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ELECTRONICMUSICAL INSTRUMENT 
EMPLOYNGWARIABLE RESISTOR 

FNGERBOARDS 
This is a divisional application of Ser. No. 1 1,983, 

filed on Feb. 17, 1970 (now U. S. Pat. No. 3,626,350). 
BACKGROUND OF THE INVENTION 

This invention relates to a variable resistor for 
operating an electronic musical instrument which ena 
bles a player to operate the musical instrument in sub 
stantially the same manner as an ordinary electronic 
musical instrument provided with a keyboard and more 
particularly to a variable resistor which permits the 
player to produce a monophonic signal as well as a 
chord signal of any tone pitch, or a portamento signal 
wherein the tone pitches of the monophonic and chord 
signals are continuously varied and to readily vary the 
pitch, and tone color of the musical tone signals or to 
perform such operations singly or in combination. 
As a recent trend it is highly desirable for electronic 

musical instruments to be provided with an operating 
portion which can produce a variety of music with as 
simple an operation as possible. 
However, in the conventional keyboard operated 

musical instrument although it is possible to produce a 
monophonic, chord or glissando signal of any tone 
pitch it is not possible to produce a portamento signal 
wherein the tone pitch is varied continuously. Accord 
ing to one operating portion of a prior art musical in 
strument capable of playing the portamento, for exam 
ple, in the Ondes Martenot, a ribbon with rings for 
receiving fingers is passed in an endless form around a 
plurality of spaced apart pulleys and the ribbon is 
moved toward right or left to continuously vary, the 
capacitance values of variable capacitors so as to con 
tinuously varying the oscillation frequencies of a varia 
ble frequency oscillator, thus continuously varying the 
tone pitch. - . 

However, with the above described construction, it is 
possible to play only the portamento wherein the tone 
pitch is varied continuously but it is not possible to play 
melodies wherein sounds of any tone pitch are varied 
discontinuously or stepwisely. Thus, said arrangement 
is constructed to play monophonic signals alone and is 
not suitable to play chord signals. 
Another example of the operating portions for prior 

art musical instrument capable of playing portamento 
involves utilization of a normal close type sliding re 
sistor as an element for determining the oscillation 
frequency of a variable frequency oscillator acting as a 
tone signal generator. 
However, with such an operating portion utilizing a 

normal close type variable resistor, similar to above 
described Ondes Martenot, although it is possible to 
play a portamento signal, it is difficult to play a melody 
signal. Moreover, it is difficult to start to play from any 
desired point unless the contact of the resistor has 
previously been set to a desired position. Thus, it is not 
possible to provide rapid and smooth playing. 
Moreover, there is a problem that during playing slide 
noises are introduced owing to the sliding contact of 
the variable resistor. 

SUMMARY OF THE INVENTION 
Accordingly, it is the principal object of this inven 

tion to provide a novel variable resistor for operating 
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an electronic musical instrument having a simple nor 
mal open contact type construction which can be 
operated in substantially the same manner, as a 
keyboard of a conventional keyboard operated elec 
tronic musical instrument, said variable resistor being 
used as an element for determining the oscillation 
frequency of a variable frequency oscillator acting as a 
tone signal generator, a variable tone coloring con 
troller of a tone coloring filter, or a variable volume 
controller for variably controlling the volume of the 
musical tone signal so as to enable to the playing of not 
only monophonic, chord and portamento signals but 
also to readily and smoothly vary the volume and/or 
coloring of the musical tone signals. 

In accordance with this invention, there is provided a 
variable resistor for operating an electronic musical in 
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strument comprising an elongated rectangular base 
member, a plurality of strip shaped resistor bodies 
formed on one surface of the base member, a resilient 
pressure contact member covering the surface of the 
base member on which the resistor bodies are carried 
and a plurality of mutually spaced apart strips of con 
ductive metal respectively confronting the resistor 
bodies with a small gap therebetween. Alternatively, 
each pair of a resistor body and a strip of metal may be 
enclosed by an independent base member and pressure 
contact member. Thus, the resistor is of a normally 
open type wherein, only when a selected portion of the 
pressure contact member is depressed a selected por 
tion of the metal strip is caused to contact the cor 
responding portion of the resistor body, thereby freely 
controlling each or combinations of the frequency of 
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signals from said variable frequency oscillator acting as 
a tone signal generator, the color of tone signals from a 
tone coloring filter and the volume of the musical tone 
signals. As a result, an electronic musical instrument 
with a fingerboard comprised of the novel variable re 
sistor can be operated with a single or plurality of fin 
gers of one or both hands capable of starting from any 
desired point just in the same manner as the conven 
tional keyboard electronic musical instrument. 
Moreover, portamento can be readily played by mere 
continuous movement of the finger along the finger 
board comprised of the novel resistor, it is not only 
possible to play monophonic music, chord, portamento 
signals but also to continuously and smoothly vary the 
coloring and volume of the musical tone signals. 
The fingerboard comprised of the novel resistor may 

be combined with a conventional keyboard to increase 
the variety of the music. 

