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This invention relates to tuning forks or
vibrating bodies and particularly to a method
and apparatus for (!)riving or maintaining
the fork or body in vibration. :

This invention has for an object tp provide
for driving & tuning fork by imparting a
}on itudinal movement to the stem of the

ork.

It has for another object to provide sup-

porting means for the fork secured to its stem
and arranged to permit longitudinal move-
ment thereof, in combination with & simple
form of motor dis to impart a driving
movement to the fork longitudinally of the
stem. .
* Still another object is to provide a driving
means for a tuning fork or other vibrating
body spaced from the body and connected
therewith through an extension. member,
such as the stem 1n the case of a fork, so that
the vibrating body may be separated ‘from
the motor by a heat insulation member in
order to minimize the effect of the heat dis-
sipated in the motor,

A still further object of this invention is
to provide a type of regenerative amplifier
adapted to supply power to the fork driving
motor provided with means to compensate
for variations in the potential of the current
supplied to said amplifier. ,

A still further object is to provide: both
a drive means for the fork and a regenera-
tive amplifier means operated from the tines
of the fork which will leave the tines free
to vibrate undamped and unrestrained b
any mechanical connections made therewit
or magnetic fields embracing the same.

It is known to those skilled in the art that a
tuning fork in vibration sets up a longitudinal
vibratory movement in the stem of the fork.
In view of this, it has been proposed hereto-
fore to maintain tuning forks in vibration by
applying a vibratory motion to the fork
longitudinally of the stem. Such a method of
driving tuning forks has ?lroven effective but
the means for applying the driving force to
the stem of the fork has been somewhat com-
plicated and unsatisfactory due to the fact
that the stem of a tuning fork must also
serve as a means to support the fork. Ac-

cording to this invention it is pfoposed to
employ what is commonly known in the art
as a moving coil or “dynamic” coil motor for

driving the fork. With such a driving mecha-

nism an opening can be provided through
the central portion of the field coil of said
motor through which the stem of the fork
or an extension thereof may extend and dia-
phragms may be secured to the stem of the
fork at points spaced from the opposite ends
of said opening. This provides a compara-
tively rigid support for the fork transversely
of the stem and. at the same time provides a
very flexible support longitudinally thereof
depending upon the rigidity of the dia-
phragms employed. Such an arrangement
leaves the tines of the fork unimpeded by the
usual method- of applying driving force di-
rectly thereto. The tines are further left free
or unimpeded in their vibratory movement
by providing a capacity pick-up arrangement
for driving the regenerative amplifier instead
of the usual inductive pick-up.

One of the greatest difficulties usually en-
countered in the operation of tuning forks
is due to the fact that the voltage or poten-
tial of the current supplied to the amplifier

‘cannot easily be maintained uniform. Any

change of potential is said current causes the
amplifier to apply more or less power to the
driving motor which in turn has its effect
upon the frequency of the fork, Accord-
ing to this invention means is provided for
compensating for variations in the current
to the amplifier instead of depending sol
upon maintaining the amplifier current uni-
form. :

The variations in input to the driving mo-
tor also result in changes in the amount
of heat dissipated from the motor which in
arrangements heretofore employed produce
appreciable temperature changes in the fork.
However, the arrangement of the parts ac-
cording to this invention permit the motor
to be segregated from the fork by heat in-
sulation. -

Other features and advantages of this in-
vention will be apparent from the follow-
ing description and claims taken in connec-
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tion with the accompanying drawing, in
which:

Fig. 1 shows a plan view of the tuning fork
with the driving motor in section;

Fig. 2 is a view showing the fork insulat-
ed from the motor; and

Fig. 3 is a- diagrammatic view of the tun-
ing fork and motor circuits together with
the circuits of the amplifier employed for

“driving the motor. ’

Referring to Fig. 1 the arrangement com-
prises & tuning fork 10 having a pair of tines
11 and 12 connected together by a yoke sec-
tion 13 from the center of which extends a
stem 14. The tuning fork and the stem 14
may be of steel or other suitable material.
For the purposes of heat insulation the stem
14 or a section of the same may be formed of
bakelite or similar material. The stem 14 is

. relatively short and provided with an exten-
Sif.ﬁl 15 preferably of non-magnetic mate-
rial,

The driving motor 16 comprises a field
magnet having a winding 17 disposed be-
tween a central core 18 and an annular cas-
ing 19, The core 18 and the shell 19 com-
prise the pole pieces of the field magnet. An
annular slot 20 is provided at the top of the
pole pieces in which is disposed a moving
coil 22 supported on an annular drum or
cup member 23. At the upper and lower ends
of the field magnet annular extension rings
24 and 25 preferably of non-magnetic ma-
terial are provided upon the outer ends of

