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ABSTRACT OF THE DISCLOSURE , . 

A system for converting an aural input signal of one 
tonal character to an aural output signal of a different 
tonal character, including a circuit for determining the 
fundamental frequency of the input signal, ‘a sym 
metrical waveform signal generator responsive to the 
fundamental frequency, and an amplitude control circuit 
for adjusting each cycle of the symmetrical waveform 
signal in accordance with the peak value of the cor 
responding cycle of the aural input signal. 

The present invention relates to the art of electronic 
music generation. More particularly, this invention is 

10 

15 

concerned with the conversion of an aural input of one s t 
tone color or timbre to an aural output having a different 
tone color or timbre, and/ or a different pitch, or ampitude, 
or other characteristics. As used in the present speci?ca 
tion and claims, unless otherwise indicated expressly or 
by context, the term “aural input” is intended to include 
not only the compressional sound wave per se, but also a 
corresponding electrical signal that may be generated con 
currently with a sound wave, as for example by the use 
of an electromagnetic or other direct pick" up as is em- ’ 
ployed with electric guitars. 

In accordance with the general aspectsof the present 
invention, an aural input signal is. analyzed to ‘obtain its 
fundamental frequency, and each cycle is analyzed to 
obtain its amplitude. Output waves of high harmonics 
content are then produced, for example square and saw 
tooth waves, which correspond in frequency to the 
fundamental of the aural input signal, and correspond 
cycle by cycle to the amplitude of the aural input signal. 
The resultant signals are then processed through ‘well 
known tone color ?lters to obtain desired variations 
in the timbre of the signal, and thence ‘arereconverted 
into an aural signal of desired tone ‘color; different 
from that of the aural input. Further, as willbe readily 
apparent, the processing of the signal can include fre 
quency doubling and dividing in order to change the pitch 
of the signal as desired. ' 
The processing of an aural input signal as above 

described, may be used for example to convert a voice 
input to an instrumental output, convert an input from 
one instrument to an output having the tone color of a 
different instrument, and converting an input signal of 
one tone color and fundamental frequencyqto an output 
of a di?erent tone color and same or different fundamental 
frequency, or same tone color and different fundamental 
frequency. 7 ' . , , . 

It is therefore among the objectsv of the present in 
vention to provide: for the electronic processing'of aural 
input signals to aural output signals; for the conversion 
of an aural input signal to waves of high harmonic content 
having the same fundamental frequency as the input, or 
multiples thereof, and corresponding in amplitude to the 
input signal, cycle by cycle; for the conversion of an 
aural input signal of one tone color to an aural output 
signal of another tone color; and for the conversion of an 
aural input signal of one, frequency to an aural output 
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signal of a multiple or fraction of the input frequency. 
Other objects and advantages of the present invention 

will become apparent to those skilled in the art from a 
consideration of the following detailed description of one 
speci?c embodiment of the invention had in conjunction 
with the accompanying drawings, in which like numerals 
refer to like or corresponding parts, and wherein: 

FIG. 1 is a block diagram of an overall system from 
aural input to aural output; 

FIG. 2 is a schematic circuit diagram of a signal 
processing unit embodying the present invention; and 

FIGS. 3, 4, 5, and 6 are waveform charts showing the 
various waveforms appearing in the processing unit of 
FIG. 2 in their relative time relationships. 

Referring ?rst to the block diagram of FIG. 1, it 
will be seen that a pickup unit 10, which may be a 
microphone for transducing a voice or instrumental sound 
to an electrical signal, transmits the input signal to the 
processing unit 11, where the signal is transposed into 
square and sawtooth waves related in frequency and 
amplitude to the input signal. The square and sawtooth 
wave outputs indicated as 4 foot, 8 foot and 16 foot out 
puts, are carried by busses 12 to appropriate tone color 
?lters 13. The outputs of the ?lters 13 are combined in 
ampli?er 14, and thence transmitted to output speaker 
15. Obviously, any number of pickups 10 may be 
provided, depending upon the number of inputs utilized, 
as indicated in FIG. 1 by pickups and processing units 
numbered I through 11. Each processing unit may of 
course be identical, and consequently the detailed 
description of one such unit will be su?icient. 

Processing unit 11 is shown in the schematic circuit 
diagram of FIG. 2. Many of the waveforms present in 
the operation of the circuit of FIG. 2 have been indicated 
thereon to facilitate an understanding of this circuit, and 
they have been numbered in accordance with the wave 
forms in the chart of FIG. 3. 

