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My invention relates broadly to el"Curl
erators and more parbicidarly to a pre
generator of elecirical oscillations
acoustic mnva j :

Cuneof §
constam

erator of os ulauons cu"ld_ an a

arrangement for mmnuamm'* he u;echa,a cal
bratile element in g c,onamon of continucus
cillation. .

Anocther ob" ot of my inven n ig to provide
means for acoustically exci uhl’ a meﬂﬂamuazly
vibratile elf-m’m t.in phass with tI pariod
thereof for Shut ining constant fzc ”ency o zciila-
tions. o .

A further obhject of my invention is to pro-
vide an acoustic feed bsmk syste 1 for synchro-
nously exciting a i hratile element

for generating cscl Ham n m consda,ﬂt freqguency.
A still further chiech of my invention is to pro-
vide means for subjecting a mechanically vibra~
compressional and rarefactional
forces on opposite faces thersof iy i
with the pericd of the electrical oscillations
érated by the mechanically vibratile element for
ng osciilations at a predetermined ive-

Zen-

quency.

Other and further objecis of my inver ﬁ_on re~
side in the arvay ot 1
mechanically vibratile elew TTRN,
trol an oscillator system as set forth more fu‘ly
in the specificstion hereinafier following by rei-

erence to the accor
I‘rpL 1 Czlagr
g

g drawings in whizh:
Iran Jpaﬂv DMustrates the eleg-
tor and acoustic feed-back system
y iny aﬂﬁ_ n; Fig. 2 shows a modified form
of occﬂlmm‘ circuit embodying my mvmmon,
Fig. 3 shows 8 pu feed~

-pull system of geougtic

back for sustaining osciliaticns generated by 2
mechanically. vibratile element; 4 8hows
2 -modified form of mounti :

crystal element employed in t‘ﬁ_e ogeillator; Fig

de view 0- the erystal mounting em-

g, 6 shows & multmlo gen-
b%‘ _ng my invention; and Fig.
7 shows a modified form of -acoustic fasd-hack
system for -an saudio frequency oscillator.

My invenbion 1< directed to a low freguency
standard gensrator, having many improved fea-
tures of 1m=ao‘ma ce over oscillation generators
heretofore available. The oscillation gsnerator
ntion consists of an arvange-
ment of an acoustical coupling between the con-
trolling mechanical vxbra,tmg element- and the

pioyed in

(CL 250—36)

e’;ec"ov cal system used to maintain the vibrations..
By the device of my invention all electrical con-.

tacts are eliminated and the controlling element
is’left practically free to execute ils natural os-
cillations affected only by its intrinsic mechani-
cal properties and the surrounding atmospheric

conditions. 'The apparatus has a degree of ac-
curacy in the maintenance of a given frequency

" mugh greater than hes heretofore heen pos sible.

Referring to Fig. 1 of the drawings, reference
character 100 designates a viorating element
which may be in the form of a bar, rod, disc, or
cylinder supported in c,:'y convenient manner ap-
prozimately symmetrically over the opening of
an acoustical resonator indicated at 2. -To this
resonator are atuazned as shown, u\vo or -more

1abs of piezoclectric material represented at-3
and 4, which on being jarred by the vibrations of
the master vibrator 100, develop a, piezoeleciric
voltage on the electrodes, 5,6, 7, and 8. These
slectrodes are connected as shown through leads
11 and 12 between-the. grid and cathode elec-
trodes of. electron tube: 31. The voltage thus
deve;opea is amplifed in any one of a number of

well known methods of cascade amplification
‘ueh as for ex ambl\. i rou'*ln the interconnected
electron tube amplifier 21 having tubes 32, 33 and
. 34. 'The output of the amslﬁer s made to op-
erate ‘a ‘loud speaker unit 13, or 1ts equivalent,
and this in turn actuates the air column 14, con-
nected to the resonator 2, and S0 adjusted in
iength as to give the proper phase for the feed-~
back of energy to maintain the bar 15)‘) in con-
tinuous vibration.