' which are secured diaphragms 26 and 27.
The stem of the fork is supported at the cen-
ters of the diaphragms, the upper diaphragm
26 being pierced to admit a threaded projec-
tion 28 o? the extension stem 15. The lower
‘end of the extension 15 is secured to the cen-
ter of the lower diaphragm 27. The cup
member 23 supporting the moving coil is also
secured about tﬁe projection at the upper end
of the extension stem. The threaded projec-

“tion 28 extends through the bottom of the
cup member 23 and through the diaphragm
26 into a tapped opening in the stem 14 and
in. this manner provides for carrying the
tuning fork by supports secured toits stem.

" The bottom of the cup 23 is preferably spaced
from the diaphragm 26 by a spacing member
inserted therebetween. This prevents inter-
ference with the free movement of the dia-
phragm 26. It will be apparent to those
skilled in the art that the foregoing elements
may be assembled in different relationship
to each other without modifying the cooper-
ation between them: -

It will be observed that the foregoing
arrangement, as described, provides, among
other things, for mounting a tuning fork by
means of diaphragms secured at spaced
points along the stem of the fork. Such an
arrangement sl(lipports the tuning fork sub-
' stantially rigi
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at the same time with a decided resiliency
longitudinally of the stem. In other words
the stem is permitted to have a substantially
free longitudinal movement within certain
limits. Heretofore it has been regarded as
extremely essential that the stem of the fork
shall be supported rigidly in a base member
having substantial mass for the best condi-
tions of operation. However, I have found
that with diaphragm supports the effect of
mass in a direction transversely of the stem
of the fork is retained and further that the
rigidity supplied by a large mass is not re-

quired in a direction longitudinally of the .

stem. In a vibrating fork there is a com-
ponent of motion transmitted to the stem as
is well recognized by those skilled in the art.
Taking this into consideration it has been
found that a better operating characteristic
of the tuning fork is obtained if resiliency in
the support is provided longitudinally of
the stem so as not to restrain this longi-
tudinal vibration in the stem, imposing a
damping effect to some extent upon the fork.

According to this invention further use is
made of the fact that a motion is set up in
the stem of a vibrating fork by imparting
an additional motion to the stem correspond-
ing to the fork frequency for driving or main-
taining the fork in vibration. Further, an
extremely compact driving means for the
fork has been provided in the form of the
moving coil motor disposed between the sup-
porting diaphragms 26 and 27 with the mov-
ing coil secured to a portion of the stem of
the fork extending through an opening in the
drive motor. Such an arrangement permits
the motor to serve as a support for the dia-
phragms providing a unit which, when sup-
ported on a suitable base or mounting, pro-
vides both the supporting and driving means
for the fork encompassed in a very compact
space.

similar to that shown in Fig. 1 is illustrated,
showing the fork enclosed in a heat insulat.
ing chamber or compartment. The arrange-
ment comprises the fork 10 and a drive motor
16 comprising' a field magnet and the other
parts, as already described and illustrated
in Fig. 1, connecting the motor and the fork.
A heat insulating chamber or compartment
47 is arranged to enclose the fork 10 and is
provided with means for permitting the stem
14 of the fork to extend through one side of
the chamber to connect with the drive motor.
The ordinary fork oven or heat chamber

‘within which the fork is enclosed for tem-

perature control may be employed as the
chamber 47 when provided with suitable
means for connecting the drive motor located
outside of the chamber to the tuning fork
within the chamber. The side of the cham-
ber through which the stem extends is ar-

-

Referring to Fig. 2 a drive arrangex:nentA
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which are pierced at the center to permit the
stem of the fork to extend therethrough. The
members 48 and 49 may be made of a light
flexible heat insulating material such as
chamois skin or similar material with light
felt incorporated between the same. The
outer edges of these elements are secured by
suitable means to the side of the compart-
ment 47 and may be secured at the center be-
tween the shoulders of threaded interfitting
portions of the stem 14 with a spacing collar
51 disposed about the extension 52 of the
stem. The lower section of the stem may be
connected with the drive motor in a manner
sl,zi‘milar to that described in connection with
ig. 1. '

With the above arrangement the vibratory
movement imparted to the stem by the driv-
ing motor may be readily transmitted
through one side of the compartment with-
out any appreciable interference or damping
of its movement. At the same time the heat
radiating from the driving motor due to the
energy dissipated therein is effectively in-
sulated from the body of the fork or vibrat-
ing member. In this manner, variations in
the heat radiation from the motor will not
have any appreciable effect on the tempera-
ture of the fork enabling the temperature to
be more easily maintained at a substantiaily
constant value.

