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The present invention relates to electrical ap-
paratus for producing musical sounds. The in-
vention has been developed more particularly in
connection with the construction of an appara-

y tus for producing chimes and such an embodi-
ment will be described for the purposes of illus-
trating the principles involved, but it will be
understood that the particular description is il-
Justrative merely and is not intended as defining

i the limits of the invention. B ‘

In apparatus of the type to be described, a musi-
cal note is prodiced by impressing upon the grid
of an amplifier a voltage which is varied in ac-
cordance with the quality of the note desired. 1If,

} for example, & pure fundamental tone is desired,
the voltage impressed upon the grid may be an
alternating voltage -or an oscillatory voltage in
which the alternations follow substantially the
sihe curve pattern. If a note of more complicated

0 tonal structure as, for example, one including the

" fundamental and overtones or a number of over-
tones without the fundamental, is desired, the
pattern of the voltage oscillations becomes more
complicated but the principle involved is the

5 same. Several methods of impressing the desired
voltage variation upon the grid have been pro-

The present lnventlim has for an object to pro-
vide an improved arrangement for impressing

5

a desired pattern. It is an object to provide an
arrangment of this type in which no incidental
mechanical noises will be reproduced in interfer~
ence with the musical notes produced. '

13 . Another object is to provide a voltage varying
device which will produce an effective smooth
wave of substantially the sine wave pattern.

A further object is to provide an arrangement

_ .wherelnthepltchortheintenaityofthetonal

[0 structure can:be changed after a note is struck
and while it is still sounding. o

A further and tmportant object consists in

. providing an apparatus of extreme simplicity

which can be economically and expeditiously -

t5 manufactured. . ;
'~ ‘The nature and various objects of the inven-
tion will be better understood from a description

‘of - particular illustrative embodiments for the.
‘purposes of which description reference should

3
g

had to the accompanying drawings forming a
rt hereof and in which— ,

£

~ Mgure 1 is an electrical diagram of an illus- -

. trative hook-up embodying the invention,
' Mg 21s & detall view showing a simple form of
&5 condenser, - .~ o SR

-upon the grid an alternating voltage according to

(CL 84—1)

Fig. 3 shows an {llustrative chime ‘operating
mechanism, . _

PFig. 4 shows a manually operate device for a
single chime note, . : ' '

Fig. b is a detail view showing means for hold- 5
ing the plucking element retracted, .

Fig. 6 is an electrical diagram showing a chime
hook-up, and’ ' . S

Fig. 7 is a detail view of another form of pick-up
embodying one feature of the invention. ... : 10 .

In accordance with the present invention &
variable condenser is employed in a suitable eir-
cuit to effect the desired alternating voltage. "In
the illustrative arrangement to be more particu-
Jarly described, a suitable generator capable of 15
providing & relatively high potential, a relatively
large resistance and a variable condenser are ¢ton-
nected in series to provide a direct currént circuit :
which is open at the condenser, but which upon - -
an oscillatory variation of the capacity of the 20
condenser will cause & variation of voltage of al-
ternating character. This varying voltage is re-
ferred to in this description as an “alternating
voltage” regardless of the fact that its average
may . be other than zero. Such alternating volt- 28
age is impressed upon the grid of-an audio fre-

~ ‘quency amplifier, the connection ordinarily in-

cluding a coupling condenser permitting the pas-
sage of the alternating but not of the direct.
Referring more particularly to the drawings, 30
Pig. 1 is an electrical diagram of an arrangement
for producing ‘a pure fundamental tone or & note
combining a fundamental and overtones. A gen-
erator arranged to develop a voltage of the order
of 200 volts and indicated conventionally as a bat- 35

/tery 5 is connected in circuit with a resistance ]

which may be of the order of 2 or 3 megohms and
a variable condenser 1 which may have, for ex-
ample, & capacity of -the order of 0.0005 micro-
farads.: The generator is preferably, but not 40
necessarfly, arranged with its positive terminal

" connected to the resistance and the connection to

the grid is preferably extended from between the
resistance and the condenser as indicated in the
diagram. Upon oscillatory variation of the ca- 45,

_ pacity of the condenser at, for example, audio fre-

quencies, an ‘alternating current will be induced

in the resistance and what is more important in
connection with the present invention, an alter- -
nating voltage will be induced in the conductor 50
between the condenser and the resistance. This
alternating voltage is impressed upon the grid 8

