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UNITED STATES

S/

LLOYD M. KNOLL, OF PHILADELPHIA, PENNSYLVANIA, ASSIGNOR OF ON’E—!’OUBT
TO THOMAS APPLEBY, OF PHILADELPHIA, PENNSYLVANIA. . B

METHOD OF AND APPARATUS FOR ELECTRICALLY OPERATING TUNING FORKS.

Application filed October 25, 1921. Serial No. 510,408,

To all whom it may concern: ‘

Be it known that I, Lroyo M. KxoLL, a
citizen of the United States, residing in the
city and county of Philadelphia, State of

§ Pennsylvania, have invented new and useful
Improvements in Methods of and Appa-
ratus for Electrically Operating Tuning
Forks, of which the following is a speci-
fication. ,

10 My invention relates to a method of and
apparatus for -electrically -operating tuning
forks.

The principal objects of my invention are

~ to provide a simple and improved means for

18 securing constancy of frequency in tuning
forks when minute time intervals of precise
cduration are desired for precision measure-
ments and other purposes; to provide a
method of and apparatus for supplying

20 cnergy to tuning forks with a minimum of
interference to their free vibratien; to pro-
vide a tuning fork whose prongs will con-
tinuously complete each cycle of vibration
regardless of the number of times the fork

25 is stopped or the duration of its periods of
rest: to provide a driver for a tuning fork,
which produces driving impulses having
positive action and a nicety of regularity;
to provide electrical contacting mechanism

30 whose contacts are uniformly positive and
of an ‘unvarying resistance nature; and
to provide a self-starting tuning fork.

My invention further resides in the

method and apparatus hereinafter described .

35 and claimed. -

When a predetermined rate of vibration
having a constancy of frequency is desired,
for precision measurements and other pur-
poses, it has'been usual to employ tuning
forks electrically driven by means of electro-
magnets. Heretofore when such arrange-
ments were used.a periodic but non-har-
monic force was impressed upon the prongs
of the tuning fork due to the usual arrange-
ment of electrical contacts on the prongs

- and their co-acting contacts, usually mount-
ed on resilient supports, which permitted
the driving impulses to be applied to the
prongs during a portion of time when the
motion of the prongs is opposed by the mag-
netic field, thus damping the free vibration
of the fork and infroducing frequency varia-
tions. The length of the gap between the
contacts also required careful adjustment if

4

(=]

4

[54]

5

[

constan(ay of frequency was to be even ap-
proached, in order that the amplitude of
vibration of the prongs might somewhat ap-
proach that at which the period of vibra-
tion of such arrangements has a stationary
value and is consequently least affected by
small changes of amplitude. ' o

My invention permits the actuating force

to be applied momentarily to the prongs at
or near their position of rest regardless of
the amplitude of their vibration and there-
fore offers minimum damping to the free
vibration of the fork whose frequency will
then more closely approach constancy.

The nature, characteristic features and
scope of my present invention will be more
fully -understood from the following de-
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scription taken in connection with the ac- -

companying drawings forming a part there-
of, in which;— : .

Figure 1 is a plan view of a tuning fork
provided with my driving mechanism.

Figure 2 is a side elevation.

Figure 3 is a sectional end elevation show-
ing the arrangement of driving magnets.

Figure 4 is an elevational section view
taken on line 4—4 of Fig. 1. '

Figure 5 is an elevational view, partly in
section, taken on line 5—5 of Fig. 1, show-
ing the selector mechanism.

Figure 6 is a sectional elevation taken on
line 6—6 of Fig. 1, through the contact clos-
ing mechanism.

igure 7 shows the electrical circuit in
diagrammatic form.

Figure 8 shows a modification of the cir-
cuit connections employing an electromag-
netic selector.

Referring to Figs. 1, 2, and 3, a tuning
fork T comprising prongs 1 and 2 and
threaded shoulder 3, is secured by means of
thumb-nut 4 to a slotted standard 5. This
arrangement facilitates removal of the tun-
ing fork with a minimum of disturbance to
the surrounding parts. :

An insulatorg?, of hard rubber or the like,
and shaped to fit in groove 8, is provided
between standard 5 and base 6. A block 7»
of similar material is also placed below the
base so that together they electrically insu-
late the tuning fork from:base 6 and yet per-
mit of longitudinal adjustment of the fork
whenever the pressure between insulator 7,
base 6 and block 7* is released by turning
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ing screws 29 and lock-nuts 30.
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thumb-nut 10 in proper direction on stud 9
of standard 5. .

Actuating magnéts 11 and 12, energized
by coils 13 and 14 respectively, are p%aced
intermediate the ends of tuning fork T.

