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Instrument, and others.

har |
An additional object is-to provide an electrical musical

1
| 2,972,922 -
ELECTRICAL MUSICAL INSTRUMENT IN THE
| - NATURE OF A PIANO
Harold B. Rhodes, 1003 N, Lido, Anaheim, Calif.
~ Filed Mar. 9, 1959, Ser. No. 798,097
o 16 Claims., (Cl. 84—1.15)

This invention relates to an electrical musical instru-
ent. . . -

The problem of mass producing a musically excellent,
yet low cost and light weight, electrical piano has been
the subject of a large amount of prior-art activity but has
not been solved heretofore. One prior-art approach
was to mount a large number of vibrating reeds on a
single large support, and to strike such reeds in order to
produce. vibrations which were electronically amplified
and transmitted to a loudspeaker. Such arrangements
worked within limited pitch ranges, but were unsatis-

factory over large ranges such as the full piano keyboard.
- This is because a supporting mass which was proper for

certain ranges of pitch would not be proper for others,
and would result in the generation of notes which were
musically undesirable with respect to dwell, overtones,
elc. ‘ | ) _ -

Another prior-art approach to the problem was to em-
ploy a large number of conventional tuning forks, but

this was undesriable since conventional tuning forks have

excessively long dwells, do not produce an initial per-
cussive effect simulating an actual non-electrical piano,
and are expensive and critical to manufacture. It is em-
phasized that a satisfactory electrical piano should pro-
duce an initial percussive effect followed by a relatively
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rapid decay and then by a limited dwell which is longer

at the lower pitches than at the higher ones. |
The above and other prior-art systems were also char-
acterized- by many deficiencies relative to such factors

as the necessity for many stages of amplification, the

necessity that relatively expensive materials be employed,
the necessity that manufacture be carried on in a manner

which was so cirtical as to greatly increase the cost of the
A particularly important defect
of the above-mentioned systems of the vibrating reed
type was that such systems did not satisfactorily employ
a reed having a small diameter and a generally cylindrical

shape, such a reed being highly desirable because of its

musical characteristics and its low cost of manufacture

and assembly. The: impracticality or impossibility of
satisfactorily employing such a reed resulted from the

fact that, in prior-art systems, the plane of vibration of
the reed would rotate erratically and result in highly un-
desirable beating noises.

In view of the above and other factors with relation

- to prior-art electrical pianos and the like, it is an object

of the present invention to provide a musically-excellent

~ electrical piano characterized by extremely low cost of

mass production, and relatively light weight.

A further object is to provide an electrical musical
instrument incorporating a number of substantially-iso-
lated tone generators each of which is adapted upon being
struck to produce -a strong initial percussive effect fol-
lowed by a dwell which may be either long or short as re-
quired by the particular instrument. o |

A further object is to provide an electrical musical
instrument incorporating tone generators which not only

- produce an initial percussive effect immediately followed
by first rapid and then gradual decay, as in a piano or
guitar, but also produce tones characterized by a strong

preponderance of the fundamental so that ‘undesirable
onics are not heard by the listener. -
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yet characterized by very weak and unobtrusive reed-
like overtones. |

A further object is to provide an electrical musical
instrument incorporating tone generators which produce
bigh-power tones requiring relatively little amplification,
yet characterized by the complete absence of beating
effects. | | |

A further object is to provide an eletcrical musical
instrument incorporating tone generators which produce
pleasing sounds having pitches and overtones which may
be varied in a simple manner during mass manufacture,
yvet which do not change subsequent to manufacture. |

A further object is to provide an electrical musical
instrument constructed of small amounts of extremely
cheap materials, such as cast iron and piano wire, yet
which produces musically-desirable sounds the pitches and
characteristics of which may be regulated at the factory
in a simple manner. |

A further object is to provide a tone generator char-
acterized by high power and the absence of beating, yet
which may be economically manufactured with a small-
diameter tine of cylindrical shape.

These and other objects and advantages of the inven-
tion will be set forth more fully in the following specifi-
cation and claims, considered in connection with the
attached drawings to which they relate.