.of an amplifying tube.10. A coupling condenser

i1 is shown between ‘the source of ‘alternative

‘voltage and the grid in order that only the al- 88
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ternating current will pass to the grid.  When the

- alternating voltage is thus impressed upon the

10
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grid 8, the amplifier tube if energized will pro-
duce a fundamental tone in the ear phones con-
ventionally illustrated at 12, the fllament 13, con-

‘denser (4 and plate I8 performing their functions

&s usual in devices of this type. A bias resistance
18 and, if-desired, a bias battery may be intro-
duced between the grid and filament as usual to
maintiin the grid at the desired voltage, usually
slightly below zero. -- . ,

The bias resistance and the flament, especially

. it grounded, may also be connected to the one side -

of the baftery 8, as indicated in the drawings.

The alternating voltage to be impressed on the
8rid is set up by oscillatory variation of the ca-
pacity of the condenser 1. The arrangement
shown is intended primarily for producing musical
sounds and for this purpose the rate of change of
the capacity of the condenser should be of audio
frequency. Accordingly in this description, the
condenser will be described as variable at an audio
frequency rate. It will be understood, however,
that this description is illustrative merely; the op-
erability of the arrangement shown is not, limited
to frequencies which are in fact audible to the
human ear. )

As & convenient arrangement for varying the
capacity of the condenser at an audio frequency,
at least one of the condenser plates is formed as a
vibrating reed and suitable means is provided for

- causing the desired vibration. In Pig. 2 is shown

& simple condenser consisting of two plates 11
and 18 one of which is a vibratory reed and the
other of which is adjustable by a set screw 19 to
vary the normal capacity of the condenser and

therefore the voltage induced and the loudness of.
the note produced. ‘The condenser 7 of Fig. 1 i3

substantially the same in pririciple but consists of

& longitudinally adjustable condenser plate 20

* with two vibratory reeds 21, 22 of different periods

of oscillation. Either reed may be vibrated alone

to produce a corresponding fundamental or both’

may be vibrated together to produce a note com-
prising a fundamental and two or three overtones.
In the arrangement shown the reeds vibrate di-
rectly toward and from the companion relatively

fixed plate as distinguished from an arrangement .

in which the movement is in the plane of the plate
but so arranged as to increase and decrease the
capacity of the condenser. The sound and the
damping effect vibrating in air is probably greater
in this arrangement, but it is not ordinarily objec-
tionable. It will be understood that means may
be provided for maintaining continued vibration
‘88 by an air blast but such continued vibration is
not desired in the arrangement herein described.
The amplitude of vibration must be such that
there is no contact between the plates for obvious
reasons ’ :

It'wl]..l,be noted that one condenser element, for . this

~ example the vibratory reeds may be grounded and

theotherelement!nthatcasemustbemsulated
for obvious reasons. As either or both reeds are
vibrated, the note becomes audible in the ear

phones 12, It is usually . desirable, however, to"

amplify the note further to operate a loud speaker

" in accordance with usual

70
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. In chimes, as {llustrative of various types of
musical notes, a complex harmonie structure is

‘desired rathér than & pure fundamental note.

The note of bell chimes usually contains as its
outstanding components or frequencies a funda-

' mental and its overtones §/4, 2, 3,4, 8,84, 8, 7, §
and 9. Mc_cm;l:esoftms_typemythenbeprof

»
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- duced in accordance with the principle embodiec

in the diagram of Fig. 1 by providing a numbel
of voltage inducing circuits of the type described
and impressing all of the alternating voltages thus
set up on the grid 8. In the several circuits the
reeds of the respective condensers would be tuned
to the frequencies of thé fundamental and over-
tones respectively and the ‘‘fixed” plates of the
respective condensers would be adjusted in ac-
cordance with the intensity of the respective over-
tone in the chime note. Certain of the overtones,
however, are of minor importance and for prac-
tical purposes it is sufficient to select, for example,
the fundamental and two or three of the more im-
portant overtones, as the sufficient components of
the synthetic chime note. .

The several component frequencies are prefer-
ably of different amplitudes to produce the desired
tonal structure. For this reason the amplitude of.
each should be determined by suitable adjust-
ments. The amplitude of the alternating voltage
can be varied by modifying the amplitude of 0s-
cillation of: the reed, by suitable variations of the
normal capacity of the condenser, by variation of

“the voltage, or by variation of the amount or ar-

- rangement of the resistance,

It is not necessary that several, in this case
twelve, entirely separate circuits be employed for
producing the several alternating voltage com-
ponents. Instead one battery and one principal
resistance may be sufficient.