These magnets embrace prongs 1 and 2 and

are mounted, for vertical adjustment, by
means of angle brackets 15* of non-magnetic
material. threaded posts 15, and thumb
screws 17, on base-plate 18. This plate is
secured to base 6 by means of clamping plate
19, bolt 20 and wing-nut 21, permitting lon-
gitudinal and transverse adjustment of the
electromagnets 12 and 13 with respect to
prongs 1 and 2. ‘

In order that the eddy currents, due to
the frequency of the exciting currents in
coils 13 and 14, may be reduced to a mini-
mum electromagnet cores 11 and 12 are of
the laminated type, being built up of thin
sheet iron laminations. Two insulating
blocks 22¢, of hard rubber or other insulat-

ing material, are mounted on the top of core -
11 by means of inverted channel 22. Thesc
blocks carry the terminal binding-posts 23

for the electromagnet coils 13 and 14.
Selector S and the contact closing devid
C are driven, as shown in Fig. 1, directly
by the vibrating prong 2 of the tuning fork
T through a bracket 24 which is slidably
mounted at a suitable position near the free
end of prong 2 and adjustably secured by
means of clamp 26 (Fig. 4) and thumb-
screw 25. Pivot bracket 27 is insulated
from and mounted in bracket 24 (Fig. 4)
and provided with jaws 24® in which lever
28 is pivotally mounted by means of adjust-
One end
of lever 28 is bifurcated wnd contains
screws 31 for pivotal connection with lever
32. Motion will thus be transmitted from
the tuning fork prong 2 to selector and
contact closing lever 32. A similar adjust-
able bracket 24* is mounted on prong 1 for

symmetry of the mechanical action or bal- -

ance of the tuning fork.

-A selector S is provided for the purpose
selecting. the proper electromagnet
through which the driving current shall
flow depending upon the direction of motion
of the prongs 1 and 2 at the instant the
driving current and magnetic impulse is ap-
plied. The action of electromagnet 12 (Figs.
1, 3 and 7) is to draw the prongs 1 and 2
together when their motion is toward each

- other, while that of electromagnet 11 is to

60

force the prongs apart when their motion
is outward or away from each other. The
driving impulse,” however, is applied only
momentarily while the prongs pass through
their normal position. of rest as will be
readily understood from the description of
the contact closer C hereinafter described.

The selector S may consist, as shown in
Figs. 1, 2, 5, and 7, of two contacts 33 and

40 and 41.

1,534,868

34 separated by insulating washer 35 and

- insulated from shaft 36, upon which they

are mounted, by means of insulating bush-
ing 36~ Shaft 36 (Fig. 5) is slidably
mounted in bearings 37, of supporting.
bracket 88, so that it may follow the motion
of lever 82, bracket 39 and contact-screws
In order that the contacts 33
and 34 may alternately retain a certain con-
tact pressure against their respective con-
tact screws 40 and 41, an adjustable ten-
sion spring 42 (Figs. 2 and 5) is provided
which bears upon shaft 36. The tension
of spring 42 is regulated by means of ad-
justing screw 43 (Fig. 2). Contact screws
40 and 41 may be platinum tipped and are
mounted in a bracket 39 which is secured
to lever 32 by means of screw 45. Con-
tacts 33 and 34 are also of platinum or plat-
inum covered to secure a low resistance
electrical contact between them and their
co-acting screws 40 and 41.

Bracket 38, (Fig. 5) is provided with .
legs 38 (Ifig. 2), slidably engaging cor-
responding sockets in base plate 48, to pre-
vent rotation of bracket 38 and retain its
alignment with the base plate. Vertical ad-
justment of bracket 38 is provided by means
of supporting and adjusting_‘ screw 46 op-
erating in a tapped hole 47 in base-plate
48, so that contacts 83 and 34 may be prop-
erly positioned with respect to contact
screws 40 and 41.  Electrical. connection
with contacts 83-and 34, respectively, is
provided by means of flexible conductors 49
and 50 terminating in binding-posts 51 and
52 mounted on insulated selector terminal
block 53. Bracket 38 may be of metal and
adjusting screws 40 and 41 in electrical con-
tact therewith so that their circuit will be 105
completed through . lever 32 to contact
closer C. .