The aural input signal represented by a waveform 501 
‘is coupled from the pickup microphone 10 through 
capacitor 21 to the base of clipping ampli?er 22. The 
clipped and inverted waveform 502 constitutes the out 
put'of ampli?er 22, and it contains only frequency 
information of input waveform 501. Waveform 502 is 
then differentiated by capacitor 23 and resistor 24 into 
wayeformf503, then recti?ed by diode 25 into waveform 
504. It 'will be observed that at this point in processing the 
inputsignal 501, a trigger is provided for each negative 
going zero, crossing of waveform 501. The positive going 
crossings have been eliminated by the diode 25. 
Waveform 504 is converted to a sawtooth Waveform 

505 by the interaction of the transistors 26 and 30, and 
the network of resistors 28 and 29 and capacitors 27 
and 32. Between trigger pulses of waveform 504, tran 
sister 26 is ‘biased below cutoff, thereby causing capaci 
tor-27 to be slowly charged through resistors 28 and 29. 
Each trigger pulse of waveform 504 ‘activates transistor 
2i6'and causes capacitor 27 to be rapidly discharged 
thereth-rough, thus producing the sawtooth waveform 505. 
The‘ output of the sawtooth generator is converted to a 
low- impedance through emitter follower transistor 30 
and anti-oscillation resistor 31. Bootstrap feedback ca 
pacit'or' 32 couples the output of emitter follower 30 
_to a point between resistor 28 and 29, to increase the 
linearity of the waveform 505. 
vThe output 505 of emitter‘ follower 30 is converted 

into a square wave, i.e. a rectangularwave symmetrical 
in, time, by means of a squarer circuit comprising tran 
sister 33 and diode 34. When the linear sawtooth wave 
505 is coupled through capacitor 35 into a load, the new 
D.C. level created depends on the nature of the load. If 
the load'isHlinea-r and bilateral, the new level is 524 indi 
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cated in FIG. 3, area 520 being equal to area 521, and 
time 522 being equal to time 523. A bilateral load is 
provided by ‘diode 34 conducting during time 522 and 
transistor 33 conducting during time 523. A linear load 
is insured by providing most of the load impedance in 
resistor 36. These provisions result in level 524 being 
held at the conduction point of the base of transistor 33. 
Thus transistor 33 conducts during time 523, is cut off 
during time 522, and square wave 506 is thereby pro 
duced at the output of transistor 33. Feedback network 
37 and 38 provides for transistor interchange and com 
ponent tolerances. It will be observed that the symmetry 
of square wave 506 on the time axis is substantially inde 
pendent of frequency. Also it should be noted that this 
symmetry of 506 is obtained despite any asymmetry that 
may exist in input waveform 501. This result is had by 
utilizing only the negative going zero crossings of input 
waveform 501 as obtained at 504, establishing frequency 
on that basis as in sawtooth waveform 505, and then 
dividing the frequency period into two equal halves, as in 
square waveform 506. 
Having established a symmetrical ‘waveform 506 equal 

in frequency to the fundamental frequency of the input 
signal, there remains to be established for each cycle of 
this waveform an amplitude corresponding to that of the 
corresponding cycle of the input signal. When controlling 
the amplitude of a square wave, it is not necessary to 
establish amplitude until one-half of a given cycle has 
occurred. This fact makes it possible to measure the peak 
of a controlling wave during each ?rst half of the square 
wave cycle, to store this amplitude information, and then 
to use it to control the amplitude of each second half 
of the square wave. By clearing the storage element at 
the end of each cycle, the amplitude of each square wave 
cycle then becomes a function of the peak amplitude of 
the corresponding cycle of the controlling wave. 

This function is accomplished by the amplitude con 
trol circuit comprising coupling capacitor 39, diode 40, 
storage capacitor 41, emitter follower transistor 42, re 
sistor 43, ampli?er '44, diode 45a, differentiating network 
of capacitor 45 and resistor 46, and transistor 47. The 
input waveform 501 is coupled through capacitor 39 to 
diode 40, which passes only the positive going portions 
of Waveform 501, thereby trapping the positive peak 
voltage of 501 on storage capacitor 41, indicated as wave 
form 509. The emitter follower 42 passes this waveform 
through resistor 43 to point 48 where it is combined with 
waveform 506 coupled through diode 45a. Positive por 
tions of waveform 506 are not passed by diode 45 to 
point 48, hence during that portion of the cycle the posi 
tive plateau of waveform 509 controls the voltage at 
point 48. The negative portions of waveform 506 are 
passed by diode 45 to point 48, causing the voltage of 
waveform 509 to be dropped across resistor 43, and 
bringing the voltage at point 48 below cut off value for 
the base of transistor 44. Accordingly, waveform 510 is 
generated at point 48, whose amplitude for each cycle 
is a direct function of the peak amplitude of waveform 
501 for that cycle. 

