
9 United States Patent 
Woron 

(11 3,878,749 
(45) Apr. 22, 1975 

(54) WALSH FUNCTION TONE GENERATOR 
AND SYSTEM 

75) inventor: Robert P. Woron, Southampton, Pa. 
73) Assignee: Allen Organ Company, Macungie. 

Pa. 

22 Filed: Dec. 12, 1972 
(21) Appl. No.: 314,480 

52 U.S. C. ................... 84/1.0: 84/1.01; 847.19; 
84/DIG. 23: 235, 97 

51 int. Cl. ............................................. G10h 3700 
58 Field of Search ......... 84f.0, . 1 1, 1.19, .04, 

84/DIG. 23, DIG. 8, 21, 1.12, l.23; 
235, 197; 17975 BC, SA 

56 References Cited 
UNITED STATES PATENTS 

1956,350 4, 1934 Hammond....................... 84f1.23 X 
3.410,948 l if 1968 shibashi et al...................... 84.11. 
3,505.46 3/1970 Omura ct al......................... 84/1.0 
3,509,454 4f1970 Gossel.............................. 84f 1.01 X 
3,534,144 Of 1970 Ring................................. 84723 X 
3,590, 3 6, 1971. Rcyers................................. 84f1() 
3,605 8 81197 Hill...................................... 84f 1.19 
3,636,23 | 1972 Schrecongost et al............... 84.11.23 
3,702,370 1 1972 Hallman.............................. 84i.() 
3,743,756 7/973 Franssen et al.................. 841.03 X 

FOREIGN PATENTS OR APPLICATIONS 
1902,376 9, 1969 Germany ............................. 841 ()1 

OTHER PUBLICATIONS 

Alan Douglas, "Electrical Synthesis of Musical 
Tones,' Electronic Engineering, July, 1953, page 278. 
J. W. Beauchamp, “Additive Synthesis of Harmonic 
Musical Tones," Journal of the Audio Engineering So 
ciety, October 1966, pages 332–333. 
Harmuth; Henning F., “A Generalized Concept of 
Frequency and Some Application," IEEE Trans. on 
Inform. Theory, May 1968, pages 375-382. 
Lebert, 'Walsh Function Generator for a Million Dif 
ferent Function,' and Bobwatter, Analog Sequency 

SA SNA GERAft 

Analysis and Synthesis of Voice Signals, Applications 
of Walsh Functions Symposium and Workshop 970, 
Proceeding U.S. Dept. of Comm., 5285 Port Royal 
Road, Springfield Va., 2251 

Primary Examiner-Richard B. Wilkinson 
Assistant Evanainer-U. Weldon 
Attorney, Agent, or Firm-Seidel, Gonda & 
Goldhammer 

(57) ABSTRACT 
A Walsh function tone generator uses a summing 
means to sum a plurality of digital Walsh function sig 
mals to produce a tone output. The Walsh function 
generator may be comprised of a clock circuit, a plu 
rality of frequency dividers for dividing the output of 
the clock circuit and a plurality of exclusive-OR gates 
for generating the various orders of the Walsh func 
tion signals. The summing means may include means 
for weighting the various orders of the Walsh function 
signals, such as weighting resistors. The Walsh func 
tion tone generator as used in an electronic musical 
instrument may be provided with bilateral electronic 
switches between the output of the Walsh function 
generator and the input of the summing means. The 
electronic switches may be used in conjunction with 
an attack and decay generator to provide an output 
wave form having the desired attack and decay char 
acteristics. 

The purpose of the above abstract is to provide a 
non-legal technical statement of the disclosure of the 
contents of the instant patent application and thus 
serve as a searching-scanning tool for scientists, 
engineers and researchers. Accordingly, this abstract 
is not intended to be used in understanding or 
otherwise comprehending the principles of the present 
invention hereinafter described in detail, nor is it 
intended to be used in interpreting or in any way 
limiting the scope or fair meaning of the claims 
appended hereto. 