BRIEF EXPLANATION OF THE DRAWINGS 

FIGS. 1 to 3 show perspective views of different em 
bodiments of the novel variable resistor; 

FIG. 4 is a block diagram of operating units of an 
electronic musical instrument utilizing novel variable 
resistors as the frequency determining elements of vari 
able frequency oscillators; 

FIG. 5 shows a detailed circuit construction of one of 
the operating units shown in FIG. 4; 

FIG. 6 shows a modified circuit construction of the 
operating unit; 

FIGS. 7 and 8 are diagrams to explain methods of 
: playing an electronic musical instrument with operat 
ing units shown in FIG. 4; 
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FIG. 9 shows a diagram to show the application of 
the novel variable resistor as a tone coloring filter; 

FIG. 10 is a similar diagram to show the application 
of the novel variable resistor as a volume controller; 
FIGS. 11 and 12 are plan views of two stage and 

three stage manuals, respectively incorporating the 
operating units shown in FIG. 4 as one of the stages; 
and 

FIG. 13 is a plan view of a modified keyboard ar 
rangement. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring now to FIG. 1 of the accompanying 
drawings which shows a perspective view of one em 
bodiment of this invention, there is shown a variable re 
sistor 19A comprising an elongated rectangular base 
member 13A of an insulator such as wood, plastics or 
the like. On one wider surface 11 of the base member 
are provided a plurality of (for example four) equally 
spaced longitudinal grooves 121, 122, 123 and 124 
having a depth of approximately 2 to 3 mm. to respec 
tively receive elongated strip shaped resistor bodies 
141, 142, 143 and 144, each about 1 to 2 mm thick. It 
is desirable that barriers 151, 152 and 153 provided 
between adjacent grooves 121 to 124 have a height 
lower than that of opposite side walls 161 and 162 by 
about 0.01 to 1 mm in order to facilitate the depression 
operation to be described later. The upper surface of 
the base member 13A is covered by a channel shaped 
cover or a pressure contact member 18A made of an 
insulator having sufficient resiliency and flexibility such 
as nylon and the like plastics. On the inner surface of 
the cover 18A there are provided elongated strip 
shaped four conductive metal films 171, 172, 173 and 
174 having substantially the same configuration as the 
resistor bodies 141 to 144. These metal films are vapor 
deposited or suitably bonded to the inner surface to op 
pose respective resistor bodies with a small spacing of 
about 1 to 2 mm therebetween. Side flanges of the 
cover snugly fit against longitudinal side surfaces of the 
base member. 
With this construction, respective metal films 171 to 

174 are normally spaced apart a small distance from 
respective resistor bodies 141 to 144 on the base 
member 13A. When a point or points on the cover 18A 
corresponding to one or more resistor bodies 141 to 
144 are depressed by a finger or fingers of right or left 
hand corresponding portion or portions of the metal 
film are caused to come into contact opposing resistor 
bodies whereby the resistor can be used as a normal 
open contact type variable resistor whose resistance 
value. is varied only when the cover is depressed. By 
continuously moving the contact point to the right or 
left along the longitudinal length of the resistor bodies 
the resistance value of the resistor can be varied con 
tinuously and smoothly. Where suitably spaced apart 
taps (not shown) are provided along the length of 
respective resistor bodies the resistance value is varied 
discontinuously or stepwisely. 

FIG. 2 is a perspective view of a modified embodi 
ment of the novel variable resistor 19B. While in the 
previous embodiment resistor bodies 141 to 144 are 
disposed in independent grooves 121 to 124 of base 
member 13A, in this modified embodiment, all resistor 
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bodies 141 to 144 are disposed in a common wide 
groove or recess 12 formed in one surface 11 of base 
member 13B. It will be clear that this modified variable 
resistor 19B can act substantially in the same manner as 
the variable resistor 19A of the previous embodiment. 
However, with this modification wherein all resistor 
bodies 141 to 144 are disposed in a common wide 
groove, upon depression of a selected portion of the 
cover 18B facing to a selected one of the resistor 
bodies, not only the selected portion of a selected re 
sistor body but also other resistor bodies adjacent 
thereto are simultaneously contacted opposing conduc 
tive metal films 171 to 174. This problem can be al 
leviated by increasing the spacing between adjacent 
metal films. 