Lever 32 is pivotally mounted in bracket
54 by means of pins 55 and 56 (Fig. 2).
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‘Bracket 54 is provided with a stem 57 (Figs. 110
1 and 2) and held by means of a thumb-.

screw 58 in a holder 60 which is also pro-
vided with a stem 61 secured by thumb-
screw 62 in a bracket 63.. Bracket 63 is
adjustable vertically by means of thumb- 115
nuts 64 and 65 on a vertical threaded sup-
port 66 which is secured to base-plate 48,
The upper end of support 66 carries a term-
ina] block 67, of insulating material, upon
which are mounted binding-posts 68 for 120
convenience of connecting the various ele-
ments with a source of electrical energy.
DBase-plate 48 is mounted, for swinging
adjustment, on base projection 70 by means
of screw 71. This plate may be moved to 125
the right or left by means of adjusting
screws 72 and 73. This adjustment is pro-
vided so that the selector contacts 33 and . .
34 may be properly positioned with respect.
to contact screws 40 and 41, and also to 120
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- permit the stationary contact 74 of the con-

tact closer C to be properly positioned with
respect to the rest position of prong 2.
Base projection 70 is secured to base 6

by means of clamp plate 75, screw 76 and

thumb-nut 77, in such manner as will permit
longitudinal adjustment, with respect to
base 6, of the selector and contact ‘closing
mechanism carried by base plate 48.
Contact closer C is provided for the pur-
pose of closing the circuit through the elec-
tromagnet momentarily selected by the
selector S as the prong 2 passes through it;
0
short duration so that driving energy will
be supplied to the prong without interfering
with its free vibration.  To accomplish this
result there is provided a contact wheel 78
(Fig. 6) rotatably mounted in bracket 79
which is secured to:lever 32. Positive elec-

‘trical connection between lever 32 and con-

tact wheel 78 is provided by means of a flex-
ible conductor 80. A thin sheet of platinum
74, ‘or other suitable conductor, is bent in
the shape of an L and mounted between, but
insulated from, two blocks 81 and 82. These
blocks are secured together by means.of a
screw 83, and are insulated from bracket
84 to which they are fastened with screws
85. A terminal connection 86 is made to
stationary contact 74. Bracket 84 is mount-
ed on base plate 48 by means of sleeve 87,
screw 88, and adjusting screw 89, in such
manner as will provide for rotary and ver-
tical adjustment of the stationary contact
74 with respect to contact wheel 78 and base.
plate 48, Nleeve 8T is provided with two
legs 90 slidably engaging sockets 91 which
tend to retain the sleeve in proper align-
ment with base plate 48 and yet permit ver-
tical adjustment of the sleeve. It will thus
be seen that as the contact wheel 78 rolls
trom right to left, or conversely, in synchro-
nism with prong 2, it will make a momen-
tary contact with the stationary contact 74
and cause driving energy to be applied to
prongs 1 and 2 of the tuning fork as the
prongs pass through their rest position.
When the selector S, as hereinbefore de-
scribed, is used, the circuit connections may
be made as shown in Fig, 7, where B repre-
sents a source of electrical energy applied
to the driving magnets. 12 and I3 through

selector S and contact closer C. The prongs

1 and 2 are indicated as having returned
from their outward swing, as indicated by
line O, to their rest position, leaving the
selector contacts 84 and 41 in closed position
and the contact closer contacts 74 and 78
momentarily closed to supply current from
source B through conductor 86, contact
closer C, selector S, and conductor 50 to
electromagnet 14. The prongs will then con-
tinue to their maximum inward swing as rep-
resented by the line I and will draw lever

a

32 in the direction shown by the arrow, thus
opening selector contacts 34 and 41 and elos-
ing contacts 33 and 40 preparatory to the
next succeeding closure of the contact closer
contacts 74 and 78 as the prongs and lever 32
again assume the rest position and cause
energy- to be applied to electromagnet 13
which draws the prongs apart. This action
will continue as long as proper energy from
source B is applied. "It will be seen that
when switch A is open and the prongs are
at rest there will always be one set of con-
tacts on the selector S in closed position and
that when the actuating energy from source
B is again applied, by closure of switch A,
the first motion of the prongs 1 and 2 will
be in the direction that would have followed
their last motion, after the driving energy
was withdrawn, had not said energy been
withdrawn. It will thus be seen that the
direction of motion of the prongs is not
reversed by stoppage of the driving energy
and that each excursion of the prongs will
eventually be completed regardless of the
number of interruptions, periods of rest and
their duration cccasioned by opening swit~h
The contact closer contacts will remain
in closed positicn whenever the prongs 1 and
2 ave at rest and thus the operation of the
fork may be started by merely closing the
cirenit at switeh A,

Figure 8 shows a modification of circuit
connections employing an eletromagnetic
selector 5*, having a contact-carrying arma-
ture 367 electrically connected to lever 82,
and actuated by means of electromagnets 92
and .93, Stationary contact 41* is connected
to selector magnet coil 93 and prong actuat-
ing magnet-coil 14 in such manner that as
the driving current is momentarily applied
to electromagnet 14 it will also pass through
selector coil 93 and cause the armature 36*
to be drawn over into contact with contact
40° in readiness for the next succeeding
closure of the contact-closer contacts 74 and
78 at which time the energy will be applied
to driving magnet 13 and selector magnet
92, armature 36* will then be drawn back
into contact with selector contact 41*. This
operation will continue as long as energy
from source B is applied.

