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ABSTRACT OF THE DISCLOSURE 
The present invention relates generally to electronic 

musical instruments, and more particularly to electronic 
stringed instruments, wherein transducers coupled to the 
strings are used as tone sources, and wherein the tonal 
outputs of the strings may be modified in a variety of 
ways in pre-established degrees by means of a limited 
number of simple on-off controls, and in such manner as 
to simulate at will the tonal output of some members at 
least of an entire family of stringed instruments. 

Many instruments of a family, e.g., the guitar family, 
are made in various forms, sizes, and tone capabilities. 
In such case, the musician may be impelled to own and 
to transport and have available for playing and example 
of each form of the instrument contained within the 
family, at considerable cost and inconvenience. Electric 
Electric guitars are known which transduce the motion of 
the strings of a guitar to electrical signals, and filter the 
signals to modify the timbre or quality of the tone prior 
to electro-acoustical transduction and radiation of the 
signals. According to the present invention the filters em 
ployed to modify tone quality are specifically designed 
to produce tone qualities appropriate to the several indi 
viduals of a family of instruments. For example, in the 
case of the guitar, there are the classic guitar, the type 
used for Western music, the rock-and-roll guitar, the 
Hawaiian guitar, the bass guitar, the solo guitar, and the 
like. 
The modification of timbre or tone quality alone does 

not exhaust the possibilities of modifying guitar tones 
electrically. In accordance with a further feature of the 
invention, a modulator is provided which can provide 
pre-selected frequencies of either vibrato or tremolo, and 
at various modulation depths for tremolo and frequency 
deviations for vibrato. The various selections to be made 
are available by push-button activated switches, so that 
reproducibility of tone is always available, in terms of 
manipulation of selected switches. The switch actuators 
can be interlocked so that selection of one tone quality, 
for example, disables selection of all others. 

It is, accordingly, a broad object of the invention to 
provide easily reproducible electrical simulations of, and 
enhancements of the tones of some at least of a family 
of guitars, while only one member of the family is being 
played. 
For some forms of pickups used in stringed instru 

ments, and for some locations of the pickups with respect 
te) the bridge of an instrument, many of the partials of 
the tones of the instrument are not transduced. Partials 
may be added, according to the invention, by clipping the 
tones as actually tranduced, and the tone forming filters 
may then be designed to select desired relative partial 
amplitudes of the complex wave provided by the clippers 
in order to generate desired tone colorations. 
Another feature of the invention resides in the pro 

vision of a modulator capable of modulating, in both fre 
quency and amplitude, a wide-band spectrum representing 
musical tones, the frequency-modulated and amplitude 
modulated tones being available at separate output ter 
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2 
minals, and the extent of frequency deviation and the 
depth of amplitude modulation being selectable at will. 

It is another object of the invention to solve the prob 
lem of providing a large number of tone qualities at low 
cost by providing for multiple usage of circuit compo 
ments in different filters. 
The above and still further objects, features and ad 

Vantages of the present invention will be come apparent 
upon consideration of the following detailed description 
of one specific embodiment thereof, especially when 
taken in conjunction with the accompanying drawings, 
wherein: 
FIGURE 1 is a block diagram of a controller and 

modulator system for electronic guitars; 
FIGURE 2 is a block diagram of a modification of the 

system of FIGURE 1; 
FIGURES 3A, 3B taken together are a schematic circuit 

diagram of a system according to FIGURE 1; 
FIGURE 4 is a schematic circuit diagram of a signal 

clipper employed in the system of FIGURE 2; 
FIGURE 5 is a tone forming system with button con 

trolled filter capable of replacing a tone forming filter 
system employed in the system of FIGURES 3A, 3B; 
FIGURES 6A-F indicate schematically the several 

filters resultant from activation of the several push but 
tons of FIGURE 5, and their characteristic frequency 
responses; 
FIGURE 7 illustrates in pictorial and block form one 

