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3,334,174 
ELECTRONIC MUSICAL INSTRUMENT 

Takeo Shiga, Michio Okamoto, Shigetaka Washizawa, 
and Minoru Shibata, Kawasaki-shi, Japan, assignors to 
Nippon Columbia Kabushikikaisha (NipponColumbia 
Co., Ltd.), Kawasaki-shi, Japan, a corporation of Japan 

Filed Aug. 21, 1964, Ser. No. 391,096 
Claims priority, applicatiorâèlälpan, Aug. 24, 1963, 

This invention relates to electronic musical instruments, 
more particularly to vibratory pickups for use in such 
electronic musical instruments. 
There have recently been proposed improvements in 

or relating to electronic musical instruments which elec 
trically produce musical tones similar to those of string 
instruments such as a piano, guitar and the like and 
wind instruments such as, for example, a flute and other 
instruments. 

In the electronic musical instrument such, for example, 
as an electronic piano, many vibratory pickups are pro 
vided in response to the number of strings of a usual 
or an actual piano. These pickups are usually arranged 
in the following manner. That is, vibratory electrode 
plates are disposed respectively opposite to fixed elec 
trode plate vibrates by being struck with a hammer. 
Electric capacitance established between the vibratory 
electrode plate and the fixed electrode plate is varied with 
the vibration and voltages of oscillation frequencies due 
to the vibration are led out which correspond to those 
of the respective piano strings and then these voltages 
are applied t-o an amplifier, thus producing musical tones 
similar to those of the piano strings. 

In such an electronic piano, however, the harmonic 
distribution of the voltages produced by the vibratory 
pick‘ups is not always similar to that of the usual piano. 
Furthermore, we found iu our experiments that an output 
damping characteristic of such vibratory pickups does not 
always coincide with the damping characteristic of the 
respective strings of the ordinary piano. Accordingly, we 
noticed that it would .be difiicult to provide an electronic 
piano having acoustic characteristics similar to those of 
vthe vusual piano, unless the aforementioned harmonic 
characteristic and damping characteristic »are taken into 
account. 

Accordingly, one object of this invention is to provide 
vibratory pickups each having a harmonic distribution 
which corresponds to that of each vibratory member of 
an instrument to be attained. 
Another object of this invention is to provide vibratory 

pickups each having a damping characteristic which is 
extremely similar to that vof each vibratory member of 
an instrument to be attained. ' 

Still another object of this invention is to provide van 
electronic piano having vibratory pickups which are 
capable of picking up acoustic characteristics consisting of 
a desired harmonic distribution and damping characteris 
tic of respective vibratory members of an instrument to 
be attained. 
A yfurther object of this invention is tol provide an 

electronic piano provided with vibratory pickups each 
having both a harmonic distribution and damping char 
acteristic which are similarto vibratory characteristics 
of each string of a usual piano. 
A still further object of this invention is :to provide in 

a mass-production manner fixed electrode pla-tes of the 
vibratory pickups for such electronic musical instruments, 
which plates are so formed as to afford a harmonic dis 
tribution and damping characteristic of an ordinary piano. 

Other objects, features and -advantages of this invention 
will be apparent from -the following description `taken in 

< conjunction with the accompanying drawings, in which: 
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FIGURE 1 is a front view illustrating an example of 

a pickup for an electronic musical instrument heretofore 
employed; 
FIGURE 2 is its side view; 
FIGURE 3 is a harmonic distribution diagram illus 

trating an output harmonic distribution of a vibratory 
electrode plate with respect to its vibrating time, which 
electrode plate constitutes a pickup of an electronic piano 
employing conventional pickups such as shown in FIG 
URES l and 2; 

' FIGURE 4 is a harmonic distribution diagram illus 
trating a harmonic >distribution of a string of a usual 
piano with respect to its vibrating time; 
FIGURE 5 is a schematic front view of a pickup of 

an electronic piano according to this invention; 
FIGURE 6 is its side view; 
FIGURE 7 is a front view of a fixed electrode plate, 