20 Claims, 10 Drawing Figures 
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WALSH FUNCTION TONE GENERATOR AND 
SYSTEM 

BACKGROUND OF THE INVENTION 

The present invention relates to a Walsh function 
tone generator and system. More particularly, the pres 
ent invention relates to a Walsh function tone genera 
tor in which predetermined Walsh functions are 
summed in order to generate a predetermined tone. 
Heretofore tone generators and especially tone gen 

erators used in electronic musical instruments were 
built using capacitive and inductive elements based on 
the sine and cosine functions. The capacitive and in 
ductive elements used in these tone generators were 
both bulky and expensive. This is especially true at the 
lower frequencies which are used in the production of 
music. 

in accordance with the present invention, Walsh 
functions are used too synthesize complex wave shapes 
Such as Ludio wave shapes. Walsh functions per se have 
heen known for some time. For example, reference 
may be hill to the following articles and others for a de 
tailed mathematical discussion of Walsh functions: A 
Closed Set of Orthogonal Functions, Am. J. Math. 
Vol. 55, pp. 5-24. 1923: ' A Generalized Concept of 
Frequency and Some Applications," IEEE Transac 
tions on Information Theory, Vol. IT-1 4 May, 1968 
and Applications of Walsh Functions in Communica 
tions, IEEE Spectrum. November, 1969. 
The walsh functions form a complete. orthogonal sys 

tem of functions. In this respect, they are similar to the 
connplete, orthogonal system of functions formed by 
the Sine and cosine functions. The Walsh functions are 
comprised of two functions which are known as the sal 
function anct the cal function. The sal function is some 
what analogous to that of the sine function in that they 
are asymmetric or odd functions. The cal function and 
the cosine function are sonmewhat analogous in that 
they are symmetric ()r even functions. 
The sa and cal functions of the Walsh function film 

ily may he fun unlimited number of orders. This is 
somewhat similar to the sine or cosine signals which 
may he of an unlimiteel numher of clifferent frequen 
cies. The notation used herein is sal {5, t ) or cat (5, t ) 
where in the '5' indicates the crier of the Sal (or cal 
function ancil the 't' indicates that it is a function of 
time. 
A significant clvantage in the use of Walsh functions 

is that the Walsh functions are essentially binary. That 
is, the Walsh function signals have only two levels or 
conditions. The fact that : Walsh function may have 
only two conditions at any point other than a point of 
discontinuity is a significant advantage since it allows 
the use of modern digital integrated circuit technology 
to procluce any desired complex wave form. The use of 
integrated circuit technology enables the generation of 
a large number of Walsh functions on a single inte 
grated circuit chip. 

SUMMARY OF THE INVENTON 

The present invention provides new and unobvious 
tone or wave form generation means which is particu 
larly useful in electronic musical instruments. The term 
tone is used herein means any single frequency tone or 
any complex wave form. The present invention pro 
vides a significant advantage in that the tone may be 
generated by the use of digital electronic techniques 

5. 

() 

3. 

-4) 

5) 

5 

() 

2 
Briefly, in accordance with the present invention. 

there is provided an apparatus for producing a musical 
tone having means for generating a plurality of digital 
Walsh function signals and means for summing prede 
termined ones of the plurality of digital Walsh function 
signals in order to produce a tone output. Predeter 
mined ones of the plurality of digital Walsh function 
signals may be weighted by predetermined amounts 
prior to summing if the desired tone so requires. 

In accordance with a more detailed aspect of the in 
vention, a digital Walsh function signal generator may 
be comprised of it clock circuit feeding a plurality of 
frequency dividers. The output of the clock circuit and 
the outputs of the frequency dividers are fed to a plu 
rality of exclusive-OR logic circuits. The walsh function 
signals at the outputs of the exclusive-OR- logic circu 
ity are fed to electronic switches. The digital Walsh 
function signals control the electronic switches gating 
an attack and decay modulated keying signal. The out 
puts of the electronic switches may be weighted by 
means of weighting resistors or other suitable means. 
The weighted Walsh function signals are then summel 
in a summing amplifier. 