embodiment of the invention; 
FIGURE 8 illustrates in pictorial and block forman 

other embodiment of the invention; 
FIGURE 9 illustrates in pictorial and block form yet 

another embodiment of the invention; 
FIGURE 10 illustrates in pictorial and block form a 

still further embodiment of the invention; and 
FIGURE 11 illustrates in block form an embodiment 

alternative to that of FIGURE2. 
Referring now to the accompanying drawings, in 

FIGURE 1, numeral 10 identifies the pick-up section of 
an electric guitar and may comprise at least one electro 
magnetic or piezo-electric transducer per string. The out 
put of the pick-up section of the guitar is in electrical 
form and represents tones, including the partials, gen 
erated by the vibrating strings of the instrument. It is 
known that the relative amplitudes of the partials of any 
tone can be modified by varying the positions of the 
String pick-ups with respect to the bridge of the instru 
ment, and the positions of the system of FIGURE 1 
are selected to provide a full complement of partials. 
The electrical signals produced by the pick-ups 10 are 

passed by an isolating amplifier 11 to a series of parallel 
filters 12, 13, 14, 15, 16, 17, which are tailored to pro 
vide desired tone colorations, and which may be selected 
individually or in combination by the tone-color selection 
Switches 18. The tone color filters may include a filter 12 
which is purely resistive and therefore passes all partials 
With the same attenuation, a low-pass filter 13, and a 
high-pass filter 17, and various tone formant filters 14-16, 
inclusive. These latter provide tone colorations, at least 
some of which may be consonant with the outputs of 
members of the guitar family which differ in kind from 
the coloration provided by filter 12. For example, if the 
filter 12 provides the coloration of a rock-and-roll guitar, 
formant filter 14 may convert the tone to that of an 
acoustic guitar, etc. 
The output of the filter bank is applied via an ampli 

fier 20 to a modulator 21. The latter is provided with 
Sub-audio signal at a frequency suitable for vibrato and/ 
or tremolo production, by oscillator 22. The oscillator 22 
is provided with a frequency control, for providing a 
range of Suitable sub-audio oscillations. The modulator 
21 is capable of providing frequency-modulated output or 
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amplitude-modulated output, in response to modulation 
signal provided by oscillator 22, at separate output termi 
nals. Modification of frequency deviation is provided by 
control 23, and depth of amplitude modulation by control 
24. The frequency- and/or amplitude-modulated signal is 
derived in a summing amplifier 25, power amplified in 
amplifier 26 and radiated by loudspeaker 27. 

It is a feature of the invention to provide selective 
tones, frequencies of modulation, deviations of frequency 
modulation and depth of amplitude modulation, by push 
button control. This assures reproducibility and ease of 
control. To accomplish this result, the various controls 
are incorporated in push-button form, so that operation 
of selected push buttons generates pre-selected tone col 
orations which are always the same for a given selection 
of push buttons. 

It is well known in the art of electrical guitars that the 
location of the pick-ups of mechanical-electrical trans 
ducers with respect to the bridge of the instrument deter 
mines the cnaracter of the overtones which will be 
transduced. It can, therefore, be the case that many 
overtones present in the audible music produced by the 
strings themselves are not transduced, depending on pick 
up location, or it can be the case that even though all 
partials are transduced, many of these are in lesser ampli 
tude at the transducers than they are in the actual instru 
ment. To overcome this difficulty, use can be made of 
individual clippers, one in series with each pick-up. 

Referring now to FIGURE 2 of the drawings, four 
representative pickups 30, 31, 32 and 33 are illustrated, 
each of which pertains to a different string of the instru 
ment. In cascade with the separate pick-ups are individ 
ual clippers as 34, 35, 36 and 37. These may be individu 
ally adjusted to produce desired harmonics or partials on 
vibration of the strings of the instrument, generally 
serving to augment the total number of partials available 
and their amplitudes relative to the amplitude of the 
fundamenal. The several clippers are then connected to 
tone forming filters 12-17, the outputs of which are 
utilized precisely as in FIGURE 1, FIGURES 1 and 2 
being identical to the right of the line A. However, the 
specific tone forming filters may or may not be identical 
in the two forms of the invention, since the precise con 
tours of the filters must be established in terms of the 
character and extent of the partials which must be filtered 
to form desired tones. 

