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57 ABSTRACT 

The present invention concerns means for generating 
periodical mechanical vibrations by means of electric 
energy and deals with a greatly simplified and effica 
cious swing system which produces mechanical vibra 
tory movements, which system dispenses with any ac 
tive elements or components except for an energy or 
current source or cell, the energy losses produced by 
ohmic resistances in the system being reduced to a 
minimum and resulting in a high degree of efficiency, 
reliability, and accurate performance. 
Three electrodes are arranged to constitute a 
mechanical oscillating or swinging arrangement of 
which one electrode is resiliently supported and is 
capable of flexing and swinging along a predetermined 
length of an oscillating course and in a direction 
toward and away from the other electrodes, a charge 
compensation in condenser fashion occurring when 
the one electrode approaches one of the other two 
electrodes closely enough within an electric field 
established between said electrodes. In the position of 
rest said electrodes are sufficiently remote or spaced 
from each other but are aligned with their frontal 
faces confronting each other. 

5 Claims, 2 Drawing Figures 
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ELECTROSTATC SYSTEM FOR GENERATING 
PERIODICAL MECHANCAL WEBRATIONS 

CRoss REFERENCE TO RELATED APPLICATION 
This application is a divisional application of co 

pending U.S. Pat. application Ser. No. 863,056, filed 
Oct. 2, 1969 now U.S. Pat. No. 3,641,373 dated Feb. 
8, 1972. 

SUMMARY OF THE INVENTION 

The invention is applicable more generally to the op 
eration and performance of clocks, watches, and simi 
lar instruments requiring substantially no surveillance 
and nevertheless acting dependably and accurately for 
an extensive length of time. 

It is therefore one of the important objects of the in 
vention to provide means resulting in a highly economi 
cal and inexpensive vibratory drive system which can 
be easily adapted to the clockwork of timepieces and 
similar instruments, preferably employable in the scien 
tific field, which require precision and exactitude for 
their operation. 

It is another object of the present invention to pro 
vide means conductive to a compact and relatively 
sturdy device for transferring electric energy to a me 
chanical drive arrangement which includes vibratory 
motion release and distribution, the vibratory movable 
elements being very few in number and having a greatly 
simplified design or configuration. 
Yet a further object of the invention is directed to 

means affording convenient and continuous replace 
ment or replenishment of energy losses to which said 
device is subject during operation. 
These and other objects and features of the invention 

ensue from the following detailed specification, refer 
ence thereto being made in the attached drawings illus 
trating one preferred embodiment of the invention. 

BRIEF DESCRIPTION OF THE DRAWING 
F.G. 1 shows an embodiment of the invention having 

three electrodes, only one of which is movable. 
FIG. 2 shows schematically the application of the em 

bodiment of FIG. to a ratchet wheel drive. 
DESCRIPTION OF THE PREFERRED 

EMBODMENT 

For achieving a structure capable of performing de 
sired vibrations, a vibrating member comprising a vi 
brating tongue with a mass must be mounted in a resil 
ient or springy manner and in a fashion which fulfills 
the specific physical conditions for proper oscillation of 
a vibrating reed. When such a member vibrates, i.e., 
when kinetic (velocity) and static (resilient flexure) en 
ergies are in reciprocal propagation within the mem 
ber, there is a certain damping of the vibration due to 
the losses of energy which are caused in particular by 
internal and external friction. To maintain the resultant 
vibration, it becomes necessary to replace any inevita 
bly resulting energy losses. 

In FEG. there is disclosed a device with an arrange 
ment capable of executing vibratory motions for the 
drive of a clock or timepiece mechanism, which re 
quires good frequency stability. On an elastic or resil 
ient member or tongue 21 is fastened an electrode 20. 
The other end of tongue 2 is rigidly connected be 
tween two insulating blocks 30. Tongue 2 supporting 
a mass (electrode 20) at its free end, constitutes a vi 
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2 
brating member which can swing back and forth in the 
direction of arrow 4 when it is excited to do so. For this 
purpose, the assembly of tongue 2 and electrode 20 is 
electrically insulated from the remaining parts of the 
arrangement (as shown), and two outer electrodes 18 
and 19 are fixedly attached or held in position by 
means of two relatively heavier supports or carriers 25 
which are fastened on the outer sides of said blocks 30. 
Said two outer electrodes are also electrically insulated 
and are located spaced apart from each other and from 
movable electrode 20. 
Supports 25 are electric conductors, so that through 

connections 7 and 8, electric current (opposed electri 
cal potentials) can be supplied to the outer electrodes 
from a voltage source or energy cell (not shown) for 
the charging of these electrodes. Blocks 30 contain or 
consist of insulation material. 

It is obvious from the electrotechnical theory that 
when movable electrode 20 touches neither electrode 
8 nor electrode 19, it is held only electrostatically 
under the influence of outer electrodes 18 and 19, and 
is totally insulated from the other parts. The mechani 
cal action of this electrostatic influence on movable 
electrode 20 will depend upon the electrical charge and 
the location of the latter at that particular moment, as 
suming that both the outer electrodes are charged at 
predetermined potentials. 