In the drawings: S

Figure 1 is a transverse sectional view schematically
illustrating an electrical musical instrument constructed
in accordance with the present invention, it being under-
stood that the illustrated tone generator and associated
hammer, pickup, etc., is but one of many corresponding
assemblies which produce tones of different pitches, and
it being further understood that the differently-pitched
tone generators may be differently shaped in the manner
illustrated in Figures 6 and 7 as will be described here-
inafter; |

Figure 2 is an enlarged fragmentary section taken on
line 2-—2 of Figure 1:

Figure 3 is an enlarged fragmentary section taken on
Iine 3—3 of Figure 1; | - |

Figure 4 is an enlarged fragmentary exploded perspec-
tive view illustrating the manner of mounting the pitch-

~ regulating means on a tine;

Figure 5 corresponds to Figure 4 but illustraté_,s the

- conditions of the parts after such mounting;
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instrument emploving a multiplicity of fixed-free reeds ..

Figure 6 illustrates a tone generator corresponding to
the one illustrated in Figure 1 but Incorporating a
resonated inertia bar of different shape, such as to pro-
duce a relatively low-pitched note:

Figure 7 illustrates a tone generator also corresponding
to the one iltustrated in Figure 1, but adapted to produce
a note of higher pitch; | |
Figure 8 is a fragmentary section illustrating the man-
ner of mounting the fixed end of a tine in the inertia bar

and in acoustically-integral relationship;

Figure 9 is a side elevational view of a tone generator,

such view being adapted to be employed in conjunction
with the table set forth hereinafter to teach specific

examples of tone generators for large numbers of pitches:
and

Figure 10 is a schematic fragmentary elevation showing
a hammer for one of the higher-pitched tone generators.

Referring to the drawings, and particularly to Figure 1,
the electrical musical instrument is illustrated schemati-

cally to comprise a large number of tone generators. 10
which are mounted on support means 11 and 12 in iso-

lated relationship as will be set forth in detail subse-
quently, Each tone generator 10 has associated there-
with a hammer 13 which is actuated in response to press-
ing of a piano key 14 to .impart a hammer blow to. the
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tine of the tone generator. Each piano key is associated
with its corresponding hammer through a suitable linkage
which may be of conventional variety and is illustrated
sohematleally at 16. The tine portion of each tone gen-

erator has associated therewith a suitable pickup 17 (or
mechanical-electrical tranducer) which is preferably of

the electromagnetic variety. Pickup 17 is illustrated as
being mounted on one of the support means, number 11,
and as being connected through wires 18 and 19 w;tth
suitable amplifier and loudspeaker means schematically
represented at 21.

It is to be understood that the elemems arc the same
for the remaining pitches or notes of the instrument as
for the note generated with the apparatus shown in

Figure 1, except that the tone generators are adapted to

produce different pitches and characteristics. Thus, tone
generators 1¢a and 10b illustrated in Figures 6 and 7

are adapted to produce, respectively, lower and higher

- pitches than the tone generator 10 illustrated in Figure 1.
However, the associated supports, hammer, piano key,
linkage, pickup, etc., may be substantially the same for
each of the tone generators 10a and 18b, etc., as for
the tone generator 19, exeept msofar as Wlﬂ be stated
~ hereinafter. |

Proceeding next to a description of tone generators 10,
16a, 105, ctc., each comprises a tine 22 which is mounted
in acoustically-integral relationship on a resonated inertia
bar 23. The tine 22 comprises an elongated, resilient,
low-mass, fixed-free vibrating element having a prede-
termined natural frequency or pitch. Preferably, the
tine 22 is a small-diameter generally-cylindrical element,
instead of a flattened element, since such an element has
a superior tone and greatly facilitates assembly and ad-
justment., As an illustration, the tine 22 may comprise

a cylindrical piano wire formed of hlgh earbon sicel.