BRIEF DESCRIPTION OF THE DRAWNCS 

For the purpose of illustrating the invention, there 
are shown in the drawings forms which are presently 
preferred; it being understood. however, that this in 
vention is not inited to the precise arringements and 
instrumentalities shown. 
FIG. 1 is a schematic diagram in block diagram form 

of in apparatus in accordance with the present inven 
tion. 
FIG. 2 is a drawing of wave forms generated in prac 

ticing the present invention. 
FIGS. 3 and 4 are schematic cliagrams. partially in 

block diagram form, of an embodiment of an apparatus 
in accordance with the present invention. 
FIG. 4A is a schematic diagram, partially in block di 

agrium form, if another embodiment of the apparatus 
of FIG. 4 in accordiance with the present invention. 
FIG. S is a schematic diagram, partially in block dia 

gran form, showing the electronic switches of FIG. 4 
in greater detail. 
FIG. 6 is a schematic diagram of exclusive-OR logic 

circuitry in accordance with the present invention. 
FIG. 7 is a table illustrating one of the principles of 

the present invention. 
FIG. 8 is a schematic diagram in block diagram form 

of an electronic musical instrument in accordance with 
the present invention. 
FIG. 8A is a schematic diagram in block diagram 

form of another embodiment of an electronic musical 
instrument in accordance with the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring now to the drawings in detail, wherein like 
numerals indicate like elements, there is shown in FIG. 
a block diagram of a system in accordance with the 

present invention for producing any desired wave form. 
In order to produce any desired wave form with exact 
ness, it is necessary to be capable of summing all of the 
cal and sal functions, with each weighted in a predeter 
mined manner. 

In FIG. 1, there is shown a Walsh function generator 
10 which includes a cal function generator 12 and a sat 
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function generator 13. The cil function generator pro 
duces a cal function outputs cal ( 1, t). . . cal ( ; , t ). The 
cal outputs are weighted by variable resistors 1-4 in 
order to provide the cal coefficients a ( 1) . . . at in ). re 
spectively. The sal function generator 13 produces sal 
function output signals sul ( 1, 1) . . . sal ( in , t ). Similarly. 
variable resistors 16 provide the desired weighting if 
the sal function output signals. The cil function signals. 
sal function signals and wal (O. t ) function signal are 
sumned in summing implifier 18 to produce the de 
sirect wave form output depending upon the setting of 
the variable resistors 14, 16 and 20. 

In general, both sal and cal signals are needed to syn 
thesize an arbitrary wave shape. However, in the case 
of the generatin of musical tones which are intended 
for perception by a human ear. certain optimizations 
may he made S) that inly sat signals. for example, may 
he required to synthesize the desired audio tones. It is 
known that the ear can perceive changes in amplitude 
of various harmonics in a musical tone. However. 
changes in the relative phasing of the harmonics in the 
audio sound create very little change in the perception 
of the sound by a human car. Therefore, phasing of har 
monics in the clesired musical tone may hue arranged in 
such a way is to optimize the synthesis. It has been 
found that arranging the phasing in the tone or Sound 
so that each harmonic is in phase with the fundament: 
procluces an audio wave shape which may be genette 
using inly sal signals. In addition. Will ( ), t), the d.c. 
term is not needed. Therefore, the use of Sal functions 
: one is sufficient to produce good quality audit tone 
or music. The wave forms of the first sixteen orders of 
sal signals are shown in FIG. 2. 
As discussed above, the Walsh functions form a conn 

plete, orthogonal system of functions. The Walsh fune 
tions are adaptable to Fourier type of an ulysis. in 
other words. Walsh-Fourier series expansions of func 
tions in terms of the Wilsh cal and sat functions have 
been (lefined in the literature and Walsh-Furier trans 
firms have been derived. Therefore, a significant ad 
vantage of using Walsh functions in the generation of 
tones is that methods exist for calculating the (rclers of 
sal or cal functions required inct the amplitu cle of these 
functions, or in other words, the value of the weighting 
resistors for the particular cal or Sal function. 
Referring now to FIGS. 3 and 4, there is shown an 