Considering the amplitude control circuit with more 
detailed reference to the waveforms in FIG. 3, it will 
be seen that waveform 501 charges capacitor 41 during 
the time 523, resulting in the 526 portion of waveform 
509. Waveform portion 526 has substantially the same 
shape and amplitude as the portion 527 of waveform 
501, hence amplitude 530 of waveform 509 is substan 
tially equal to amplitude 529‘ of waveform 501. During 
time 523 square wave 506 is conducted to point 48 by 
diode 45a lowering the base of transistor 44 below cut 
off. During this time voltage of waveform 509 has no 
effect on the transistor 44 and is dropped across resistor 
43. Since diode 45a is cut off during the time 531, the 
voltage of waveform 509 controls, establishing the am 
plitude of waveform 510 at the value 530. 

Waveform 510 applied to the base of ampli?er 44 pro 
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4 
duces the desired square wave output signal embodied 
in waveform 511. Waveform 511 is differentiated by 
capacitor 45 and resistor 46 into waveform 512, and 
each positive going portion of waveform 511 produces a 
corresponding positive spike in waveform 512 triggering 
transistor 47 into momentary conduction to discharge 
storage capacitor 41. 
The foregoing description relates to the basic flow of 

a signal being processed in unit 11. There remain several 
re?nements to the processing unit that will now be de— 
scribed. It will be recalled that generation of the basic sig 
nal of the procesing unit, i.e., waveform 506, depends 
upon negative going zero crossings of input signal 501, 
producing one square wave cycle for each such zero cross 
ing. These negative going zero crossings are registered in 
the spikes of waveform 504. As illustrated in the draw 
ings, input signal 501 has one negative going zero cross 
ing per fundamental cycle. However, this input is usually 
a complex signal as illustrated by the secondary minimum 
at 536 in waveform 501 (see FIG. 3). As the amplitude 
of this input signal decreases, changes in the waveform 
may occur whereby a point Will be reached where the 
minimum point 536 crosses the Zero value, and there 
would thereby be produced a false or extraneous zero 
crossing which would immediately result in a doubling 
of the frequency of waveform 506. To eliminate this oc 
currence, a blanking signal is generated to blank out wave 
form 504 for most of the period between spikes, when 
such extraneous zero crossings are likely to occur. The 
blanking circuit is embodied in the feedback path between 
capacitor 51 and transistor 52. 

Sawtooth waveform 505 is coupled through capacitor 
51 to the base of transistor 50. Transistor 50 and its asso 
ciated circuitry responds to the sawtooth input in the same 
manner as squarer 33 to produce a wave output, except the 
load is designed to produce the rectangular waveform 507 
unsymmetrical in time, instead of the symmetrical wave 
form 506, with portion 532 extending for about 90% of the 
time period 525. Waveform 507, after passing through a 
resistance-capacitance-diode network appears as wave 
form 508 at the base of transistor 52. The voltage level 
of portion 533 of waveform 508 is chosen to render tran 
sistor 52 conductive, and non-conductive or cut off at a 
value slightly below. As a result, the base of transistor 26 
is blanked during the period 533 when transistor 52 is 
conductive. The shape and values of waveform 508 are 
selected to blank out the base of transistor 26 from ap 
proximately the 5% point to approximately the 90% point 
of the period 525. The margins at either end of the blank 
ing period are necessary to assure that the fundamental 
signal frequency zero crossings are not also blanked out. 
Otherwise, the base of transistor 26 would be driven posi 
tive by the true signal zero crossing spikes of waveform 
504 and simultaneously negative by transistor 52, and 
the system would not operate. 
Network 54, 55, 56 and 57 eliminates transients 1010 

and 1011 shown in the waveform diagram of FIG. 4. 
FIGURE 4'shows the operation of the blanking circuit 
under transient conditions, whereas, the above description 
‘and the waveform diagram of FIG. 3 shows its operation 
under steady state conditions. Waveform 1001 corresponds 
to sawtooth waveform 505 appearing at the output of tran 
sistor 30 when an input signal begins at instant 1007 and 
ends at instant 1008. Waveform 1002 appears at the base 
of transistor 50, and waveform 1003 corresponds to wave 
form 507 appearing at the collector of transistor 50. Dif 
ferentiating network 54, 55 produces waveform 1004, and 
diode 56 passes ony the negative portion thereof, produc 
ing waveform 1005 and eliminating transients 1010 and 
1011. These transients can cause frequency halving when 
notes are rapidly repeated; because if a second note begins 
during time 1009, it is possible for a true or desired zero 
crossing to occur during the time waveform 504 would 
be blanked out by transient 1010, and if just one desired 
or true zero crossing is blanked out the entire system must 
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operate at half frequency thereafter for the remainder of 
the note, rejecting each alternate true zero crossing as an 
extraneous zero crossing. 1- r l Y 

Waveform 1005 has a positive quiescent value which if 
coupled to transistor 52 would‘ blank out the base of tran 
sistor 26 between notes and render the system unrespon 
sive to the beginning of any note. However, passing Wave 
form 1005 through capacitor 59 results in waveform 1006, 
corresponding to waveform 508, having a quiescent value 
of zero. Resistor 60 adjusts the impedance to produce a 
very low slope for portion 533 of waveform 508, insuring 
effective blanking over the entire period of 533. Diode 61 
clamps the low value of Waveform 508 to ground provid 
ing a more effective drive of transistor 52. 