The resonated inertia bar 23 comprises a rigid, hlgh-
mass, fixed-free, elongated v_1brat1ng element.
brating element has, when it is associated with another

and corresponding (1de11t1ca1) element in a conventional
| tumng—-fork relationship, a predetermined natural pltch
which is audible when one prong of the tuning fork 1s
struck. However, when such a bar 23 is employed alone
(as in the present invention but with no tine 22), without
another and corresponding bar mounted in conventional
tuning-fork relationship relative thereto, there is little
or no audible sound produced when the bar is struck
except for a very brief rmgmg IIOISE: represeritmg hlghel
harmonics.
" The inertia bar 23 should be eomposed of a material
having a relatively flat resonance curve, corresponding to
a resonant electrical circuit having a low Q. A preferred
material is cast iron since this material is extremely in-
expensive, has a flat resonance curve, and does not pro-
duce any substantial sound—all sound instead being pro-
duced by the tine 22 associated therewith., The reason
for employing a low-Q material is to make the manu-
facturing operation much less critical, and to facilitate
adjustments by the pitch-regulating means which 1s slid-
ably mounted on the tine 22 as will be described. How-
ever, where lightness is important it may be des1red
to employ aluminum in the less-critical low-pitch gen-
erators, even though most aluminum is a high-Q ma-
terial.

In the illustrated embodiments, each inertia bar 23 has
a base portion 24 adapted to be mounted on one of the
support means, numbered 12. Such base portion 24 is
integral and coaxial with the working portion 26 of the
bar, such portion 26 extending from the base 24 to a
free or distal end which is associated with the other sup-
port means 11. 1In the tone generators 1¢ and 19b
(Figures 1 and 7), the working portion 26 is illustrated
as having a uniform cross-sectional shape throughout.
However, in the tone generator 10a of Figure 6, the

Such vi-
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lower vibrational frequency without unduly increasing

the length of the bar. The use of an added mass 27 1s

preferred to greatly increasing the length of the bar, par-
ticularly since an excessive increase in bar length may

produce undesirable overtones.
A leg 28 is integrally formed on each inertia bar 23 at

the junction between the base portion 24 and the work-
ing portion 26, and perpendicular thereto. It is to be
understood that the working portion 26 of the bar, and
also the operating portion of the tine 22, comprise such
portions of those elements which are to the left (Figures
1, 6 and 7) of a plane containing the surface 29 of leg
28. Both the tine 22 and the inertia bar 23 are referred
to as “fixed-free” elements since they have fixed end por-
tions at the leg 28, and free or distal end portions remote
therefrom.

If the tine 22 of any tone generator were replaced by
a bar corresponding exactly to working portion 26 and
integrally associated with leg 28, a conventional tuning
fork would result.” The tone produeed by such a hy-
pothetical tuning fork would have a certain pitch or fre-
quency. Such frequency is hereby defined as the natural
frequency of vibration of inertia bar 23. The frequency
thus defined, and the frequency mentioned at various
places herem with relation to tine 22, is the funda-
mental unless harmonics are specifically recited.

As previously indicated, means are provided to fix the
ends of the tine and the inertia bar in acoustically in-
tegral relationship, and comprise a cylindrical hole 31
(Figure 8) formed through leg 28 in spaced parallel rela-
tionship relative to the working and base portions 26
and 24 of the inertia bar. Such means further comprise
a tapered (frustoconical) end portion 32 (Figure 8) of
the tine, such end portion being hammered into the hole
31 to provlde a galling and locking action closely ad-

~jacent the surface 29. Preferably, the end portion 32 is

4()
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outer or free end of the working portion 26 is integrally
-associated with an added mass portion 27 to result in a 75 ment is made intentionally, such as at the factory. More

support
‘tionship will next be described. Refemng first to Figure

formed on a centerless grinder and has a taper of ap-
proximately 1°. The diameter of the hole 31 is slightly
undersized relative to the diameter of the main body
of tine 22, for example 0.005 to 0.01 inch smaller in di-
ameter. The described means for associating the fine
with the inertia bar is very simple and economical to em-
ploy, yet produces results which are much better than
produced by set screws, for example. This is because set
screws tend to produce a damping action which undesir-
ably reduces the length of the dwell of the vibrating tine.
It is pointed out that the location of the hole 31 is
such that the tine 22 and all portions of inertia bar 23
lie in a single plane, ‘with the tine 22 disposed generally
parallel to the workmg portion 26 of the inertia bar.
The means to mount each inertia bar loosely on the
reans 11 and 12 in isolated, non-damping rela-