other embodiment of the present invention. In Fl(i. 3, 
there is shown a Sal signal generator for generating the 
first sixteen sal signals as shown in FIG. 2. As shown in 
FIG. 3, it clock circuit 22 is provided. The output of 
clock circuit 22 is a pulse signal having a frequency or 
repetition rate which is a precletermined number of 
times the fundamental frequency of the the being gen 
erated. As a specific example in FIG. 3, the output of 
the clock circuit would be sixteen times the fundamen 
tal frequency of the tone being generated. 
The output of the clock circuit is fed via line 2- to 

flip-flop circuit 26, one input of exclusive-OR gate 28 
and the output line labeled sal ( 16, ). That is, in the 
specific example being illustrated, the output of the 
clock circuit forms the sixteenth order sal sign:l. The 
clock signal on line 24 in FIG. 3 is labeled E. 
The output of flip-flop circuit 26 is a pulse output sig 

nal having a frequency one-half of that of the cle ck cir 
cuit 22 output. The output signal of flip-flop circuit 26 
is labeled D. The output signal D of flip-flop circuit 26 
is fed to flip-flop 30, one input of exclusive-OR gate 28, 

5 
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2) 
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6 

4 
one input of exclusive-OR gate 32, one input of exclu 
sive-OR gate 3-4, and directly to the output labeled sal 
( 8, t ). 
The output signal of flip-flop circuit 30 is labeled C. 

The C signal has a frequency one-fourth that of the out 
put of clock circuit 22. The signal C is fed to flip-flop 
circuit 36. (ne input of exclusive-OR gate 32, one input 
of exclusive-OR gate 38, one input of exclusive-OR 
gate 40, one input of exclusive-OR gate 42, one input 
of exclusive-OR gate 44, and directly to the output line 
labeled Sul (4 f). 

The output signal of flip-flop circuit 36 is labeled B. 
The output signal B has a frequency or pulse repetition 
rate of one-eighth that of signal E which is the output 
of clock circuit 22. Signal B is fed to the input of flip 
flop circuit 46. In addition. signal B is fed to one input 
of exclusive-OR gates 54, 40, 48 and 50 and directly to 
the output labeled sal (2 t). 
The output of flip-flop circuit 46 is a signal A having 

a frequency of one-sixteenth that of signal E. The out 
put signal A of flip-flop circuit 46 is fed to one input of 
exclusive-OR gates 52, 54, 56 and 4.4. In addition, sig 
na A is fed directly to the tutput labeled sal 1, t). 

There is shown in FIG. 7 a table for indicating which 
of the signals A, B, C, D and E are to be combined by 
modulo two addition in order to produce the various sal 
signals. As shown in FIG. 7, the top row indicates the 
order of the sal function. The letters in the various col 
Limns indicate that those signals must be combined by 
modulo two addition in order toi produce the particular 
order of Sal function inclicated at the top of the particu 
lar column. For example, the first order sal function is 
simply the signal A. The eleventh order sal function is 
produced by the modulo two addition of signals A. B. 
C, D and E. Similarly, the table in FIG. 7 indicates the 
derivation of all of the first sixteen orders of sill signals. 
Referring now to FIG. 6 in conjunction with FIG. 3, 

there is shown the exclusive-OR circuitry for generat 
ing the third order sal signal. This circuitry is shown 
alone in FIG. 6 and in conjunction with the remaining 
exclusive-OR circuitry in FIG. 3. lt may be seen that 
signals A and B are applied to exclusive-OR gate 54. 
An exclusive-OR gate, as is well known, produces a sig 
inal output when there is a signal present on one of its 
inputs but not both. Therefore, exclusive-OR gate 54 
produces an output when either signal A or signal B is 
present, but not when both signals A and B are present. 
The output oif exclusive-OR gate 54 is fed as one input 
to exclusive-OR gate 38. Exclusive-OR gate 38 receives 
as its second input the signal C. Exclusive-OR gate 38 
therefore procluces an output when either one or three 
of the signals A, B and C are present. In a similar man 
ner, the other orders of sal functions are generated by 
the occurrence of an odd number of signals indicated 
in the particular column in FIG. 7. 

