and 26. The tone generating divider circuit 16 in 
cludes twelve divider chains having divisor numbers re 
lated to each other by the twelfth root of two for gener 
ating twelve output signals having frequencies related 
to each other by the twelfth root of two. The aforemen 
tioned twelve output signals de?ne one octave of an 
equal tempered musical scale, however, other divisor 
number relationships may be used to generate other 
musical scales. Other octaves are generated by the 0c~ 
tave divider 18 which divides the frequencies of each 
of the twelve signals applied thereto by numbers re 
lated to each other by 2, 4i, 8, etc. The octave divider 
18 provides output signals having frequencies related 
to the twelve signals provided by the generating divider 
16, but offset one or more octaves therefrom. In this 
embodiment, the octave divider 18 provides 66 output 
signals to give a range of ?ve and one half octaves. It 
should be noted, that although the octave divider 16 
has 66 outputs in this embodiment, any number may be 
used, depending upon the frequency range of the in 
strument, and still fall within the scope of the invention. 
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The 66 output signals from the octave divider 18 are 
applied to the keyboard 20. The keyboard 20 has sixty 
six keyswitches for passing the signals corresponding to 
any depressed keys to the adder 32. Each keyswitch 
controls a gate, which may include a mechanical or an 
electronic switch, connected in series with one of the 
66 output leads from the octave divider 18 and the lead 
to the adder 32 for passing signals from divider 18 to 
the adder 32. The coupling switch 24 parallels corre 
sponding keyswitches of the two keyboards to allow 
both scales to be simultaneously sounded from a single 
keyboard. In another embodiment, one of the key 
boards may utilize double pole keyswitches, one of the 
poles of each keyswitch being connected to one of the 
outputs of octave divider 18 and the other to divider 28 
to simultaneously pass signals from both dividers. A 
single pole switch connected in series with one group 
of poles and the adder 32 can be used to restore inde 
pendent operation. The adder 32 passes the signal from 
the keyswitches 20 to an ampli?er 34 for ampli?cation 
thereby, and subsequent reproduction by the loud 
speaker 36. 4 

The operation of the second tone generating divider 
circuit 26 is similar to the operation of the tone gener 
ating divider circuit 16 except that the divisor numbers 
of the dividers within the generating divider circuit 26 
are variable by means of the program 22. The program 
mable dividers in the tone generating divider circuit 26 
are shown in FIG. 2, and will be described farther on 
in the speci?cation. 
The programmable divider circuit 26 provides twelve 

output signals to another octave divider 28, similar to 
the octave divider 18. The octave divider 28 provides 
66 output signals which are applied to the keyboard 30, 
which is similar to the keyboard 20. The signals passed 
through the keyboard 30 are applied to the adder 32 
for combination with the signals from the keyboard 20 
and subsequent application to the ampli?er 34 and 
loudspeaker 36. The adder 32, the ampli?er 34 and the 
loudspeaker 36 serve as a reproducing means for the 
signals from the keyboards 20 and 30. 
Referring to FIG. 2, two divider chains 40 and 60, 

and a partial drawing of a twelfth divider chain 100 
similar to chain‘ 60 of the programmable tone generat 
ing divider circuit 26 are shown. The ?rst divider chain 
40 comprises eleven divide by two circuits or binary di 
viders 41-51 which are connected to each other to 
form a binary counter. A feedback network for setting 
the chain to a predetermined count comprises a capaci 
tor 52 connected to the output of the divider 51 and to 
a which is 53 whichis connected to “set” terminals of 
the dividers 41-47 and 49. Although a particular feed 
back circuit is described in this embodiment, it should 
be noted that any feedback system that provides the de 
sired count may be employed and still fall within the 
scope of the invention. The divider chain 60 has eleven 
divide by two circuits or binary dividers 61-71 con 
nected to each other to form a binary counter. A ca 
pacitor 72 is connected to the output of the divider 71 
and to a feedback line 73. The feedback line 73 is con 
nected to “set” terminals of the dividers 61-71 by 
means of eleven program switches 81-91, respectively. 
The divide by two dividers used in the divider chains 40 
and 60 are well known ?ip flops or bistables commonly 
used in digital dividers, and may be built in discrete or 
integrated circuit form. Although the divider chains 40 
and 60 employ binary dividers connected as binary 
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4 
counters to accomplish the division, ring counters or 
shift registers may also be used. In addition, other di 
vider chains (not shown) similar to the divider chain 61) 
are used to provide a total of twelve divider chains for 
generating twelve musically related frequencies. 
The divider chain 40 is pre-programmed to divide by 