The motion of the prong 1 may be elec-
trically conveyed to any desired mechanism
by means of a set of contacts arranged on
springs 94 (Figs. 1 and 2) in such manner
that they will be opened and closed with
each swing of the prong 1. These contacts
are shown mounted on their carrying springs
94 which are securely held in brackets 95
and electrically insulated therefrom. When
desired a set of these contacts may be actu-
ated by each prong and two sets of mecha-
nisms operated simultaneously and in syn-
chronism. For this purpose two contact car-
rying studs 96 are provided affixed to plate
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97. This plate is supported by base-plate 98 .

which is secured to base 6 by means of
clamping plate 100, screw 99, and thumb-
nut. 101. A terminal block 102, of insulat-
ing material, may be secured to plate 97
for convenience of mounting terminal bind-
ing-posts 103 which are connected to contact
springs 94. :

-~ A second set of circuit closing mechanisms
similar to C, S, and $* (Figs. 1, 2, 5, 6,7 and
8) may be operated by means of bracket
242 and prong 1 for the purpose of electri-
cally transmitting the vibrations of the fork
T to any desired apparatus. Such an ar-
rangement will also aid in maintaining sym-
metry of the mechanical action or balance of
the tuning fork.

* While I have shown but one set of driving
magnets and one tuning fork- driven there-
by, it will be understood that a plurality
of driving magnets may be used.. It is to
be further understood that any. desirable
number of tuning forks may also be operat-

ed in synchronism by means of one master

driving fork as herein shown. S

It will also be understood that the driving
impulses conveyed to driving magnets 13
and 14 may also be used for such purposes
as would the impulses obtained bv means of
a source of energy connected to springs 94,
thus, in many cases, eliminating these springs
and their associated contacts and supports
and thereby simplifying the apparatus.

While I have illustrated one practical ap-
paratus embodying my invention I do not
wish to be limited to the exact details of con-
struction so illustrated and described as
changes may be resorted to without depart-
ing from the spirit and scope of my in-
vention, as defined by the appended claims.

Having thus described the nature and ob-
jects of my invention, what I claim as new
and desire to secure by Letters Patent is:—

1. The method of obtaining free vibra-
tions in tuning-forks consisting in applying
driving energy momentarily to the vibratory
member ounly as said member passes its nor-
mal position of rest.

2. The method of obtaining free vibra-
tions in electrically operated tuning-forks
consisting in applying driving. energy mo-
mentarily to the vibratory member only as
said member passes its normal position of
rest.

3. The method of obtaining vibrations un-
damped by the driving energv in tuning-
forks consisting in applying driving energy
to the vibratory member only as said mem-
ber passes its normal position of rest.

4. The method of obtaining vibrations un- -

damped by the driving energv in electrical-
ly driven tuning-forks consisting in apply-
ing driving energy to the vibratory member
only as said member. passes its normal posi-
tion of rest.

1,524,868

5. The method of driVing.a.tuning-fork'

consisting in supplying actuating energy to
its vibratory members alternately to inove
them in opposite directions. :

6. The method of driving an electrically
operated tuning-fork consisting in supply-
ing actuating energy to its vibratory mem-
bers alternatelv .to move them in opposite
directions. . _

7. The method of driving an electrically
operated tuning-fork consisting in supply-
ing harmonic energy to its vibratory mem-
bers alternately to mnove them in opposite
directions.

8. The method of drivine a tuning-fork

consisting in alternately selecting each di-

rection of motion of the vibratory members
and applying actuating energy alternately
to the selected members. - ‘

9. The method of driving a tuning-fork
consisting in alternately selecting each di-
rection of motion of the vibratory members
and momentarily applying actuating energy
alternately to the selected vibratory mem-
bers as they pass through their normal posi-
tion of rest. : '

10. In combination, a tuning-fork, a pair

K
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of driving - electromagnets acting on said

tuning fork, selector mechanism for alter-
nately selecting a path throuch each of said
electromagnets, a circuit closing device, and
a source of energy. _ ,
11. In combination, a tuning-fork, a pair
of driving electromagnets acting on said
tuning fork, selector mechanism for alter-

nately sclecting a path through each of said

electromagnets, circuit closine mechanism
actuated by said tuning-fork, and a source of
energy. .