If movable electrode 20 has, for instance, a negative 
electrical charge, and, if it comes near outer electrode 
18 (which bears a positive potential, as shown), the 
electric field between these two electrodes will act on 
them and cause an attraction of the one toward the 
other, movable electrode 20 being moved counter to 
the force of elastic tongue 21 toward and up to elec 
trode 8. 
As soon as the electrodes closely approach or touch 

each other, the potential difference (or electrical 
charge disparity) between these two electrodes is com 
pensated and the electric field disappears rapidly. Elec 
trode 20 now assumes the same polarity as electrode 18 
and will be repelled by the latter as long as it touches 
it or is in proximity thereto. Electrode 20 is then ex 
posed to the action or force of elastically tensioned 
tongue member 21 and hence can swing back, passing, 
owing to inertia, beyond its neutral or initial position 
and approaching outer electrode 19, which, as shown, 
has a negative polarity. Since electrode 20 now has a 
positive electrical charge (from preceding contact with 
electrode 18), the same aforementioned action will oc 
cur, but with respect to electrode 19 and with reverse 
polarities and directions. Subsequently, electrode 20 
comes successively and alternately in contact with 
outer electrode 18 and with outer electrode 19, thereby 
causing a charge exchange each time, the aforemen 
tioned operation and phenomenon repeating itself in 
each direction. 
As is plain from FIG. 1, the vibrating member formed 

of tongue 21 and electrode 20 is totally insulated from 
the rest of the arrangement; it is clearly apparent, 
therefore, considering the laws of the electrostatic the 
ory, that the potential which this member 20, 21 would 
theoretically exhibit as compared with the outside (if it 
were possible to measure it) will undergo certain fluc 
tuations in the course of the movement which takes 
electrode 20 from one of the outer electrodes to the op 
posite one, these fluctuations in theoretical potential 
being due to the fact that the electric charge itself can 



3 
not vary as long as electrode 20 remains completely in 
sulated. This theoretical potential will undergo the 
greatest fluctuation at the outermost parts of the move 
ment, i.e., just at the moment when electrode 20 is 
leaving an outer electrode or is about to touch one. It 
is also at those points that the mechanical force, which 
is electrostatic in origin, acting upon electrode 20, will 
be by far the greatest. During the whole remainder of 
the movement, the mechanical force of electrostatic 
origin will be much weaker and practically negligible. 
This distinguishes the system according to FIGS. 1 

and 2 from a system in which, e.g., by means of a ca 
pacitance condenser of appreciable capacity capaci 
tance connected between electrode 20 and a point of 
fixed potential, the potential of electrode 20 would re 
main practically the same during the entire movement 
of that electrode. The result would be that the electric 
charge carried by electrode 20 would undergo changes. 
In such a case, as a matter of fact, at the moment when 
electrode 20 moves close to one or the other of the 
outer electrodes (18 or 19 which would cause it to un 
dergo fluctuations of potential if the latter were not sus 
tained from outside, e.g., by means of the said con 
denser), it would, if its potential is sustained, acquire or 
lose electric charges precisely intended to prevent said 
potential fluctuations. The consequence of this gain or 
loss of electric charge(in such a case of operation with 
sustained potential) would be to extend the terminal 
portions -beginning and ending-of the movement, 
upon which appreciable mechanical forces of electro 
static origin act. v 
That feature of the system shown in FIGS. 1 and 2 ac 

cording to which the intermediate vibrating member 
21, 20 is totally insulated from the rest of the arrange 
ment appears to be very important one, for it tends to 
make as short as possible those periods of time during 
which the mechanical forces of electrostatic origin act 
upon the vibrating member to maintain its oscillation. 

It will be noted that forces act on the vibrating mass 
in either direction of movement thereof, and during the 
brief contact of electrodes 18, 20 and 19, 20, only a rel 
atively small compensating current flows, which is in 
dependent of the resistance of the circuit including 
electrode 18, support 25 of electrode 18, terminal 7, 
voltage source, terminal 8, support 25 of electrode 19, 
and electrode 19. The voltage source must merely re 
plenish the electrons intermittently absorbed by elec 
trode 20 from electrode 19, which it transfers to elec 
trode 18. Therefore, the efficiency of this device is ex 
tremely high and dependable. 
Contact points 22, 23, and 24, of a known conductive 

metal or material resistant to burning down or melting, 
are arranged on the end faces of the respective elec 
trodes. They render it possible that when using a volt 
age source of 1,000 volts, for example, the electrodes 
need not approach each other completely for the 
charge exchange or load compensation, because at a 
sufficiently minute or small distance between the con 
tact points, a spark arcs already over which suffices for 
charge compensation. In this way, the harmonic vibra 
tory movement of tongue 21 with electrode 20 is not 
disturbed by any impact of the electrodes on each 
other. w 