2. the free or distal end portion of each inertia bar 1s
shown as resting on a strip of felt 33 disposed on the
upper surface of support means 11 which may comprise
an elongated block of wood. In order to prevent unde-
sired lateral movement of the inertia bar, a pair of pins
34 may be driven through the felt and into the upper
surface of the wood, in spaced relationship relative to
the inertia bar so as not to provide any substantial damp-
ing action. Referring next to Figure 3, a screw 36 is
shown as being inserted downwardly throunh an oversize
hole 37 in the base portion 24 of the inertia bar and into
the support means 12 which may also comprise an elomn-
gated block of wood. The base portion 24 thus rests
freely on a strip 38 of felt, through which the screw is
also inserted. The substantlal 1solatlon of each tone gen-
erator relative to the common sopport for the tone geoel-
ators is important.

The previously-indicated pitch-regulating means 1s
indicated generally at 39 and comprises a weight adapted
to slide to various longitudinal positions on the tine 22
and to remain at any desired position until an adjust-




~pitch-regulating

'generators are heavier than for the higher Ones.

~order that variations in

(stationary) condition,

-same plane as the inertia bar 23 and tine 22,

speeiﬁeally, and with partleu]ar reference to Flgure 4, the
eans comprises an open-coiled helical
spring the inner diameter of which, when the spring is at
free length as shown in Figure 4, is slightly undersize with
respect to the diameter of tine 22. To permit mounting
of the spring on the tine, the spring is first compressed
to increase the inner dmmeter thereof until it 1s greater
than that of the tine. After the compressed spring has

been mounted over the tine to the desired position, it is

~ released and permitted to spring back toward its free or

relatively long condition as shown in Figure 5. This ef-

fects a decrease in the inner diameter of the spring to

lock it firmly In pesition on the tine, as shown in Figure 3§,
until an ad]ustment is subsequently and mtentmnally
made. -

The helical sprmg comprlses an extremely simple means
for adjusting the exact pitch of the tine 22, it being under-
stood that the longitudinal position of the weight on the
tine varies the frequeancy of vibration of the tine after
the latter is struck by hammer 13,

Preferably, the springs 39 for the lewer—pltched tone
Thus
the springs for the high-—pltched tines shown in Flgures 7
and 10 may have only a few turns. The springs are
located relatively close to the free ends of the tines, 1n
spring locations will alter the
fundamental frequencies and not the harmonics.

The pickup 17 is illustrated in Figure 1 to comprise a
casing 43 which is mounted on one surface of the block
11 and serves to fixedly support an elongated permanent
magnet 44, The magnet 44 1s generally coaxial with tine
22 and has one end disposed closely adjacent the free or
distal end of the tine when at its neutral position. A coil
45 is wound around the magnet 44 and i1s connected, as

previously described, through wires 18 and 19 to the
~amplifier and loudspeaker means 21. Since the tine is

0,972,922

is so constructed as to resonate to the connected tine 22,
which accounts for its being termed a “resonated” inertia
bar. The resonance point may be defined as occurring

- when the frequency of vibration (fundamental) of the
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formed of magnetizable material, its vibration alters the

field of the magnet 44 and results in the generation of a

~ voltage in the coil, which voltage corresponds to the tine

- vibration and may be amplified and then converted into
~sound by the loudspeaker.

It is to be understood that
the exact pickup construction may vary Wlth the pltch
of .the associated tone generator.