a predetermined divisor number, however, a program 
mable chain similar to the divider chain 60 may be 
used. The divisor number is determined by the inter 
connections of the line 53 and the various divider 
stages. The specific interconnections are selected as in 
the following discussion of the operation of the divider 
60. 
The divisor number of the divider chain 60, and 

hence the position of the switches 81-91 is determined 
by the frequency of the master oscillator 10 of F IG. 1 
and the musical scale to be programmed. For purposes 
of explanation, let us assume that the Pythagorean 
scale is to be programmed, and that the divider chain 
60 will produce the C sharp note of that scale. Let us 
further assume that the frequency of the master oscilla 
tor 10 is such that the oscillation frequency thereof 
must be divided by a divisor number of 1601 in order 
to provide an output frequency at an output point 74 
that is proportional to the Pythagorean C sharp. 
The divider chain 60 has eleven stages and the maxi 

mum count or divisor number thereof is 2“, or 2048. 
Hence, if all of the divide by two dividers 61-71 are set 
to a 0 state, a 1 will be provided by the output divider 
71 after 2048 pulses have been applied to the input of 
the divider 61, and division by 2048 will have been 
achieved. If division by a number lower than 2048 is 
desired, a number corresponding to the difference be 
tween 2048 and the desired divisor must be pre 
programmed into the divider chain 60. In the current 
example, the divisor number required to generate a Py 
thagorean C sharp is 1601, and the number 447, which 
is equal to the difference between 2048 and 1601 must 
be programmed into the divider. With the 447 pro 
grammed into the divider, only 1601 additional pulses 
need be applied to the input of the divider 61 to pro 
vide an output pulse from the divider 71, and division 
by 1601 is achieved. 

Since the divider chain 60 employs divide by two or 
binary counters, the number 447 must be converted to 
binary form in order to preset the divider chain to that 
number. The number 447 converted to binary from is 
00110111111. This number can be pre-programmed 
into the divider chain 60 by closing the switches 81-86, 
which correspond to the l’s in the 1‘s through 32’s 
places of the binary number 001 101 l l 1 l 1, and 
switches 88 and 89, which correspond to the 1’s in the 
128’s and 256’s places of the binary number, respec 
tively. Hence, each time a 1 appears at the output of 
the divider 71, the aforementioned I is applied to the 
dividers 61-66 and dividers 68, 69 through the switches 
81-86 and switches 88, 89, respectively, to preset the 
chain to 447, and division by 1601 is achieved. In a sim 
ilar fashion, any number less than 2048 and greater 
than 1024 may be preset into the divider chain 60 by 
determining the binary form of the desired number and 
by closing the switches corresponding to the l’s of the 
binary number. The other divider chains (not shown) 
are programmed in a similar manner. and any musical 
scale can be synthesized by closing the necessary 
switches to generate the desired frequency for each 
note of the scale. The dividing technique employed in 
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the divider chains is known as an “up counting” tech 
nique, however, a “down counting” technique wherein 
a number related to the divisor number is programmed 
into the divider chain and the count is subsequently re 
duced to zero, or other dividing techniques may be 
used and still fall within the scope of the invention. 
The switches ?ll-Sill, which form the program for the 

divider 6t), and analogous switches for the other divider 
chains (not shown) correspond to the program 22 of 
FIG. ll. Although these are shown schematically as sin 
gle pole switches in FIG. 2, any interconnection means 
between the capacitor 72 and the various dividers, such 
as, for example, switches, jumper wires or electronic 
switches may be used and still fall within the scope of 
the invention. The instrument of the preferred embodi 
ment utilizes panel switches to provide maximum ?exi 
bility of programming, but pre-programmed program 
cards using jumper wires mounted thereon to achieve 
rapid programming of predetermined scales may also 
be used. 