12. In combination, a tuning-fork, a pair
of driving electromagnets acting on said
tuning fork, selector mechanism actuated by
said tuning-fork for alternately selecting a
path through each of said electromagnets,
circuit closine mechanism actuated by said
tuning-fork, and a source of energy.

13. In combination, a tuning-fork, a pair
of driving electromagnets acting on said
tuning fork, electromagnetic selector mecha-
nism alternately selecting a path through
each of said electromagnets, circuit closing
mechanism actuated by said tuning-fork,
and a source of energy. ’

14. In combination, a tuning-fork, a pair
of driving electromagnets acting on said
tuning fork, circuit closing - mechanism
actuated by said tuning-fork, electromag-
netic selector mechanism actuated by said
circuit closing mechanism, and a source of
energy. :

15. In combination, a tuning-fork, a pair
of driving electromagnets acting on said
tuning fork, selector mechanism alternate-
ly selecting a path through each of said
e¥ectromagnets, a circuit closing device

95

100

105

110

118

120

125

130




10

20

30

35

40

45

50

1,524,868

actuated by said tuning-fork, marually op-
erated means for closing the maia eircuit,
and a source of energy. :

16. In combination, a tuning-fork, a pair
of driving electromagnets acting on said
tuning fork, selector mechanism alternately
selecting a path through each of said elec-
tromagnets, a circuit closing device actuat-
ed by said tuning-fork, means for closing
the main circuit, a source of energy, and
means for electrically conveying the vibra-
tions of said tuning-fork to remote appa-
ratus.

17. A system for electrically opsrating =

tuning-fork comprising a pair of driving
magnets, means operated by said iuning-
fork for momentarily closing the main cir-
cuit, means operated by said tuning-fork
for alternately selecting a path $hrough
each of said pair of driving magnets, means
tor prematurely closing the main cireuit,
and a source of energy. v

18. A system for electrically operating a
tuning-fork comprising a palr of driving
magnets independently connected, means
operated by said tuning-fork for momsen-
tarily closing the main circui$, means op-
erated by said tuning-fork for alternately
selecting a path through each of said pair
of driving magnets, a switch for closing
the main circuit, and a source of energy.

19. A system for electrically operating a
tuning-fork comprising a pair of driving
magnets independently connected, means
operated by sald tuning-fork for momen-
tarily closing the main circuit, electromag-
netic means for alternately selecting a path
through each of said pair of driving mag-
nets, and a source of energy. .

20. A system for electrically operating a
tuning-fork comprising a pair of driving
magnets independently connected, means
operated by said tuning-fork for momen-
tarily closing the main circuit, electromag-
netic means operated by the driving energy
for alternately selecting a path through
each of said pair of driving magnets, and
a source of energy. .

21. In combination, a tuning-fork, a pair
of electromagnets, one of said electromag-

8
nets arranged to force the vibratory mem-
bers of said tuning-fork toward each other,
and the other of said electromagnets ar-
ranged to force said vibratory members
apart, means for applying harmonic actuat-
ing energy to said electromagnets, means
for momentarily selecting the proper elec-
tromagnet to which energy is to be applied,
and a source of energy. :

22. In combination, a tuning-fork, a pair
of electromagnets, one of said electromag-
nets arranged to force the vibratory mem-
bers of said tuning-fork toward each other,
and the other of said electromagnets ar-
rangsd to force said vibratory members
apart, means for alternately applying har-
nonic

ma

actuating energy to each of said elec-
romagnets, and g source of energy.

23. In combination, a tuning fork, a pair
oi electromagnets, one of said electromag-
nets arranged to force the vibratory mem-
bers of said tuning-fork toward each other,
and the other of said electromagnets ar-
ranged to force said vibratory members
apart, means for alternately applying har-
monic actuating energy to each of said elec-
tromagnets only as said vibratory members
pass through their normal position of rest,
and a source of energy.

24. In combination, a tuning-fork, an
electromagnet, means for applying har-
monic actuating energy to said electromag-
net for driving the vibratory member of
said tuning-fork only as said vibratory
meambper passes through its normal position
of rest, and a source of energy.

25. In combination, a’ tuning-fork, an
electromagnet, means for applying har-
monic actuating energy to said electromag-
net for driving the vibratory member of

o

said tuning-fork only as said vibratory"

member passes through its normal position
of rest, means for electrically conveying the
vibrations of said tuning-fork to remote
apparatus, and a source of energy.

In testimony whereof I have hereunto af-
fixed my signature this twenty-fourth day
of October 1921. :

LLOYD M. KNOLL.
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