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TONE GENERATOR 
The present application is a continuation-in-part of 

an application by the applicant entitled “Function Gen 
erator” and bearing Ser. No. 208,117 ?led Dec. 15, 
1971 now abandoned. 

BACKGROUND OF THE INVENTION 

This invention relates to digital function type tone 
generators and to their use to provide a novel elec 
tronic musical instrument. 

It is a principal object of the invention to provide an 
improved function generator, suitable for various uses 
including that of a component of an electronic musical 
instrument, which has increased flexibility in the opera 
tor’s choice of details of the function to be generated. 
It is a further object of the invention to provide an elec 
tronic musical instrument employing such a digital 
function generator which has increased ?exibility in the 
control of individual parameters of the sounds pro 
duced. It is an additional object of the invention to pro 
vide such an instrument which will produce high qual 
ity musical sounds and yet is inexpensive to manufac 
ture and simple to operate; _ ‘ 

SUMMARY OF THE INVENTION 
7 An electronic function or tone generator according 
to the invention comprises a plurality of keys or similar 
actuation means and means responsive to the actuation 
of the keys for the generation of a sequence of a prede 
termined number of electrical impulses which are uni 
formly separated in time, the total elapsed time for the 
generation of the sequence being the period of a wave 
form corresponding to one of the keys. A plurality of 
adjustable resistors, equal in number to said predeter 
mined number of impulses, are also provided as well as 
means interconnected with the set of resistors for ap 
plying the successive impulses of the sequence to the 
successive resistors of the set. An ampli?er is con 
nected to receive the adjusted and thus selected output 
from each resistor of the series and provides, together 
with a smoothing circuit, a musical output. In preferred 
embodiments, the function generator includes a second 
means for generating a second sequence of impulses, a 
second set of adjustable resistors equal in number to 
the number of impulses in the second sequence, and 
means connected to the resistors of the second set for 
applying successive impulses of the sequence to succes 
sive resistorsof the set. In this manner a second set of 
electrical outputs'are generated and these are applied 
to the amplifier to modulate the output of the ampli?er 
in terms of attack. 
Other objects, features, and advantages of the inven 

tion will appear from the following description of a pre 
ferred embodiment in connection with the accompany 
ing drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an electrical schematic diagram of a func 
tion generator and electronic musical instrument con 
structed in accordance with this invention. 
FIG. 2 is an electrical schematic diagram of a matrix 

switching system as contemplated by the invention. 
FIG. 3 is a plan view of a musical instrument console 

as contemplated by'the invention. 
Referring to the drawings, tuning control 11, is a pos 

itively biased variable resistor, which controls the bias 
voltage applied to upper contact a vof double pole-single 
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2 
throw (D.P.S.T.) keyboard switches 13. Keyboard 
switches 13 are operated by depressing keys 15 (one 
switch per key) of keyboard 14 of console 16 (FIG. 3). 
When operated closed, an upper contact a of a switch 
13 applies bias through tuning resistor 11 to a particu 
larly adjusted variable resistor 17 which functions to 
adjust the input voltage to voltage controlled oscillator 
(V.C.O.) 19 and thus variable'resistor 17 functions to 
adjust the frequency selected by a particular key, 15 
and thereby the scale interval of the system. The lower 
contacts b of each switch 13 supplies a ground potential 
to the system as a logic signal as will be described be 
low. As illustrated, keyboard 14 is a two octave'key 
board with switches 13a and 13b representative of the 
first two key switches of one octave and switches 13c 
and 13d representative of the ?rst two key switches of 
the second octave. 
V.C.O. 19 generates a frequency 32 times the desired 

output frequency of the instrument as will be further 
explained. Its output or the output of an external fre-' 
quency source 21, is selected by switch 23. The output 
frequency, which is fed to pulse generator 25, is con 
verted therein to a square waveform of the same fre— 
quency. The output of square wave pulses of pulse gen 
erator 25 is fed to one input of AND gate 29 and to one 
or more frequency dividers 27 which selectively divide 
by, different factors (e.g., 2, 4, 8, etc.). Assuming a sin 
gle divider 27, as shown, which divides by 2, its output 
is supplied to an input of and gate 29a. Octave select 
inputs for AND gates 29 and 29a are supplied from the 
lower contact b of each keyboard switch 13 by means 