. It 18 even ‘possible to provide one large fixed
condenser plate and several reeds opposite it and
in the same circuit. There are, however, com-
pensating advantages in providing at least sepa-
rate condensers, each comprising relatively fixed
plate and a vibratory plate or reed.. ‘

The voltage output from a number of reeds
can be impressed upon the grid of one amplifier
but better results are obtained if only a limited
number of reeds are connected to impress their re-
spective alternating voltages upon one grid. An
octave of 12 notes may ordinarily be handled by
one amplifier tube. The output from. several
tubes can be placed in parallel in an appropriate
combining transformer in accordance with known
practice.

In Fig. 6 is {llustrated an electrical diagram
of an arrangement for Westminster chimes in
which the notes g, ¢, d, e are each compounded of ¢
the fundamental, the eighth and the twelfth,
being respectively and accurately the first, second
and third multiples of the fundamental. The

.fundamental tones of the respective notes are

produced through condensers 26, 21, 28 and 28, ¢
all connected to the variable resistance or poten-
tiometer 30. The first overtone condensers 34,
32, 33 and 34 are similarly connected to the re-
sistance 38 and the second overtone condensers
36, 37, 38 and 39 to the variable resistance 40. By 0
arrangement the condensers of the funda-.

mental tones will all have the same resistance in

their respective circuits and so too with each of
the overtones. -The resistances provide means for
varying the voltages at the condenser and indi- 6
rectly the voltages of the alternating voltage com-
ponents impressed upon the grid and therefore of
the corresponding components of the note, The
desired tonal structure may therefore be obtained
by adjustment of the resistances. The tonal T
quality of the four notes will be of the same syn- .
thetic character for the reason that the overtones
In each case have the same relative strength
and therefore the same influence on the tone
quality. The fixed condenser elements are pref- ¥
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erably adjustable even in this arrangement in
order that further individual adjustments may

be made as desired. As indicated in the diagram,

a resistance 41 is connected between the delivery

_side of the condensers and the negative terminal

of the battery, the variable resistances 39, 3% and
48 acting as potentiometers being connected be-

tween the opposite side of the condenser- and .

the other terminal of the battery. It will be ob-
vious that the amount of resistance introduced
by the variable resistances and the ratio between
it and the main resistance will determine the

strength of the alternating voltage impressed

upon the grid. Condensers 45, 46 and 47 are in-
troduced in the resistance circuits as indicated

for the purpose .of smoothing out any variations ’

in the supply voltage from the battery. The
free ends of the resistances 30, 35 and 48 are
grounded and the circuit is also grounded at a

‘suitable point as, for example, between the re-

sistance #1 and the battery, as indicated at 48.
Inasmuch as the amplifying tube of this figure
may be an exact duplicate of the amplifying tube
of Fig. 1, the same reference characters are ap-

‘plied to the corresponding parts.

In Fig. 4 there is shown apparatus for manu-
ally operating chimes; certain novel control fea-
tures being embodied therein. The mechanism
for one note only is shown as sufficlently illus-
trating the structure. ) ‘

In this arrangement the one chime note com-
prises a fundamental .and three overtones. Ac-
cordingly there are four congensers consisting of

_four vibratory reeds 50 and four separate rela-
tively fixed plates 5. A plucking device is pro- .

vided for plucking the four reeds simultaneously.
As shown, a key 52 operates a striking rod §3

which engages at its lower end and operates a’

pivoted member 64, the outer member or.head
§6 of which, constituting the plucking. element,
is movably connected to the body member 57 by
yieldable springs 58 which normally hold it in a
position such that it will engage and pluck the
reeds 50 lightly, that is to say, the plucking mem-
bers will engage the reeds through only a rela-
tively small arc if the key is operated slowly. If,
however, the key is operated more rapidly, the
plucking element 56, because of the action of

- centrifugal force as it swings about its pivot, will

engage the reeds while moving through a greater
arc and will, therefore, ‘pluck more violently to
provide a greater amplitude of vibration. The
action of the plucking element against the reeds
tends. to force it back toward its pivot, so that,
upon its return movement, it will not again en-

* gage the reeds. It is, however, desirable to insure

the retraction of the plucking element and to
prevent its too immediate return to its outermost

position, as for example, by the arrangement in- .
dicated in Fig. 5, in which & spring wire loop 6§9.

