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My invention relates generally to electrical 

musical instruments, and more particularly to 
improved means for obtaining percussive e?ects. 

It is an object of my invention to provide an 
improved electrical musical instrument having 
means for producing sounds similar to those pro 
duced by the marimba, by the Xylophone, by 
Chinese blocks, and by plucking violin and bass 
viol strings. > 

A further object is to provide an improved elec 
trical musical instrument having means for pro 
ducing an initial percussive sound or recogniz 
able pitch together with or followed by a sus 
tained tone or de?nite pitch. 
A iurther object-is to provide an improved 

musical instrument for producing iterative per 
cussive sounds of recognizable pitch. 
Other objects will appear from the following 

description, reference being had to the accom 
panying drawing in which: . 

Figure 1 is a wiring diagram of a percussive 
sound producing instrument: and 

Figure 2 is a wiring diagram or a musical in 
strument for producing polyphonic percussive 
sounds combined with sustained tones. 

General description 

The percussion sound signal generator com 
prises generally a transient producing means in 
the form of a normally charged condenser which, 
upon depression oi.’ a key, is discharged rapidly 
at a controlled rate. The electrical signal pulses 
generated upon discharge or this condenser con 
sist of an in?nite number of frequencies, all of 
which are in phase at the instant that the con 
denser discharge starts. The discharge Of the 
normally charged condenser may be controlled 
by a manually operated switch or by a peri0di~ 
cally operated switch under manual control. 
The signal pulse generated upon the discharge 

oi’ the normally charged condenser is transmitted 
through appropriate ?lter meshes i'or attenuat 
ing undesired frequencies, leaving in the trans-. 

' mitted signal a preponderance of a narrow band 
of audio frequencies of recognizable pitch. By 
non-linear distortion apparatus, the pitch of this 
sound signal may be made more de?nite through 
the introduction of harmonics. For added musi 
cal interest a periodically closed or iterative’ 
switch may be rendered eilective to cause repetié 
tion of the generating process during the interval 
that a manually closed switch is held closed. 
The output of the harmonic distortion appara 

tile is selectively modi?ed by tone controls,ampli-.v 
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?ed with controllable gain, and translated into 
sound. 

The signal generating apparatus of Figure 1 
Referring to Figure 1, the electrical signal gen 

erator comprises a condenser Cl, one side of 
which is connected to a terminal or a suitable 
power supply indicated as a terminal -—250 v., 
the other side ‘of the condenser Cl being con 
nected to ground through series resistors RI and 
R2 and an inductance Ll. The condenser Cl is 
thus normally maintained charged at a potential 
difference of 250 volts. 
The condenser Cl may be discharged at the 

will 01' the ‘player by operation of a key It which, 
upon being depressed, closes a switch [2, thus 
connecting the normally grounded side or the 
condenser CI to a conductor it through a re 
sistor RI. The conductor H is adapted to be 
connected to the —250 v. terminal either through 
a manually closed switch It or through an itera 
tive switch 18. The switch I 8 is adapted to be 
closed periodically, approximately six times per 
second, by a cam 20 driven by a variable speed 
motor 22, the latter having its 8Peed controlled 

' by a suitable rheostat RB. It will thus be seen 
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that while the key 10 is held depressed, the switch 
It being open, the iterative switch I! will have 
the same e?'ect as rapidly and repeatedly de 
pressing the key IO when the switch 18 is closed, 
vnamely, repeatedly discharging the condenser 
C i through the resistance RI. ' 
By making the resistance Rl oi’ relatively high 

value, the condenser Cl will discharge at a rela 
tively low rate, and a harmonic analysis or the 
pulse generated will Show it to be relatively free 
of high frequencies. On the other hand, it the 
value of resistance R4 were relatively low, the 
wave form or the pulse generated would be very 