It is believel unnecessary to trace and discuss every 
line in FIG. 3 since the operation of the circuitry is ap 
parent in view of the above discussion. However, the 
generation of the ninth order sal signal will also be 
traced out as an aciditional example of the operation of 
the circuitry shown in FIG. 3. Sal (9, t) is the output 
signal of exclusive-OR gate 56. Exclusive-OR gate 56 
receives as one of its inputs signal A which is the output 
of flip-flop circuit 46. The other input of exclusive-OR 
gate 56 is received from the output of exclusive-OR 
gate 28. Exclusive-OR gate 28 receives signals D and 
E as its inputs. Therefore, the output signal sal (9, t) is 
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the modulo two addition of signals A, D and E as indi 
cated in FIG. 7. - 

The output sal signals of the sal signal generator 
shown in FIG. 3 may be fed directly to the summing 
means 18 as illustrated with respect to FIG. 1. In the al 
ternative, the outputsal signals of the sal signal genera 
tor may be fed to an electronic switching network as 
shown in FIG. 4. The electronic switching network 
shown in FIG. 4 provides a means of attack and decay 
modulating the tone to be produced. Selected ones, 
some or all, of the sal outputs generated by the circuitry 
shown in FIG. 3 will be applied to the gate electrodes 
of the electronic switches shown in FIG. 4. 
The foregoing describes the generation of Walsh sal 

functions. Walsh function generators for generating cul 
functions or both cal and sal functions are known to 
those skilled in the art. See, for example, Lehert. 
''Walsh Function Generator for a Million Different 
Functions. Applications of Walsh functions Sympo 
sium and Workshop, 1970 Proceedings. United States 
Department of Commerce, pages 52-54. 
Referring now in detail to FIG. 4 in conjunction with 

FIG. 5, there is shown a plurality of electronic switch 
means 60 each having a control gate input line 62. 
Electronic switch means 60 functions as a bilateral sin 
gle pole double throw switch. Electronic switch means 
60 is shown in greater detail in FIG. 5 wherein it is seen 
that each electronic switch means 60 includes : first 
electronic single pole single throw switch 64 and a sec 
on electronic single pole single throw switch 66. The 
control gate input 68 of electronic switch 66 is pro 
vided with an inverter 70. As a specific example of suit 
able hardware. electronic switch 60 may be a comple 
mentary-symmetry metal-oxide semiconductor of the 
type CD 40 16 A Quad Bilateral Switch manufactured 
by RCA. However, this specific example of hardware 
is not intenced to be limiting and any other suitable 
electronic switch may be used in practicing the inven 
tion. 
Referring back now to FIG. 4, there is shown a key 

or key switch 72 which operatively controls attack and 
decay generator 7-4. The output of attack and decay 
generator 7-3 is a wave form as shown at 76. The wave 
form output of attack and decay generator 74 is appliel 
to one of the inputs of each electronic switch means 60 
directly and is applied to the other input of each of the 
electronic switch means 60 through analog inverter 78. 
The sal output signals from the sal signal generator 

shown in FIG. 3 are applied to the control gate input 
lines either directly or through digital inverters 80. The 
presence or absence of an inverter is determined by 
whether the component sal function making up the 
tone is to have a positive or negative coefficient. 
There is shown in FIG. 4 wave form 82 which is gen 

erated on line 84 for an attack and decay wave form 76 
as shown at the output of attack and decay generator 
74 and a sal signal on control gate input line 62. As mily 
be seen from wave form 82, electronic switch means 60 
effectively gates either the attack and decay wave form 
76 or its inverse from analog inverter 78 in response to 
the sal signal appearing on control gate input line 62. 
The outputs of the electronic switch means 60 are fed 

through weighting resistors 86 to summing amplifier 
88. The output of summing amplifier 88 is fed to filter 
90. Filter 90 may be a low pass filter which eliminates 
any high frequency noise due to the digital nature of 
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the sal signals. The output of filter 90 is the desired 
tne. 

