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This invention relates to a method and 
means of producing complex tones by com 
bining elemental tones. 
An object of this invention is the produc 

5 tion of different tone qualities by a building 
up or synthetic process. 
A further object is the control and utiliza 

tion of these tones in the production of music, 
and sound effects generally. 
Now, it is well known that in modern in 

struments tuned to the equally tempered scale 
the various harmonic over-tones of a given 
sound are not in tune with any notes of such 
musical scale, except those at one or more 

15 exact octaves from the fundamental. Since 
in the embodiment of my invention here set 
forth, the fundamentals of the various notes 
throughout the range of the instruments are 
assumed to be those of the equally tempered 

20 scale, it will be seen that if a way can be 
found to make these tones of relatively simple 
quality, like, for example, the quality of cer 
tain tuning-forks, and they 
not only for fundamentals but for overtones 

2 as well, selected and proportioned in inten 
sity with due regard to the timbre or quality 
desired, the complex result will be musically 
serviceable, and will produce most pleasing 
synthetic tones, when the proper method is 
USeO. 
One of the chief objects of my invention 

is the production of tones preferably of prac 
tically a simple or sine wave characteristic, 
of definite pitches suitable to the musical 
ratios of the scale in use-usually the equally 
tempered scale; the controlling of the loud 
ness or relative dominance of these tones; 
the selection of any desired number of these 
tones to be used as partials and to be sounded 
simultaneously; the controlling of the rela 
tive loudness of these partials and the produc 
tion of Snythetic tones by the simultaneous 
sounding of these fundamentals and these 
partials. I do not, however, restrict myself 
to the production of tones of a simple or sine 
wave characteristic, nor to the employment 
of the equally tempered scale. 
It is desirable to have the so called funda 

mental or elemental tones as simple and sinu 
soidal as possible, because such tones serve 
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e then used 

better for mixing, but many mixtures may be 
obtained where the elemental tones are not 
perfectly simple. For example tuning-forks 
which usually are considered as producing 
simple tones do not give those which are ab 
Solutely simple or elemental but rather those 
which are near enough to true fundamental 
tones for all practical purposes. In the appli 
cation of my invention, I have shown tuning 
forks and organ pipes for sonorous bodies, 
because both of these may be made to give 
very nearly simple vibrations. I do not con 
fine myself, however, to any particular sono 
rous bodies, as it is evident a wide range of 
articles might be used, as strings, reeds, dia 
phragms and many more. 
To simplify the disclosure and to illustrate 

the type of instrument cheapest of produc 
tion, I have illustrated a set of sonorous bod 
ies of a single type, in each case showing a 
system, where a sonorous body which is being 
used to sound for a fundamental, may at the 
same time be commanded to speak as a har 
monic to another fundamental, and yet the 
relative loudness of all sounding sonorous 
bodies be correctly maintained. I have also 
shown expression-control mechanism, operat 
ing to control at all times the loudness of the 
synthesized result without distorting the 
quality in any way. It is obvious that dif 
ferent types of'tuned sonorous bodies may be 
employed in carring out the present inven 
tion, and the invention is hence not confined 
to the employment of a single type in any 
single or given instrument, since one form of 
tuned sonorous body may be employed for the 
fundamentals and another or others for the 
partials, the invention consisting broadly in 
combining sound waves or vibrations inde 
pendently produced by different tuned sono- 90 
rous bodies whatever be the form or type of 
such bodies. 
I accomplish the results above set forth by 

means of the embodiments of my invention 
illustrated in the accompanying drawings, in 95 
which: 

Fig. 1 is a wiring scheme mostly in dia 
gram. Fig. 2 is a section as seen on the line 
2-2 of Fig. 1. Fig. 3 is a side elevation of 
a detail looking in the direction indicated 106 
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by the arrow 3 in Fig. 1, a support for the 
stop being shown in section. Fig. 4 is a sche 
matic side elevation of the construction 
shown in Fig. 1. Figs. 5 and 6 are front and 
side elevations respectively of the key switch. 
Fig. 7 is a schematic diagram showing the 
connections for operating the tuning fork 
type of instrument. Fig. 8 is a schematic 
diagram showing the connections for operat 
ing the organ pipe type of instrument. Fig. 
9 is a schematic front elevation of the swell 
box, pipes, and solenoids which control the 
pipes, only two of the solenoids being shown 
for the sake of clearness of illustration. Fig. 
10 is an elevation on an enlarged scale of the 
actuating magnet shown in Fig. 8, with the 
parts in the positions they assume when the 
magnet is energized. 