. for explaining a structure of a fixed electrode plate of 
the pickup shown in FIGURES 5 and 6; 
FIGURE 8 is a graph illustrating variations in electric 

capacitance with respect to the fixed electr-ode plate when 
a vibratory electr-ode plate vibrates, and for explaining the 
variations in comparison with a damping curve of an 
amplitude of the vibratory electrode plate; 
FIGURE 9 is a diagram illustrating an envelope wave 

form of an output voltage produced due to the vibration 
of the vibratory electrode plate; 
FIGURE l0 is a damping characteristic diagram il 

lustrating, in the form of an electric output, variations 
in an output of a string of the usual piano with respect 
to its vibrating time; 
FIGURE ll is an envelope damping characteristic dia 

gram illustrating variations in a voltage amplitude of 
a pickup of the electronic piano of this invention with 
respect to time, similar to FIGURE 10; 
FIGURE 12 is a graph illlustrating a damping char 

acteristic of the vibratory electrode plate of this inven 
tion and an electric capacitance curve which determines 
variations in electric capacitance established between the 
fixed electrode plate and the vibratory electrode plate 
which are to draw on the fixed electrode plate by com 
bining the damping characteristic and> that shown in 
FIGURE 1l; 
FIGURE 13 is yan enlarged front view of the fixed 

electrode plate shown in FIGURE 7; 
> FIGURE 14 is an enlarged diagram illustrating a prac 

l tical pattern of a harmonic distribution; 
FIGURE l5 is a diagram illustrating a practical pat 

tern with the harmonic distribution and the damping 
characteristic distribution added thereto; , 
FIGURE 16 is a harmonic distribution diagram of a 

pickup of an improved elec-tronic piano according to this 
_ invention; and 

55 

FIGURE 17 is a side view of a modified pickup of the 
electronic piano according to this invention. 

Before entering into explanation of the present inven 
tion, a vibrato-ry pickup used in a conventional musical 

_ instrument, particularly in an electronic piano will here 
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inbelow be explained with reference to FIGURES 1 and 2. 
1 -is a fixed electrode plate of a vibratory pickup attached 
to a frame 2 of, for example the electronic piano. 3 is a 
vibratory electrode plate placed opposite to the fixed 
electrode plate 1 with 'a slight gap g therebetween. The 
vibratory electrode is struck by a hammer associated with 
a key of the electronic piano, both being not shown, and 
performs a damped oscillation as shown by the dotted 
line to change the gap g, varying electric capacitance estab 
lished between the both electrodes 1 and 3‘. Thus, desired 
electric oscillating output voltages are obtained in accord 
ance with the variations in the capacitance. t1 and tzvare 
terminals to be connected to the electric oscillator circuit. 

In the electronic piano such vibratory pickups have 



3,334,174 
3 

their particular vibrations each corresponding to that of 
each string of the usual piano, and many vibratory pick 
ups of Isuch character are disposed between the frames 
2 and 2 and hammers of the electronic piano are ar 
ranged for such pickups. 

Considering the harmonic distribution of the conven 
tional electronic piano using such vibratory pickups, the 
characteristic of a vibratory pickup of bass is as shown in 
FIGURE 3, in which the abscissa expresses a vibrating 
time t of the vibratory electrode plate 3 and the ordinate 
represents the frequency f of a voltage caused by the 
vibration. In FIGURES 3, 4 and 16 the width W shows a 
vol-tage at that time, the broken portion shows zero volt 
age and the amplitude variation shows frequency varia 
tions. It is noticed that the frequency distribution grad 
ually decreases with an increase in frequency. On the 
other hand, the harmonic distribution, converted into 
electrical output voltage of the vibration of a string of 
the ordinary piano corresponding to the pickup above 
mentioned, is as illustrated in FIGURE 4. That is, in FIG 
URE 4 the abscissa represents a vibrating time t of a string 
of bass and the ordinate represents the frequency f pro 
duced by the vibration. As is apparent from the ligure, 
there are contained many harmonics even in a lower fre 
quency zone and these harmonics continue for a con 
siderably long t-ime. In comparison with the harmonic 
distribution shown in FIGURE 3, that illustrated in FIG 
URE 4 includes higher harmonics and their duration of 
time is longer. It has been found from the above com 
parison that the characteristics, especially tones of the 
conventional elec-tronic piano are inevitably diiferent from 
those of the usual piano for the reason that the higher 
harmonics in the electronic piano are less than in the 
ordinary one. 
On the basis of our study described above, the present 

invention is to provide an electronic piano having har 
monic ‘distribution characteristics which are as similar to 
those of a usual piano as possible. 
FIGURE 5 illustrates a front view of a vibratory pickup 