Magnet ‘44 is formed with a chisel edge 46 WhICh is
perpendleular to the common plane of elements 22 and 23.
The exact position of the chisel edge 46 may be adjusted
by loosening the mounting screw 465 for casing 43 and
sliding the casing upwardly or downwardly a slight dis-
tance, such sliding bemg permitted beeause of the presence
of a vertical slot 464 in the easmg As illustrated, the
adjustment is such that the edge 46 is somewhat off—center
relative to the axis of tine 22 when the tine is in neutral
The described adjustable off-
center relationship permits accurate adjustment of the
fundamental-overtone relationships sensed by the pickup
and converted into sound by the loudspeaker. This is
highly important to the musical characterlsues of the
instrument.

It is pointed out that the hammer 13, when operated

‘through the linkage 16 by key 14, should strike the tine 22
~at an intermediate portion thereof and perpendicular

Thus, the movement of the bammer is in the
and 1s
generally perpendicular to the tine, The hammers for
the lower-pitched tone generators are relatively large and
are thickly felted, in order to damp out harmonics, The
hammers are reduced progressively both in size and in
thickness of felt as the higher-pitched tone generators are
approached. Thus, hammer 13q for the higher-pitched

tone generator shown in Figure 10 is relatively sharp,

thereto.

and is only thinly felted.

Detailed descrzptmn of certain zmportant relanonshrps
~ | and factors |

A ﬁrst mpertant relatmnshlp is that the inertia bar 23

40

tine is the same as the previously-defined natural fre-
quency (fundamental) of the inertia bar associated
therewith,

Stated otherwise, the inertia bar 23 and the connected

tine 22 arc tuned to each other.

It is emphae1zed that the pitch produced by each tone

‘generator is determined solely by the tine 22 and the

associated weight 39, and not by the Inertia bar 23.
Thus, when the pitch of the tine is changed by shifting
the position of weight 39 thereon, the resulting pitch of
the tone generator is raised or lowered depending on the
direction the weight is moved. The vibrational frequency
of the inertia bar 23 is correspondingly varied, being the
same as that of the tine 22. However, when the frequency
of vibrativn of the tine 22 is varied on either side of the
above-defined natural frequency of the inertia bar 23, the
dwell period of the generated tone is reduced. Stated
otherwise, the tone generator has a maximum dwell when
the tine 22 and the weight 39 are such that the frequency
of vibration of the tine is the same as the natural fre—
quency of the inertia bar.

‘When the tone generators are employed in a piano-like
instrument, as in the present illustration, it is preferred
that the tone generators adapted to produce the lower |
pitches (such as number 10g in Figure 6) be somewhat
off resonance (that is to say off the peak of the resonance
curve) in order that the dweil period will be reduced.
For example, it is desired that the dwell period of such
low-pitched notes be about 17 seconds. However, at the
higher pitches, achieved with tone generators such as the
one 105 shown in Figure 7, it is preferred that the tine 22
and the inertia bar be substantially at the peak of the
resonance curve m order that the maximum dwell will be
achieved, for example 3 to 5 seconds. Of course, the low-
pitched notes normally dwell much longer than the high-
pitched ones.

As previously stated the inertia bar 23 is censtructed
of a material, such as cast iron, having a flat resonance

curve, or low Q. With such a material the pitch of the

tine 22 may be varied for as much as half an octave

}vitheut completely departing from resonance with the
mertia bar. The weight 39 may therefore be shifted on

~ the tine 22 to vary the pitch in a practical and simple

manner, such adjustment being normally accomplished at

- the factory. If the inertia bar 23 were formed of high-Q

80

material, such as aluminum, the point of adjustment of

‘the weight 39 would be much more critical than in the

~present situation since a relatively small departure from
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the resonance peak would greatly alter the dwell and pitch
characteristics. This would make the manufacture and
adjustment of the tone generators more expensive.

