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"This invention relates broadly to means and
apparatus for determination of characteris-
ties of mechanical vibrations. More partic-
ularly this invention relates to.devices em-

5 ployed in sound analysis. ‘ .

An object of this invertion is to provide
means whereby the frequency of mecharnical
vibrations may be readily and efficientiy de-
termined.

10 Another object of this invention is to pro-
vide an electremechanical vibrator or means
having well defined frequency characteristics
whereby the intensity of mechanical vibra-
tions of a certain frequency may be detected

16 and measured.

 Still another object of this invention is to
provide a periodic. mechanical vibrator with
means for transforming mechanical vibra-
tions into electrical impulses.

29 A further object of this invention is te pro-
vide piezo electric elements upon surfaces of
‘periodic mechanical vibrators whereby sound
waves impinging upon the selected periodic
mechanical vibrator are trensiormed into

25 glectrical impulses.

Other and further objects and features of
this invention will be apparent to those skilled
in the art to which this invention pertains.

According to this invention piezo electrie

30 elements are mounted upon elastic members
of predetermined dimensions. A selector ar-
rangement is connected to each of the elements
for selectively connecting the elements to an
amplifying system which is conzected to an

5 jpdicating device. In case very active pizzo
electric elements are employed in conjunction
with a sensitive indicating device the ampli-
fying system need not be employed. Among
the uses and applications of this invention

49 gre the tuning of musical instruments, such
as pianos, determination of acoustical effects

_ in chambers, halls and churches, the determi-
nation of frequency characteristics of andio
frequency amplifiers, and the determination.

a5 f frequency of alterneting current power

transmission‘systems. '

In the drawings Figure 1 shows a diagram-
matic view of an emﬁodiment of this inven-
tion adapted For general sound Inedsure-

© 80 ments; Fig. 2 is & cross-sectional view with

N,

parts illustrated ir: elevation showing details

of construction of the periodic mechanical
vibrators; and Fig. 3 shows an arrangement
of the apparatus of my invention for the de-
termination of frequency of an alternating &5
current power transmission system.

Referring to the drawings in detail, refer-
ence numeral 1 designates a channel member
which is preferably hezvily damped and free
from mechanical resonating eifects within €
the audible range of sound frequencies. Ref-
erence numerals 2 and 4 designate the walls
of the chapnel miember. A protruding mem-
ber 3 is provided between the wails 2 and 4.
Elastic rods 5, 5a, 5b, be, 5d, be, 5f and 5g €5
extend through thie well member 4. These
elastic rods may be of any metallic material.
In certain cases, however, elastic rods of in-
sulating matericl may alsc be used. The
physical dimensions of these rods may be so 70
chosen that their frequencies correspond to an
octave of the musical scale. Thus the rods
5, 5a, 5b, 5¢, 5d, Be, 5f and 5¢ may be made
to correspond to the nctes of the musical scale
designated by C, D, E, F, G, A, B and C’, 75
respectively. The piezo electric elements 6,
6a, 60, 6¢, 6d, 6e, 6f and 6g are mounted upen
the vibrating reeds 5, 5a, 53, 5¢, 5d, be, 5f and
5g, respectively near the wall member 4.
Each of these piezo electric elements may be 89
cemented to the surface of a vibrating reed
and the surface of the ieed used as one of the
electrodes for the piezo zlectric element. Ce-
ments having a metallic base, such as sodiam
or potassium silicate may be used to fasten 85
the elements into position upon the reeds.
‘When elastic reeds of insuiating material are
employed the surfaces of the piezo electric
elements adjacent fo the reeds are first costed
with conducting medium such as gold leaf, 80
finely divided platinum or various metal
foils. The coatings which are adjacent to the
reeds are all connected together into the in-
put circuit of the amplifier system 9. Where
vibrating reeds of conducting material are 93
employed the reeds themselves serve as one
of the electrodes for the piezo electric ele-
ments and the ffame member 1 is connected to
the input of the amplifier system 9 as indi-
cated at 124 ion
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Coatings are provided on the outer sur-
faces of the piszs electric elements. Connec-
tions between the selector switch 11« contacts
7, Ta, 18, Tc, 7d, Te, Tf-and Tg and the re-