Referring now to FIG. 4A. there is shown another 
embodiment of an electronic switching arrangement 
which does not require the use of inverters to produce 
the inverted coefficient. The embodiment shown in 
FIG. 4A uses both inverting and non-inverting input 
terminals of an operational amplifier in order to pro 
duce an output corresponding to both positive and neg 
ative coefficients. 
The attack and decay wave form is applied to each 

of the electronic switches 151-153 and 61-163 via 
line 150. The inverted attack and decay wave form is 
applied to each of the electronic switches 151-153 and 
161-163 via line 160. The dotted lines between elec. 
tronic switches 152 and 153 indicate that numerous 
other electronic switches may be used depending upon 
the tone to be produced. Sinhilarly, the dotted lines be 
tween electronic switches 162 and 163 indicate that 
any desired number of electronic switches may he used 
to supply the non-inverting terminal of operational ann 
plifier 180. 

Sal signals which are to have inverted coefficients 
would be applied to control gate input lines 154-156 of 
electronic switches 151-153, respectively. Sal signals 
which would correspond to non-inverted signals in the 
output tone are applied to control gate input lines 
164-166 of electronic switches 161-63, respectively. 
The gated outputs of electronic switches 151-153 are 

applied to the inverting input 178 through their 
weighting resistors 157-159, respectively. The gated 
outputs of electronic switches 161-163 are applied to 
the non-inverting input terminal 179 of operational ann 
plifier 180 through weighting resistors 167-169, re 
spectively. As is well known. operational anuplifier 180 
will produce a signal appearing on non-inverting input 
179 in annplified form and the signal appearing on in 
verting input 178 in an inverted and annplified form. 
The output of operational implifier 180 is applied to a 
filter circuit (not shown ) ind used in it manner similar 
to the output of amplifier 88 in FIG, 4. 

Referring now to FIG. 8, there is shown in block dia 
gram form an electronic musical instrument such as an 
electronic organ. There is shown a master clock 92 
which produces a pulse output having a frequency 
which is N times the highest note frequency to be pro 
duced. The output of master clock 92 is fed to a top oc 
tave synthesizer 9.4. Top octave synthesizers are well 
known in the art, commercially available and need not 
be described herein in detail. Top octave synthesizer 94 
produces frequency output signals having frequencies 
of N times the frequencies of the notes C, C#, D. 
. . B and C. In an enbocliment as described with re 
spect to FIGS. 3 and 4, N would equal 16. However, N 
may equal any suitable number sufficient to give the 
desired degree of accuracy. That is, as N increases, the 
accuracy of the tone produced also increases. 
The output of top octave synthesizer 94 which is la 

beled NC is fed to cascaded frequency dividers 96. 
The other outputs of top octave synthesizer 94 would 
be fed to similar sets of cascaded dividers. 
The outputs of the dividers 96 are fed to Walsh signal 

generators 98. The outputs of the Walsh signal genera 
tors are fed to keying-modulating networks 100. The 
keying-modulating networks 100 receive an input from 
keyboard 102. The keying-modulating networks 100 
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perform the function as described with respect to FIG. 
4. 
The outputs of the keying-nodulating networks 100 

are fed to Summing-voicing circuits 104. The summing 
voicing circuits 104 receive an input from the stop 
switches 106 which cletermine the voice of the tone to 
be produced (that is, the coni bination of weighting re 
sistors. 86). The outputs of the summing-voicing cir 
cuits are applied to speaker 108 through amplifier 10. 

Referring now to FG, 8A, there is disclosed another 
embodiment of a musical instrument in accordance 
with the present invention. In the enbodiment shown 
in F.G. 8A, a top octave synthesizer is not required. In 
accordance with the embodiment of FIG. 8A, a com 
plete tone generator is used for each key-stop combina 
tion. A C F -8 foot Gedackt tone generator is shown 
at 202 in FIG. 8A. Additional stops playing a C# note 
would he provide by additional tone generators tuned 
and v (iced accordingly. The embodiment shown in 
FIG. 8A has the musical advantage that the various 
notes are independent or in other words ire not phase 
lock el. 