Proceeding next to a description of a further important
relationship, it is emphasized that the working portion
26 of the inertia bar should have many times the com-
omned mass of the tine 22 and weight 39 thereon. This
applies, as previously stated, to the portions of the tine
and the inertia bar to the left (Figures 1, 6 and 7) of the
plane containing surface 29 of leg 28. The mass of the
working portion 26 should be at least ten times the mass
of the tine and weight 39, and preferably at least twenty—
five times the mass thereof |

Assuming that the working portion 26 of the inertia
bar has (m each instance) such a length and shape as to
resonate to the associated tine, increasing the mass of the
working portion 26 increases the amplitude of vibration
of the tine 22 for a hammer blow of given strength. Such
an 1ncrease i the amplitude of vibration has beneficial
results in that it increases the strength of the signal gen-
erated in coil 45, and decreases the number of stages

which must be incorporated in the amplification means.
Furthermore, it is emphasized that, in a piano-like instru-
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ment, it is desired that the initial vibration be very strong

to thereby simulate the hammer sound which is produced
when a conventional piano string is struck by a hammer.

To illustrate the above, let it again be assumed that the
tine 22 is removed and replaced by a bar mtenrally assO-
ciated with the leg 28 and corresponding to, and parallel

with, the working portion 26, so that a comrentional tun-
ing fork results. Upon being struck by the hammer 13,
the tuning fork would not produce any substantial 111111&1
percussive effect and would not be piano-like in action.
Furthermore, the generated tone would have a very long
dwell, much longer than a conventional piano, it being

assumed that the hypothetical tuning fork is compcsed

of a conventional tuning-fork material instead of cast iron
~or the like. Because of the small amplitude of vibration
of the arms of the tuning fork, the signal generated in an

associated pickup would be relatively weak and require
much amphﬁﬁatma wmch 1S mt only e‘ipenswe ‘but fre-

.....

To contmuc the 11111 tratlon Iet it next be asswned that
‘the working portion 26 of the illustrated inertia bar 23 is

cut off and replaced by a second tine corresponding to the

tine 22 which is illustrated. Such a device would also be
a- conventional tuning fork, but having small-diameter.

resilient prongs. This would be highly undesirable in that
the amplitude of vibration of the tine struck by the ham-

mer 13 would be small in comparisen to the amphtude:
of vibration (for a hammer blow of the same strength) of

a tine associated with an inertia bar as shown in Figure
1. The number of stages of ampllﬁcatwn required would
be increased, the piano-like percussive acticn would be

greatly reduced, and the dwell would be undesn*ably

shortened. Furthermore, in both the large-mass and
small-mass conventional tuning fork situations, the mu-
sical characteristics of the generated tones WOUId be
greatly inferior, in regard to overtones and the like,
than the musical characteristics of the tones generated
by the tone generators of the present invention.

The present tone generator may also be characterized
as a tuning fork but, in contrast to the illustrations pre-
sented in the two preceding paragraphs, of unconvenuonal

construction for reasons including the fact that the legs

22 and 26 of the fork have greatly unequal masses.
" A further important relationship is that the inertia bar

23 should have relatively little. mass, and preferably no

“mass, outside of the common plane centammg the Inertia
bar and the tine 22.

B and 23 lie In a single pllane and when the inertia bar is

isolated from the common support as described herato—'

fore with reference to Figures 2 and 3, the plane of vibra-

tion of the tine 22 will always lie in the wbove-mentmned

plane of the inertia bar and the tine, and will not rotate
to provide an undesirable beatlng noise in the loud-
spmker.'_ To 111ustrate this, let it be assumed that the tine
22"is struck in a direction 90° from the direction illus-
trate_d in Figure 1, i.e. in a direction perpendicular to the
plane containing elements 22 and 23. Upon such a strik-

ing action, the tine 22 will vibrate little, if any, and any

vibration will be in the same plane as the elements 22 and
23. In summary, therefore, the inertia bar 23 is so con-
structed and mounted as to be incapable of supporting
any substantial vibration of the associated tine in a plane
other than the common plane in which the hammer moves,

When all portions of the elements 22
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and which contains the inertia bar and the tine. Thus, the |

free end of the tine moves closely ﬂd]ﬂC"""‘lt and per-
endicular to, chisel edﬂfe 46, ~
Because of the abave—mdmated relationship by which
the plane of vibration of the tine may not rotate, and be-
cause of other factors, the tine need not be flat but may

be constructed with a cylindrical shape, preferably a

This produces, as previously
a superior tone (with much more desirable over-

plano wire or the like.
- stated,

tgnes) dnd with less expense than in a situation where

the tine must be flat. Furthermere, the cylindrical tine
may be mounted in the leg 28 in the above-described

S < | SO 4. 80
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highly simple manner (Flgure 8), and the weight 39 may
comprise the spring which is adjusted in a very simple
manner as prevmusly ‘described mth relation to Figures
4 and 5.