0 abrupt and contain a preponderance oi’ the higher 

45 

50 

55 

frequencies. 
The electrical pulse generated upon the dis 

charge of condenser Cl is modi?ed as to its fre 
quency spectrum by ?ltering meshes. As previ 
ously indicated, the mesh comprising the con 
denser Cl and resistance RI attenuates the high 
frequencies. A condenser C2 is connected be 
tween junction points 24 and 28, and thus in 
parallel with resistor RI, and forms with the 
resistor R2 9, means for attenuating the lower 
frequencies. The inductance Ll has a. condenser 
C3 connected in parallel therewith between a 
junction point 28 and ground, and this mesh is 
designed to be resonant at the desired audio fre 
quency. ‘ 
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The junction point 28 is connected through a 

resistor R8 to one terminal of the potentiometer 
Pl, the other terminal of which is grounded. The 
sliding contactor 30 of the potentiometer PI is 
connected through a series grid resistor R1 to 
the grid 32 of a sharp cutoff pentode 34 which 
may be of the 6J7G type. - This pentode may have 
its suppressor grid 36 directly connected to its 
cathode 38, and the latter connected to ground 
through a biasing resistor R8. The screen grid 
40 of the tube 34 may be maintained at a suit 
able operating potential by connection to a ter 
minal of the power supply indicated at +125 v. 
while the plate 42 of this tube is connected 
through a load resistor R9 to a suitable source 
of plate potential, indicated as a terminal +300 v. 
of the power supply system. 
The output of the pentode 34 is coupled to the. 

primary winding L2 of‘ a coupling transformer 
Ti through a blocking'condenser C4 and decou 
pling resistor RM. The primary winding L2 is 
adapted to ‘be selectively connected in parallel 
with one or more of a plurality of suitable tone 
control meshes 44 upon opening one or more of 
a plurality of switches 46. 
The secondary L3 ’of the transformer TI is 

connected to a push-pull ampli?er 48 which may 
be provided with a suitable volume control means 
50, the output of the ampli?er being coupled to 
a speaker 52. 
Assuming that the mesh Li—-C3 is resonant at 

a frequency of 440 C. P. S., which is the predom 
inant frequency of the sound to be produced, the 
resistance R4 should be of such value relative to 
that of the condenser Ci that frequencies above 
440 C. P. S.‘ will be appreciably attenuated. As 
a practical matter it is desirable that excessive 
sparking shall not occur upon the closure of 
switch [2 or switch l8. The value of Cl is de 
termined in view of'this consideration. Practi 
cal considerations also indicate that the con 
denser Cl should be made as large as feasible 
since it is desirable to produce a high amplitude 
signal pulse. The value of R4 is then such as to 
produce the desired frequency responseoharac 
teristics of this mesh. For example, the con 
denser Cl may have a value of .05 mfd., while 
the resistance R4 is 200 ohms, which is su?icient 
resistance to suppress undesirable sparking. 
The pulse thus generated at the junction point 

24 is transmitted through the current limiting 
mesh consisting of the series condenser C2 and 
series resistance R2. The values of these latter 
elements are so chosen as effectively to attenu 
ate frequencies lower than those desired to be 
generated, that is. for the note A-440, all fre 
quencies lower than 440 C. P. S. For this fre 
quency the condenser C2 may have a value of .05 
mid. and the resistance of R2 may be 30,000 
ohms. 
Thus, the pulse signal appearing at the junc 

tion point 28 has all of the audio frequencies, 
except those within the 440 C. P. S. range, greatly 
attenuated. If this electrical signal at the junc 
tion point 28 were translated into sound, it would 
scarcely be recognizable as of a pitch in the mu 
sical scale, and would thus not be suitable for use 
in the production of music except as a primarily 
percussive noise. 
The parallel tuned mesh consisting of induct 