of the electronic musical instrument of this invention and 
FIGURE 6 shows its side view. FIGURE 7 illustrates a 
front view of a iixed electrode plate shown in FIGURE 5. 
Parts corresponding to those in FIGURES l and 2 are 
marked with the same numeral references. In the illus 
trated example an insulating plate 4 is used, `as a fixed 
electrode plate, on the surface of which is provided an 
electrode sur-face, namely a conductive portion 6 having a 
pattern 5 in accordance with the component rate of har 
monies such as described later. Opposite to the fixed 
electrode plate, the end of a vibratory electrode plate 3 
is placed and vibrated. In order to form the electrode .sur 
face 6 on the surface of the insulating plate 4, it is pos 
sible to apply an etching method normally used for mak 
ing printed-'wiring boards. According to this method, a 
plurality of similar electrode plates can be mass-produced. 
It has also been found that the damping characteristic 
when the lfundamental frequency and its harmonics are 
produced must be as similar to that of the corresponding 
string of the usual piano as possible in order that the 
electronic piano may produce tones similar to those of 

y the usual piano. FIGURE 8 illustrates a relationship be 
tween a damping envelope curve of the amplitude of the 
vibratory electrode plate with respect to time t and varia 
tions in the electric capacitance in a vibratory pickup of 
such an electronic piano as described above. That is, the 
damping envelope of the vibratory electrode plate is as 
shown by the curve a and the variation in the electric 
capacitance Co is as shown by the curve b. In the case 

. where such a vibratory pickup as described above is em 
ployed, the variation in the voltage amplitude, namely the 
output voltage envelope of the vibratory pickup is as shown 

l by the curve c in FIGURE 9, .the abscissa expressing time 
t and the ordinate output voltage v. Comparing the damp 
ing` envelope a and the envelope c of the output voltage 

p in FIGURE 8, the envelope c is gentler than that of a. 
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4 
On the other hand, the damping characteristic of the 

string of a usual piano corresponding to the aforesaid 
vibratory pickup is as illustrated in FIGURE l0, the abs 
c-issa representing time t and the ordinate voltage v that 
tone has been converted into electrical output. That is, 
the curve d shows variations in the output Voltage v, 
namely the damping characteristics of the ordinary piano. 
The envelope c representative of the vibratory pickup of 
the electronic piano such as shown in FIGURE 9, is 
greatly diiïerent from the envelope d showing .the damp 
ing characteristic of the usual piano. As is apparent from 
the two figures, the envelope d of the usual piano shows 
that the output abruptly decreases with the lapse of time, 
while the envelope c of the electronic piano shows that 
the output varies only very slowly. This is `one of the 
reasons that the tones of the electronic piano diifer from 
those of the ordinary piano. In the present invention it is 
very important to make the envelope c as similar to the 
envelope d of the usual piano shown in FIGURE 10 as 
possible. 
FIGURE 11 illustrates an envelope curve e plotted after 

the damping characteristic d of the usual piano shown in 
FIGURE l0. It is, of course, desirable that a vibratory 
pickup of the electronic piano corresponding to a certain 
string of the ordinary piano presents such a damping 
characteristic e as shown in FIGURE 1l which is similar 
to that in FIGURE 10. Since the damping characteristic 
of the vibratory electrode plate 3 of the vibratory pickup 
can be shown by the damping curve envelope a: as ex 
plained in FIGURE 8, the electric capacitance established 
by the conductive portion 6 and the vibratory electrode 
plate 3 is desired to be varied with the vibration of the 
vibratory electrode plate 3 in such a manner that the 
vibratory pickup may have the amplitude damping char 
acteristic e such as shown in FIGURE l1 in accordance 
with the damping curve envelope a. From the curves a 
and e respectively in FIGURES 12 and 11, variations in 
the electric capacitance established by the vibration of the 
vibratory electrode plate can be drawn in the form of the 
curve h in FIGURE 12. That is, the area surrounded by 
the curve h, the abscissa and the ordinate can be so 
selected as to attain the object described above. In other 
words, by determining the area of the conductive portion 
6 in accordance with the aforementioned area, a vibratory 
pickup can be obtained which has damping characteristic 
similar to that d of the corresponding string of the usual 
piano. Accordingly, it is possible to make an electronic 
piano which is provided with vibratory pickup each hav 
ing damping characteristic similar to that of the corre 
sponding string of usual piano as described above. 
FIGURE 13 is an enlarged diagram of FIGURE 7. 