The magster vibrator 103 may bﬂ cf any mater1-
al having suitable elastic constants such as met-
als, glass, or fused quartz. It may also be of any
material showing piezoslectric -effects, or of non-
piezo-electric maberial veneered. wholly. or par-
tially with biezoclectrical ma aterial. -In. the last
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two cages, the master. vibrator must be so placed

that the charges developed by its vibrations are
so poled as tobring ahout 2 proper phase 1e1at10n
with the feed~-back energy.

- vihrator 100 is mounted on felt or cork nads
188q and 100b at nodal peoints for the funda-
mental mode. of vibration of bar 100, the pro-
jection of bar 160 on either side of the pads be-
ing amproxnna cly. one fourth of the length .
Under some circumstances a well balanced bar
105 suspended lightly by silk threads at nodal
lines will vibrate when the acoustical resonator
or source is removed far from the har, say 10
feet or more.  The resonator 2 may be provided
with a metering ‘hole 2 defer rmined as-to size
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2

by initial selection. If desired the metering
aperture 2q may be made selectively adjustable.
The electromagnetic sound reproducer 13 ezbab-~
lishes sound waves whicn are directed throt
the air column and vibrate the cad of the cham-
ber confining the air column a3 well as the means
100 adjacent the end of the air coiumn. The
means 100 and the portions of the chamiber ad-
Jacent thereto in turn transmit these vibrations
to the piezoelectric material represented
and 4. ) .
Referring to Figs. 2 and 3, the system may be

a2t

applied as follows: I have shown the master vi-.

brator 1, formed either from piczoelestric materi-
al, or of non-piezo-electric material venesred in
whole or in part with piczocleciric material.
The piezoelectric element may be hung by threads
or supported in any other convenient manner as
set forth in my copending application, Ser. No.
336,222 filed January 3%, 1928, Patent No. 1,875,-
324, granted September 6, 1932. The charges
developed when this vibrator is put in action by
tapping or otherwise, are by electrostatic induc-
tion communicated to the electrodes formed hy
plate 2¢ and resonator 2 as indicated by ths
dotted line condensers 35. These changes are
amplified and fed back through the loud speak-
er unit 13 and the acoustical system as described
in connection with Fig. 1. -
The method of operation shown in Fig. 3 dif-
fers from that in Fig. 2 by the provision of a
“push-pull” acoustical feed-back. A double tube
system shown at 36 and 37 of insulation material

or metal tubes insulated from the resonators

~.connects to- the loud spesker 13 and delivers

sound waves to the resonator chambers 32 and 43
respectively.  The piezoelectric bar 1 or master
vibrator is disposed- between chambers 2
39 which serve as electrodes capacitively related
to the faces of the piezoeleciric crystal or master
vibrator 1 as represented by dotted line condens~
ers 35. The sound energy propagated through
tube 37 is out of phase with the sound energy
propagated through tube 36 by 180° phase when
the sound reaches the resonance chambars 32 and
38 for tube 37 is cne half wave lengih longer
than tube 36. Therefore, the compressions and
rarefactions occur alternately and in synchro-
nism for applying push-~pull forces to the crystal
or master vibrator 1 and maintain the same in
vibration.

Referring to Figs. 4 and 5, a method of applying
the same prineiple is shown which differs from
those described akove, in that the master vibrator
1 which here must be of piezoelectric material, or
of ncn-piezo-electric material vensered with
piezoelectric material, is clamped symmetrically
as shown between parts of a clamp 40, the two

‘halves of the clamp 41 and 42 being insulated

from each other and serving as collecting elee-
trodes for the voltage developed by its vibrations.
This voltage is then amplified and the energy nec-
essary to sustain the vibrations fed back through
a similar, though not idenfical, acoustical systen
to that described above. The resonance chamber
is shown at 43 connected through lnk 44 with the
lower electrode 42. 'The resonance chamber 43 is
supported by members 47 adjacent the end of the
air column 14.