Referring now more particularly to FIG. 8A, there is 
show in a clock 204 which provides a frequency at N 
times the C. # note frequency. The output of clock 
circuit 20-4 is fell to Walsh signal generator 206. The 
output of Walsh signal generator 206 is fed to keying 
modulating circuit 208. Keying-modulating circuit 208 
receives an input from the C : key (nr key switch 21 (). 
The output of keying-modulating circuit 208 is fed to 
Summing-voicing circuit 210. The output of Summing 
y vicing circuit 2 () is fed through the 8 foot Cied:ckt 
stop switch 212 to amplifier 214. Amplifier 214 also re 
ceives output signals from the other tone generators 
? not shown ) in the musical instrument. The output of 
amplifier 214 is fed to speaker 216. Speaker 216 con 
verts the amplified electrical signals into musical sound 

WS, 

lt will be apparent to those skilled in the art that vari 
(us changes and modifications may he made within the 
spirit of the above teachings. For example, although the 
operation has heen disclosed in detail with respect to 
sal functions, it is upprent that cul functions could be 
use as well. Various other types of logic may be use 
to generate the Walsh functions and various other key 
ing in switching techniques may be used. Further 
more, the illustration of two embocliments of electronic 
musical instruments are only selected examples, and it 
is apparent that many variations may be made within 
the spirit of the present invention. 

lm view of the above, the present invention may be 
embodied in other specific forms without departing 
from the spirit or essential attributes thereof and ac 
cordingly. reference should be made to the uppended 
claims, rather than to the foregoing specification as in 
dicating the scope of the invention. 

cl:Lim: 
1. Apparatus for producing a musical tone, compris 

ing: 
clock means for generating a clock signal at a fre 
quency which is a predetermined number times the 
funclamental frequency of the musical tone to be 
generated, 

means for receiving a clock signal and for generating 
a plurality of digital Walsh function signals, and 

5. 
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means for Sunning predetermined ones of the plu 

rality of digital Walsh function signals to produce 
a musical tone (utput. 

2. Apparatus in accordance with claim including 
means for weighting predetermined ones of said digital 
Walsh functions by predetermined announts, said 
weighting means being connected between said digital 
Walsh function generating means and said summing 
2S 

3. Apparatus in accordance with claim wherein said 
cligital Walsh function signal generating means includes 
means for generating a predetermined number of or 
ders of cal function signals. 

4. Apparatus in accordance with claim 1 wherein said 
digital Walsh function signal generating means includes 
means for generating a predetermined number of or 
clers of sal function signals. 

5. Appiratus in accordance with claim 1 wherein said 
cligital Walsh function signal generating means includes 
Inneans for generating a first precetermined number of 
cal function signals and a second predetermined num 
her of sal function signals. 

6. Apparatus for producing a musical tone. compris 
ing: 

a clock circuit; 
predetermined nunn her of frequency dividers, said 
frequency dividers proclucing submultiples of the 
clock frequency output of still clock circuit; 

gating means for producing output signals in re 
sponse to predetermine combinations of input sig 
inals from said clinck circuit output and saic fre 
quency livier outputs to generate a predeter 
mined number of orders of Walsh function signals: 

means for generating a nodulating envelope for 
modulating the Walsh function signals: 

: predetermined number of electronic switch means, 
said electronic switch means receiving said mocku 
lating envelope. suid electronic switch means gat 
ing the modulating envelope in response to prede 
termined ones of the output Walsh function signals 
of said gating innulains: incl 

summing mens, said Summing means Summing the 
gated outputs of said electronic switch means. 

7. Apparatus in accordance with claim 6 inclueling 
means for weighting the gated outputs of said elec 
tronic switch means. 