Time‘ 1012 is the delay between the beginning of a note 
andthe beginning of operation of the blanking circuits. 
This delay does not cause any difficulty since the need for 
blanking always commences sometime after the beginning 
of a note in the type of musical or input signal under con 
sideration. Moreover, time delay 1012 is actually an ad 
vantage in many instances where the note begins with a 
speaking tone or a beginning transient with contains a 
high portion of aperiodic components, non-harmonic com 
ponents or components having a rapid shift in frequency. 
In these instances, delay period 1012 gives the signal time 
to stabilize before blanking begins, which otherwise could 
result in the blanking circuit following a false frequency, 
or otherwisemalfunctioning. 
With respect to capacitor 58 in the blanking feedback 

network,it merely functions to produce the margin time 
534 afforded by the rounded portion 535 of waveform 
508. 
For certain types of aural inputs to the signal processing 

unit 11, as for example where the input signal is of the 
less complex variety, i.e., is nearly sinusoidal in form, the 
re?ned system embodying the sawtooth generator, its 
blanking circuit, and squarer circuit may not be essential. 
In such instance the clipped and inverted output wave 
form 502 obtainédat the collector of transistor 22 may be 
applied directly through the diode 45a to point 48 in the 
amplitude control circuit, whereupon the cycle by cycle 
amplitude control is obtained in the same manner as 
above-described. For this purpose a switch 125 is provided. 
When it is closed to contact 125a, the aural input signal 
is processed through the re?ned circuitry including the 
sawtooth generator, its blanking circuit, and squarer cir 
cuit. However, when the switch 125 is closed to contact 
125b, the output of transistor 22, waveform 502, is cou 
pled directly to the diode 45. Obviously, if desired, a pro 
cessing unit of lower performance characteristics could 
‘be, built, providing only the direct coupling of waveform 
.502 to the diode 45a, omitting the sawtooth generator, its 
blanking circuit, and the squarer circuit. 
As previously indicated, it is one of the principal pur 

poses of thepresent invention to take a musical input of 
one character andconvert it to a musical output of an 
other character, as for example converting the music of 
one instrument to that of a different instrument. To ac 
complish this objectivesuccessfully, it is essential that one 
be able to select the envelope of the signal during the 
processing operation, to correspond with that musical 
fva‘lue' desired at the-‘output. This operation is exempli?ed 
vand embodied in the networks 16' and selector switch 62. 
‘When switch 62 is in the position 63, the output signal 
511 is not affected, and it follows the amplitude envelope 
of the input signal 501. If the input were a plucked string, 
the output envelope would be the same, and is illustrated 
,as envelope 701 of FIG. 5. The switch position 64- pro 
duces an amplitude envelope for output waveform 511 
shown in envelope 702, which has a more gradual begin 
ning and is not ‘as percussive as that of envelope 701. The 
gradual beginning is caused by capacitor 67 requiring time 
.to charge through diode 68 and thus lowering level 530‘ 
at the beginning of a.,note. Switch position 65 results in 
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6 
the envelope 703 having a ?at top and sounding organ 
like. The ?at top is caused by diode 68 being returned to 
a ?xed voltage so that level 530 never exceeds that volt 
age value. Switch position 66 produces the amplitude en 
velope 704, which is a combination of envelopes 702 and 
703. It is contemplated that when the aural input of the 
processing unit is an expressive musical source, position 
63 would most likely be used in order to permit the ex 
pressiveness of the source to be re?ected in the output. 
One or another of the switch positions 64, 16-5, and 66 
would most likely be used to vary the musical expression 
of the output when the input is provided by an instrument 
having a ?xed amplitude envelope, such for example as a 
guitar. 
A further feature of the present processing system is a 

minimum input amplitude cut off circuit. Because the sig 
nal to noise ratio becomes su?iciently low to cause erratic 
operation of the sawtooth wave generator 26, 27, 30, it is 
desirable to provide a cut off circuit operable when the 
input signal amplitude falls below a certain value. This 
result is accomplished by taking the squared input signal 
as waveform 502 at the collector output of transistor 22, 
limiting it by means of diode 71 to a certain maximum 
value, passing this signal through diode 73, and integrating 
the resultant recti?ed relatively negative value of the signal 
on capacitor 74. So long as the waveform 502 obtains an 
amplitude value in excess of the limiting threshold estab 
lished by diode 71, the relatively negative value thereby 
established on capacitor 74 biases the transistor 47 below 
its out off value. However, when the amplitude value of 
waveform 502 falls below the limiting threshold of diode 
71, capacitor 74 moves positive, changing the bias on the 
base of transistor 47 to a conducting value, thereby blank 
ing the base of transistor 42 and rendering the amplitude 
control circuit inoperative and cutting off any output from 
the present processing unit. 