In summary, therefore, the end product is a plano—hke
musical instrument which produces the desired initial

percussive action, and the desired long or short dwell at
various pitches, yet without beating and with such high
power that relatively little amplification is required. The
generated tone is musically excellent and highly pleasing,
yet the instrument is constructed cheaply and light in
weight for economical mass production. No tuning of
the instrument is required once it has been adjusted at the
factory.
Specific example

In order to provide, without limitation but merely for
purposes of illustration, a specific example of one piano-
like instrument constructed in accoradnce with the present
inveniton, the following table is presented. This table is
to bé read in connection with Figure 9 which illustrates,
along with certain fixed dimensions, the variable dimen-
sions recited in the table. The dimensions are all 'given
in inches. | |

It is to be understood that the table relates to an in-
strument incorporating the pitch-regulating means 39,
and having inertia bars constructed of cast iron and having
cylindrical tines 22 formed of piano wire (high carbon
steel). The tines in each instance are 0.075 inch in diam-
eter. Each of the inertia bars is uniformly 38 inch in its

dimension perpendicular to the showing of Figure 9.

Bar No Dimen- | Dimen- Digﬂen- Dimen- Dimen-
~ S sS10n S10n Si0n 51011 slon
A B C D B
| S 10. 32 134 e 15144 6. 365
e e e e 10. 07 181g 6 134 6. 225
S i 9,82 114 31¢ 1214, 8. 065
: S S 9. 61 136 e 14164 5. 857
S - 9,44 114 16 11949 5. 638
6 e - 9,28 1144 36 1916 5, 533
7 e 20,13 1364 36 11349 5. 375
B e e 8.95 1364 316 176 *5.195
G e 8. 73 1349 316 113452 h. 0629
10 e 8. 65 1164 316 12944 4. 903
11 L 8. 50 1164 36 11142 4,750
1 5 S 8. 33 1 - g 1215 4, 632
13 8.29 5944 346 1544 4. 545
14 o 8.19 29449 34 6 11764 4,435
15 i 8. 05 5744 218 114 4, 307
16 e 7.93 78 316 1749 4, 183
Iy S SR 7. 82 Y 36 11364 4, 074
18 e 7. 68 1316 346 1316 3.932
| £ T 7. 55 31 36 11364 3. 790
20 e e 7.42 Ll 36 IR % 3. 668
.3 S 7.32 88 e 1744 3. 565
.y S 7.23 | a 36 1342 3.475
2 o 7.14 3064 e -~ 1564 3. 380
V. S 7. 03 L6 e 1Ue 3. 283
2% T 6. 95 1549 6 1364 3. 202
21 S 6. 80 e 346 1144 3.114
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Various embodiments of the present invention, in addi-
tion to what has been illustrated and described in detail,
may be employed without departing from the scope of
the accompanying claims.

I claim: | -

1. An electrical musical instrument, comprising a tun-
ing fork having a first leg of high mass and a second leg
of low mass, said legs being in tune with each other, a
pick-up means operatively associated with said low-mass
leg to produce an electrical signal which is determined
at least substantially entirely by vibration of said low-
- mass leg only, and exciting means operatively associated
with said low-mass leg only. |

2. The invention as claimed in claim 1, in which means
are provided to mount said pick-up means in fixed rela-

tionship on a support, said support being independent

of both of said legs.

3. The invention as claimed in claim 1, in which said
-low-mass leg and high-mass leg are spaced a sufficient dis-
tance from each other, to prevent contact therebetween
at all times, including during operation of said exciting
means. | | | o

4. The invention as claimed in claim 1, in which the
mass of said high-mass leg is many times that of said- low-
mass leg. | | -

- 5. The invention as claimed in claim 1, in which the
mass of said high-mass leg is at least ten times that of
said low-mass leg.