In any of these metheds of apslying the prin-
ciple, an electric current of a frequency deter-
mined by the master vibrator can be derived from
the secondary winding 45 of the transformer 20
whose primary 46 is in the output of the last tube
of the cascade amplifier. Connections may be

1,921,501

taken from the secondary winding 45 of trans-
former 20 to any desired point of application for
the constant freguency energy. In the methods
of use, shown in Figs, 1, 2, and 2, the points of
support for the vibratile or master vibrator ele-
ment 1 should be at or near the nodes of the
mechanical vibrations which it is desired to utilize.
When the method is applied as shown in Figs. 4
and B, the point of support is the center of the

-vibrator 1. -

Since, by the methods of use shown in Figs. 1,
2, and 3, the vibrating element is constrained in
no way by electrodes or otherwise, except by its
own intrinsic elastic properties and the atmos-
pheric conditions existing in its vicinity, and since
these latter can be made to be subject to very
accurate control, this systein affords a method of
obtaining and maintaining a constant frequency
within the rangé of acoustical frequencies of a pre-
cision much greater than has heretofore been
attained. ]

A further advantage of my system is that it is
possible when operated in any cne of the methods
shown in Figs. 1, 2, and 3, to have two (or more)
master vibrators sivoultansously operating from
the same acoustical feed-back system, provided
the master vibrators do not differ too much in
frequency. Thus, it is possikle to obtain from the
output the sum and differencs frequencies of the
master vibrators, and hencz the range of fre-
quencies in which the method is applicable can be
much extended.

In Fig. 6 T have schematically shown the essen-
tials where 1 is a bar of metal treated or veneered
with quartz or other piezo-electric material or
genuine quartz bar may he employed and sus-
pended at or near its nodes of free vibration in
such a manner as to be free to oscillate in any
of its nodes of vibration due to some external puls-
ing force loosely coupled therets. Circuit 48 com-
prises an amplifier, the input circuit of which has
the grid connected to electrode 51 on piezo-elec-~
tric crystal 1 with connections from the opposite

80

85

90

95

100

105

110

side of the input cirsuit to electrode 52 and to the

rescnance chamber 53 as shown.

Circuit 54 is an amplifier similar to amplifier
48." Electrode 55 on pieze-electric erystal or mas-
ter vibrator 1 connects to the grid electrode of the
first stage of amplification.” The unit 13 is any
of the well known loud speaker instrument and
is here used to convert electrical energy into sound
energy which is fed through the acoustical feed
back tube 58 to supply energy to the acoustical
resonator 53 in such a phase relation that if the
crystal or master vibrator 1 or its equivalent is
vibrating that sald vibrations will be reinforced
to such an exient that continuous cscillations are
maintained at an amplituds propertional to the
energy suprplied by the acoustical system. i

The bending of the master vibrator or. piezo-
electric generator 1 furnishes an electrostatic
charge which fluctuates between minimum and

T

s piezogleciric veltage Leing collected by elec-
trostatic coupling to the various electrodes causes
an amelified grid voltage to cperate in circuit 48
on the several tubes therein and in circuit 54 on
the several tubes therein. The ecurrent through
the output transformers 57 and 58 would normally
ke in ezact phase relation. However, if in circuit
54 the electrode 55 which ceonnects to the grid
and the electrodes 52-and 53 which connect to the
flament are reversed; viz, 55 terminaiing to the
filament and 52 and 53 to the grid, then the out-
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put of transformer 58 will be exactly 180° out of
phase with the output of transformer 57. -

In Fig. 7 I have shown a single acoustic feed-
back system wherein the amplification system 48
is-used alone in connection with the multiple elec-
trodes of the piezo-electric crystal or master vi-
prator element 1. The circuits are so arranged
that multiples or harmonies of the fundamental
frequency of the crystal 1 may be selectively sus~
tained by the acoustic feed-back of energy in
selected timed relation. - S :

The acoustic feed-back arrangement is modi--

fied by.the addition. of an adjustable yoke 61
which - is . telescopically - slidable. over - tubular
members. 62 and 63, which slide into the ends of

‘tubes 68 and 69 of the acoustic feed-back sys-

tem. A bridse member 65 connects across tubes
68 and 69 and carries gn extension 66 therveon
through which the:screw threaded member 64
passes. The screw threaded member 64 is en-
gaged by. thé knurled: thumb screw 67. for ad-
vancing the yoke 61 teward or away from tubu~
lar members 68 and 69.
screw 64 rotatably engages the socket 63 ai the
end of the yoke. In this:manner the acoustic