Operation of this threshold cut off circuit is explained 
in greater detail with reference to the Waveform chart of 
FIG. 6. Waveform 1101 is selected to represent an input 
waveform, and waveform 1102 is the corresponding 
squared wave appearing as the output of transistor 22. At 
the time point 1106, the amplitude of waveform 1102 
becomes too small for reliable operation of the succeeding 
stages. Waveform 1103 is that appearing at the negative 
side of diode 71 resulting from the clipping action of the 
diode by voltage 1107 at the positive side of diode 71. 
Voltage 1107 is selected so as to reduce the value of wave 
form 1103 to zero at time 1108-, shortly before time 1106. 
Waveform 1103 is passed by capacitor 72 and recti?ed by 
diode 73, producing waveform 1104 at the capacitor 74. 
Resistor 75 is selected to provide a positive quiescent 
value on the base of transistor 47, causing it to conduct 
and short out the signal on the base of transistor 42, thus 
preventing the amplitude control circuit from passing any 
signal. When the peak value of the input signal 1101 is 
such as to provide a peak value for waveform 1102 greater 
than the voltage value 1107, the voltage integrated on the 
capacitor 74 is maintained at a point where transistor 47 
is cut off, permitting the amplitude control circuit to on 
erate normally, as previously described. Accordingly, 
Waveform 1105 is the amplitude envelope of the output 
signal waveform 511, in which portion 111.0 re?ects op 
eration of the present threshold cut off circuit, and portion 
1109, in dotted line, is the tail end of envelope 1105 which 
would contain aperiodic signals if it were not eliminated 
by the present threshold cut off circuit. 

Pursuant to the foregoing description there is obtained 
at the output of transistor 44 a symmetrical square wave 
form signal 511, having a frequency equal to the funda 
mental frequency of the input signal 501 (or 1101 in FIG. 
6), and whose amplitude is a cycle by cycle function of 
the input signal amplitude which of course may be modi 
?ed When desired by the envelope shaping networks 61. 
Waveform 511 is dropped in amplitude across resistor 81 



foot pitch, the waveform 505 is frequency divider, as in 
dicated at 96, and then processed in the the same manner 
as indicated in the present circuit by utilizing the input sig 
nal 501 as the amplitude control therefor, as indicated at 
97 in FIG. 2. 

vided a system for processing an aural input of one tone 
color, to obtain an aural output of a different character, 
wherein the output is related in cycle by cycle correspond 
ence to the frequency and amplitude of the input. It is 
understood, of course, that the speci?c embodiment here 
in disclosed is presented only for purposes of illustrating 
the invention, and that modi?cations and variations will 
be apparent to those skilled in the art. Accordingly, such 
modi?cations and variations as are embraced by the spirit 
and scope of the appended claims are contemplated as 
being within the purview of the present invention. 
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and coupled through capacitor 82 as square waveform 
511 to the appropriate tone color ?lter units 13. 

Simultaneously, square waveform 511 is differentiated 
by capacitor 83 and resistor 84 to provide waveform 512. 
The negative spikes of this waveform are passed by diode 
85 to a sawtooth generator comprising the resistance ca 
pacitance network 86‘, 87, 8-8 and 89. Between negative 
spikes of waveform 512, capacitor 86 charges to a posi 
tive value, and then is suddenly discharged by a negative 
spike from waveform 512, thus forming the sawtooth wave- 1 
form 513. This waveform is then inverted by ampli?er '91 
to waveform 515, and again inverted and ampli?ed by 
ampli?er 92 to waveform 516. Waveform 516 is then 
passed to the appropriate tone color ?lter unit 13. 
By appropriate ?ltering of square waveform 514 and [5 

sawtooth waveform 516, a signal of desired tone color 
is obtained, as is well understood in the art, and this re 
sultant signal is then ampli?ed at 14, and passed to the 
output speaker 15 to provide an aural output. 
The circuit shown in FIG. 2 is the processing circuit 20 

for an 8 foot pitch, or the reference footage having the 
same pitch as the input signal. To obtain the next higher 
octave, or 4 foot pitch, the 4 foot coupler switch 93 is 
closed connecting the square wave output channel 94 and 
point 95 in the sawtooth output channel. On closing switch 
93, waveforms 514 and 515 are added, and with wave 
form 515 chosen to have a peak amplitude twice that of 
waveform 514, the output of the sawtooth channel is a 
sawtooth wave of double the frequency of waveforms 515 
or 514. This frequency doubling action is more fully ex 
plained in my copending application, Ser. No. 474,892, 
?led July 26, 1965, and entitled Frequency Doubler and 
Coupler for Electronic Music Generation Systems. 