FIG. 3 shows another modification of the novel vari 
able resistor 19C comprising a base member 13C, a sin 
gle resistor body 141 and a conductive metal film 171 
attached on the inner surface of a cover 18C. Any 
desired number of such variable resistor unit may be 
combined (parallely arranged) to form a variable re 
sistor comparable with those shown in FIGS. 1 and 2. In 
this modification, the base member and cover may not 
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necessarily be made of insulator but may be fabricated 
with a suitable resistance material and metal. 

FIG. 4 is a block diagram of an operating portion of 
an electronic musical instrument utilizing variable re 
sistors shown and described with reference to FIG. 1, 2 
or 3 as the frequency determining elements of variable 
frequency oscillators serving as tone signal generators. 
Thus, four pressure contact units 21a, 21b, 21c and 21d 
of the variable resistor 19A each including an elon 
gated resistor body and a metal film which is normally 
spaced apart therefrom a small distance are arranged in 
a juxtaposed relationship similar to a keyboard of a 
conventional electronic musical instrument and con 
nected to function as the frequency or tone pitch deter 
mining elements of variable frequency oscillators or 
tone signal generators 22a, 22b, 22c and 22d thus form 
ing the first to fourth performing units 23a, 23b, 23c 
and 23d of the electronic musical instrument. 

FIG. 5 shows a detailed circuit construction of one 
(for example 23a) of performing units 23a to 23d 
shown in, FIG. 4. The opposite ends of an elongated re 
sistor body 141 of a pressure contact unit 21a are con 
nected across positive and negative terminals 31p and 
31n of a DC source 31. One end of an elongated metal 
film 171 is connected to input terminals of a pair of ac 
tive circuit elements, for example, gate terminals G 
and G, of a pair of field effect transistors FET and 
FET, which are connected as shown to constitute por 
tions of a pair of CR time constant circuits 321 and 322 
acting as the frequency determining elements of a tone 
signal generator shown as an astable-multivibrator in 
cluding a pair of NPN-type transistors TR and TR. 
When utilized in the performing units of the elec 

tronic musical instrument thus far described, the novel 
variable resistor acts as a kind of variable DC voltage 
generator. Thus, whenever any selected portion of the 
metal film 171 is depressed into contact the cor 
responding portion of the resistor body 141 a desired 
DC voltage can be produced by varying the conductivi 
ty or equivalent internal resistance of field effect 
transistors FET and FET, thus producing tonesignals 
of any desired tone pitch. 
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FIG. 6 shows a modified circuit construction of a 
performing unit 231a utilizing the novel variable re 
sistor. In this embodiment, the pressure contact unit 
21a is connected, in the following manner, to a CR 
oscillation frequency determining network of a Wien 
Bridge type variable frequency oscillator 41, said net 
work comprising a plurality of series circuits connected 
in parallel across positive and negative terminals 42p 
and 42n of a DC source, said series circuits including a 
plurality of series combinations of capacitors and re 
sistors 431, 432 ... 43n and parallel combinations of 
capacitors and resistors 441,442. 44n. More particu 
larly, suitably spaced apart points along the length of 
the elongated resistor body, 141 are connected to 
respective junctures of the series combinations 431 to 
43n and parallel combinations 441 to 44n of capacitors 
and resistors. Similar to the embodiment shown in FIG. 
5 by depressing a selected portion of the metal film 171 
into contact the corresponding portion of resistor body 
141 a tone signal of any desired pitch can be produced. 
An electronic musical instrument utilizing a plurality 

of juxtaposed performing units as shown in FIG. 5 or 
FIG. 6 can produce not only monophonic music, 
chords and portamentos but also a variety of musics. 
For example, the first to fourth performing units 23a to 
23d are preset to produce tone signals of the pitch 
(frequency) ratio of 4:5;6:7. Then, as shown in FIG. 7, 
simultaneous playing of three performing units 23a, 
23b and 23c by depressed means of a single finger 51 
results in the production of tone signals of C, E and G 
for a major chord of 'C' whereas simultaneous opera 
tion of all performing units 23a to 23d results in the 
production of tone signals of G, B, D and F for a 7th 
chord of "G.' Under these conditions, when the finger 
is moved upwardly or downwardly dispersed chord (Al 
berti bass) signals of C, E, G and B may be obtained. 
Furthermore, as shown in FIG. 8, by the simultaneous 
operation of the first to the third performing units 23a, 
23b and 23c with three fingers 51a, 51b and 51c (only 
51b is offset by a semitone leftward) tone signal of C, 
Eb and G for a minor chord of"Cm' may be produced. 
While in the foregoing embodiments all performing 

units 23a to 23d are associated with tone signal genera 
tors, when one or a plurality of units are used as a por 
tion of a tone coloring filter 61, as shown in FIG.9 or as 
a portion of a volume controller 62 as shown in FIG. 
10, in addition to the monophony, chord and porta 
mento described above, it is possible to vary the color 
and/or volume of the musical tone signals. 