Referring more particularly to Fig. 7 a. 
key switch controlled by a key of the key 
board is indicated by contacts 12, 13, 14, 15, 
16, and 17. As shown, the switch has three 
pairs of contacts and is more particularly 
shown in Figs. 5 and 6. Contact point 16 is 
connected by an electrical conductor to a cou 
pler comprising contact finger 18, which co 
acts with a rocking contact finger 19. A 
conductor 20 is electrically connected with 
contact 19 and makes, connection with a con 
ductor 21, which leads to a terminal of the 
actuating magnet 22. The other terminal of 
the magnet 22 is connected by a conductor 23 
to one terminal of a damper relay-magnet 24. 
The other terminal of the damper magnet is 
connected by a conductor 25 to a brush 26, 
which bears upon the interrupter of a pulsa 
tor. This pulsator may be replaced by any 
suitable mechanism which delivers correctly 
timed current impulses. The pulsator shown 
comprises a toothed disk having the teeth on 
its periphery separated by suitable insula 
tion and having a contact surface upon which 
a brush 27 bears uninterruptedly. Brush 27 
is connected through a conductor 28 to one 
terminal of a battery of storage cells. The 
cells are connected by conductors 31 to a 
switch 32 of thr end cell type. Each cell has 
a contact for engagement by a movable con 
tact 33, whereby the number of cells in cir 
cuit may be regulated, thereby the voltage 
impressed on the system regulated, and the 
intensity of the tones controlled. Contact 33 
is connected by a conductor 34 to a rocking 
resistance segment 35. Bearing upon rock 
ing segment 35 is a contact finger 36, which 
is connected by a conductor. 37 to contact 
point 17 co-acting with contact point 16 to 
control the circuit. Assuming contact finger 
19 to be in such position that it makes elec 
trical contact with 18, which is its normal 
position, the following occurs: Current from 
the storage cells 30 passes by way of a con 
ductor 31 through the switches 32 and con 
ductor 34 to the resistance segment 35. From 
the resistance segment 35 current passes by 
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way of cortact finger 36 to the contact point 
17, then to contact point 16, through fingers 
18 and 19, conductors 20 and 21 to actuating 
magnet 22. From actuating magnet 22 the 
current passes by conductor 23 to damper 
relay magnet 24, then by conductor 25 to 
brush 26 of the pulsator. Current then passes 
through the pulsator to brush 27, being inter 
rupted in its passage to produce impulses in 
the circuit, Current passes from the brush 
27 by means of conductor 28 back to the stor 
age cells 30, completing the circuit. 
In the instrument shown in Fig. 7, a ham 

mer 38 is shown, providing another means 
for actuating the forks. A pivotally support 
ed damper 39 has one end thereof provided 
with a felt cushion normally resting upon 
one prong of the fork. Mounted upon the 
damper is an armature 40, which co-acts with 
an electro-magnet 41, so that when electro 
magnet 41 is energized the damper will be 
lifted. Electromagnet 41 is controlled by 
damper relay magnet 24. The construction 
shown is known in the art and is merely 
shown herein for purposes of illustration, as 
various other types of dampers may be used. 
An armature 42 forms one contact of a switch 
which co-acts with contact 43. The natural 
period of vibration of armature 42 is made 
low enough so that the electromagnet 24 will 
hold the armature down in closed position, 
when the proper pulsating current passes 
through the magnet, and the relay is made 
sufficiently sensitive to work when the voltage 
of battery 30 is reduced to the lowest point 
required in practical operation. Armature 
42 is connected by a conductor 44 to conductor 
28, and thereby to one terminal of the stor 
age battery. Contact 43 is connected by a 
conductor 46 to electromagnet 41, the other 
terminal of electromagnet41 being connect 
ed by a conductor 45 to the other terminal 
of the battery of storage cells. It is obvious 
that when current passes through electro 
magnet 24, contact 42 will be drawn against 
contact 43 making the circuit and permitting 
current to flow through magnet 41, thereby 
energizing the latter. This causes the 
damper to be lifted from the tuning fork, 
allowing the latter to vibrate freely. The period of the pulsations passing through 
electromagnet 22 is preferably the same as 
the natural period of the tuning fork. If, 
however, it be desired to impress upon the 
tuning fork a rate of vibration other than 
its natural rate, the frequency of the pulsa 
tions, passing through the electromagnet 22 
will be made to correspond to such desired 
rate of vibration. A sounding board is in 
dicated by 47. A spring 48 connects one 
prong of the tuning fork to the bridge 49 
of the sounding board. The other details of 
the tuning fork mounting are not material 
features of my invention, and therefore, will 
not be further described. 
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The pulsator interrupter is revolved by a 

timed revolving device indicated generally by 
50. As the details of this device are not ma 
terial to my invention and as the construction 
shown is described in detail in other patents 
issued to me, it will not be further described 
herein. - 