25 

30 

In addition, to obtain the next lower octave, or a 16 

35 

Where multiple processing units are used, with a sep- 40 
arate aural input for each such unit, their respective saw 
tooth and square wave outputs may be combined into the 
sawtooth and square wave output channels of the present 
circuit, as indicated at 98 and 99'. 

Thus, pursuant to the present invention there is pro 

What is claimed is: 
1. In a system for converting an aural input signal of 

one tonal character to an aural output signal of a differ 
ent tonal character: ' 

(a) a processing unit comprising means for detecting 60 
a single ?xed reference point in each cycle of the 
fundamental frequency of said input signal; 

(b) said detecting means comprising means for gen 
erating a pulse for a selected direction of zero cfo'ss 
ing for each cycle of the fundamental frequency of 
said input signal; ' ' 

(c) said processing unit further including means re 
sponsive to said detecting means for generating a 
blanking signal extending from shortly after a given 
detecting means pulse to shortly before the next suc 
ceeding detecting means pulse to blank out extrane 
ous detecting means zero crossing pulses that may oc 
cur during a latter portion of a complex aural input 
tone; and 

70 

' (d) means responsive to said detecting means for gen- 75 

8 
erating one cycle of a square wave signal for each 
of said detected ?xed reference points in cycle-for 
cycle correspondence with the cycles of said input 
signal. 

2. In a system for converting an aural input signal of 
one tonal character to an aural output signal of a dif 
ferent tonal character: 

(a) a processing unit comprising means for detecting a 
single ?xed reference point in each cycle of the 
fundamental frequency of said input signal, said de 
tecting means comprising: 

( 1) means for clipping the input signal to obtain 
the fundamental frequency thereof, 

(2) means for differentiating the clipped signal 
to obtain pulses de?nitive of zero crossings of 
the input signal, and 

(3) means for rectifying the differentiated signal 
to obtain those pulses de?nitive of only one se 
lected direction of zero crossing; and 

(b) means responsive to said detecting means for gen 
erating one cycle of a symmertical waveform signal 
for each of said detected ?xed reference points in 
cycle for cycle correspondence with the cycles of said 
input signal. 

3. A system according to claim 2, said generating 
means comprising, 

(1) a sawtooth waveform generator producing one 
cycle in response to each of said recti?ed pulses, and 

(2) a square waveform generator responsive to the 
sawtooth generator and providing a linear and bi 
lateral load therefore producing one symmetrical 
square waveform cycle in response to each sawtooth 
waveform cycle. 

4. In a system as set forth in claim 3, said unit further 
including a second rectangular waveform generator re 
sponsive to said sawtooth waveform generator and pro 
viding a linear and non-bilateral load therefor producing 
one non-symmetrical rectangular Waveform cycle in re 
sponse to each sawtooth waveform cycle, means for cou 
pling the output of said rectangular waveform generator 
to the output of said rectifying means during a portion of 
the cycle of said non-symmetrical rectangular waveform 
to blank out extraneous pulses that may appear in the 
output of said rectifying means between successive pairs 
of rectifying means output pulses de?nitive of zero cross 
ings of the fundamental frequency of said input signal, 
as may occur during a latter portion of a complex aural 
input tone. 

5. In a system as set forth in claim 3, said unit fur 
ther including an amplitude control circuit comprising 
means for detecting the peak value of a given half of 
each cycle of said input signal, and means for combining 
said detected peak value with the corresponding cycle 
of said square waveform to provide a second symmetrical 
square waveform in cycle by cycle synchronism with the 
?rst mentioned symmetrical square waveform and hav 
ing an amplitude corresponding with the peak value of 
the corresponding input signal cycle. 

6. In a system as set forth in claim 5, said unit further 
including means for varying the amplitude envelope of a 
series of said second symmetrical square waveform cycles 
in accordance with a selected function. 

7. In a system as set forth in claim 5, said unit fur 
ther including means responsive to the amplitude of said 
clipped input signal for reducing to vzero the amplitude 
of said second symmetrical square waveform when the 
amplitude of said clipped input signal falls below a 
selected value. 