ance LI and condenser C3 is provided pro 
nouncedly to attenuate all frequencies in the sig 
nal pulse at the junction 28, except the 440 C. P.-S. 
frequency and frequencies very close to 440 
C. P. S. The "Q” (X/R ratio), namely, the ra 
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tio of the reactance to the resistance of thein 
ductance Li is made as high as compatible with 
considerations of cost. The impedance of this 
Ll-C3 mesh is designed to be low relative to the 
resistance of R2 and resistor R6. Thus, the pulse 
signal impressed upon the grid 22 of the tube 34 
will contain a preponderance of frequencies very 
close to 440 C. P. S. 
Depending upon the losses in the Ll-C3 mesh 

and the losses in the input and output circuits 
of this mesh, the initial excitation of this mesh 
will cause the desired frequency signal to be im 
pressed upon the grid 32 for an appreciable length 
of time at a rapidly decaying amplitude. The 
damping rate will be determined mainly by the 
“Q" of the Ll-~C3 mesh. 
The pentode 34, being of the sharp cutoff type, 

will effectively distort the input signal, and as 
suming that the input signal is approximately a 
sine wave, the output signal of the tube 34 will 
have a square boxlike wave form. Such wave 
form consists of the fundamental with a long 
series of the higher harmonics at substantial am- _ 
plitudes, so that the tone has a more readily rec 
ognizable pitch and the tone controls 44 may be 
effective appreciably to modify the quality of the 
tone signal by selectively attenuating the various 
partial frequencies. 
The series grid resistor R1 limits the grid cur 

rent. The value of the resistor R8 is such‘ that 
the average plate current is relatively constant 
for all amplitudes of the input signal. .Thus, no 
serious transients due to change in plate cur— 
rent are introduced by the sudden application 
of the signal to the control grid, and the output 
wave tends to be of square shape, particularly 
when the grid signal is of high amplitude. Fur 
thermore, the highly damped input wave pro 
duces an output wave which is of relatively con 
stant amplitude for a brief interval and then 
decays rapidly. 
The over-all result attained by the use of the 

non-linear pentode 34 is to increase the pitch 
discernability of the signal and to increase the 
apparent duration of the.tone. The sound pro 
duced thus resembles that obtained from a 
plucked string or Xylophone. Without the dis 
torting effect of the pentode 34 the sound is more 
like that of a Chinese block or marimba, depend 
ing upon the constants of the ?lter meshes. This 
latter non-distorting result is obtained by set— 
ting the potentiometer slide contact 30 close to 
the grounded end of the potentiometer resist_ 
ance. Under these conditions the pentode 34 
will amplify the input signal in a substantially 
linear manner. 
The tone quality of the output signal of the 

pentode 34 is modi?able by the tone quality con 
trol meshes 44 by which the sound ultimately 
produced may be changed to resemble Xylophone 
or marimba tones by respectively attenuating 
the low or the high frequencies. 

It will be noted that no blocking condenser is 
required for the grid 32. This is because the 
resistance of the inductance element Ll is so low 
relative to the resistance of RI (e. g. 10 ohms 
compared to 500,000 ohms), with the result that 
the steady voltage across the potentiometer Pi 
is negligible. 
The transient usually present upon releasing 

the playing key is made negligible by making 
the charging resistor RI very high, for example, 
500,000 ohms. Resistor R2 is also part of the 
charging resistance but is of relatively low value 
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and may be neglected in this respect. Thus, the 
charging rate is of the order of 1,5600 of the dis 
charging rate, the discharge being through re 
sistor R4 which may have a value of only 200 
ohms. The net result is that the musician need 
not be concerned about how long the key is held 
down, since no sound is heard when the key 
is released. The value of resistor RI should not 
be too high, for if it were, the condenser CI would 
not be charged up in time for a second note to be 
played, such as a repeated note. The 500,000 
ohm value for RI is chosen on the basis of a 
maximum iterative speedof approximately 8 per 
second. ' ' ‘ 