It is known from the theory of vibrating reeds that 
with such a vibrating device, contrary to what happens 
with an oscillator device of the spiral-balance type, for 
example, a mechanical action for maintenance of the 
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4 
oscillation, applied at the end of the path of movement, 
is in any case not more unfavorable than a mechanical 
action for maintaining the oscillation applied in mid 
course. As long as the mechanical maintenance action 
applied to a vibrating reed at the end of the movement 
remains relatively sudden and retains a magnitude cor 
responding merely to the compensation of the energy 
losses which would otherwise damp the vibration 
movement, it is known that according to the vibrating 
reed theory, the vibration will remain a harmonic vibra 
tory movement (having a frequency determined by the 
physical parameters of the vibrating reed). 
FIG. 2 shows that for the partial decoupling of the vi 

bration energy, a transducer may be inserted in the cir 
cuit, which transforms the current surges occurring 
during a charge reversal into an alternating current 
voltage, which can be tapped at the terminals of the 
secondary winding of the transformer or transducer. At 
the resilient tongue, a pawl 55 may be arranged which 
engages in the asymmetrical ratchet teeth 56 of a gear 
57, the latter being advanced by one tooth during each 
vibratory movement. 
Since for generating a force necessary for vibrating 

the electrodes, a voltage source of relatively high volt 
age, say, of at least 100 volts, is necessary, an isotropic 
generator is advantageously employed. Such voltage 
cells or sources can be accommodated within a mini 
mum of space and yet furnish a terminal voltage of 
more than 1,000 volts. 
The electric circuit of the above-described aggre 

gates or arrangements is very simple, and any necessary 
changes of direction of the electric field are effectuated 
automatically by the movements of the intermediate 
electrode. The great advantage of this arrrangement is 
that a vibration generator can be conveniently accom 
modated at greatly reduced dimensions, yet operates 
with a very high efficiency and which is suitable for in 
stallation in timing instruments, clockworks, and the 
like. 

It will be seen from the aforesaid disclosure that there 
has been created according to this invention a very 
compact and highly efficient vibratory system, which 
lends itself to a great variety of applications in the in 
strument field and may be modified or altered accord 
ing to the purpose intended. 
What is claimed is: 
1. A system for generating periodical mechanical os 

cillations with substantially high frequency stability for 
the drive of a timepiece and like instrument, compris 
ing three electrode means arranged in spaced confront 
ing relationship with regard to one another and at a 
predetermined distance from one another in inopera 
tive position of said three electrode means, said three 
electrode means comprising two outer electrodes and 
one intermediate electrode means, resilient tongue 
means for carrying said intermediate electrode means, 
said resilient tongue means and said intermediate elec 
trode means defining a vibrating member for moving 
said intermediate electrode means relative to said two 
outer electrodes, said intermediate electrode means 
being devoid of components which would alter the 
charge carried thereby when said intermediate elec 
trode means moves from one to the other of the outer 
electrodes, a direct current-power source, and conduc 
tor means for respectively connecting said outer elec 
trodes with different polarities of said direct current 
power source. 
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2. The system as defined in claim 1, further including 
transmission means operatively connected with said in 
termediate electrode means, said transmission means 
incorporating a pawl-shaped member connected with 
said vibrating member, a ratchet wheel which can be 
actuated by said pawl-shaped member in position posi 
tion of said electrode means, so that the resultant me 
chanical oscillation energy of the vibrating member im 
parts rotational movement to said ratchet wheel 
through the agency of said pawl-shaped member. 

3. The system as defined in claim 1, wherein said 
three electrode means incorporate means for preclud 
ing any disturbing effect upon the vibratory movement 
of the vibrating member due to possible impact of said 
electrode means against one another. 

4. A system for generating periodical mechanical os 
cillations with substantially high frequency stability for 
the drive of a timepiece and like instrument, compris 
ing a pair of outer electrode means, resilient tongue 
means disposed intermediate said pair of outer elec 
trode means, said resilient tongue means incorporating 
means defining an intermediate electrode means coop 
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6 
erating with said pair of outer electrode means, said 
pair of outer electrode means and said intermediate 
electrode means being disposed in spaced confonting 
relationship from one another in inoperative position of 
said electrode means, with said intermediate electrode 
means being carried by said resilient tongue means to 
perform an oscillatory movement which successively at 
least approaches one and then the other of said outer 
electrode means, means for insulating said intermedi 
ate electrode means such that said intermediate elec 
trode means possesses a substantially constant charge 
during movement from one to the other of said outer 
electrode means, a direct current-power source having 
different poles, and means for respectively connecting 
said outer electrodes with different poles of said direct 
current-power source. 

5. The system as defined in claim 4, wherein said 
means of said resilient tongue means defining said in 
termediate electrode means is a separate electrode 
member mounted upon said resilient tongue means. 
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