8. In a system as set forth in claim 7, said unit fur 
ther including a ?rst output channel coupling said sec 
ond symmetrical square waveform to tone color ?lter 
means, a second output channel including means for con 
verting said second symmetrical square waveform to a 
corresponding sawtooth waveform and coupling it to tone 
color ?lter means, and means for converting the outputs 
of said tone color ?lter means to sound. 
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9. In a system for converting an aural input signal of 

one tonal character to an aural output signal of a differ 
enttonal character: _ 
' ' (a) a processing unit comprising means for detecting a 

single ?xed reference point in each cycle of the fun 
damental frequency of said input signal; 

(b) said processing unit further including an amplitude 
control circuit comprising means for detecting the 
peak value of a given half of each cycle of said in 
put signal; 

((1) means responsive to said detecting means for gen 
erating one cycle of a symmetrical waveform signal 
for each of said detected ?xed reference points in 
cycle for cycle correspondence with the cycles of 
said input signal; and ‘ 

((1) means for combining said detected peak value with 
the corresponding cycle of said symmetrical Wave 
form to provide a second symmetrical waveform in 
cycle-by-cycle synchronism with the ?rst mentioned 
symmetrical waveform and having an amplitude 
corresponding with the peak value of the correspond 
ing signal cycle. 

10. In a system as set forth in claim 9, said symmetrical 
waveform signal generating means being a square wave 
form generating means, and said second symmetrical 
waveform being a square waveform. 

11-.' In a system as set forth in claim 10, said detect 
ing means comprising means for generating a pulse for 
a selected direction of zero crossing for each cycle of the 
fundamental frequency of said input signal. 

12. In a system as set forth in claim 9, said detect 
ing means comprising means for generating a pulse for a 
selected direction of zero crossing for each cycle of the 
fundamental frequency ‘of said input signal. 

13. In a system as set forth in claim 9, said unit fur 
therwincluding means responsive to said detecting means 
for generating a blanking signal extending from shortly 
after a given detecting means pulse to shortly before 
the next succeeding detecting means pulse to blank out 
extraneous detecting means zero crossing pulses as may 
occur during a latter portion of a complex aural input 
tone. 

14. In a system as set forth in claim 13, said sym 
metrical waveform signal generating means being a square 
waveform generating means, and said second symmetrical 
waveform being a square waveform. 

15. A system for converting an aural input signal of 
one tonal character to an aural output signal of a differ 
ent tonal character, including: 

(a) a processing unit comprising means for detecting 
the fundamental frequency of said input signal; 

(b) means responsive to said detecting means for gen 
erating a symmetrical waveform signal in cycle-for 
cycle correspondence with the cycles of said input 
signal; 

(0) amplitude means responsive to the amplitude of 
said input signal to adjust the amplitude of said sym 
metrical waveform signal; and 

((1) means for selectively varying the harmonic con 
‘ tent of said symmetrical waveform signal. 
16. A system according to claim 15, including means 

for converting the resultant signal to sound. 
17. A system according to claim 15, including means 

for varying the amplitude envelope of a series of cycle of 
said symmetrical Waveform signal in accordance with a 
selected function. 

18. In a system for converting an aural signal of one 
tonal character to an aural output of a different tonal 
character, means for determining the fundamental fre 
quency of said signal, means for generating a symmetrical 
Waveform signal of said frequency, and means for vary 
ing the amplitude of each cycle of said symmetrical 
waveform signal in accordance with the peak value of the 
corresponding cycle of said aural signal. 

19. In a system for converting an aural signal of one 
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10 
tonal character to an aural output of a different tonal 
character: 

(a) means for determining the fundamental frequency 
of said signal; 

(b) means for generating a symmetrical waveform 
signal of said frequency; 

(c) means for varying the amplitude of each cycle of 
said symmetrical waveform signal in accordance with 
the peak value of the corresponding cycle of said 
aural signal; 

(d) means for selectively varying the harmonic con 
tent of said symmetrical waveform signal; and 

(e) means for converting the resultant signal to sound. 
20. In a system as set forth in claim 19, means for 

varying the amplitude envelope of a series of cycles of 
said symmetrical waveform signal in accordance with 
a selected function. 

21. In a system for converting an aural input signal 
of one tonal character to an aural output signal of a dif 
ferent tonal character, a processing unit comprising means 
for converting an aural input signal to a signal substan 
tially rectangular in waveform and having a frequency 
equal to the fundamental frequency of said input signal, 
an amplitude control circuit including means for detect 
ing the peak value of a given half of each cycle of said 
input signal, and means for combining said detected 
peak value with the corresponding cycle of said rectangu 
lar waveform signal to provide a resultant signal in cycle 
by cycle synchronism with the input signal and having 
an amplitude corresponding with the peak value of the 
corresponding input signal cycle. 

22. In a system for converting an aural signal of one 
tonal character to an aural output of a different tonal 
character, means for determining the fundamental fre 
quency of said signal, means for determining the peak 
amplitude value of each aural signal cycle, and means 
responsive to the ?rst two means for producing a signal 
having a frequency equal to the fundamental frequency 
of the aural signal and each cycle having an amplitude 
related to said peak amplitude of the corresponding cycle 
of said aural signal. 