An iteration effect may be produced by open 
ing switch Hi. This makes switch I8 effective 
alternately to connect and disconnect the -250 
volt supply and the conductor l4 as long as the 
key I0 is held depressed. 
The invention as shown in Figure 1 and de 

scribed above is of the simplest form and in ac 
tual practice may be embodied in a variety of 
different types of instruments for obtaining spe 
cial results. The invention may be embodied 
in a separate instrument for use in an orchestra 
or may be combined with other electrical musi 
cal instruments such as electric organs and the 
like to produce special percussive effects. One 
such embodiment is illustrated in Figure 2 where 
in the elements previously described bear corre— 
sponding reference characters and will not be 
again described. . ' 

Instead of having but a single key In for con 
trolling the operation of the instrument there 
are provided a plurality of additional keys Ill.l, 
I01l which are representative of a large number 
of similar keys of any desired range, such as of 
three or four octaves. For example, the ?ltering 
meshes associated with the key I0 may be chosen 
to produce a tone signal for the note A of 440 
‘C. P. 8., while the ?ltering meshes associated 
with the key I (H may be selected to produce a 
tone A1‘ of 466.16 C. _P. S., and the meshes as 
sociated with the key I 0.2 may be selected to 
produce the tone B of 493.88 C. P. S. In design 
ing the tuning meshes, particularly the resonant 
mesh LI-—C3, the tuning may conveniently be 
effected by utilizing this mesh in the feedback 
circuit of an oscillator. so that the note may be 
made to sound continuously and the accurate 
adjustment of the inductance value facilitated. 

In Figure 2 the depression of a key' is adapted 
not only to produce any one of a plurality of per 
cussive tones of the desired pitch. but the opera 
tion of the key also controls the sounding of a 
sustained tone for the duration of the time that 
the key is held depressed. This means com 
prises a plurality of control tubes in the form of 
pentodes 60. Suitable generators 82 of frequen-. 
cies corresponding to those determined by their 
respective ?ltering meshes LI—C3, in the exam 
ple given 440, 466.16 and 493.88 C. P. 8., are im 
pressed upon the grids 64 of the pentodes. In 
stead of having the resonant frequencies of the 
LI-C3 meshes be the same as those of the gen 
erators 62, these meshes may be made to have 
frequencies which are harmonics of those of the 
generators I52. In the example given. if the 
generator 62 associated with key I0 has a fre-' 
quency of 440 C. P. S., the associated mesh 
LI-C3 may be made to resonate at 1320 C. P. S., 
880 C. P. S., or at any other desired harmonic 
frequency. 
The cathode 66 of each of the pentodes 50 is 
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3 
connected to ground through a relatively large 
condenser C6 and is connected to the terminal 
24 through a relatively high value resistor RM. 
The screen grid 68 is connected to a suitable op 
erating potential such'as, +35 v., while the sup 
pressor grid ‘I0 of each of these tubes is con 
nected to the cathode 66. The plates 12 of a 
plurality, or all, of a group of the tubes 64 are 
connected to a common conductor 14 which is 
connected to a ‘suitable source of plate current 
indicated‘ as +250 v. of the power supply system 
through a load resistor RI5. The conductor 14 
is connected through a blocking condenser C‘! 
with manually operable controls indicated dia 
grammatically by the block 80. The signal, as 
modi?ed by the controls, is ampli?ed by an am 
plifier 82 and translated'into sound by the speak 
er 84. The generator 62, the control tube 60, and 
.the output circuits therefor may be of the type 
used in the “Novachord” or as disclosed in the 
patents of Laurens Hammond, Nos. 2,126,464 and 
2,126,682. 
From the foregoing it‘ will be apparent that 