In FIGURE 3A there is illustrated schematically an 
isolating amplifier and an array of tone-forming filters 
such as might be used in the system of FIGURES 1 or 2. 
An input jack 50 is provided which supplies signal from 
the several string motion transducers to the base 51 of a 
transistor 52 forming part of a conventional emitter foll 
lower amplifier 53. The amplifier thus provides isolation 
between the transducers and following tone coloration 
filters, while providing suitable impedance matching be 
tween the two. The output of the amplifier 53 appears on 
Switch 54 and is applied via a bus 55 in common to a 
series of 10 filters, via selector switches 18. The upper 
most filter 12 is a resistance pad and accordingly when 
signal is passed via filter 12, no change occurs in the 
tone as provided on the bus 55. The remaining filters 56, 
57, 58, 59, 60, 61, 62 and 63 are all bandpass filters, the 
several filters 56-63 being of the same configuration but 
utilizing different circuit values. The shunt elements of the 
filters comprise each an inductance, as 64, and a capaci 
tor, as 65, and are tuned to different frequencies. In the 
order of the numerals of reference, i.e., 56 to 63, incl., 
the mean frequencies to which the filters are tuned are 
175 c.p.s., 330 c.p.s., 460 c.p.s., 600 c.p.s., 770 c.p.s., 980 
c.p.s., 1350 c.p.s., and 2000 c.p.s. The bandpass filters are 
in the nature of tone formants and each provides a differ 
ent tone coloration, and some at least may be appropriate 
to a type of guitar. In addition to the filters already de 
scribed, a high-pass filter 66 is provided which passes all 
frequencies over 2,000 c.p.s., and which is generally of 
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4. 
conventional configuration. Outputs of the selected filters 
applied to a common terminal 70, which in turn is con 
nected to a conventional amplifier, generally indicated by 
the refernce numeral 72, and the latter supplies the audio 
signal to a vibrato and tremolo modulator 73, via termi 
a 75. 
The modulating circuit 73 (FIGURE 3B) is capable of 

either amplitude modulating to produce tremolo or fre 
quency modulating to produce vibrato, and a subsonic 
oscillator 74 Supplies modulating signal to the modulating 
circuit 73. 
The amplifier 72 is a conventional two-stage transistor 

ized amplifier, the design constants of which are provided 
in the accompanying drawings, and which need not be 
described in detail. The output of the amplifier 72 is 
present at terminal 75, which supplies audio signal in 
parallel to the bases 76, 77 of two PNP transistors 78 and 
79. The collector of transistor 78 is connected to a nega 
tive power source 80 (-12 v.) via a small load resistance 
78a, and the emitter of the transistor 78 is connected to 
(--6 v.) through a small resistance 81. 
The terminal 135 is connected to the subsonic oscillator 

74, which presents to the terminal 135 a modulated im 
pedance. Lead 82, connected to terminal 135, connects 
this modulated impedance to the emitter of transistor 78. 
The output of transistor 78, at its collector, is thus 
mcdulated, i.e. consists of the audio band modulated in 
amplitude subsonically. 
The amplitude-modulated audio band is coupled from 

the collector of transistor 78 via capacitor 86 to a ter 
minal 87. From terminal 87 the modulated audio band 
may proceed, via one of capacitors 100, 101 and lead L 
to the base of transistor 79. Alternatively, the modulated 
audio band may proceed via one of resistances 107-110, 
incl. to a terminal 87a, isolated from terminal 87 by 
resistance 87 b. 