The preferable form of construction just 
described will cause each tuning fork to 
vibrate at a rate to educe its fundamental. In 
order to adjust the intensity of the funda 
mentals, I have provided the resistance seg 
ment 35. The segment has on its periphery 
three longitudinal rows of contacts, each con 
tact insulated from all its neighbors whether 
in the same longitudinal or transverse rows. 
The contacts shown in Fig. 7 are connected 
by resistances 60, 61 and 62 to the common 
conductor 34. The segment is mounted upon 
a rock shaft 59, so that it may be rocked to 
bring any one of the longitudinal rows of 
contacts in touch with the row of fingers 36. 
In this manner any one of three different re 
sistances may be selected and placed in cir 
cuit, thereby varying the magnitude of the 
current and the intensity of the tone of the 
tuning fork. A greater number of resist 
ances may be used, if desired, to give a great 
er variety of effects. - 
Connected to conductor 21 are branch con 

ductors 51 and 55. These conductors are for 
the purpose of leading the current to the 
actuating magnet 22 of a fork tuned to an 
approximate harmonic of the fork controlled 
by contacts 16, 17. Conductor 51 is connected 
to a rocking contact finger 52, which co-acts 
with a contactfinger 53. Contact finger 53 
is connected by a conductor 54 to a contact on 
another key switch, not shown in Fig. 7. 
Conductor 55 is connected to a rocking con-- 
tact finger 56, which co-acts with a contact 
finger 57, the latter being connected by a con 
ductor 58 to a contact on another kev switch, 
not shown in Fig. 7. Conductors 54 and 58 
are connected to contact points 12 and 14 
respectively on the key switch shown in Fig. 
7. Conductors 54 and 58 are of the same 
group as conductors 54 and 58. As the com: 
plete circuits for conductors 54 and 64, 54 
and 58 are not shown in Fig. 7, the conduc 
tors are shown in dotted lines. 

Referring to Fig. 1, I have shown an as 
.sembly of elements, of which one is shown in 
Fig. 7. A series of contacts 18, one for each 
tuning fork, is fixed to a bar 65. A series of 
rocking brushes 19 is mounted on the rock 
shaft 66, and rock shaft 66 is pivotally 
mounted so that it may be rocked by means 
of the crank 67, which is secured to one end 
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of the shaft. A convenient means of rocking 
the shaft comprises a stop 68 connected to 
the crank 67. By operating the stop, the cir 
cuit may be either opened or closed to sound 
the fundamental or to keep it silent. Usually 
the contacts would be closed as the fundamen 

tal of the corresponding pitch is usually de 
sired. 
Suppose it is desired to sound the second 

harmonic, this will mean the same condi 
tion with each note throughout the intsru 
ment at that time and with that setting. Con 
ductor 54 is connected to contact point 14 and 
to contact finger 53C. There is a series of 
fingers 53 mounted on the bar 69, a particular 
one of these being marked 53C. The rocking 
contact fingers 52, which coact with the fin 
gers 53 are mounted upon a rock shaft 70. 
Rock shaft 70 may be onerated by a stop in 
the same manner as rock shaft 66. If it is 
desired to omit the second harmonic, the fin 
gers 52 and 53 are moved apart to break the 
circuit. A cross wire 58' connects contact 
point 12 with contact finger 57C. A series of 
finers 57, one for each of the sonorous 
bodies, are fixed to the bar 71, a particular 
one of these being marked by 57C. A series 
of rock contact fingers 56 are mounted on the 
rock shaft 72 so that the fingers may be 
moved into or out of engagement with each 
rther. A stop mechanism like that heretofore 
described may be used for rocking the shaft. 
If it is desired to have the second harmonic 
silent, the shaft 72 is rocked so that fingers 
56 and 57 are apart. 
The intensity of any of the upper partials 

or harmonics may be controlled. As seen in 
Figs. 1 and 4, a conductor 73 connects con 
tact point 15 with a finger 74, which bears 
upon a rocking resistance segment 75 of simi 
lar construction to the rocking resistance 
segment which controls the first partial or 
fundamental. Contact point 13 is connected 
by a conductor 76 to a contactfinger 77, which 
bears upon a rocking resistance-segment 78, 
whereby the resistance in its circuit may be 
controlled. The set of fingers 36 bearing 
on resistance-segment 35 is fixed to a cross 
bar, while the segment 35 is mounted upon a 
rock shaft 59, which may be operated by a 
stop. The set of fingers 74 are fixed to a 
cross-bar, and the segment 75 is mounted 
upon a rock shaft 79, which is operated by a 
stop. In a similar manner, the segment 78 
is mounted upon a rock shaft 80 which is op 
erated by a stop. By rocking the proper 
segments, the intensity of the fundamentals 
and each of the upper partials may be con 
trolled. By rocking the shafts 66,70 and 72 
the fundamental or any one of the upper par 
tials may be silenced or made to speak. 
The key switch indicated by the contact 