‘feed-back between electromagnetic sound repro-

ducer 13 and resonance chamber 53 1s. varied.
By adjustably {uning the acoustic feed-back

system by selectively ~positioning the ' yoke 61

with respect to the tubular members 62 and 63,
1 am enabled te accurately adjust the acoustic
system to the fundamental frequency -of .the
mechanically vibratile element. While I have
{llustrated fixed air columns in the other figures
of the drawings, it will be understcod that the
length of such air columns and resonators was
originally  determined by a ‘tuning brocess. In
order to increase.the accuracy of the oscillator,
I may introduce adjustable means for. selectively
fixing the length cf the ‘aircolumn., The ampli-
tude of the movement of the mechanically vibra-
tile  element is brought up to & maximliin when
the resonance chamber and air column are-ad-

_justed 0 the. precise length correspending £0

the fundamental frequency of the mechanically
vibratile element. * 7 - E : -

I have found the acoustic-feed-back principle
as applied to’ a piezoelectric crystal controlled
oscillator system highly- efficient in its operation
and accurate in its maintenance of constant fre-
quency.- While I have described my invention in
certain of its preferved. embodiments T desire
that it be understocd that modifications may be
made and that no limitations upon my invention
sre intended other than .are imposed by the
scope of the appended claims. :

What I claim as hew and desire to ‘secure by
Letters Patent of the United States iz as fol-
lows: B R

1. A generator of electrical -oscillations -coim-
prising a piezoeleciric elament, means for sup-

porting said piezoelectric crystal clement. for

vibratory movement, anamp‘_iiﬁég’sic}n system in-
cluding an input circuit and an outpul. cirends,
connections between said piezoelectric. element

and said input circuit, an electromagnetic sound.

reproducer connected in said ouﬁt-put'cirmﬁt, and
means for acousticaily coupling said electromag-
8¢ ‘ele-
ment for applying acoustic impulses against said
piezoelectric crystal element in synchronism witt

the electrical ,,impulses generated by said piezo--

electric element for reinforcing the vibrations of

The end of adjusting

“frequency  electromagnetic

_acoustically coupling said

T whergby oscill

said piezoelectric crystal’ at constant frequency.
9. A genérator of electrical oscillations com-
prising 2 mechanically vibratile eleinent, means

for suspending said element for vibratory move- -

mens, an elecirical oscillatory circuit ‘connected
with ¢aid-vibratile eiemen$, an’ electromagnetic
sound reproducer energized by said circuit, -and
mesns for’ gcoustically coupling said sound re-~
producer with said mechanically vibratile ele-
ment for fsedinig back sound. vibrations upon
opposite sides of said mechanically vibratile ele-
ment in cooperative phase relation for synchro-
nously reinforcing and maintaining the oscilla-
tions in said. circuit substantially ecnstant

3. A generator of glectrical oscillations com-
prising a mechanically vibratile element, means
for suspending said mechanically vibratile ele-
ment for vibratory movement, an eleciron tube

amplification system having an input circuit and
‘an outpub circuit, comnections. between said in-

put cirsuit and said mechanically vlbratile ele-.

“ment for sustaining electrical  oscillations at a

frequency ‘determined by the characteristics of
said mechanically vibratile element, a’ sound re-
oroducer. connected with said output circuit, and
means acoustically coupling. said sound repro-
ducer with opposite sides of said mechanically

vibratile element for subjecting -said mechani-

cally vibratiie element to sound vibrations in co-
cperative phase relation at each side thereof in
step with the mechanical vibrations of said me-
chanically vibratile element for maintaining the
oseillations in said amplification system substan-
tially constant. o R
4. An. oscillation: generator comprising a me-
chanically  vibratile elements, an “amplification
system-having an- input circuit. and an output
circuit, connéctions between said mechanically
vibratile element and said inpud circuit, a tone
sound  reproducer

connected. in :said cutput circuit, and means

opposive sides of said mechanically yibratiie ele~
ment for alternately subjecting said mechanical~
ly vibratile element to compressiongl and rare-

80
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“sound reproducer with .

facticnal forces in synchronism with the oscil-

Jation characteristics of said mechanically vibra-
tile element, whereby oscillations of “constant
freduency are sp,stained thrbugh said amplifica-
tion system. o : ‘ R

5. An ‘oscillation. generaior: corprising - an
elestron tube system having an input circuit, a
work circuit, an electromagnetic sound . repro-
ducer connected in’ sai¢ work ¢l rcuit,a piezo-
cleetric crystal element connected in said inpub

circuit for generating electrical ‘oscillations, and’

ing said -elsctromag-
ith -opposite sides of

means acousbhically cou
netic sound reprodugcer - v

said pieczoeisctric crystal element in cooperative

relation - for ‘reinforging. the vibratery

piez

phase
movement of said

sustained in gaid work civeuib.