Considering the frequency vibrato modulated aspect of 
modulator 73, a phase shift is introduced in a path from 
the collector of transistor 78, to terminal 87, lead L1, 
terminal 87a, one of capacitors 100, 101 and to the 
base 77 of transistor 79. As variable sub-audio voltage is 
effectively applied to terminal 135, by varying the load 
across emitter load 81, the phase shift varies. 
On the other hand, amplitude-modulated audio band, 

present at the collector of transistor 78, can proceed 
via terminal 87, lead L1, one of resistances 107-110, 
incl., lead L to terminal 87a. Depth of amplitude modula 
tion is selected by selection of resistances 107 to 110, 
incl. Accordingly vibrato output derives from the terminal 
93, while tremolo output is selectively switched via 
switches 114, 116, 118 and 120 from terminal 87, and 
appears on terminal 87a. So long as switches 102, 103 
are open there is no vibrato, since the base of transistor 
79 is disconnected from the coupling capacitor 86. When 
one of the vibrato switches 102, 103 is closed, the output 
of the transistor 78 feds through one of capacitors 100, 
101, to provide selective vibrato swings or deviations of 
frequency. 
When both frequency vibrato switches 102, 03 are 

open, and one of switches 114, 116, 118, 120 closed, 
amplitude vibrato, or tremolo, is produced. 

Different degrees of tremolo i.e., different depths of 
amplitude modulation, are produced by connecting differ 
ent attenuating resistances 107, 108, 109, 110 (of values 
3.3M, 1.5M, 680 and 330 respectively), between point 
87a and a point 111. The latter point is connected to 
ground through a resistance 12, for application to sum 
ming amplifier 90. 
The oscillator 74 which supplies modulating signal to 

the modulating device 73 is an RC oscillator 74 having 
two cascaded transistors 13, 114, and a phase-shift feed 
back path 121. Phase-shift feedback circuit 121 includes 
three series capacitors C, C2, C3 connected in feedback 
path 121 between the collector of transistor 114 and the 
base of transistor 113. A fixed resistance R1 extends from 
the junction of C1 and C2 to ground and an adjustable 



3,493,669 
5 

resistance network R2 extends from the junction of C2 
and C3 to ground. The adjustable resistance R2 includes 
five parallel paths consisting, except for one path, of 
a switch and a resistance, the paths being identified by 
the numerals of reference 124, 126, 128, 130, 132. The 
path 130 includes zero resistance, so that when it is 
closed, the oscillator is disabled by shorting of its feed 
back path 121. The remaining parallel paths contain, 
respectively, different resistances to provide different 
values of oscillatory frequency for oscillator 74. Path 
132 contains no switch, so that opening of the 130 path 
places path 132 in circuit and oscillations occur. As ad 
ditional paths 124, 126, 128 are closed the oscillatory 
frequency is modified. But closure of path 130 disables 
the oscillator regardless of which other paths are open 
or closed. 

Accordingly, the oscillator rate may be one of several 
rates, as established by the paths 124, 126, 128, 132, or 
the oscillator may be turned off by closing the switch 130. 
The modulated impedance seen looking into terminal 
135 is produced by diodes D1 and D2, and subaudio 
current supplied from oscillator 74 via resistance 137. 
The impedance of D1 and D2 is inversely proportional to 
the forward current through resistor 127. This impedance 
is then modulated by the subaudio current Supplied via 
resistance 137. Capacitors C5 and C6 are selected to be 
relatively high impedances at the subaudio frequency and 
relatively low impedances at the audio frequency. At the 
audio frequency D1 and D2 are seen in parallel looking 
into terminal 135. For this condition the diodes are re 
versed relative to each other and compensate for the 
non-linearity of each other. This compensation eliminates 
even-harmonic distortion. 
The tone forming filter system of FIGURE 3A operates 

brute force, in that it employs multiple independent filters 
selectable by switches. In FIGURE 5 is illustrated a more 
sophisticated filter in which a limited number of filter 
components are selectively connected in circuit, at will, 
to provide desired filter characteristics. Six sets of push 
button-actuated switches are provided, which, when 
actuated, provide the filter configurations of FIGURES 
6a to 6f, inclusive. 