.spective coatings of the piezo electric elements

are provided. The selector switch 11 is con-
nected to the input circuit of the amplifier
system 9 and provides means whereby any
one of the elements associated with the vibrat-
ing reeds may be connected into the input
cirenit of the amplifier. Screw members 8,
8a, 80, 8¢, 84, 8¢, 8f and 8¢ are mounted in
the member 3 for engagemernt with the re-
spective reeds. © Adjusiments to compensate
for the variations in the effective vibrating
length of each of the reeds caused by changes
in temperature may be made by means of
these screw members. It often may be very
desirable to use the arrangement herein dis-
closed in tuning of musical instruments, such
as a piano in which several different scales
are in use, in such cases the effective vibrat-
ing lengths of the reeds may be readily ad-
justed by the use of the screw members so
that the frequency of vibration of cach of
the reeds and the 1ntervals or ratios between
the frequencies of the various reeds may be
changed to correspond to an octave of either
the natural or the equally tempered scale.
The amplifying system 9 comprises the elec-
tron discharge devices 10 and 12 coupled to-
gether by a transformer 11. Other coupling
means well known in the art of amplification
of electrical oscillations may be employed
in place of that illustrated. Sources of anode
current supply 16 and 17 are provided for
the electron discharge devices 10 and 12.
A source of current supply 15 is provided to
furnish a balancing current for the micro-
ammeter 14 whereby the micrcammeter may
be adjusted to its zerc position when the
amplifier system is functioning but no elec-
trical oscillations are being impressed upon
the input circuit.

Suceeszive electrical impuises transmitted
to the input circuit of the amplifying sys-
tem may be more accurately compared when
the indicating meter 14 is caused to start al-
ways at the zero point. A current limiting
device 13 which may be a resistance or an im-
pedance unit is connected into the circuit with
the source 15 and the meter 14.

In Fig. 2 is shown an arrangement where-
in a housing 18, supported by the tripod 19

is provided for the vibrating reed system for-

preventing extraneous noises from reaching
the reeds. The walls of the housing are high-
ly damped or padded to prevent sounds in-
troduced into the confined chamber from be-
ing sustained. A sound magnifier 20 of the
horn type is provided in the side of the

_housing for directing sound waves against

the vibrating reeds indicated generally at 5
whereby deforming forces are applied to the
piezo electric erystal devices represented at

6 and electrical impulses transmitted through
the coating 6" and the vibrating reeds to the
binding posts 21. Suitable amplifying and
or or measuring apparatus is connected to
the terminals 21. Resonance between the
natural frequency of the piezo electric crys-
tal devices and sound waves incident upon
the several reeds is indicated by a definite
deflection of meter 14. If sound energy from
any source acts upon any one of the reeds
and the period of the sound energy is equal
to that of the reed and its associated piezo
electric crystal element a definite deflection
of the meter 14 will indicate resonance and
its relative intensity, according to some
previous calibration.

If it is desired to employ the reed arrange-
ment herein disclosed in frequency determi-
nations or ineasuremeits in connection with
power transmission systems small solenoids
25 which are connected to the power circuit
26 may be mounted adjacent to the free ends
of each of the reeds as shown in Fig. 8. A
periodically varying magnetic flux will then
react upon the reeds and cause that reed hav-
ing a natural period equal to the frequency
of the current in the power circuit to vibrate.
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While I have described my invention in

some of its preferred embodiments, I desire
that it be understood that modifications of
this invention may be made and that no limi-
tations upon the invention are intended other
than are imposed by the scope of the annexed
claims.

What I claim as¢ new and desire to secure
by Letters Patent of the United States is as
follows: '

1. A sound analyzer comprising a me-
chanical vibration member, a constant fre-
quency electromechanical vibrator carried by
said mechanical vibration member, an elec-
trical impulse amplifying system including
an electron discharge device, an indicating

b

160

108

device associated with the output eircuit of -

said amplifying system, and connections be-
tween saild censtant frequency electrome-
chanical vibrator and said amplifying system
for actuating said indicating device accord-
ing to the operation of said electromechani-
cal vibrator due to sound waves incident upon
said mechanical vibration member.

2. In a device of the class described, the
combination of a mechanical vibration mem-
ber, a constant frequency electromechanical
vibrator carried by said mechanical vibra-
tion member, an electrical impulse amplify-
ing system including an electron discharge
device, connections between said constant fre-
quency electromechanical vibrator and said
amplifying system, an indicating device con-
nected with the output circuit of said am-
plifying sysizm and means connected with
said indicating device for causing the indi-
cating member of said device to be main-
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tained at zero when no mechanical vibrations
imping “upon. said mechanical vibration
member, said indicating “levice operating to
measure the energy generated by said elee-
tromechanical vibrator when sound waves of
a frequency to which said electromechanical
vibrator and said vibration member are
resonant imping upon said vibration mem-
ber. : : '

3. In a device of the class described the
combination of a mechanical vibration mem-
ber, an electromechanicsl vibrator carried by
said mechanical vibration member, an indi-
cating inscrument for indicating the intensity
of vibrations impingiug upon said mechani-
cal vibration member through the action of
said electromechanical vibrator and means
for directing sound vibrations against said
mechanical vibration member for selectively
actuating said member and imparting stresses
to said electromechanical vibrator for the

eneration of current for conmtrolling said
indieating instrument.

4, In a device for measuring the intensity
of mechanical vibrations the combination of
means responsive to mechanical vibrations of
a predetermined period, an electromechani-
cal vibrator carried by said means, means for
directing sound waves against said first men-
tioned means, and an indicating device con-
nected to said electromechanical vibrator for
indicating the intensity of vibration of said

" first named means when the impressed me-
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chanieal vibrations correspond in frequency
to the natural frequency of said electrome-
chanical vibrator.