when any one of the keys I0, I0.I, I0.2, etc., is 
depressed electron flow may occur from the 
-250 v. terminal of the power supply system 
through the switch I8, conductor I4, switch I2, 
resistor R4, terminal 24, resistor RM, fro the 
cathode 66 to the plate "I2, conductor 14, load 
resistor RI 5 to the +250 v. terminal of the power 
supply. The rate at which the pentode B0 in 
creases its gain will be determined primarily by 
the relationship of the resistor RI! and condenser 
C6 and the parameters'of the pentode 60, which 
may be of the 6W’7G type. This electron ?ow is 
modulated by the signal from the generator 62, 
and the alternating component is transmitted by 
condenser C1 to the amplifying and translating 
means. The keys I0, IIl.I, I02, etc., may be 
played to render a melody or to sound chords. 
Upon depression of any one of these keys the in 
strument will produce a percussion tone of lim— 
ited duration and of a predetermined pitch, and 
this percussion tone will be accompanied by a 
sustained tone produced under the control of the 
pentode 60. The sustained tone may of course 
have its quality determined by various controls 
and may, if desired, have a volume control sepa 
rate from that of the volume control 50. In some 
embodiments, however, the ampli?ers 82 and 48 
may be combined and be provided with a single 
volume control. When, however, the cost of pro 
duction of the instrument is not a controlling 
factor it may be desirable to utilize separate am 
pli?ers and speakers, since by thus separating 
the percussive tone output from the sustained 
tone output musically desirable acoustic per 
spective may be obtained and various tone modu 
lating effects may be produced in either the per 
cussive or the sustained tone output without af 
fecting the other. 
The instrument is of particular utility in the 

rendition of music having very rapid passages 
normally played on percussive mechanical in 
struments, and enables the performer to intro 
duce a wide variety of tone color and intensity 
effects which cannot readily be obtained by the 
use of percussive mechanical instruments. Fur 
thermore, the player is not limited in the rapid 
ity with which successive notes may be played, 
as is frequently the case in playing percussive in 
struments where the weight and inertia of mov 
ing parts imposes an undesirable limitation upon 
the speed of operation and thus upon the tech 
nique of the artist. 
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In order to make it possible to play the instru 

ment rapidly, the key action may be similar to 
that disclosed in the patent to G. H. Stephens, 
No. 2,260,412. 
The instrument may be utilized to play chords 

or melodies, but when the potentiometer slide 30 
is adjusted so that the signal impressed upon the 
grid 32 is of such value as to cause substantial 
distortion of the signal by the tube 34, the in 
strument becomes essentially of the melody type. 
This is because the tube is not capable of indi 
vidually distorting a plurality of input signals 
of different fundamental frequencies without at 
the same time introducing other spurious sum 
mation and difference frequencies. Nevertheless, 
the effect of such distortion, under these circum 
stances, is not serious because the difference fre 
quencies between the low frequency partials of 
a plurality of signals simultaneously impressed 
upon the grid 32 are of such short duration that 
an insu?lcient number of cycles of the low dif 
ference frequency are produced to make such 
frequency perceptible. 
The tones are of such short duration that when 

chords are played, the effect of a percussive chord 
is nevertheless obtained. This is due to the fact 
that the musician cannot depress the keys in a 
manner such that all of the switches i2 will close 
at e’actly the same instant. Thus, the various 
percussive tones of the chord will be produced 
in rapid succession and the listener will hear the 
tones produced in such close succession that the 
effect will be substantially the same as if a chord 
were being played. This effect may be enhanced 
by "rolling" the chord, that is, depressing the 
keys in very rapid succession starting either with 
the highest or lowest pitch key. 
With the instrument of Figure 2, the controls 

‘I and 80 may be so set that the relative ampli 
tudes of the percussive and sustained tones will 
be such as to produce a pronounced percussive 
effect or a slight percussive effect at the initia 
tion' of a sustained tone. If desired, the sus 
tained tone control 80 may be adjusted to pre 
vent transmission of the sustained tone signals 
to the ampli?er 82, in which event the percus 
sive tones alone .will be produced, and for mush 
cal contrast purposes the controls 50 and 80 may, 
at all times, be so adjusted that the percussive 
tones will not be sounded while the sustained 
tones are sounded at full amplitude. The effect 
which is most interesting from a musical point 
of view is, however, that which is produced when 
the percussive tone is used in conjunction with 
and bends into the sustained tone. 
While I have shown and described particular 