6. ‘An oscillation generstor comprising a.me-
chanically _ vibratile elermsnt, an ‘electrical cir-
cuit including said element, a sound reproducer
connected in said electrical circuit, a work cir-

_cuit connected to said elactri¢al  cireuit, and
means )
ducer with opposite sides of said ‘mechanically

acoustically coupling said sound repro-

vibratile element for subjecting said mechanical-

Iy*vibratile élement to the effects of sound vi-

prations in different vhase relations for sustain-

_ing oscillations in said work circuit at- substan-
tially constant frequency. - 7 T

oot
SGr
]

133

110

1éztric crystal element, .
tiohs ‘of ‘constant frequency-are
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7. An oscillation generator comprising a me-
chanically vibratile element, a pair of resonance
chambers ‘disposed on opposite sides of said me-
ehanically vibratile element, a sound reproducer
connected with said resonanece chambers for sup-
plying sound vibrations to said resonance cham-
bers in different phase relations, a circuit cou-
pling said mechanically vibratile element with
said electromagnetic sound reproducer for effect-
ing a continuous feed back of electrical and
acoustic. energy, and a work circuit connected
with said aforesaid circuit for sustaining oscil-
lations at substantially constant frequency.

8. An oscillation generator comprising a piezo
electric crystal element, means. for suspending
said piezoelectric crystal element for vibratory
movement, a circuit connected with said element
for sustaining  oscillations generated by said
plezoelectric crystal element, an electromagnetic
sound reproducer connected with said circuif
for reproducing sound vibrations corresponding
to the oscillations generated by said piezoelectric
crystal element and means for applying acoustic
vibrations developed by said sound reproducer to
opposite sides of said piezoelectric crystal ele-
ment in cooperative phase relation for sustain-
ing- oscillations in said cireuit at constant fre-
quency. )

9. An oscillation generator comprising a piezo
electric crystal element, a circuit for sustaining
oscillations generated by said piezo electric crys-
tal element, and means for regeneratively apply-
ing acoustic vibrations to opposite sides of said
piezoelectric crystal element in' different phase
relations for sustaining oscillaticns at substan-
tially constant frequency.

10. A’ piezoelectric crystal apparatus includ-
ing a pilezoelectric crystal .element; electrodes
capacitatively related to said piezoelectric crys-
tal element, each of said electrodes comprising
substantially hollow resonance chambers, and
means for imparting sound vibrations through
sald resonance chambers against said piezoelec-

“tric crystal element.

11. Piezoelectric' crystal apparatus compris-
ing a piezeelectric crystal element; and a pair
of  capacitatively related electrodes adjacent the
opbosite surfaces of said piezoelectric crystal ele-
ment, each of said electrodes comprising substan-
tially holiow resonance chambers for impressing
acoustic vibrations against the surfaces of said
piezoelectric crystal element,.

12. Piezoelectric crystal apparatus comprising

‘a, multiplicity of piezoelectric crystal elements, a

resonance chamber, means extending from said
resonance chamber and supporting said piezo-
electric crystal elements and establishing elec-

trical connection with one surface of each of said.

piezoelectric crystal elements, means establish-
ing electrical connection with the opposite sur-

faces of sald piezoelectric ‘crystal elements, a -
- sound- generator controlled by said piezoelectric

crystal elements, and means for introducing
sound. vibrations from  said sound ~generator
through said resonance chamber for simultane-
ously subjecting said piezoelectric crystal ele-
ments to acoustic vibrations proportional to the
natural period of said piezoelectric crystal ele-
ments and in synchronism with the operation

“thereof.