5. In a device for measuring the intensity
of mechanical vibrations the combination.of
a plurality of mechanical vibration members
of different frequency characteristics, elec-
tromechanical vibrators individual to esch
of said members, an amplifier connectible
with each of said electromechanical vibra-
tors, and indicating means connected with the
output circuit of said amplifier and operative
under control of ithe electromechanical vi-
brator resonant to a particular impressed fre-
quency.

6. In a device for measuring the intensity
of mechanical vibrations the combination of
a plurality of mechanical vibration mem-
bers, of different frequency characteristics,
electromechanical vibratorsindividunal to each
of said members and corresponding tc the
frequency thereof, an amplifier system hav-
ing an input and an output_circuit, cir-
cuit selecting means connected to the input
circuit of said amplifier system, each of said
electromechanical vibrators being individu-
ally connected to said circuit selecting means
whereby a selected one of said electromechan-
ical vibrators may be connected to said ampli-
fier system and indicating means associated

with the output circuit of said amplifier sys- .

tem and operative under control of the elec-

A,

3

tro-mechanical vibrator which is resonant to
the particular impressed frequency.

7. Ina S{stem for measuring the intensity
of sound the combination of a plurality of
vibrating reeds of different frequency c{lar-
acteristics, means for supporiing said reeds,
means for adjusting the length of the vibrat-
ing portion of said reeds, piezo electric ele-
ments of a frequency corresponding to the
frequency -of said reeds mounted vpon each
of said vibrating reeds, an amphifying sys-
tem, connections between said piezo electric
elements and said amplifying system, and in-
dicating means connected with the output
circuit of said amplifying system for indi-
cating the relative intensities of the sound
waves impinging upen said vibrating reeds
under control of the piezo electrie elements
resonant to the frequency of the impressed
sound waves.

8. In a system for measuring the intensity
of sound the combination of a plurality of
vibrating reeds of different frequency char-
acterics, means for supporting said reeds,
means for adjusting the length of the vi-
brating portion of said reeds, a piezo electric
element having a frequency corresponding to
the frequency of said reeds individual to esch
of said vibrating reeds, an amplifying sys-
tem, means for selectively connecting each
of said piezo electric elements to said ampli-
fying system, an indicating device connected
with said amplifying system for indicating
the intensity of the sound waves impinging
upon said reeds, and means connected with
szid indicating device for maintaining said
device at its zero point except when sound
waves impinge upon said reeds for the selec-
tive operation of a particular reed and the
piezo electric element associated therewith.

9. In an appavatus for measuring the in-
tensity of sound waves itic combination of a

plurality of elzstic reeds each resonant to a.
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selected frequency, mesans for supporting said

reeds, members associated with said support-
ing means and with said reeds for moving
sald reeds with respeet to said sup-
porting mesns whereby the natural
period of vibration of said reeds may be va-
ried, piezc electric elemenis mounted upon
ezch of said reeds, said elements having a

110

1ns

natural frequency corresponding to each of -

said reeds and means for detecting oscilla-
tions generated by any one of said piezo elec-
tric elements under control of sound waves
incident upon said reeds.

10. In an apparatus for measuring the in-
tensity of sound waves the combination of
a plurality of elastic reeds of different fre-
quency characteristics, means for supporting
said reeds, members associated with said sup-
porting means and with said reeds for mev-
ing said reeds with respect to said support-
ing means whereby the natural period of vi-
bration of said reeds may be varied, piezo
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\

electric elements having frequencies corre-
sponding to the frequencies of said reeds and
mounted upon each of said reeds, an indicat-
ing meter for measuring the energy generat-
ed by the individual piezo electric elements,
a cabinet for housing said reeds for excluding
extraneous sounds from said reeds, and means
for directing sound waves against said reeds
for sclectively actuating a reed correspond-
ing in frequency to the frequency of the im-
pressed sound waves and controlling said
meter by the oscillations generated by the
corresponding pieze clectric element.

ii. Tn a system for measuring the intensi-
ty of sound waves the combination of a plu-
ality of elastic reeds each having different
frequency characteristics, means for support-

“ing said reeds, means for moving said reeds

with respect to said supporting means where-
by the natural period of said reeds may be va-
ried, piezo electric elements corresponding
in frequency to the frequency of said reeds
carried by each of said elastic reeds, a hous-
ing for said reeds for excluding extraneous
sounds from said reeds, means mounted upon
said housing for directing sound waves
against said reeds, an amplifier system, con-
noctions between said amplifier system and
selected ones of said piezo electric elements,
and indicating means connected with said
amplifying system and actuated by the en-
ergy generated by the selected piezo clectric
clement for determining the intensity of the

- sound waves impinging upon said elastic

reeds.
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