8. Apparatus in accordance with claim 6 wherein said 
frequency dividers are flip-flops. 

9. Apparatus in accordance with claim 6 wherein said 
gating means is comprised of exclusive-OR gates. 

10. Apparatus in accordance with claim 6 wherein 
saic electronic switch means receive the modulating 
envelope fronn an attack and decay generator, said at 
tack and decay generator receiving a signal input from 
a key switch. 

11. Apparatus in accordance with claim 9 wherein 
each of said electronic switch means is comprised of : 
first and a second electronic switch, said first and sec 
ond electronic switches each being provided with an 
input, an output and gate terminal, the modulating en 
velope being applied to the input terminals of each of 
said first and second electronic switches, a predeter 
mined Walsh function signal heing applied to said gate 
terminal of said first electronic switch and said gate ter 
minal of said second electronic switch through an in 
verter circuit. 
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12. Apparatus in accordance with claim 6 wherein 
said gating means produces sal signals. 

13. Apparatus in accordance with claim 6 including 
inverters for inverting predetermined ones of the Walsh 
function signal outputs of said gating means. 

14. Apparatus in accordance with claim 6 wherein 
said summing means includes an operational unplifier 
provided with a non-inverting input terminal and an in 
verting input terminal, predetermined ones of the gated 
outputs of said electronic switch means being applied 
to said non-inverting input terminal and other predeter 
mined ones of the gated outputs of saic electronic 
switch means being applied to said inverting input ter 
minal. 

15. An electronic musical instrument, comprising: 
a clock circuit; 
a top octave synthesizer, said top octave synthesizer 

receiving the output of saic clock circuit and gen 
erating a predetermined number of frequency sig 
nal outputs having frequencies equal to N times the 
top octave frequencies: 

a predeternlined number of sets of frequency divid 
ers, one set of frequency dividers being providect 
for each top octave frequency signal output. each 
set of frequency dividers being provided with a pre 
cletermined number of frequency dividers; 
predetermined number of Walsh function gener:- 
tors for generating Walsh function signals in re 
sponse to predetermined combinations of the top 
inctave frequency signal output and the outputs of 
the frequency dividers in a set, 

means for generating a modulating envelope for 
modulating the Walsh function signals; 

means for combining the noculating envelope with 
the Walsh function signals; 

means for summing the modulated Walsh function 
signals; and 

means for transclucing the summed Walsh function 
signals into sound waves. 

16. An electronic musical instrument in accordance 
with claim 15 wherein sail generating means generates 
a modulating signal to provide a desired attack and/or 
decay keying signal. 
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17. Apparatus in accordance with claim 15 including 

means for voicing the output of said summing means. 
18. An electronic musical instrument, comprising: 
a plurality of tone generators, each of said plurality 
of tone generators providing a predetermined tone 
output in response to being keyed. each of said plu 
rality of tone generators being provided with a 
clock circuit, a Walsh tone generator, a keying 
modulating circuit and a summing circuit means, 

() said clock circuit producing an output having a fre 
quency equal to a predetermined number of times 
the basic tone frequency output of the tone genera 
tor, said Walsh signal generator receiving the out 
put of said clock circuit, said keying-modulating 
circuit receiving an input from a key corresponding N 

to the particular generator and the output of said 
Walsh signal generator, the output of the keying 
modulating circuit being applied to a summing cir 
cuit means, said summing circuit means producing 

() a predetermined tone output; 
amplifier means, said amplifier means receiving the 
tone output of each of said plurality of tone genera 
tors; and 

transducer means for converting the electrical output 
25 of said amplifier to a sound wave. 

19. An electronic musical instrument in accordance 
with claim 18 wherein said summing circuit means in 
cludes a voicing means. 

20. Apparatus for producing a musical tone, compris 
() ing: 

clock means for generating a clock signal at a fre 
quency which is a predetermined number times the 
funclamental frequency of the musical tone tun he 
generated: 

5 means for receiving the clock signal and for generat 
ing a plurality of digital Walsh function signals, 

weighting means for weighting predetermined ones 
of said Walsh function signals by predetermined 
amounts, and 

() means for summing predetermines ones of the plural 
ity of weighted digital Walsh function signals to 
produce a musical tone output. 
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