- of matrix switch 31 which includes a bus bar 33 com 
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mon to keyboard switches of each keyboard octave. 
Thus, as shown, bus bar 33a is connected to the b 
contacts of switches 13a and 13b and bus bar 33b is 
connected to the b contacts of switches 13c and 13d 
and the rest of the switches of the same octave. Octave 
selection is achieved by means of sliding contact 35 on 
each bus bar through contacts 37 which selectively 
connects a given bus bar to the input of either AND 
gate 29 or 29a to provide either the output frequency 
of pulse generator 25 to five stage counter. 39 or one 
half of this, frequency to counter 39. Five stage counter 
39 is a binary counter which counts up to 32 and its 
counts appears on output leads 40 connected to binary 
decoder 41. Decoder 41 includes 32 switches, each 
‘controlled by one of the counts of counter 39. The 
switches contacts (or output leads of electronic 
switches) are connected with one contact grounded 
and the other contact connected to one of timbre resis 
tors 43. Each resistor 43 is in turn connected through 
a bias resistor 45 to a bias source. A slider 47 adjusts 
the value of each resistor 43. Thus decoder 41 inter 
nally grounds each resistor 43 in sequence as counter 
39 counts to form a series of voltage dividers 48 with 
a common output 48a which is connected to one input 
of amplifier 49. Sliders 47 and thus resistors 43, are ad 
justed as, for example, illustrated in FIG. 3, to make up 
a cycle having a waveform of a desired shape. The 
cycle repeats each 32 counts to provide a final musical 
output frequency of the instrument which is one thirty 
second of the frequency of V.C.O. 19 (or other source 
21). This ?nal frequency is fed to input 48a of summing 
ampli?er 49 and an attack effect signal is fed to the 
other input 65 of summingampli?er 49. This attack ef 
fect or envelope is developed as follows; A free-running 
multivibrator 51 generates a selected frequency deter 
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mined by rate control 52, typically in a range of 8 to 80 
hertz, and the signal is applied to the counting input of ' 
three stage binary counter 53 which counts up to 8. Bi 
nary counter 53 commences a count and counts 8 
under the control of OR gate 65 in response to the de 
pression of any key which applies a ground to an input 
of OR gate 65. Output terminals 54 from counter 53 
are connected to 8 stage binary decoder 55 which func 

' tions' in the'manner described‘ for decoder 41 to selec 
tively ground an output terminal 56 as a particular 
count occurs. This results in the left side of attack resis 
tors 57 being individually ground, in order, to provide, 
sequentially, selected output voltages at output point 
59, depending upon the voltage division occurring be 
tween biased resistor 59 and a particular resistor 57. . 
Thus in the manner described above for producing the 
fundamental output frequency wave shape, an attack 

4 , 
ing control 11 is adjusted when it is desired to change‘ 
the key or frequency range of the entire keyboard. 

Select switch 23 enables an external source 21 such 
as a frequency synthesizer to be used in place of V.C.O. 
19 as the frequency source. Assuming that V.C.O. 19 
is selected, and a key 15 of the keyboard is depressed 
operating switch 130 by the operator supplying a dis 
crete voltage to V.C.O. 19. The frequency produced by - 

- , the V.C.O. is fed through select switch 23 to pulse gen 
0 

envelope shape is formed by sequential selection'of ‘ 
voltage dividers 56 composed of attack resistors 57 and 
bias, resistor 59 as adjusted by sliders 61. The phase of 
the attack waveform is controlled by resetting counter 
53 by the actuation of a keyboard switch through logic 
gate 65 using the logic signal described above. Thelam 
plitude of the attack envelope is controlled by attenuat 
ing resistor 63 which couples the output voltage at 59 
to input 65 of summing ampli?er49.‘ 
Thetone signal applied on input lead 48a to summing 

ampli?er 49and attack signal applied to input 65 result 
in a composite attack shaped tone which is fed through 
volume control 67 to integrating amplifier 69. lntegratJ 
ing ampli?er 69 smoothes the signal with a degree of 
smoothness being controlled by feedback capacitor 71, 
which thus effects a tone control. 
FIG. 2 shows an extension of matrix switch 31 to en 

able automatic sequential octave selection. An addi 
tional strip 73 is provided for each of the plurality of 
principle bus bars 33. This contact strip 73 is con 
nected ‘to the enable input of a binary decoder 75 
which is similar in function to binary decoder 41 such 
that secondary bus bars 77 are selected in sequence in 
accordance with binary number from counter 79, 
driven'by multivibrator 81. The slider of the activated 
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busselects the octave range applied to pulse counter 39 ' 
aslbefore. The phase of the sequential octave selection 
is ‘controlled by a reset signal from the keyboard analo- I 
gous to the signal which resets counter 53 (FIG. 1). . 
FIG. 3 shows atypical embodiment of an operating 

console as contemplated by this invention. It illustrates 
how the positions of sliders 47 and 61 of the timbre re 
sistors 43 and attack resistors‘ 57, respectively, are 
graph analogies of the output waveform and attack en 
velope, respectively. The‘ position of each slider shows 
the amplitude of that corresponding segment of the 
waveform. ‘ 

To operate the instrument, sliders 47, and thus tim 
, bre resistors 43, are adjusted to create the desired tim 

bre waveform. Similarly sliders 61,‘ and thus attack re 
sistors 57, are set to a desired attack modulation enve 
lope. The rate and depth of the effect of the attack 
modulation envelope are set by controls 52 and 63, re 
spectively. Sliders 35 of octave switch 31 are set to se 
lect the octave range to be produced at the output. 
Tone control 71 and volume control 67. are adjusted for 
desired mellowness and loudness, respectively. Scale 
interval resistors 17 are adjusted when it is desired to 
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change the scale interval from a previous setting. Tun- . 