Further, it will be clear to those skilled in the art that 
the depth and speed of vibrato modulation and tremolo 
modulation or build-up and attenuation characteristics 
of attack effect, percussion effect, sustain effect can be 
readily controlled. 
While each one of the above described performing 

units 23a to 23d can be effectively used as the perform 
ing portion of an electronic musical instrument, by in 
corporating them into a conventional keyboard 
operated electrical musical instrument in the following 
manner it is possible to obtain a novel electronic musi 
cal instrument capable of producing a variety of music. 

FIG. 11 shows a plan view of two stage manuals. The 
upper keyboard 71 has a construction similar to that of 
a conventional musical instrument and includes a plu 
rality of keys 711,712.71n whereas the lower finger 
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6 
board comprises four performing units 23a to 23d 
which are disposed in parallel with the upper keyboard 
71 so that they can be operated in the same manner as 
the upper keyboard. Each of the performing units com 
prises spaced apart resistor body and a metal film as 
described above. 

FIG. 12 shows a plan view of three stage manuals 
wherein a fingerboard of performing units 23a to 23d is 
interposed between upper and lower keyboards 81 and 
82 in the same manner as in FIG. 11. 
Where it is difficult to dispose performing units 23a 

to 23d in parallel with another keyboard as shown in 
FIGS. 11 and 13, such performing units may be 
disposed at right angles to the keyboard 91 including a 
plurality of keys 911, 912.91n, and on one end of the 
keyboard, as shown in FIG. 13. 
With a musical instrument having a manual arrange 

ment shown in FIG. 11, 12 or 13 the conventional 
keyboard may be operated by one hand to produce a 
melody signal and/or accompanying signal while the 
performing units 23a to 23d by the other hand to 
produce a variety of musics as above described. 
What we claim is: 
1. In an electronic musical instrument having a plu 

rality of variable resistors coupled to variable frequen 
cy oscillators as the frequency or tone pitch determin 
ing element for said oscillator in response to manual 
operation, said resistors each including an elongated 
rectangular base member and a metal strip-shaped con 
ductor juxtapositioned over said base member and 
spaced a small distance therefrom functioning as a 
keyboard, the improvement therein wherein there are a 
plurality of strip-shaped resistors acting as first electri 
cal conductors carried by one surface of the base 
member, said first conductors having mutually parallel 
axes, a resilient pressure contact member spaced from 
and covering the first electrical conductors, a plurality 
of mutually insulated, elongated strip-shaped second 
electrical conductors fixedly secured to and carried by 
a surface of the resilient contact member facing the 
first electrical conductors, said second conductors hav 
ing mutually parallel axes, the axis of each first conduc 
tor being aligned with the axis of a different one of each 
second conductor, said first and second plurality of 
conductors normally being spaced from each other 
whereby conductors of the first and second conductors 
are arranged in cooperating pairs adapted to engage 
each other in response to manual depression of a 
selected portion of the contact member, and means for 
preventing more than one cooperating pair of first and 
second conductors from contacting each other in 
response to a single manual depression of a portion of 
the resilient pressure contact member aligned with the 
cooperating pair, said contact member and each of 
second conductors having sufficient resiliency to 
establish point contact between aligned regions of each 
cooperating pair substantially aligned with a manual 
depression point of the resilient pressure contact 
member. 

2. An electronic musical instrument as claimed in 
claim 1, including a parallel circuit, a strip-shaped re 
sistor being connected as one parallel component in 
said circuit, a two gate gating active circuit and an asta 
ble multivibrator in parallel with said elongated resistor 
base member as another parallel component circuit. 
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3. An electronic musical instrument as claimed in 
claim 1 wherein a capacitor and a resistor are con 
nected in series as a first part of a circuit and a second 
capacitor and second resistor are connected in parallel 
as a second part of the same circuit, said circuits all 
being in parallel to form one network and coupled to a 
variable oscillator, said resistor base member being in 
parallel with said network. 

4. An electronic musical instrument as claimed in 
claim 1 wherein at least one of said first or second plu O 
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8 
rality of conductors is a keyboard. 

5. An electronic musical instrument as claimed in 
claim 1 wherein each of the conductors of one of said 
first or second plurality of conductors is a resistive 
body the resistance of which increases from one end of 
the strip to the other end of the strip, and each of the 
conductors of the other one of the plurality of conduc 
tors being a metal conductive strip having a resistance 
much less than the resistance of the resistive body. 
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