13. Piezoelectric erystal apparatus comprising
& multiplicity of piezoelectric crystal elements, a
resonance chamber constituting one electrode for
said crystal elements, means for supporting said

1,921,501

piezoelectric crystal elements with respect to said
resonance chamber, separate mechanical means
interconnecting said piezoeleciric crystal  ele-
ments adjacent said supporting means, electrodes
for establishing electrical connection- with the.
surfaces of said piezoelectric crystal elements, a

sound generator controlled by said piezoelectric

crystal elements and a . sound  conveying  tube
acoustically connected with said sound generator
for. introducing sound vibrations through said
resonance chamber in proportion to the natural
period of said piezosiectric erystal elements.

14, An oscillation generator comprising a me-
chanically vibratile element, a pair of independ-
ent amplifier circuits, a .separate work circuit
connected with each -of said amplifier circuits,
an electromagnetic sound reproducer connected
o the output circuit of one of said amplifier cir-
cuits, individual connections between said me-
chanically vibratile element and the input cir-
cuits of said amplifier circuits, and an-acoustic
coupling between said sound reproducer and said
mechanically vibratile element, whereby oscilla-
tions are generated in one work circuit in outer
phase relation to the oscillations generated in
the other work circuit. -

15. In an osciliation generator, a piezoelectric
crystal element, a pair of independent amplifier
circuits, -means connecting the input circuits of
each of said amplifier circuits with said piezoelec-
tric crystal element in out of phase relation, sepa~
rate work circuits connected with each of said
amplifier circuits, a loud speaker reproducer .con-
nected to the output circuit of one of said am-
plifier circuits, and means acoustically coupling
said loud speaker reproducer with said piezo-~
electric crystal element for regeneratively sus-
taining cscillations and impressing the oscilla-
tions thus sustained upon said separate work cir-
cuits at substantially constant frequency. in out
of phase relation. : :

16. An oscillation generator comprising a piezo-
electric crystal element adapted to. generate a
fundamental frequency and harmonics and mul-

tiples thereof; an amplification circuit elecirodes.

disposed adjacent said plezoelectric crystal . ele-
ment and connected to the input of said amplifi-
cation circuit, a work circuit connected with said
amplification circuit, an electromagnetic sound
reproducer connected in the output circuit of said
amplification circuit, and means for acousticaily
coupling said-electromagnetic sound reproducer
with said piezoelectric erystal element for sub-
Jecting said piézoslectric crystal element to scund
vibrations in synchronism with the self-vibration
of said piezoelectric crystal element and sustain-
ing oscillations of constant frequiency. in said
work eircuit. :

17. An oscillation generator comprising a piezo-
electric crystal element, means for mounting said
piezo electric crystal element for vibration, an am-
plification circuit, a work cireuit connected there-
with, an electromagnetic sound reproducer con-
nected with the output circuit of said amplifica-
tion -circuit, electrodes disposed adjacent said
piezoelectric erystal element and connected with
the input circuit of said amplification circuit, one
of said electrodes being constituted by a substan~
tially hollow resonance chamber, and adjustable
means acoustically coupling said electromag-
netic sound reproducer with said resonance cham-
her for impressing .sound vibrations upon said
piezoelecttric crystal element in step with the nai-
ural vibration thergof and réinforcing the op-
eration of said crystal element for establishing
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substantially constant frequency oscillations in
said work circuit.

18, An oscillation generator comprising a pmzo
electric crystal element, means for mounting said
piezoelectric crystal element for vibratory move-
ment, sets of electrodes adjacent opposite ends
and adjacent opposite faces of said piezoelectric
crystal element, one of said electrodes adjacent
one of the faces of said piezoelectric crystal ele-
ment constituting a substantially hollow reso-
pance chamber, an- electron tube system having
an input circuit connected with said electrodes

S5

for sustaining oscillations under control of said

piezcelectric crystal element, a sound generating
device connected in the output of said electron
tube system, means acoustically coupling said
sound generating device with the rescnance
chamber electrode adjacent said piezo electric
crystal element for directing sound vibratsions
upon said piezoelectric crystal and reinforcing
the movement thereof, and a work circuit con-
nected with said electron tube system for utiliz-

ing the oscillations thus generated.

WARD E. BOWER.
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