engages & sloping projection 60. The spring loop
89 is adjusted to engage the plucking element, at
about the time that the reeds are plucked and to
maintain coniact therewith during a small por-
tion of the return movement. The spring loop
may furthermore be tensioned to quicken the re-

_turn movement of the plucking device.. This ar-

rangement provides for the plucking of the reeds
more or less actively by a perfectly natural more
or less vigorous striking of the key 52. In its

lowermost - position the plucking member rests
upon a stop 62. ‘The relatively fixed elements of -

the condensers are formed as separate parts

electrically insulated from each other rather than ’

as one integral structure, in order that the ar-

-3
rangement may be satistactorily employed in a.
circuit of the type fllustrated in Fig. 6, wherein
different resistances are connected with the sev-
It is a feature of the arrangement shown in &
Pig. 4 that the intensity of the note can be fur-
ther modified at will to provide, for example, &

‘finger controlled tremulo. ' This is accomplished

by imposing a difference of capacity upon the
condensers. The simple method shown consists 10
of movement of the relatively fixed elements of
the respective condensers toward the vibrating
elements. : L

The so-called fixed condenser elements are
carried in the insulating block €8 which in turn 15
is movably supported by spring €6 secured to the
framework.. An arm 67 pivoted at §8 is engaged
by an adjustable coliar 69 on the striking rod
$3. When the key 52 is held in its lowermost
position, the arm 671 by engaging the arm 10 20
projecting from the block 88 will move the fixed
condenser elements toward the vibratory reeds.
A damping member 15 is also carried by the arm
61 in position to engage and damp the vibrating
reeds when the key 52 is entirely released. It is 25
desirable to provide means whereby the damping
member may be held in inoperative position in-
dependently of the operation of the keys and also
to provide means for moving the fixed condenser
elements toward the reeds and holding them in 30
adjusted position. To this end an eccentric mem-
ber 16 is positioned to engage the lower extension -
of the arm 61. A small partial rotation of this
eccentric will withdraw the damping. element .
from contac} with the reeds and a further move- 38
ment will move the fixed condenser members by .
engagement of the arm 67 with the arm 70. The
eccentric may then be held fixed in any desired
position to effect correspondingly the intensity of
the note. : i

In Fig. 3 there is shown diagrammatically -an
automatic arrangement for operating chimes of
a type embodying the invention herein described.
In this arrangement a drum 80 is rotated by a
small electric motor 81 through suitable worm 45
gearing.  The drum shaft 82.carries a motor
control cam 83 and a fllament control cam 84.
The motor control cam carries a riser engageable
with a follower 8% to open the motor control cir-
cuit switch 86. A push button 87 (which is mere- 50
1y representative of any hand or automatic
switch) is provided for starting the motor. Thi
switch need be held closed only until the cam
riser releases the follower to permit closing of
the motor control switch. The drum and cam 55
will then make one complete rotation until the
riser again opens the control switch. The cam
84 will close the circuit through the battery 88.
and the filament $8 of the amplifier while the
tone control circuits are energized in the same 80
manner as above described. -

The drum 80 carries plucking pins 90 engage-

40

‘able with corresponding reeds 81 of suitably ar-

ranged condensers of a chime arrangement con-
structed in accordance with the principles here- 68
inabove outlined. The plucking p’'ns and reeds -
may be arranged In accordance with the notes
desired following the well-known principles of
music box construction. The arrangement dia-
grammatically illustrated is merely suggestive. 70"
It is important that the several reeds of each
chime note may be plucked simultaneously. It -
is impossible inechanically to obtain absolute ac-
curacy. In order to increase the accuracy of )
such simultaneous striking, the drum is some- ¥8§

\



10

13

g

- 19
W

30

2]

40

4

what yleldably conmected to its shaft, whereby
as one reed of a set slips from the plucking pin,
the drum may have a tendency to move quickly
forward thereby to more immediately pluck the
other reeds.

To this end a rubber connection is provided
between the drum and shaft. In the structure
fllustrated a resilient rubber member 82 is se-
cured to the shaft and engages between four pins
83. :

Each time that the chimes are sounded, the
drum 80 makes a complete rotation and the
plucking pins engage all of the reeds. The con-
trol to provide for sounding the chime is ob-
tained by lighting the fllament of the amplifier
under control of the chime control cam 84 when
the shaft starts turning. Th's cam is arranged
to close the fllament circuit and to cause it to be
maintained closed for only a sufficient length of
time to provide for the sounding of the desired
notes. A condenser 85 is placed across the flla-
ment terminals in order to prevent too abrupt
a breaking of the circuit through the filament.
This condenser should be of a capacity of the

_order of 2000 micro-farads, for. example, an

electrolytic condenser such as is well known in
the art. The switch arrangement controlling
the filament circuit may be of any suitable con-

struction. When the riser of cam 84 again en- -

‘gages the follower the circuit is again opened,

but the fillament will dim gradually due to the
effect of the, condenser, thereby preventing an
unpleasant sound. ' S

It is & feature of the invention that the inten-
sity of the note as a whole or the intensity of a
component may be varied in accordance with
any desired pattern. o .