I claim: 
11. A tone generating system for a musical instrument 

including in combination: 
tone generating divider means for simultaneously 
providing twelve ?rst signal frequencies having a 
predetermined frequency relationship therebe 
tween corresponding to a complete equal tempered 

v‘musical scale to twelve output junctions thereof in 
response to a reference frequency signal applied to 
an input junction thereof, said tone generating di 
vider means including twelve frequency divider 
chains, each divider chain having a predetermined 
divisor number and an output coupled to one of 
said output junctions, the relationship between the 
divisor numbers of said divider chains correspond 
ing to the frequency relationship between said 
twelve first signal frequencies; 

programmable tone generating divider means for si 
multaneously providing twelve second signal fre 
quencies having a predetermined frequency rela 

. tionship therebetween corresponding to one of a 
plurality‘ of complete musical scales to twelve out 
put junctions thereof in response to a reference fre 
quency signal applied to an input junction thereof, 
said programmable tone generating divider means 
including twelve variable frequency divider chains 
at least eleven of said variable frequency divider 
chains having variable divisor numbers, each di 
vider chain having an output coupled to one of said 
output junctions, the divisor number of one of said 
divider chains being related to the divisor number 
of a second one of said divider chains by a factor 
of two, the divisor number of each of the other 
ones of said divider chains being adjustable and re 
lated to the divisor number of said second one of 
said chains by a factor greater than one and less 
than two; 

program means for independently changing the fre 
quency relationship of one of said signal frequen 
cies with respect to any other of said signal fre 
quencies connected to said variable frequency di 
vider chains for changing the divisor numbers of 
individual chains to change the frequency relation 
ship between said twelve second signal frequencies 
to determine the one of said musical scales to be 
provided by said programmable tone generating 
divider means; . 
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a source of electrical oscillations connected to the 
input junctions of said tone generating divider 
means and said programmable tone generating di 
vider means for applying the reference frequency 
signal to said frequency divider chains and to said 
variable frequency divider chains 

a first octave divider connected to said tone generat 
ing divider means for simultaneously generating at 
least twelve ?rst octave related signals in response 
to said twelve ?rst signal frequencies, each of said 
?rst octave related signals having a frequency that 
is related to one of said twelve ?rst signal frequen 
cies by an integral multiple of two; 

a second octave divider connected to said program 
mable tone generating divider means for simulta 
neously generating at least twelve second octave 
related signals in response to said twelve second 
signal frequencies, each of said‘ second octave re 
lated signals having a frequency that is related to 
one of said twelve second signal frequencies by an 
integral multiple of two; 

reproducing means for receiving and reproducing 
signals applied thereto; 

a ?rst keyboard having at least twelve first keyswit 
ches coupled to said ?rst octave divider for receiv 
ing said twelve ?rst octave related signals, said 
twelve ?rst octave related signals having a prede 
termined frequency relationship therebetween cor 
responding to a complete equal tempered musical 
scale, each ?rst keyswitch being coupled to said re 
producing means for selectively applying only a 
predetermined single one of said ?rst octave re 
lated signals to said reproducing means upon actu 
ation thereof, said ?rst keyswitches being manually 
playable singly and in predetermined combinations 
to produce musical melodies in the equal tempered 
scale; and ' 

a second keyboard having at least twelve second 
keyswitches coupled to said second octave divider 
for receiving said twelve second octave related sig 
nals, one of said second octave related signals hav 
ing a frequency related to the frequency of a sec 
ond one of said second octave related signals by a 
factor of two, the frequencies of the other ones of 
said octave related signals being lower than the fre 
quency of said one of said second octave related 
signals and higher than said second one of said sec 
ond octave related signals, each second keyswitch 
being coupled to said reproducing means for selec 
tively applying only a predetermined single one of 
said second octave related signals to said reproduc 
ing means upon actuation thereof, said second 
keyswitches being manually playable singly and in 
predetermined combinations to produce musical 
melodies in the‘one of said musical scales provided 
by said programmable tone generating divider 
means determined by said program means. 

2. The combination recited in claim ll wherein said 
frequency divider chains and said variable frequency 
divider chains each include a plurality of binary divid 
ers connected to each other to form a binary counter. 

3. The combination recited in claim 2 wherein said 
tone generating divider means and said programmable 
tone generating divider means each, include twelve di 
vider chains for providing twelve musically related sig 
nal frequencies. 
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4. The combination recited in claim 2 wherein each the chain. 
of said variable frequency divider chains includes l’eed- 5_ The combination recited in claim 4 wherein Said 
bgqk means conneqed i0 the Output and to th? binary interconnection means includes a plurality of switches, 
dividers of the chain, said feedback means having vari- . . . . . 
able interconnection means for selectively connecting 5 each swltch bemg Connected to one of said binary d1‘ 
the output of the chain and to predetermined binary di- viders 
viders thereof for determining the divisor number of * * * * * 
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