embodiments of my invention, it will be appar 
- ent to those skilled in the art that the more 
‘fundamental principles of the invention may be 
utilized in various types of electrical musical in 
struments. I therefore desire, by the following 
claims, to include within the scope of my inven 
tion all such similar and modi?ed forms of .my 
invention whereby substantially the results there 
of- may be obtained by the use of substantially 
the same or equivalent means. 
Iclaim: 
1. In an‘ electrical musical instrument having 

electroacoustic translatingmeans, the combina 
_ tion of a generator for producing a single elec 
trical impulse containing a wide range of audio 
frequencies, means for ?ltering the output of 
said generator to pass a narrow band of the fre 
quencies produced thereby, means for controlling 

, the output of said generator, and means for 
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transmitting-said narrow band of frequencies to 
said electroacoustic translating means. 

2. In an electrical musical instrument having 
an electroacoustic translating means, the com 
bination of a source of direct current, a con 
denser normally charged by said source, man 
ually controlled means for causing the sudden 
discharge of said condenser thereby to produce 
an electrical transient pulse, ?ltering means cou 
pled to said condenser to attenuate frequencies 
above and below a predetermined frequency, a 
reactive mesh tuned to resonate at said prede 
termined frequency and coupled to said ?lter 
ing means to attenuate all frequencies of the 
transient pulse except said predetermined fre 
quency, an electron discharge device having an 
input circuit coupled to said reactive mesh, said 
device operating non-linearly when said signal 
from said reactive mesh is impressed thereon, 
and an output circuit for said device coupled to 
said electroacoustic translating means. 

3. In an electrical musical instrument having 
electroacoustic translating means, the combina~ 
tion of a junction point, manually controlled 
means for producing a sudden change indirect 
current potential at said junction point, fre 
quency selective means resonant at a predeter 
mined frequency, means for coupling said fre~ 
quency selective means to said manually con 
trolled means, and means for coupling said fre 
quency selective means to the electroacoustic 
translating means. . 

4. The combination set forth in claim 3 in 
which the means for coupling said frequency se 
lective means to the electroacoustic translating 
means includes a non-linearly operating electron 
discharge device. , 

5. The combination set forth in claim 3 in 
which said means for coupling said frequency se 
lective means to the electroacoustic translating 
means comprises non~linear means having a sub 
stantially uniform output wave shape character 
istic relatively independent of the amplitude of 
the input signal. ' 

6. The combination set forth in claim 3 in 
which said means for coupling said frequency 
selecting means to said electroacoustic translat 
ing means includes an electron discharge device 
operating non-linearly to produce an output wave 

_ of substantially square box-like shape despite 
wide variation in the amplitude of the input sig 
nal. 

'7. In an electrical musical instrument having 
electroacoustic translating means, the combina 
tion of a generator for producing an electrical 
impulse containing a wide range of audio fre 
quencies, means for‘ ?ltering the output of said 
generator to pass a narrow band of the frequen 
cies produced thereby, a switch manually oper 
able to render said generator effective to gener 
ate an electrical impulse, an iterative switch op 

, erative to render said generator repetitively effec 
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tive, and 'means for transmitting said narrow 
band of frequencies to said electroacoustic trans 
lating means. I 

8. In an electrical musical instrument having 
an electroacoustic translating means, a nor 
mally discharged condenser, manually con 
trolled means for causing the sudden discharge 
of said condenser thereby to produce an elec 
trical transient pulse, ?ltering means comiected 
to said condenser to attenuate frequencies above 
and below a predetermined frequency, a reac 
tive'mesh connected in circuit with said conden 
ser and tuned to resonate at said predetermined 
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frequency and to attenuate all frequencies of 
said pulse except said predetermined frequency, 
an electron discharge device ‘having an input 

- circuit~coupled to, said reactive mesh, said de 
vice operating non-linearly when said signal 
from said reactive mesh is impressed thereon, 
and an output circuit for said device coupled to 
said electroacoustic translating means. 