In the manual operation arrangement of Fig.
4 the fixed condenser plates are moved manually
toward and from the vibrating reeds under con-
trol of the finger on the key to provide a tremulo

" or other desired effect. In the mechanical con-

45
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trol of Fig. 3, a cam control providing as an ex-
ample of tremulo. As a pleasing variation only
one of the component tones, preferably the fun-
damental, is given the tremulo effect by move-

- ment of its condenser plate. It is ome of the

‘novel features of the invention that this partic-
ular type of tremulo effect is provided. Essen-
tially this is accomplished by providing means
for producing more or less independently the
component tones with means for independently
vary.ng the intensity of at least one componcnt
without varying the intensity of all the compo-
nents. The principle involved can of course be
carried much further and other types of varia-
tions of one or more of the component tones
can be varied in numerous ways in pitch or in-
tensity. - From the condenser plate for the fun-
damental an arm 98 projects into engagement
with a cam 81 formed on the drum. . This cam
may provide, for example, a tremulo as indicated
or it may be designed to effect only an increase
or only & decrease of intensity of note. ]

"~ This feature of the invention is applicable to
other arrangements than that herein described,

In which a variable condenser controls the al-

ternating voltage impressed on the grid. This
will be more clear if we cons'der the reed broad-

.1y as’a vibratory element and the opposed con-

denser plate as a pick-up element. The Inten-
sity of the voltage induced is then Increased and
reduced as the pick-up element is moved toward
and from the vibratory element. Various pleas-

Axtg effects, of which the tremulo is an example,

2,018,094

can be obtained by suitably controlled relative
movement of the pick-up element when the al-
ternating voltage is generated by the method
herein described or by other methods, - _

‘A further feature of the invention provides a i
variable note, for example, a tremulo of the

.character in which the pitch of the note is varied.

This is accomplished by introducing an influence
to change the rate of vibration of one or more
of the reeds. The principle involved 1s illustrated 1
in Fig. 3, wherein two reeds 98 of one chime note
are of magnetic material and are subjected {o the
action of an electromagnet 99 and wherein soft
iron inserts 180 in the drum 89 pass close to the
ends of the reeds at suitably spaced intervals to 1(
modify the rates .of vibration and provide a
pleasing tremulo. Each insert temporarily closes
the magnetic circuit through two reeds. -

This feature also is applicable to other types
of pick-up, wherein a vibratory reed and a pick- 2(
up element are arranged to produce an alternat-
ing voltage which is impressed upon the grid.

. - The three plate condenser 7 as indicated in Fig.

1 comprising two vibrating reeds produces a novel
effect in that alternating voltages of three or foyr 2!
different periods may result; to wit, those having
the frequency of the two differently tuned reeds
and those having frequencies corresponding to
the sum and difference of the two frequencies. If
the reed frequencies are of 2 to 1 ratio the differ- 30
ence Is, of course, the same as the lower reed fre-
quency. o

The principle involved wherein two reeds of
different frequencies are vibrated adjacent each
other to provide a note having both frequencies 33
and additional overtones can be otherwise ap-
plied. For example, as indicated in Fig. 7, the two
reeds 101, 102 of magnetic material having fre-
quencies related in the ratio of 3 to 1 may be
connected to a magnetic core 103 of.a coll 184 with 40
the free vibrating ends spaced but overlapping.
Either reed may be vibrated to cause an alter
nating voltage of corresponding frequency or
both may be vibrated to produce a complex al-
ternating voltage having four frequency com- ¢5
ponents of the ratios 1, 2, 3 and 4. Such an ar-
rangement produces s note having a certain defi- -
nite quality. .

The foregoing particular description is illus-
trative merely and is not intended as defining the 50
limits of the invention. It will be understood
that the principles of the Invention can be vari-
ously embodied and the embodiments described
can be variously modified without departing from
the spirit of the invention, as defined in the ap- 65
pended claims. - .