The pattern 5 is greatly related to the component rate 
of harmonics and its practical pattern is as illustrated 
in FIGURE 14. If the crests P1, P2 and the troughsV Q1, 
Q2 are continuous in FIGURE 13, a pattern is consid 
ered such that the crest P and the trough Q are linked ' 
with a straight line as shown by the dotted line. In this 
case, however, higher harmonics can be included by af 
fording some curvature between P and Q as shown by 
the solid line. The ditference between the adjacent crest 
P and trough Q, namely the height L is related to the 
le'vel of the harmonics. The vibratory electrode plate 3 
stands still on the X--X axis and when struck by a 
hammer it vibrates right and left with respect to the 
axis X-X and opposite to the conductive portion 6 hav 
ing the pattern. D shows Áa range of the vibration of the 
vibratory electrode plate 3. The vibratory electrode plate 
3 starts to vibrate with a maximum amplitude and gradu 
ally damps and finally comes to a standstill on the prede 
terminel X-X axis. However, since the Vamplitude of 
the vibratory electrode plate 3 varies due to the damped 
vibration, the position of the electrode plate 3 to the 
pattern formed on the conductive portion 6 differs in re 
sponse to amplitude variationsl The component rate of 
a desired n’th harmonics varies with the amplitude. That 
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is, the vibratory electrode plate 3 vibrates right and left 
from the axis X-X with its peculiar frequency but the 
amplitude damps and accordingly the component rate of 
-a desired n’th harmonics varies with time in response to 
the damping.> In accordance with the present invention 
the contour of the conductive portion 6 is selected in 
such a manner that the fundamental frequency and its 
harmonics caused ‘due to the vibration of the vibratory 
electrode plate 3 may be similar to the harmonic distri 
bution of the usual piano such as shown in FIGURE 
4. That is, the crest P and trough Q are formed so as 
to be as similar to the harmonic distribution of the cor 
responding string of the usual piano as possible. The pat 
tern 5 is not always required to be continuous, for exam 
ple it can be discontinued by a space d0 at the trough 
Q. Since the difference in height, namely L between the 
crest and trough is- related to the level of the harmonics, 
the height L is selected so that the level of the harmonics 
caused by the vibratory electrode plate may be as simi 
lar to that of the usual piano as possible. ' 

In the present invention the pattern 5 on the conduc 
tive portion 6 is formed along the curve h in FIGURE 
12 as illustrated in FIGURE 7 or 15. When the vibra 
tory electrode plate 3 vibrates opposite to such a con 

‘ ductive portion 6 the amplitude damping of its output 
is suzstantially equal to that shown in FIGURE 11 and 
accordingly this output damps in response to the curve 
d of FIGURE 1() illustrating the output damping char 
acteristic of the ordinary piano, and further the desired 
harmonic distribution is caused as .described in the fore 
going. Therefore, it will easily be seen that the vibra 
tory pickup of this invention is similar to that of the 
ordinary piano in the harmonic component rate as Well 
as the damping characteristic. FIGURE 16 illustrates an 
example of the harmonic distribution characteristic of 
the vibratory -pickup made as described above according 
to this invention, in which the abscissa expresses time 
t and the ordinate frequency f. Comparing the harmonic 
distribution shown in FIGURE 16 with that in FIGURE 
4, the harmonic component rate is very similar to that 
of the ordinary -piano and the damping characteristic is 
substantially equal to that shown in FIGURE 10, as is 
apparent from the foregoing. 

Furthermore, at least one portion of the contour of 
the envelope on the conductive portion v6 shown in FIG 
URE 7 is formed along the curve h illustrated in FIG 
URE 12. It must also be noted that the aforementioned 
pattern 5 is formed along this curve. 

In the foregoing only one vibratoryv pickup of the elec 
tronic piano of this invention has been described, but 
other pickups are also formed in the same manner, That 
is, the pickups are respectively provided with the har 
monic distribution characteristic and damping character 
istic which are similar to those of their respectively cor 
responding strings of the usual piano. Accordingly the 
electronic piano having such respective vibratory pickup 
has „in its overall characteristics the damping character 
istic and frequency distribution characteristic which 
resemble those of the usual piano and such electronic 
piano produces tones which are similar to those of the 
ordinary piano. By suitably changing the envelope e 
and the pattern 5 on the conductive portion, the vibra 
tory pickups are provided with any desired harmonic char 
acteristic and damping characteristic, and hence it will 
easily be seen that a unique electronic piano or other 
electronic musical instruments which are different even 
from a usual piano can be obtained. 