In FIGURE 5, 54 is an input terminal and 70 an out 
put terminal, the numeration corresponding with that 
employed in FIGURE 3A. 

Signal provided at terminal 54 is applied to a first bus 
200. A plurality of further buses 200a, 200b, 200c, 200a, 
is provided, of which 260 represents a first bus, con 
nected to input terminal 54, and 200d represents a fifth 
bus, connected to output terminal 70. Buses 200a, 200b, 
200c, then represent second, third and fourth buses. Each 
of buses 200b and 200c are shown as double leads, but 
in fact these double leads are directly interconnected 
and always carry the same signal. The push-button Switch 
actuators available are denoted S1-S6, inclusive. With 
S1 actuated, switches S10, S11, S12 are closed, all others 
being open. A circuit then proceeds through Series resist 
ance R10, and via shunt capacitor C10 to ground. Resist 
ance R10 proceeds to S10 and thence to coil L0 in 
parallel with R12, to S11, lead 20, and series resistance 
R11 and terminal 70, a shunt capacitor C1 being asso 
ciated with resistance R11. Further, S13 leads to resist 
ance R22, which via S13, and resistance R22, also paral 
lels L10. Further, S12 connects a resistance having 27K 
in parallel with R11. The filter configuration resulting is 
essentially that of FIGURE 6a. 

If push-button S2 is actuated, switches S20, S22 are 
closed (and all others opened), providing a circuit from 
bus 260 to series resistance R20 and shunt resistance 
R21, through switch S20 to coil L10, with R12 in parallel 
with L0, and thence via S22 to R23, C23 to terminal 79. 
The resulting circuit configuration is that of FIGURE 6b. 

With switch S3 push-button actuated, switches S30 and 
S31 are closed, resulting in a circiut through resistance 
R30, to switch S30, lead 204, which in turn connects to 
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6 
lead 205 and via switch S31 to RC network 205, and ter 
minal 70. A coil L2 is connected from lead 205 to 
ground: the resulting configuration is that of FIGURE 6c. 
When push button S4 is actuated, switches S40, S41, 

S42 and S43 are closed. A circuit then proceeds from bus 
200, R10, C10, S40, L10, R12, S41, lead 201 and R11, 
C11. In addition, a circiut proceeds from bus 200, to 
capacitor C40. S42, S43, and resistances R40, R41 to 
terminal 70, whereby coil L2 is connected to ground at 
the junction of C40 and R40 plus R41. The circuit con 
figuration is thus that of FIGURE 6d. 
When S5 push button is actuated, switches S50 and 

S51 are closed. The resulting circuit includes C40 and 
R41 in series, with L2 connected from their junction to 
ground, i.e. the configuration of FIGURE 6e. 
When S6 push button is actuated, switches S60 and 

S61 are closed, providing a circuit composed of C40 and 
R60 in series, and resistance R61 connected from their 
junction to ground, i.e., the configuration of FIGURE 6f. 

Rough indications of the pass bands of the several 
filters are provided adjacent to the filter configurations 
of FIGURES 6a-6f, plotted to logarithmic scale, with a 
maximum frequency of 10 kc. and peaks or valleys are 
numerically provided. 
We have arrived at the conclusion, after much experi 

mentation, that the use of vowel formants as a basis 
for designing guitar tone forming filters, presents a useful 
approach. For example, a low-pass filter (FIGURE 6a) is 
employed, which provides a “soft' output in response to 
guitar music, the filter being generally of the type which 
would isolate an oo sound, from a broad frequency 
spectrum. A second filter (FIGURE 6b) is designed to 
produce an a sound, a third (FIGURE 6c) to produce an 
a sound, a fourth (FIGURE 6d) to produce a sound be 
tween fi and e, a fifth (FIGURE 6e) to produce a sound 
between ä and 3, and a sixth (FIGURE 6f) to produce 
an ee sound. The sounds therefore extend from very soft 
to strident. The filters may also be described as suitable 
for producing Background, Bass, Mood, Solo, "rock and 
roll' and “wild dog,' types of sound, respectively. Pre 
cise circuit values for the circuit components are provided 
in the accompanying drawings and are not here repeated. 
A filter system such as that illustrated in FIGURE 5 