9. In an electrical musical instrument having 
eiectroacoustic translating means, the combina 
tion of a generator repetitively producing elec 
trical impulses each containing a wide range of 
audio frequencies, manually controlled means 
for rendering said generator operative, means 
for ?ltering the output of said generator to pass 
a narrow band of the frequencies produced 
thereby, means for introducing harmonic dis 
tortion in the output of said generator, and 
means for coupling said last named means to 
said electroacoustic translating means. 

10. In an electric musical instrument having 
electroacoustic translating means, the combina 
tion of a junction joint, manually controlled 
means for producing a sudden change in direct 
current potential at said junction point, fre 
quency selective means resonant at a predeter 
mined frequency, means for coupling said fre 
quency selective means to said manually con 
trolled means, and means including a non-linear 
distortion device for coupling said- frequency 
selective means to said electroacoustic translat-_ 
ing means. 

11. In an electrical musical instrument hav 
ing an electroacoustic translating means, a .nor 
mally charged condenser, means for causing the 
sudden discharge of said condenser thereby to 
produce an electrical transient pulse, band pass 
?ltering means connected to said condenser, a 
resonant reactive mesh tuned to resonate at a 
predetermined frequency within the band of 
frequencies passed by said ?ltering means and 
coupled to said ?ltering means, a sharp cuto?‘ 
electron discharge device having an input cir 
cuit coupled to said reactive mesh, said device 
operating non-linearly when said signal from 
said reactive mesh is impressed thereon, and an 
output circuit for said device coupled to said 
electroacoustic translating means. 

12. In an electrical musical instrument hav 
ing electroacoustic translating means, the com 
bination of a junction point, manually controlled 
means for producing a sudden change in di 
rect current potential at said junction point. 
frequency selective means resonant at a prede 
termined frequency, means for coupling said 
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frequency selective meansto said lgeyucpntrolled?n .. . 
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means, means for coupling said frequency se 
lective means to said electroacoustic translating 
means, a generator of an electrical signal cor 
responding to a sustained musical tone, an out 
put circuit for said generator, and means re 
sponsive to a change in the direct current po 
tential at said junction point to determine the 
amplitude of the signal supplied by said gen 
erator to its output circuit. - 

13. In an electrical musical instrument hav 
ing‘ an output system including electroacoustic 
translating means, the combination of key con 
trolled 'means for generating an electrical tran 
sient pulse containing a wide range of audio fre 
quencies, ?ltering means sharply tuned to a 
musical frequency and coupled to said generat 
ing means for attenuating all but a narrow 
band of frequencies, and means to introduce 
harmonic distortion in said narrow band of fre 
quencies, said last named means having an in 
put circuit coupled to said ?ltering means and 
having an output circuit coupled to the output 
system of the instrument. 

14. The combination set forth in claim 13 in 
which the coupling between the input circuit of 
said harmonic distortion introducing means and 
the ?ltering means includes an adjustable po 
tentiometer. _ 

15. The combination set forth in claim 13 in 
which said harmonic distortion introducing 
means comprises a sharp cutoff electron dis 
charge device having a‘ control grid, and in 
which means are provided to vary the ampli 

- tude of the signal impressed upon said’grid by 
varying the degree of coupling between said fll 
tering means and said device. . 

16. In an electrical musical instrument hav 
ing »an output system including electroacoustic 
translating means, the combination of a playing 
key, means controlled by said playing key for 
generating an electrical transient pulse con 
taining a wide range of audio frequencies, ?lter 
ing means sharply tuned to a musical frequency 
and coupled to said generating means for at 
tenuating all but a narrow band of frequencies, 
means to introduce harmonic distortion in said 
narrow band of frequencies, said last named 
means having an input circuit coupled to said 
?ltering means and having an output circuit 
coupled to the output system of the instru 
ment, means for producing a sustained tone of 
pitch approximating that to which said .?lter 
ing means is tuned, and means operated by said 
key for rendering said sustained tone producing 

JOHN M. HAN'En'r. 
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