Referring now to Fig. 3 the preferred ar-
rangement of the regenerative amplifier and
the connection with the driving motor and
fork will now be described. In this diagram
the fork is illustrated with the moving coil 22
secured to a short section of the stem and the
field magnet 16 in line therewith. A capacita-
tive pick-up is provided for operating the re-
generative amplifier by a pair of plates 31
disposed  preferably between the outer ends
of the tines of the fork. These plates are con-
nected together so that as the tines of the
fork move inwardly and outwardly the capac-
ity between the plates and the fork is varied
in accordance with the frequency of the fork.
This capacitative pick-up is connected with
the grid 32 of an amplifying tube 33, The
circuit is completed through a conductor 34
connected between the base of the fork and

“the cathode 35 of the first amplifying tube.

&5

60

Any suitable type of amplifying tube may be
employed at this point but I prefer the four
element or sereen grid type of tube due to its
high amplification factor and stability in
operation.

The characteristics of the external circuits
for the first tube 33 are such that the tube
will operate under the normal amplifying
conditions. The gain of the amplifier may
be regulated by varying the voltage applied
to the plate and the screen grid of the tube
33 through a resistance 36 in series with the
source of positive potential supplied to this

tube.

3

The tube 33 is suitably connected in cascade
with a second tube 37 having preferably a
high output capacity. The regulation of the
amplifier is accomplished through special
operating characteristics employed in connec-
tion with this tube. The current to the plate
of this tube is fed through the field coil 17
of the motor for energizing the field of the
motor. From the field coil 17 the current is
fed through the primary of an audio trans-
former 39 to the plate 38 of the tube. The
usual by-pass condenser 41 is provided be-
tween the conductor leading to the primary
of the transformer 39 and t%e cathode of the
tube. The secondary of the transformer 39
is coupled in series with the moving coil 22
of the drive motor through suitable conduc-
tors 42 and 43.

With this arrangement the current passed
by the tube 37 may be said to be divided into
two components, namely, an alternating com-
ponent and a pulsating uni-directional com-
ponent. From the diagram it can readily be
understood that the uni-directional compo-
nent must pass through the field coil 17 and
the primary of the transformer. The induct-
ance of this circuit tends to smooth out the
effect of the pulsating current and produce
a more or less steady field in the drive motor.
The alternating component passes through
the transformer and is impressed upon the
coil 22 disposed in a higﬁly concentrated
field of the motor magnet producing a move-
ment of the coil in a well-known manner.
This movement is longitudinally of the stem
14 and is transmitteed thereto through the
cup member 23. The frequency of this alter-
nating component will correspond to the fre-
quency impressed upon the amplifier from
the fork to the pick-up mears 31, the net re-
sult being a regenerative action which main-
tains the fork in vibration.

In order to produce a compensating effect,
this tube is preferably operated with a grid
bias lower than normal and is provided with
a grid leak 44 of a relatively large value. The
biasing resistance 45 and the grid leak 44 are
of such value that when an alternating cur-

rent is fed to the grid 46 of this tube, the grid -

will draw current from the cathode which
will tend to accumulate on the grid due to the
slow leak off through the higher resistance 44
in proportion to the amplitude of the applied

alternating current. In other words, with a

varying input to the tube 37, as the input
rises current accumulates on the grid 46 in-
creasing the bias of the grid which results
in a decrease of the uni-directional component
of the current passed by the tube whereas
the alternating component will be increased
somewhat due to the increase of its input to
the tube. This action results in decreasing
the field current of the driving motor at the
same time that the current through the mov-
ing coil is increased. By employing suitable
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values in the external circuits for the tube 37
and the driving motor 16, the change in the
gain of the amplifier due to any cause such as
a variation of the potential of the current
supplied to the amplifier will be substantially

~compensated for and will result in substan-

tially the same driving effort being applied
to the stem of the fork. _

It will be apparent to those skilled in the
art that the same type of compensation may
be employed to correct frequency variations
in the fork due to various other causes such as
temperature changes, etc., where such condi-
tions would produce a change in the charac-
teristics of the amplifier or the energy sup-
plied to the pick-up mechanism 31 connecting
the fork and the amplifier.