points 14 to 17 inclusive in Figs. 14 and 7, 
switch consists of three co-acting pairs of 
contacts, that is, pairs 12 and 13, 14 and 15, 
and 16 and 17. The contacts 12, 14 and 16 
are spring fingers, which tend to move into 
engagement with their respective co-acting 
members of the pairs. 
normally held out of engagement by means of 
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a swinging arm 81, which is acted upon by 
a tension spring 82. Connected to one end of 
the arm 81 is a rod 83 having at its free end 
a foot 84. The instrument key 85 has a cap 
stan-screw 86 mounted upon one end thereof 
and disposed to abut against the foot 84 and 
raise the rod 83, thereby moving arm 81 to 
withdraw the end thereof and permit the 
contacts 12, 14 and 16 to engage the members 
of their respective pairs. Upon operating a 
key, the contacts in the key switch close the 
circuits leading to the fingers associated with 
the fundamental and to each of those associ 
ated with its higher partials. 
Assuming that the key to sound the note 

C is operated, then the key switch will be 
closed, and current will flow as follows. Cur 
rent passes from one side of the battery 30 

5 
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through the switch 32, conductor 54, rocking 
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through one conductor 31, regulating switch 
32, conductor 34, segment 35 to finger 36 and 
contact 17. From contact 17 it flows to con 
tact 16 and finger 18C, one of the fingers 18. 
Assuming that rocking fingers 19 are en 
gaged with the fingers 18, current will flow 
from finger 18C through finger 19C. one of the 
brushes 19, along conductor 20O to conduc 
tor 21C, and then through the magnet 22C. 
From the other terminal of magnet 22C, cur 
rent flows through the damper magnet not 
shown in Fig. 1, through conductor 25C to 
the brush 26C. Current then passes from the 
brush 26C through the pulsator, which is 
conventionally shown, to the brush 27, 
through the conductor 28, and to the set of 

5 storage cells. 
For the first upper partial or harmonics, 

current passes from the storage battery 30 

segment 75, conductor 73, through the closed 
contact points 15 and 14 and cross wire 54' 
to the finger 53C. From the contact finger 
53C, current passes to the rock fingers 52C, 
then by conductors through magnet C to a 
pulsator brush 26, and then to the common 
return brush 27 and conductor 28 to the bat 
tery 30. 

For the second upper partial or harmonic 
current passes from the storage battery 30 
through the switch 32, conductor 34, to seg 
ment 78. From segment 78, current passes 
by way of the contact 77 and conductor 76 to 
contact 13. From contact 13, current passes 
through contact 12 and conductor 58 to con 
tact finger 57C. From contact finger 57C, 
current passes through rocking contact 56C, 
and then through magnet G' to a brush, not 
shown on the pulsator, and then by way of 
the brush 27 and the common return 28 to 
the battery 30. 
In this manner closing of the key switch 

for sounding the note C will sound the funda 
mental and the partials C° and C. The in 
tensity of the fundamental and of each of the 
aforesaid partials, or the elimination of any 
one of them may be accomplished by operat 
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ing the appropriate stop. While I have 
shown one fundamental and two upper par 
tials, I am not limited to such number, but by 
using a suitable number of contacts in the 
key switch, and suitably increasing associated 
parts and using appropriate cross wiring, any 
number of partials may be used. 
In Figs. 8, 9 and 10, I have shown an em 

O 

bodiment of my invention employing organ 
pipes as sonorous bodies. The diagram 
shown in Fig. 8 omits the battery switch 32 
and the damping magnet 24, shown in Fig. 7 
as the intensity of the synthetic tone may be 
otherwise regulated, as by the swell-box. In 
stead of the actuating magnet 22, I use a relay 
type of magnet indicated by 122. So much of 
the construction as I have just described for 
the tuning-fork type is identical herewith, 
with the exceptions noted. 

For each note there are three unison pipes 
thus 90, 91 and 92. These open into a swell 
box 93 having the usual slats 94. Each one 
of a group of pipes is controlled by a valve, 
as 95, 96 and 97. Each valve has a valve arm 
connected by suitable linkage to the plunger 
of a Solenoid. The solenoids are indicated 
by 98, 99 and 100. A terminal of each one of 
the Solenoids is connected by a common con 
ductor 101 to a battery 102. The other ter 
minal of solenoid .98 is connected by a con 
ductor 103 to a contact 104. A terminal of 
Solenoid 99 is connected by a conductor 105 
to a contact 108. A terminal of solenoid 100 
is connected by conductor 107 to a contact 
106. Contacts 104, 106 and 108 are spring 
fingers guided between the teeth of a comb 
109, and form contacts of a key switch, the 