In the foregoing example a specific vibratory pickup 
has been described such that a pattern -is formed on the 
conductive portion of the fixed electrode plate 1 placed 
opposite to the vibratory electrode plate 3. Instead of 
this pattern, a lamination composed of a plurality of con 
ductive plates 8, which correspond in width to the 
crest portion P and are insulated each other by insu 
lating plates 9, is connected to a same current collector, 
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6 
namely a conductive member 10 as illustrated in FIG 
URE 17, by which the pickup can also operate in the 
same manner as in the foregoing example. Where there 
is no need of forming the crest portion P .and the trough 
portion Q,it is possible to assemble the fixed electrode 
plate 1 by laminating a plurality of the conductive plates 
8 of the same width being insulated from each other. 
The foregoing has been made in connection with an 

example in which the vibratory electrode plate ‘3 has a 
simple surface and the conductive portion such as de 
scribed above is used as the fixed electrode plate. How 
ever, it is possible that an electrode plate 6 having a con 
ductive portion such as illustrated in FIGURE 7 is em 
ployed .as a vibratory electrode plate while the fixed elec 
trode plate of simple shape is used. Otherwise, it is also 
possible to use such a pickup which is composed of a 
fixed electrode plate and a vibratory electrode plate hav 
ing complicated conductive portions similar to the conduc 
tive portion 6 described above. 

In FIGURE 17, the conductive plates 8 are respec 
tively insulated by the insulating layers 9 but they are 
electrically connected to the common current collector 
10. In such a case the conductive plates 8 have a straight 
or curved face 11, but where the conductive plates 8 
are projected alternately in the form of teeth the insu 
lating layers 9 are unnecessary. 
When the vibratory electrode plate 3 vibrates to the 

right and left, opposite to the conductive face 6 of the 
fixed electrode plate 1 which lies on the surface of the 
paper, the fixed end of the vibratory electrode plate being 
its center of vibration, as shown in FIGURE 7, the gap 
g> between the vibratory electrode plate and electrode 
portion 6 varies in response to the amplitude variation 
of the vibration from the center axis X--X and the varia 
tions of fthe electric capacitance C0 cannot be uniform at 
every part. To compensate this, the conductive portion 6 
is curved to be positioned on a circular arc about the fixed 
point of the vibratory electrode plate 3. Thus, the varia 
tions of the electric capacitance can ‘be made uniform 
at the respective parts. Where the compensation such as 
the aforementioned one is carried out on the pattern, 
the conductive portion of the pattern can be changed in 
parallel to the X-X axis so as to compensate the above 
mentioned unequal portions at the respective parts except 
the center of the vibratory electrode plate. 

It will be apparent that many modifications and varia 
tions may be effected without departing from the scope 
of the novel concept of this invention. 
What is claimed is: 
1. An electronic musical instrument comprising: 
a plurality -of vibratory pickups each lhaving a vibra 

tory electrode lplate and a fixed electrode plate spaced 
opposite thereto, said fixed electrode -plate having 
formed thereon a first contour and a second contour 
cooperable with said first contour so as to give a 
specific effect to the sound generated from said elec 
tronic musical instrument. 

2. An electrode musical instrument according to claim 
1 wherein said second contour corresponds to a damping 
characteristic of the musical instrument. 

3. An electronic musical instrument according to claim 
1 wherein the confronting face of said fixed electrode 
plate is concave in such a manner as to form a uniform 
gap between said fixed electrode plate and the free end 
of said vibratory electr-ode. 

4. An electronic musical instrument comprising: 
vibratory pickups each having a vibratory electrode 

plate and a fixed electrode plate spaced opposite 
Ithereto, said fixed electrode plate having a conduc 
tive pattern formed on an insulating plate attached 
to said fixed electrode plate, said conductive pattern 
having crest and trough portions and a curve of a 
suitable curvature formed between said crest and 
trough portions in such a manner as to obtain a volt 
age containing harmonics similar to the harmonic 
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rate of the corresponding vibratory member of a 
musical instrument to be obtained. , _ 

5. An electronic musical instrument according to claim 
4 wherein s-aid crest and trough Iportions are formed along 
said curve. 

6. An electronic musical instrument according to claim 
4 wherein said conductive portion consist of a plurality 
of conductive plates electrically insulated from one an 
other by insulated layers, said plurality of conductive 
plates being electrically connected together. 

7. An apparatus for electronically producing sound 
having the same tone qualities as Ia musical instrument, 
comprising: 

vibratory pickup means including: 
a vibratory electrode, a fixed electrode mounted 

in close proximity with said vibratory electrode, 
the improvement therein comprising means in 
cluding a plurality of contours formed on said 
pickup means to electronically produce sound 

10 

8 
8. An apparatus for electronically producing sound 

having the same tone quality as a musical instrument, 
comprising: ‘ 

vibratory pickup means including, a vibratory electrode 
having a stationary end ̀ and a movable free end; 

«a fixed electrode mounted in close proximity to the free 
end of said vibratory electrode; the improvement 
therein comprising, ñrst and second contours formed 
on said fixed electrode, whereby, said iirst and second 
contours cooperate to electrically produce sound hav 
ing the same tone quality as a musical instrument. 
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