6. The invention as claimed in claim 1, in which means
are provided to mount said tuning fork on a support in
- substantial isolation relative thereto. |

7. The invention as claimed in claim 1, in which said
high-mass leg comprises a relatively rigid elongated metal

- element having a-mass many times that of said low-mass
leg, and in which said low-mass leg comprises a relatively
resilient - elongated metal element extending generally

parallel to said high-mass leg in overlapping relationship

- relative thereto, said low-mass leg being connected to

said high-mass leg in acoustically-integral fixed-free rela-
‘tionship. - | - o

8. The invention as claimed in claim 7, in which said
low-mass leg comprises a relatively small-diameter cylin-
drical wire. - o | |
9. The invention as claimed in claim 7, in which said
‘eXxciting means comprises a piano action having a hammer
portion disposed to strike said low-mass leg, said hammer
~ portion being adapted to move in the plane of said legs.
- 10. The invention as claimed in claim 7, in which said
- low-mass leg is formed of magnetizable material, in which

sald pick-up means comprises an electromagnetic pickup
-mounted adjacent the free end of said low-mass leg to

sense the vibrations thereof, and in which amplifier and
loudspeaker means are connected to said pickup.

~11. The invention as claimed in claim 10, in which said

pickup incorporates an elongated magnetizable core one
end of which is disposed near the free end of said low-

mass leg, said one core end converging to a relatively:
sharp edge located closely adjacent said free end of said

10

vided to adjust the location of said sharp edge in a direc-

tton transversely thereof to variocus locations ofi-center

- relative to said free end,

10

12. The invention as claimed in claim 1, in which said
low-mass leg is adapted to vibrate at a predetermined fre-
quency, and in which said high-mass leg is identical to
one leg only of a tuning fork having legs identical to each
other and adapted to vibrate at substantially said prede-
termined frequency. |

13. The invention as claimed in claim 1, in which said
high-mass leg is a metal bar having a metal base portion

- rigidly associated therewith, said base portion having a
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low-mass leg when said low-mass leg is in rest position, -

- said sharp edge extending generally transversely to the
~common plane of said legs, and in which means are pro-

% 2765693

cylindrical recess therein extending generally parallel to
said high-mass leg, and in which said low-mass leg is a
cylindrical metal wire having a diameter slightly greater
than that of said recess, said wire having a frustoconical
end portion driven into said recess.

14, The invention as claimed in claim 1, in which said
high-mass leg is formed of a metal having a relatively
flat resonance curve, and in which weight means are
movably mounted on said low-mass leg to adjust the pitch
thereof upon being moved to different longitudinal posi-
tions thereon, |

15. The invention as claimed in claim 1, in which
means are provided to mount said tuning fork in sub-
stantially isolated relationship relative to a support, in
which amplifier and loudspeaker means are connected to
said pick-up means to reproduce the movements of said
low-mass leg in the form of sound, and in which said ex-
citing means comprises a piano action having a hammer
portion disposed to strike said low-mass leg.

- 16. The inveuntion as claimed in claim 1, in which said
high-mass leg comprises an elongated cast iron bar hav-

_ ing a laterally-extending base at one end portion thereof,
~1n wiich said low-mass leg comprises an elongated cylin-

drical piano wire rigidly connected to sald base, said wire
extending generally parallel to said cast iron bar in over-

lapping relationship, in which means are provided to

mount said bar and wire on a common support in sub-
stantial 1solation relative thereto, in which said pick-up
means comprises an electromagnetic pickup mounted ad-
jacent the free end of said wire to sense the vibrations
thereof, in which amplifier and loudspeaker means are
connected to said electromagnetic pickup to convert the
currents generated therein into sound, and in which said
exciting means comprises a piano action having a hammer
portion movable in the plane of said bar and wire to strike
said wire and initiate vibration thereof in said plane.
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