; other contact thereof being the head 111 of 
pivoted lever 110. The head 111 is so inclined 
that when closed, it makes contact successive 
ly with 104,106 and 108, thereby successive 
ly energizing solenoids 98, 100 and 99, since 
current passes through lever 110, bracket 112 
and conductor 113 back to the other side of 
battery 102. It will be noted that bracket 
112 which is of magnetic material is fixedly 
Secured to the core of magnet 122 and sup 
ports the lever 110, so that the end of said 
lever which faces the magnet core and acts 
as an armature, will in its movement fol 
low the arc of a circle indicated by the dotted 
lines. The core of the magnet 122 is in the 
form of a horn 114, having a curved face at 
an angle to said arc of the circle. When mag 
net 122 is energized, the lever 110 is moved 
to bring the cross head 111 successively in 
engagement with contacts 104, 106 and 108. 
The curvatures of the horn 114 and path of 
the lever 110 are adjusted so that the pull 
will be substantially constant for constant 
current, but will cause the armature and head 
111 to traverse distances differing in propor 
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tion to the strength of the actuating current. 
A tension spring 115 and an adjusting screw 
116 are shown for the purpose of holding the 30 
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cross head 111 normally in its upper position. 
Fig. 10 shows the position of lever 110 when 
the magnet is fully energized. 

Referring particularly to Fig. 8 it is ob 
vious that when the key switch is closed, there 
by closing contacts 16 and 17 magnet 122 will 
be energized provided fingers 18 and 19 are 
in contact. This causes the lever 110 to be 
moved into contact with spring contact 104, 
and, if the strength of current flowing is 
sufficient, then successively with spring con 
tact 106 and spring contact 108. Solenoids 
98, 100 and 99 are successively energized, 
and the valves 95, 97 and 96 successively 
opened. If the segment 35, is so positioned as 
to give a small current flow, then the pull on 
lever 110 will be only sufficient to cause the 
head 111 to make contact with spring contact 
104 and to energize only solenoid 98, thereby 
opening only one of the organ pipes and giv 
ing only a predetermined fraction of the max 
imum volume of tone for the note, for these 
pipes may be voices of unequal loudness. If 
the segment 35 is moved to a position to de 
crease the resistance, thus, if it is on the second 
contact, the current strength passing through 
magnet 122 with 75 and 78 in former position 
will be greater and the travel of the head 111 
will be correspondingly increased, and where, 
as would be the case in practice, each note had 
a sufficient number of pipes to be fully sensi 
tive and responsive to all associated rheostat 
positions, this would cause the energization 
of more solenoids, the speaking of more pipes 
and an increased intensity of tone of that par 
ticular pitch. If the segment 35 is positioned 
so that the contact with least resistance there 
in is in contact with brush 36, then lever 110 
will be moved even farther. 

It is to be borne in mind that for simplicity 
of illustration and explanation and in order 
more perfectly to parallel my tuning-fork 
type of instrument, I have shown in my or 
gan-pipe type of construction but three pipes 
to a group or note. This perfectly illustrates 
the principle involved, but many more pipes 
per group would be required with their asso 
ciated mechanisms to make a construction as 
responsive to all rheostat positions and as 
flexible in variety of possible timbres as my 
tuning-fork type of construction. Such an 
extension however is perfectly practical but 
its showing would be needlessly complicated 
for the purposes of this application. 
With this explanation the operation of the 

device will be understood. The electro-mag 
net 122 and the three pipes forming a group 
for each note are merely for the purpose of 
grading the intensity of the tone and permit 
ting the control thereof by means of the rock 
ing resistance-segments and rocking contact 
fingers. m - 

Warious other constructions are possible 
embodying the principle of my invention. 
The two types of instruments described here 

5 

in are sufficient to illustrate the possibilities. 
The details of structure have been shown in 
as simple a form as possible, in order to sim 
plify the description and avoid confusion, 
but it is to be understood that the instrument 
or apparatus may be elaborated to any ex 
tent desired within the above disclosure and 
with a view to producing special sound ef 
fects, as for instance, through the use of one 
type of tuned sonorous bodies for the funda 
mental and another type. or other types of 
tuned sonorous bodies for the production of 
the partials. 

It will of course be understood that in any 
musical instrument the sonorous bodies 
whose vibrations produce the tones desired, 
are tuned according to certain scales which 
are commonly referred to as of “equal tem 
perament”, “just temperament', or the like, 
according to the intervals into which the scale 
is divided, and it is in this sense or with this 
meaning that the terms “scale', 'tempera 
ment' and “tuned' are employed in this spec 
ification and in the claims. 
What I claim is: 
1. The herein described method of selec 

tively and synthetically producing any of a 
series of tones in musical relation and of pre 
determined quality or timbre, which consists 
in simultaneously producing air vibrations of 
the frequencies to produce the selected fun 
damentals, and other vibrations of frequen 
cies and intensities to produce in proper 
strength any desired partials to be associated 
with such fundamentals, and permitting the 
different sets of vibrations to mingle in the 
.. 