erator 25. The square wave output of pulse generator 
25 is applied to AND .gate 29 and to ?ip-?op 2'7.v The 
output of ?ip-?op 27 is fed to AND gate 29a. A bus bar 
33b of matrix switch 31 is also activated through key 
board switch 13c by the depression of key 15 causing 
AND gate 29 to be gated and the output of pulse gener 
ator 25 to be directly applied to counterr39. The pulses 
of the square vwave are counted by counter39 which 
sends its numbers to be decoded by decoder 41. The 
decoder 41 thus activates timbre resistors‘ 43 in se 
quence in accordancewith the numbers from counter 
39 and successive voltage levels are sent to input 48a‘ 
of amplifier 49,. Also when keyboard switch 13 is closed 
by key 15 counter 53 is'reset through gate 65. Counter ‘ 
53 then counts pulses from'free running multivibrator 
51 whose frequency has been adjusted by rate control v 
52. Decoder 55 receives numbers from counter 53, and 
in accordance therewith activates attack resistors 57 in 
sequence. Thus a second sequence of voltages is pres 
ented through depth control 63 to input 65 of summing» 
ampli?er 49. The resulting‘wave is fed through volume 
control 67 and integrator 69 to the output. Keys may 
be operated in sequence forming melodious or’ other 
desired sequences'of frequencies'When the external 
source 21 is selected as a frequency source, it replaces 
V.C.O. 19 and the instrument modifies the voice of the 
external source in the manner described above for 
V.C.O. operation. ' ‘ 

what is claimed is: 
1. A tone generator comprising: 
frequency generating means for selectively generatr 

ing a selected frequency'and comprisingi } 
actuating means for providing a selected electrical 
output, ' ' ' 

oscillator means responsive to a said electrical out 
put for generating a discrete frequency, and 

squaring circuit means responsive to the‘output fre 
quency of said oscillator means for shaping the 
output frequency of said oscillator means and 
providing pulse output cycles as-the output of 
said frequency generating means; 

counting means responsive to the output of said fre 
quency generating means for repetively counting a 
selected total count of output cycles of said fre 
quency generating means, each repeated compos 
ite count constituting an output cycle of said count 

. ing means; ' ‘ ' 

‘ decoding means responsive to said‘ counting means 
and each said count of an outputcycle of said gen 
erating means counted by said counting meansfor 
providing a selected output voltage for each dis 
crete count of ‘an output cycle of said generating 
means, said decoding means comprising: 
a plurality of electrical circuits, each being adjust 

able and including means for providing a selected 
electrical output, and '_ ‘ 

switchingmeans responsive to each of said discrete 
counts of said counting means for providing as an ' 
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output of said decoding means an electrical out 
put to one of said electrical circuits, 

whereby a said output cycle of said decoding 
means repeats after each said selected total 
count, and the shape of said output cycle of said 
decoding means corresponds to the composite of 
said selected electrical outputs. 

2. A tone generator as set forth in claim 1 wherein 
said actuating means includes a plurality of switches 
coupled to a voltage source and said oscillator means 
responsive to the operation of a said switch for generat 
ing a said selected frequency and said tone generator 

. further comprises: I 

musical attack control means comprising a second 
switching means responsive to the operation of one 
of said switches and a counting means controlled 
by said second switching means to actuate a second 

_ decoding means for sequentially providing, at a se 
lected rate, a plurality of output potentials; and 

summing means responsive to the output of said de 
coding means and said musical attack control 

. means for providing a musical output which con 
forms to the output of said decoding means as mod 
ulated by the output of said musical attack control 
means. 

3. A tone generator as set forth in claim 2 further 
comprising integration means responsive to the output 
of said summing means for providing a smoothed tonal . 
output. I _ 

4. A tone generator as set forth in claim 1 wherein 
said frequency generating means includes a plurality of 
switches and said tone generator further comprises: 
octave control means for providing an octave control 

signal; . 

at least one frequency divider responsive to an output 
of said frequency generating means for providing 
an output at a selected lower frequency than the 
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6 
output of said frequency generating means; 

?rst gating circuit means responsive to a control sig 
nal for interconnecting said frequency generating 
means to said counting means and a second gating 
circuit means responsive to a control signal for in 
terconnecting the output of a said frequency di-~ 
vider to said counting means; and 

octave switching means responsive to said octave 
control signal and including means for selectively 
providing a said control signal to one of said gating 
circuits, whereby either the fundamental frequency 
output of said frequency generating means or a se 
lected lower frequency is applied to said counting 
means. ' - _ 

5. A tone generator as set forth in claim 4 wherein 
said octave control means comprises means for sequen 
tially supplying said control signal‘ to different of said 
gating circuits, whereby a plurality of octave related 
tones are sequentially obtained. 

6. A tone generator as set forth in claim 4 wherein 
said octave control means comprises a matrix switch 
having a plurality of conductive cross bars and means 

- for selectively interconnecting between particular said 
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bars. 
7. A tone generator as set forth in claim 1 wherein: 
said tone generator includes a first electrical resistor; 
each said electrical circuit comprises a second vari 

able electrical resistor in series with said ?rst elec 
trical resistor; ' 

said decoding means includes means for applying a 
voltage across each combination of said first and 
second resistors; and 

said switching means comprises means for providing 
as veach said decoder output an output through a 
said variable resistor. 

* * * * * 