may be physically housed in different locations in an elec 
tric guitar system. For example, in FIGURE 7, a filter 
system 150, controlled by actuating means 151, may be 
placed inside the body of a guitar 152, there being connec 
tions as illustrated to a pickup or sensing means 154 and 
to an output system 156. The latter may be a standard 
guitar amplifier unit having its usual amplifier, controls 
and loudspeaker (not shown). 
Another example of location of a filter system is illus 

trated in FIGURE 8, wherein the pickup 158 of a guitar 
160 is connected as shown to a separate filter box 162, 
with actuators 63, there being a connection to a stand 
ard amplifier unit 164. 
A third example of filter location is illustrated in FIG 

URE 9, wherein the pickup 166 of a guitar 68 is con 
nected as shown to a filter system 170, with actuators 
171, located within an amplifier unit 172. 
A fourth example of filter location system is illus 

trated in FIGURE 10, wherein pickup 174 of a guitar 
176 is connected as shown to a filter system 178, with 
actuators 180, located within the body of the guitar 176, 
connection being made to an output system 182 located 
also in the guitar 176, the circular element 184 represent 
ing acoustical radiating means. 
FIGURE 4 represents circuitry of any of clippers 34 

37 of FIGURE. 2. Signal input is supplied from string 
vibration transducer coil 309 to the base of transistor 142 
and transistor 144 in parallel. Transistor 144 supplies sig 
nal to a load terminal 301 via a diode 146. 
The transistor 144 is collector loaded, by resistance 

302, and the collector supplies negative feedback, via 
capacitive voltage divider 303, 304 to both transistor 142 
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and transistor 144. The feedback is negative and occurs 
as the input signal exceeds a predetermined value, where 
by the circuit limits at that value. 

In the system of FIGURE 2, there was shown an en 
bodiment in which the filters were ahead of the modulator. 
One skilled in the art will realize that the locations of 
these elements may be reversed. In FIGURE 11, a pickup 
section 10a, corresponding to 30-37 inclusive in FIGURE 
2, is shown connected to a preamp 11a, which, in turn, is 
connected to a modulator 2a, the latter two elements 
corresponding generally to 21, 22-25 of FIGURE. 2. 
Subsonic oscillator 22a feeds the modulator 2Ea. Filter 
section 18a is shown connected between the modulator 
21a and output system 26a, the latter corresponding to 
elements 26 and 27 of FIGURE 2, 

While we have described and illustrated one specific 
embodiment of our invention, it will be clear that varia 
tions of the details of construction which are specifically 
illustrated and described may be resorted to without de 
parting from the true spirit and scope of the invention as 
defined in the appended claims. 
We claim: 
1. In an electric guitar system and the like, the con 

bination comprising: 
at least one pickup means for sensing the vibrations 

of each individual string of said guitar, 
multiple harmonic generation means connected in cas 

cade with said at least one pickup means, 
vibrato modulation means connected in cascade with 

said harmonic generation means, 
an electro acoustic output system connected in cascade 

with said modulation means, 
said harmonic generation means including tone signal 

clippers which in response to a complex musical 
tone signal representative of said vibrations generates 
an array of harmonics harmonically related to the 
frequencies of said tone signal, and 

tone color filter means coupled between said harmonic 
generation means and said output System. 

2. The combination according to claim 1, wherein said 
filter means comprise: 

a plurality of parallel-arranged, band-pass filters having 
different pass regions, and 

switching means associated with each of said filters, 
whereby different bands may be selected at will. 

3. The combination according to claim 1, including: 
subsonic frequency and amplifier modulation means 

coupled in series with said filter means to said output 
means to provide frequency and amplitude vibrato 
of said tone signals. 