2. The herein described method of syn 
thetically producing musical tones of in 
stantly changeable timbre or quality, which 
consists in simultaneously producing a plu 
rality of sets of air vibrations of predeter 
mined frequencies corresponding to the fre 
quencies subsisting between the fundamental 
and the several other partials of the selected 
tone, and of predetermined intensities, and 
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permitting the selected vibrations to mix and 
thus to produce upon the ear the effect of a 
tone of the desired quality. 

3. The herein described method of synthet 
ically producing musical tones of predeter 
mined timbre or quality and at will varying 
such timbre or quality, which consists in si multaneously producing a plurality of sets 
of air vibrations of predetermined frequen 
cies and intensities, and at will varying such 
intensities, the selected vibrations being per 
mitted to mix and produce the composite wi 
brations affecting the ear as a tone of the pre 
determined quality desired. 

4. The herein described method of syn 
thetically producing musical tones of any 
predetermined timbre or quality and at will 
varying such timbre or quality, which con 
sists in simultaneously producing at the will 
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6 
of the operator a plurality of sets of air vi 
brations of approximately simple sine-wave 
form, of predetermined frequencies, and of 
relative intensities instantly controllable at 
the will of the operator, the selected vibra 
tions being permitted to mix and thereby to 
produce a composite vibration affecting the 
ear as a tone of the quality predetermined and 
desired. 

5. The herein described method of synthet 
ically producing, and varying the timbre or 
quality of, musical tones, which consists in 
simultaneously producing at the will of the 
operator a plurality of sets of air vibrations 
of E. simple sine-waveform, of predetermined frequencies, and of relative 
intensities instantly variable at the will of 
the operator, the selected vibrations being 
permitted to mix and to produce a composite 
vibration affecting the ear as a tone of the 
quality predetermined and desired, and in 
stantly varying the intensity of all said vibra 
tions without altering their relative intensi 
ties or the quality of the composite tone 
produced. . 

. 6. The herein described method of synthet 
ically producing musical tones, which con 
sists in simultaneously producing at the will 
of the operator a plurality of sets of air 
vibrations of approximately simple sine 
wave form and of predetermined frequencies, 
the selected vibrations being permitted to 
mix and to produce a composite vibration 
affecting the ear as a tone of the quality 
predetermined and desired. 

7. The herein described method of produc 
ing synthetic tones of predetermined quality 
and intensity, which consists in producing 
at the will of the operator, vibrations com 
prising both those of the fundamentals and 
of the chosen other partials of the selected 
tones in their proper relative intensities, and 
8. 

8. The herein described method of produc 
ing synthetic tones of predetermined quality 
and intensity, which consists in simulta 
neously producing, at the will of the operator, 
vibrations of frequencies comprising both 
those of the fundamentals and those of the 
chosen other partials of selected tones 
throughout the range of a musical instru 
ment, and permitting said vibrations to mix 
in the air. 

9. The herein described method of synthet 
ically producing, and varying the timbre or 
quality of, musical tones, which consists in 
producing in the air at the will of the opera 
tor, any one set of vibrations of approxi 
mately simple sine-wave form from a group 
of sets of differing periodicities, arranged in 
musical relation; and simultaneously selec 
tively producing from said group other sets 
of air vibrations of appropriate relative in 
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tensity or intensities, and permitting the vi 
brations to mix in the air. 

10. The herein described method of syn 
thetically producing, and varying the timbre 
or quality of, musical tones, which consists 
in producing in the air at the will of the 
operator, any one set of vibrations of ap 
proximately simple sine-wave form from a 
group of sets of differing periodicities, ar 
ranged in musical relation; simultaneously 
selectively producing other sets of air vibra 
tions from said group; and combining at the 
will of the operator these sets of vibrations 
in any predetermined degree of relative loud 
ness so that tones of the desired timbre are 
produced. 

11. The herein described method of syn 
thetically producing, and varying the timbre 
or quality of, musical tones, which consists 
in producing in the air at the will of the op 
erator, any one set of vibrations of approxi 
mately simple sine-wave form from a group 
of sets of differing periodicities, in musical 
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relation; simultaneously selectively produc 
ing other sets of air vibrations from said 
group; combining at the will of the operator 
these sets of vibrations in any desired degree 
of relative loudness so that tones of definite 
desired timbre shall result; and varying at 
will the loudness of the composite tone with 

99 

95 
out altering the relative loudness of the com 
ponent sets of vibrations or the 
the composite tone. \, . " 

12. The herein described method of pro ducing substantially throughout the range of 
a musical instrument, synthetic tones of the 
same or different qualities as desired, by mix 
ing elemental tones in the atmosphere, said 
method consisting in producing and combin 
ing tones used as partials, said tones being in 
any desired musical relation, and said par 
tials having suitable frequencies and being 
used at the will of the operator, as funda 
mentals. 