From the foregoing, it will be seen that a

- method and means for mounting and driv-

ing a tuning fork or other vibrating body has
been provided which leaves the vibrating
body free and unrestrained by the damping
action of a driving and pick-up means oper-
ated by direct mechanical or magnetic con-
nection with the tines of the fork or vibrat-
ing element. A further advantage will ap-
pear from the fact that the driving mecha-
nism is placed on the stem of the fork in
‘which position it may be insulated from the
body of the fork in such a manner that varia-
tions in input current to the driving motor
which naturally result in a variation of the
temperature of the driving motor due to
power losses therein will not appreciably ef-
fect a temperature of change in the fork it-
self. These and any other advantages will
appear to those skilled in the art.

While this invention has been shown in
but one form, it will be apparent to those
skilled in the art that it is not so limited but
is susceptible to various changes and modifi-
cations without departing from the spirit
thereof and it is desired, therefore, that only
such limitations shall be placed thereon as
are imposed by the prior art or as are specifi-
cally set forth in the apperided claims.

What T claim is: o

1. A vibrating system having in combi-
nation a tuning fork comprising a stem and
tines, and a moving coil motor for impart-
ing a longitudinal vibratory motion to the
stem.

2. A vibrating system having in combina-
tion a tuning fork comprising a stem and
tines, and a motor of the moving coil type,
the moving coil of said motor being secured
to the stem of the fork in such a manmer
that when the fork is driven by the motor,

gether as a unit. . _ .
3. A vibrating system comprising in com-
bination a vibratory body and a moving coil
motor for vibrating the body; the moving
coil of said motor being secured to said body

1,018,331

in such a manner that the coil and the body
vibrate together as a unit.

4. A vibrating system having in combina-
tion a tuning fork comprising a stem and
tines, and a motor of the moving coil type,
the moving coil of said motor being secured
to the stem of the fork in such a manner that
when the fork is driven by the motor, the coil
and the stem of the fork vibrate together as
a unit, and means secured to the stem for sup-
porting the fork, said means being arranged
to provide for limited substantially free lon-
gitudinal movement of the stem.

5. A vibrating system having in combina-
tion a-tuning fork comprising a stem and
tines, and a motor of the moving coil type,
the moving coil of said motor being secured
to the stem of the fork in such a manner that
when the fork is driven by the motor the coil
and the stem of the fork vibrate together as
a unit, and resilient members secured to the
stem at spaced points therealong for support-
ing the fork, said members being substantial-
ly rigid transversely of the stem and freely
yieldable within a limited distance longitudi-
nally of the stem.

6. The combination of a tuning fork and
means for mounting the fork comprising
means secured to the stem and arranged to
provide a limited substantially free move- -
ment longitudinally of the stem of the fork.

7. The combination of a tuning fork and
means for mounting the fork in such a man-
ner as to provide for movement longitudi-
nally of the stem, said means comprising a
pair of members yieldable longitudinally of
the stem of the fork and secured to said stem
at spaced points therealong.

8. The combination of a tuning fork and
means for mounting the fork in such a man-
ner as to provide for longitudinal movement
of the stem, said means comprising a pair of
diaphragms secured around the stem at
spaced points therealong.

9. The combination of a tuning fork and
means for mounting the fork in such a man-
ner as to provide for longitudinal movement
of the stem, said means comprising a pair
of members yieldable longitudinally of the
stem and secured at spaced points therealong,
and means for driving the fork comprising
a moving coil motor disposed with the mov-
ing coil secured to the stem of the fork so as
to impart motion to said stem longitudinally
thereof. - :

10. The combination of a tuning fork and
means for supporting and driving the tuning
fork comprising diaphragms secured to the
stem of the fork at spaced points therealong,
and drive means disposed about the stem of
the fork and positioned between said dia-
phragms, said diaphragms and drive means
being secured together as a single unit. ,

11. The combination of & moving coil mo-
tor comprising a field magnet ‘having an.-
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armature provided with a central core em-
bodying an opening extending longitudinal-
ly through the center of the core and a mov-
ing coil suspended in the field of said mag-
5 net, with a fork comprising a stem and tines,
the fork being disposed with its stem passing
through the opening in the core of said mag-
net, and means adjacent the opposite ends

of the core of said magnet for supporting the

10 stem of the fork and arranged to provide
for longitudinal movement thereof, the mov-
ing coil of the motor being secured to the stem
of said fork for setting up -vibrations in the
fork by imparting a vibratory movement

18 thereto.

12. The combination of a moving coil
motor comprising a field magnet having an
armature provided with a central core em-
bodying an opening extending longitudinally

20 througﬁ the center of the core and a moving
coil suspended in the field of said ‘magnet,
with a fork comprising a stem and tines, said
fork being disposed with its stem passing
through the opening in the core of said mag-

28 net, and means adjacent the opposite ends of
the core for supporting the stem of the fork
comprising diaphragms supported at the op-
posite ends of the motor and secured: about

. "said stem and providing for longitudinal

30 movement thereof, the moving coil of the
motor being secured to the stem of said fork
for setting up vibrations in the fork by im-
parting a vibratory movement thereto.