4. In an electric guitar system, 
a source of tone signals, 
a load, 
a selective tone color filter component array connected 

in cascade between said source and said load, 
said selective tone color filter component array includ 

ing a plurality of electrical circuit elements, 
said elements including inductances, capacitors and 

resistances, 
a plurality of multiple switch assemblies each compris 

ing a plurality of switches, 
a plurality of separate actuators each operative to op 

erate all the switches of one of said multiple switch 
assemblies, and 

means connecting said circuit elements with said 
switches in such interconnection that the same circuit 
elements are common to and are interconnected by 
plural ones of said switches to synthesize a tone 
color filter and that operation of each different one 
of said actuators synthesizes a different tone color 
filter containing selected ones of said circuit elements 
which are common to plural ones of said filters. 

5. The combination according to claim 4, wherein said 
tone color filter array includes plural leads between which 
is connected at least one filter component, and 
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8 
means connecting in common contacts of diverse ones 
of said switches to said common leads. 

6. The combination according to claim 4, wherein said 
tone color filter array includes parallel filter paths ex 
tending from all said transducers, 

a first common lead, 
plural ones of said switch arrays including each a switch 

for connecting one of said parallel filter paths to 
Said common lead, 

a Second common lead, 
a filter component permanently connected between said 

first and second common leads, 
at least one of said switch arrays including a switch for 

interconnecting said first and second common leads. 
7. In an electric music system, 
a source of tone signals, 
a load, 
a selective tone color filter component array connected 

in cascade between said source and said load, 
said selective tone color filter component array includ 

ing plural simpler tone color filters, 
a plurality of multiple switch assemblies each includ 

ing a plurality of normally open Switches, 
a plurality of separate actuators each arranged to close 

the switches of one only of said assemblies, 
means responsive to actuation of each of said actuators 

for interconnecting selected ones of said simpler tone 
color filters into more complex tone color filters con 
nected between said transducers and said load, 

wherein at least some of said simpler tone color filters 
are common to plural ones of said actuators, 

wherein said array includes, connected in series with 
said source of tone signals and in parallel with each 
other the inputs of a low pass filter and a resistive 
pad, 

a first bus, 
switches for selectively connecting the outputs of said 
low pass filter and said resistive pad to said first bus, 

a second bus, 
a parallel inductance-resistance filter permanently con 

nected between said first bus and said second bus, 
parallel paths extending from said second bus, 
each path including a separate further switch, 
a third bus, 
further switches for selectively connecting said second 

bus to said third bus and said first bus to said third 
bus, 

a fourth bus, 
a plurality of further diverse low pass filters, 
still further switches for selectively connecting the in 

puts of said further diverse low pass filters to said 
fourth bus, and 

means connecting the outputs of said further low pass 
filters to said load. 

8. A tone color system for an electronic musical instru 
ment, including 
an input terminal, 
an output terminal, 
first, second, third, fourth and fifth buses, 
means connecting said input terminal to said first bus 
and said output terminal to said fifth bus, 

a plurality of diverse first filters, 
means connecting said first filters selectively at will 
between said first and second buses, 

a second filter comprising inductance, 
means connecting said second filter between said sec 
ond and third buses, 

means connecting said second and third buses selec 
tively at will to said fourth bus and to said fifth bus, 

a plurality of diverse second filters, and 
means connecting said diverse second filters selectively 

at will between said fourth and said fifth buses. 
9. The combination according to claim 8, wherein is 

further provided a filter inductance connected between 
75 Said fourth bus and ground. 



3,493,669 
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10. The combination according to claim 8, wherein 3,213,180 10/1965 Cookerly et al. ------- 84-1.16 
said last means includes switches selectively operable in 3,215,767 11/1965 Martin. 
predetermined combinations in response to a single actu- 3,307,050 2/1967 Castle ---------- 84-1.19 X 
ator for each predetermined combination. 3,340,343 9/1967 Wol -------- 84-1.16 X 
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