13. The herein described method of actuat 
ing tuned sonorous bodies which, produce 
simple tones, for the purpose of producing 
complex musical tones, which consists in 
selectively actuating any one of said bodies 
having a periodicity corresponding to that 
of any fundamental in the musical scale 
selected, to produce air vibrations of the pe 
riodicity of the fundamental of the selected 
tone; and simultaneously therewith actuat 
ing others of said bodies to produce air vi 
brations of predetermined relative intensi 
ties and of periodicities of other partials of 
said tone, and permitting said vibrations to 
mix in the air. 

14. The herein described method of actuat 
ing tuned sonorous bodies which produce 
simple tones, for the purpose of producing 
complex musical tones, which consists in se 
lectively actuating any one of said bodies 
having a periodicity corresponding to that of 
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any fundamental in the musical scale selected, 
to produce air vibrations of the periodicity 
of the fundamental of the selected tone; si 
multaneously therewith actuating others of 
said bodies to produce air vibrations of pe 
riodicities of other partials of said tone, and 
permitting said vibrations to mix in the air; 

10 

15 

20 

25 

and instantly controlling at will the relative 
loudness of the selected partials. 

15. The combination of a set of tuned 
sonorous bodies; means for selectively ac 
tuating any one of said bodies to produce a 
fundamental tone; means for simultaneous 
ly actuating others of said bodies to produce 
partials to be associated with said funda 
mental tone; and means for varying the in 
tensity of the selected partials relatively to 
the fundamental tone and to one another. 

16. The combination of a set of tuned 
sonorous bodies; means for selectively ac 
tuating any one of said bodies to produce a 
fundamental tone; means for simultaneous 
ly actuating others of said bodies to produce 
partials to be associated with said funda 
mental tone; means for varying the intensity 
of the selected partials relatively to the 
fundamental tone and to one another; 
and means to couple and uncouple said first 
and second means. 
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17. The combination of a set of tuned 
sonorous bodies; means for selectively ac 
tuating any one of said bodies to produce 
a fundamental tone; means for simultane 
ously actuating others of said bodies to pro 
duce partials to be associated with - said 
fundamental tone; and means selectively to 
Erol the relative intensities of said par 

tials. 
18. The combination of a set of tuned 

sonorous bodies; means for selectively ac 
tuating any one of said bodies to produce a 
fundamental tone; means for simultaneous 
ly actuating other of said bodies to produce 
partials to be associated with said funda 
mental tone; means for selectively control 
ling the intensities of the associated partials; 
and means for controlling the intensity of the 
composite tone without altering the relative 
intensities of said partials or the quality of 
said composite tone. 

19. The combination of a set of tuned 
sonorous bodies; means for selectively ac 
tuating any one of said bodies to produce a 
fundamental tone; means for simultaneous 
ly actuating others of said bodies to produce 
partials to be associated with said funda 
mental tone; means to couple and uncouple 
said last-mentioned means and said first 
mentioned means; and means for selectively 
controlling the relative intensities of said 
partials. 

20. The combination of a set of tuned 
sonorous bodies; means for selectively actu 
ating any one of said bodies to produce a 
fundamental tone; means for simultaneous 

ly actuating others of said bodies to pro 
duce partials to be associated with said funda 
mental tone; means to couple and uncouple 
said last-mentioned means and said first 
mentioned means; means for selectively con 
trolling the intensity of said partials; and 
means for controlling the intensity of the 
composite tone without altering the relative 
loudness of said partials. 

21. The combination of a set of tuned 
sonorous bodies; means for selectively actu 
ating a plurality of said bodies to produce 
fundamental tones; means for simultaneous 
ly increasing the loudness of the tones pro 
duced by selected ones of said actuated 
bodies; and means for actuating others of 
the sonorous bodies to produce partials to 
be associated with the selected fundamentals. 

22. The combination of a set of tuned 
sonorous bodies; means for selectively actu- 8: 
ating a plurality of said bodies to produce 
fundamental tones; means for simultaneous 
ly increasing the loudness of the tones pro 
duced by selected ones of said actuated 
bodies; means for actuating others of the 
sonorous bodies to produce partials to be as 
sociated with the selected fundamentals; and 
means for controlling the relative intensities 
of all the associated partials of each com 
posite tone. 

23. The combination of a set of tuned 
sonorous bodies; means for selectively actu 
ating a plurality of said bodies to produce 
fundamental tones; means for increasing the 
loudness of the tones produced by selected 
ones of said actuated bodies; means for actu 
ating others of said bodies to produce, par 
tials to be associated with the selected funda 
mentals; means for controlling the relative 
intensities of any one or more of the asso 
ciated partials of each composite tone; and 
means for varying the intensities of the re 
Sulting tones without altering the relative 
intensities of said partials. 