13. In combination a tuning fork compris-

35 ing 'a stem and tines, -a support secured to
sald stem and yieldable'longitudinally there-

of, said support comprising a diaphragm,.

and a moving coil motor for driving said
fork, said motor being disposed beloew said
40 diaphragm, the moving coil of said motor
being secured to said diaphragm in such a
manner that the stem of the fork, the area
of the diaphragm upon which the fork is sup-
ported and said moving coil vibrate as a unit.
14. In combination a tuning fork compris-
ing a stem and tines, a support secured to
said stem and yieldable longitudinally
thereof, said support comprising a diae
hragm, a moving coil motor for driving said

50 })ork, said motor%)eing provided with a field

415

magnet having a core embodging a longitu- .

dinal opening, said motor being disposed
above said diaphragm and arranged to permit
the stem of the fork to extend through said

58 opening for engaging the diaphragm, the.
pening :

-moving coil of said motor being secured to

- said stem in such a manner that the stem, the
area of the diaphragm engaging the said
stem, and said moving coil vibrate as a unit.
60  15. In combination a tuning fork, an am-
plifier for driving said tuning fork, and a
capacitative pick-up means for coupling the

input of the amplifier to the tuning fork.

16. In combination a tuning fork, an am-

65 plifier for driving the tuning .fork, and a

8

capacitative pick-up means for connectin
the input of the amplifier to the tuning for
comprising a fixed plate secured adjacent a
vibrating portion of a tine of the fork in such
a manner that the (flate provides one element
of a condenser and the tine of the fork pro-
vides the other element thereof.

17. In combination a moving coil motor
comprising a field coil and a moving coil, an
electron tube including a grid for supplyin,
energy to said motor, means associateg wit
the output of said tube for separating the
output into a first component of unidirec-
tional current and a second component of
alternating current, means for passing the
unidirectional component through the field
coil of the motor, and means for passing the
alternating component through the movin
coil, said electron tube being provided wit
a grid leak of high resistance of suitable
value, such that as amplitude of the input to
the tube increases, the grid bias is increased,
resulting in a decrease of the unidirectional
compenent passed by the tube at the same time
that the alternating component passed by the
tube increases.

18. The combination of a tuning fork, a
motor for driving said fork embbdying a
stationary field coil and a moving drive coil,
an electron tube amplifier having a grid con-
trolled output tube for supplying energy to
the motor, means in the output circuit of said

tube for separating the output into a first

component of unidirectional current and =
second eomponent of alternating current,

‘Theans for passing the unidirectional com-

ponent through the field coil and means for
pasSing the alternating component through
the moving coil of said motor, means to bias
thesgrid of said output tube below normal,
including a resistance of high value being
provided as a leak for the grid, said bias
means and leak being so correlated that, as
the amplitude of input to the tube varies,
the unidirectional component of the current
passed by the tube is varied in inverse pro-
portion while the alternating component is
varied in direct proportion thereto, thereby
producing a compensgéing effect on the en-
ergy supplied to the motor.

19. The combination of a tuning fork, a
motor for driving the fork. said motor com-
prising a stationary field coil and & moving
drive coil, said drive coil being secured to
the stem of the fork, supporting means also
secured to the stem of the fork and yieldable
longitudinally thereof, an electron tube
amplifier having a grid controlled output
tube for supplying energy to the motor, means
in the output circuit of said tube for separat-
ing the output into a first component of uni-
directional current and a second compenent
of alternating current, means for ing the
unidirectional component througme field
coil and means for passing the alternating
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component through the moving coil of said
motor, grid bias and leak means associated
with said tube of such value as to impose
operating characteristics upon the tube such
that the alternating component of the cur-
rent passed by the tube flows in direct pro-
portion to the input while the unidirectional
component of the current passed by the tube
flows in inverse proportion to the input of the
:10 tube. .
" 20. The combination of a vibrating body
and a drive motor for maintaining said body
in vibration, said vibrating body and said
motor being spaced apart, a member extend-
-18 ing between and connecting the body and the
motor for transmitting vibratory movement
~ to the body, a heat insulating element dis-
posed between the vibrating body and the
motor for insulating said body against heat
.20 radiated from the motor due to energy dissi-
pation therein, and means embodied in the
heat insulating element through which said
connecting member may extend to transmit
the vibratory movement,
-26  Intestimony whereof, I affix my signature.
WILLIAM D. BUCKINGHAM.
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