Iclaim:— :

1. In apparatus for producing musical sounds,
in combination an audio frequency amplifier hav-
ing a grid, and means for impressing upon the grid 60
an alternating voltage of audio frequency com-
prising an electric circuit including in serfes a

_high voltage current generator, a resistance and

a variable condenser, with means for varying the

capacity of sald condenser substantially in ac- 65
cordance with a sine wave pattern at an audio
frequency rate together with a second means for
independently varying the capecity of said con-
denser in accordance with a wave curve pattern
at a relatively slow rate to provide a tremulo.

2. In apparatus for producing musical sounds,
in combination an amplifier having a grid, means
for impressing on said grid an -audio frequency
alternating voltage comprising an electric circuit -
including a current generator, a resistance and 78

T0



& variable condenser one plate of which consists

.ot a vibratory element comprising magnetic ma-

terial and having a period of vibration correspond-

ing to the frequency of tone to be produced, to-

5 gether with means for setting up a magnetic fleld
~ through said element and means for periodically

10
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introducing magnetic material into said fleld for
varying the impedance in said field and thereby
modifying the rate of vibration of said vibra-
. tory element. i ‘ E .

3. In apparatus for producing musical sounds,
the combination with a vibratory element having
& period of oscillation corresponding to a tone to
be produced of a pick-up element and means co-
operating with the vibratory element for produc-
ing electrical response in the pick-up device. to-
gether with magnetic means for varying the
period of oscillation of the vibratory element to
produce a tremulo.

4. In apparatus for producing musical sounds,
in combination, a reed, a manually operable key,
a plucking elément operatively connected to said
key for actuating said reed and means causing
'safd plucking element to be projected more or less

toward the reed to pluck the same more or less’

actively &s the key is actuated more or less rap-
5. In apparatus for producing musical sounds,

in combination, a reed, a manually operable key,

a plucking element, operatively connected to said
. key, for actuating said reed, sald plucking ele-
. ment being pivotally supported for movement in
an arc with spring means yleldably drawing it
toward the point of pivotal support and so tens-
_ ijoned that when actuated more or less rapidly

.1t will move radially from the pivot more or less -

under the action of centrifugal force and engage
the reeds more or less effectively.

6. Apparatus for producing musical sounds, as
defined in claim 5, wherein means is provided for

holding the plucking element radially inward after

s its operative engagement with the reeds.

7. In apparatus for producing musical sounds,

in combination, a reed, a manually operable key,
“a plucking element operatively connected to sald
key for actuating said reed, a pick-up element po-
sitioned adjacent said reed, and means operative-
1y connected to said key to be actuated when said
key is near its extreme operative position to re-

2,018,924 = 5
‘duce the distance between the vibratory reed and

the pick-up device to increase the over-all re-
sponse. L
- 8. In apparatus for producing musical sounds.
the combination with an amplifier having a grid 5
of means for impressing an alternating voltage
on said grid comprising & condenser having two
vibratory elements of different periods of oscilla-
tion with ‘a .third element therebetween and
means cooperating with the condenser including 10
an electric circuit to pick-up the vibrations and
produce an alternating voltage compounded of
the frequencies of the two vibratory elements
and the frequencies corresponding to the sum -
and difference of said first mentioned frequen- 15
cles. - ' '

9. In apparatus for producing musical sounds
the combination with means’ for producing the
component tones simultaneously to produce a

- musical note comprising one or more overtones 20

of means for varying the intensity of one com-
ponent relative to the intensity of the other or
others to provide a tremulo effect. o
10. In apparatus for producing musical
sounds, the combination with a vibratory ele- 25

. ment having a period of oscillation correspond-

ing to a tone to be produced of a pick-up ele-

- ment and means cooperating with the vibratory

element for producing electrical response in the

. pick-up device together with magnetic meaus 30
. for varying the period of oscillation of the vibra-

tory .element in accordance with a predeter-
mined pattern. : ’ E

11. In apparatus for producing musical sounds
the combination with means for producing the 35
component tones simulteneously to produce a -
musical note comprising one or more overtones
of means for varying theé intensity of one com-
ponent relative to the intensity of the other or

- others in accordance with a predetermined pat- 40

tem. : - L
12. In apparatus for producing musical sounds -
the combination with means for producing the

-component tones simultaneously to produce a

musical note comprising one or more overtones ¢g -
of means for varying one component relative to
the other or others to provide a tremulo.

RICHARD HOWLAND RANGER.