24. In a musical instrument, the combina 
tion of a set of tuned sonorous bodies; means 
for selectively actuating any one of said 
bodies to produce a fundamental tone; and 
timbre-change means to actuate simultane 
ously others of said bodies to produce partials 
to be associated with said fundamental tone, said timbre-change means being operable in 
stantly at will to associate corresponding 
partials with all of the fundamentals which 
may be produced by said bodies. 

25. In a musical instrument, the combina 
tion of a set of tuned sonorous bodies; means 
for selectively actuating any of said bodies 
to produce fundamental tones; timbre-change 
means to actuate simultaneously others of 
said bodies to produce partials to be asso 
ciated with said fundamental tones, said 
timbre-change means being operable in 
stantly at will to associate corresponding par 
tials with all of the fundamentals which may 
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be produced by said bodies; and means to 
vary instantly the relative loudness of all of 
the corresponding associated partials in the 
same degree. - 

is 26. In a musical instrument, the combina 
tion of a set of tuned sonorous bodies; means 
for selectively actuating any of said bodies 
to produce fundamental tones; timbre-change 
means to actuate simultaneously others of said 

16 bodies to produce partials to be associated 
with said fundamental tones, said timbre 
change means being operable instantly at will 
to associate corresponding partials with all 
of the fundamentals which may be sounded 

15 by said bodies; means to vary instantly the 
relative loudness of all of the corresponding 
associated partials in the same degree; and 
means to control the loudness of the resulting 
tones without altering the relative loudness 

20 of said partials. 
27. In a musical instrument having sound-. 

ers adapted to produce simple harmonic mo 
tion in the air and to furnish a musical scale, 
means for exciting such motion in various 

25 predetermined combinations of said sounders, 
said means including playing controllers each 
arranged to put into play simultaneously 
with relatively different degrees of intensity 
one of said sounders to furnish a fundamental 

30 and a plurality of other said sounders to fur 
nish harmonics of said fundamental. 

28. A musical instrument comprising the 
structure stated in claim 27 and including 
means for relatively varying the intensities 

35 of tones produced by the sounders. 
29. A musical instrument comprising the 

structure stated in claim 27 and including 
one or more other controllers each arranged 
to determine. which harmonics are to be put 

40 into play under the control of the playing 
controller's. 

30. A musical instrument comprising the 
structure stated in claim 27 and including 
other controlling means arranged to deter 

45 mine which harmonics are to be put into play 
with the fundamentals and to determine the 
relative intensities of the fundamentals and 
harmonics. - 

31. In a musical instrument having sound 
50 ers adapted to produce simple harmonic mo 

tion in the air and to furnish a musical scale, 
means arranged to connect for conjoint oper 
ation predetermined combinations of sound 
ers harmonically related to each other and 

55 means for exciting such motion with different 
relative degrees of force in the sounders con 
nected as stated. ) 

32. In a musical instrument having sound 
ers adapted to produce simple harmonic mo 

C0 tion in the air and to furnish a musical scale, 
playing controllers to which said sounders 
are related, respectively, as fundamentals, 
means controlled by said playing controller's 
for operating the sounders, means to couple 

C3 with each fundamental sounder for co-opera 

tion therewith a-plurality of other sounders 
harmonically related thereto, and means to 
regulate the intensities, relatively one to an 
other, of the tones produced by the sounders. 

33. In a musical instrument having sound 
ers adapted to produce simple harmonic mo 
tion in the air and to furnish a musical scale, 
electrical means for exciting such motion in 
said sounders individually, and means for 
connecting electrically for conjoint operation 
predetermined combinations of harmonicall 
related sounders, the latter said means includ 
ing a plurality of resistance elements of dif 
ferent degrees of resistance for each sounder, 
said resistance elements being arranged to 
be put into use selectively under control of 
the said connecting means. 

34. In a musical instrument having sound 
ers adapted to produce simple harmonic mo 
tion in the air and to furnish a musical scale, 
means for exciting such motion in the sound 
el's, said means including playing controllers 
by or through which the sounders are put 
into play as fundamentals, and means by or 
through which each playing controller is 
caused to put into play, with different rela 
tive degrees of intensity, one or more other 
sounders harmonically related to the funda 
mental sounder appertaining to the playing 
controller. 

35. In a musical instrument having sound 
ers adapted to produce simple harmonic mo 
tion in the air and to furnish a musical scale, 
electromagnetic means for exciting such mo 
tion in the sounders individually, said means 
including playing switches to which the 
sounders are related as fundamentals respec 
tively, and means responsive to the control 
of the playing switches respectively to con 
nect for conjoint use with each fundamental 
sounder, one or more other sounders harmon 
lcally related thereto, 
In witness that I claim the foregoing, I 

have hereunto subscribed my name, this i4th day of August, 1917. 
MELVIN L, SEVERY. 
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