23. A system for converting an aural input signal of one 
tonal character to an aural output signal of a different 
tonal character, a processing unit comprising means for 
detecting the fundamental frequency of said input signal, 
means responsive to said detecting means for generating 
a symmetrical waveform signal in cycle for cycle corre 
spondence with the cycles of said input signal, and am 
plitude means responsive to the amplitude of said input 
signal to adjust the amplitude of said symmetrical wave 
form signal. 

24. In a system for converting an aural input signal of 
one tonal character to an aural output signal of a differ 
ent tonal character: 

(a) a processing unit comprising means for convert 
ing an aural input signal to a signal substantially rec 
tangular in waveform and having a frequency equal 
to the fundamental frequency of said input signal; 

(b) an amplitude control circuit including means for 
detecting the peak value of a given half of each 
cycle of said input signal; and 

(c) means for combining said detected peak value in 
synchronism with each cycle of said rectangular 
waveform signal to provide a resultant signal having 
an amplitude corresponding with the peak value of 
the corresponding input signal cycle. 

25. A system for converting an aural input signal of 
one tonal character to an aural output signal of a differ 
ent tonal character: 

(a) a processing unit comprising means for detecting 
the fundamental frequency of said input signal; 

(b) means responsive to said detecting means for gen 
erating a symmetrical waveform signal in cycle-for 
cycle correspondence with the cycles of said input 
signal; 
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(c) amplitude means responsive to the amplitude of 
said input signal to adjust the amplitude of said 
symmetrical waveform signal; and 

(d) said processing unit further including means re 
sponsive to said detecting means for resetting said 
amplitude means extending for only a portion of 
a cycle of said symmetrical waveform signal. 

26. A system for converting an aural input signal of 
one tonal character to an aural output signal of a differ 
ent tonal character: 

(a) a processing unit comprising means for detecting 
the fundamental frequency of said input signal; 

(b) said detecting means comprising low pass ?lter 
means for said input signal to obtain the fundamen 
tal frequency thereof; 

(c) means responsive to said detecting means for gen 
erating a symmetrical waveform signal in cycle-for 
cycle correspondence with the cycles of said input 
signal; 

(d) said generating means comprising a ?rst sawtooth 
waveform generator producing one cycle in response 
to each cycle of the fundamental frequency; 

(e) amplitude means responsive to the amplitude of 
said input signal to adjust the amplitude of said 
symmetrical waveform signal; and 

(f) a second sawtooth waveform generator responsive 
to the symmetrical waveform signal and producing 
one sawtooth waveform cycle in response to each 
symmetrical waveform cycle. 

27. A system for converting an aural input signal of 
one tonal character to an aural output signal of a differ 
ent tonal character: 

(a) a processing unit comprising means for detecting 
the fundamental frequency of said input signal; 

(b) means responsive to said detecting means for ‘gen 
erating a symmetrical waveform signal in cycle-for 
cycle correspondence with the cycles of said input sig 
nal; and 

(c) amplitude means responsive to the amplitude of 
said input signal to adjust the amplitude of said sym 
metrical waveform signal, said amplitude means fur 
ther comprising 

(1) means for detecting the peak value of a given 
half of each cycle of said input signal, and 
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(2) means for combining said detected peak value 
with the corresponding cycle of said symmetri 
cal waveform to provide a second symmetrical 
waveform in cycle-by-cycle synchronism with 
the ?rst mentioned symmetrical Waveform and 
having an amplitude corresponding with the 
peak value of the corresponding input signal 
cycle. ~ 

28. A system as set forth in claim 27, including a 
?rst output channel coupling said second symmetrical 
waveform to tone color ?lter means, a second output 
channel including means for converting said second sym 
metrical waveform to a corresponding sawtooth wave 
form and coupling it to tone color ?lter means, and means 
for converting the outputs of ‘said tone color ?lter means 
to sound. 

29. An amplitude control circuit- comprising means 
for detecting the peak value of a givenlhalf of an input 
signal, symmetrical waveform means responsive to said 
input signal to provide a ?rst symmetrical waveform hav 
ing a frequency octavely related to the fundamental fre 
quency of said input signal, and means for combining 
said detected peak value with the corresponding cycle of 
said ?rst symmetrical waveform to provide a second 
symmetrical waveform in cycle by cycle synchronism 
with said ?rst symmetrical waveform and having ampli 
tude corresponding with the peak value of the correspond 
ing signal cycle. ' - 

30. A circuit as set forth in claim 29, wherein said 
?rst symmetrical waveform signal generating means be 
ing a square waveform generating means, and said sec 
ond symmetrical waveform being a square waveform. 
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