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ABSTRACT OF THE DISCLOSURE 

An electric timepiece is provided having an oscillator 
circuit which provides a pulse output which facilitates self 
excited oscillation of the balance wheel and control of 
the balance oscillation, in an electromechanical trans 
ducer wherein the balance wheel is engaged only near the 
center of the balance oscillation by an anchor and is ar 
rested at a stable point during this engagement of the 
balance wheel. The oscillator circuit provides a large 
amount of energy to the balance wheel at the start of the 
balance oscillation period than the energy applied thereto 
in the stable state of oscillation, by providing an electrical 
pulse having a pulse width which is wider at the start of 
the balance oscillation than in the stable state of oscil 
lation. The amplitude of the balance oscillation is con 
trolled by having the output energy of the electro 
mechanical transducer be a function of the amplitude of 
the balance oscillation. 

--was-- was 

The present invention relates to an electric timepiece, 
and more particularly to an electric timepiece utilizing an 
oscillator circuit for driving the electric timepiece where 
by the pulse output of the oscillator enables self-excited 
oscillation and amplitude control of the balance wheel, 
with the electromechanical transducer employed for driv 
ing the balance wheel engaging the balance wheel only 
near the center of the balance oscillation and rendered 
stationary at a stable point during the oscillation. 

In electric timepieces, e.g., wristwatches, it is desired 
that in order to maintain synchronism, that the balance 
wheel itself does not constitute an element of the trans 
ducer, and accordingly, there is provided an anchor opera 
tive with an electromechanical converter. 

In Such electric timepieces, it is desired to decrease the 
moment of inertia of the anchor which has a permanent 
magnet, and to make its construction relatively simple. 
Furthermore, in order to prevent leakage of magnetic flux 
in the magnetic circuits, the yoke is commonly disposed 
very close to the permanent magnet. However, in such 
instances, the permanent magnet is required to overcome a 
peak of potential energy due to the variations in per 
meance of the magnetic circuit. Accordingly, it is 
necessary to Supply a sufficiently large force to the balance 
Wheel at the start of the oscillation period, when the 
balance wheel is at the stationary state and has no stored 
energy, while the aforementioned energy peak is effective 
to prevent the anchor from abnormal vibration which 
may be caused by outer disturbances when the balance 
wheel is oscillating. 
Thus, it is desired to supply a large amount of energy 

to the balance wheel only at the start of the oscillation, 
and a Small amount of energy thereto sufficient to main 
tain the balance oscillation when the balance wheel is in 
the stable state of oscillation. If this is not done, the 
balance wheel is subject to a phenomena known as 
"knocking.” 
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It is accordingly an object of the present invention to 

provide an electric timepiece having a transducer, where 
in a relatively large amount of energy is applied to the 
balance wheel at the start of the oscillation period and 
a reduced amount of energy is applied thereto in the 
stable state of oscillation. 
Another object of the present invention is to provide 

an electric timepiece comprising an oscillator circuit 
which has a reduced power consumption in the stable 
state of oscillation while maintaining self-excited oscil 
lation of the balance wheel. 
A further object of the present invention is to provide 

an electric timepiece having an oscillator circuit which 
supplies to the transducer, pulses having a larger pulse 
width at the start of the balance oscillation than the 
pulse width in the stable state of oscillation. 

Yet, another object of the present invention is to pro 
vide an electric timepiece wherein the amplitude of the 
balance oscillation is automatically controlled by the out 
put energy of the transducer. 

In accordance with the principles of the present in 
Vention, there is provided an electric timepiece having 
an oscillator circuit whereby the transducer which drives 
the balance wheel and detects the motion thereof near the 
center of the oscillation period, with the transducer en 
gaging the balance wheel and increasing its rotative force. 
Furthermore, there is supplied to the transducer an elec 
tric pulse having a wide pulse width at the start of the 
balance oscillation and a pulse of narrow width when the 
balance wheel is in the stable state of oscillation, to 
thereby allow the balance wheel to overcome a peak of 
energy at the start of the oscillation period. 
The novel features believed to be characteristic of this 

invention are set forth with particularity in the appended 
claims. The invention itself, however, both as to its 
organization and advantages thereof, may best be under 
stood by reference to the following description taken in 
connection with the accompanying drawings wherein: 

FIG. depicts an electromechanical time piece trans 
ducer for maintaining balance oscillations in an electric 
timepiece which may be utilized with the novel oscillator 
of the present invention. 

FIG. 2 shows the electromechanical transducer of 
FIG. 1 including the magnetic circuits set up therein. 

FIG. 3 is a graphical representation of the variation 
of potential energy of the permanent magnet in the trans 
ducer shown in FIG. 1, with variation in the rotary 
angular position of said permanent magnet. 

FIG. 4 is a schematic circuit depiction of a conven 
tional oscillator utilized for driving the electromechanical 
transducer of FIG. 1. 

FIG. 5 is a schematic circuit depiction of an oscillator 
in accordance with the principles of the present inven 
tion, in one embodiment thereof. 

FIG. 6 is a schematic circuit depiction of an oscillator 
in accordance with the principles of the present inven 
tion, in a second embodiment thereof. 

FIG. 7 is a schematic circuit depiction of an oscillator 
in accordance with the principles of the present inven 
tion, in a third embodiment thereof. 

FIG. 8 is a Schematic circuit depiction of an osecillator 
in accordance with the principles of the present inven 
tion, in a fourth embodiment thereof. 

FIG. 9A is a waveform diagram of the induced volt 
age generated in the driving coil and detecting coil of 
the electromechanical transducer of FIG. 1. 

FIG. 9B is a waveform diagram of the voltage on the 
collector of transistors 24 in the embodiments of FIGS. 
5-8. 
FIG.9C is a waveform diagram of the voltage on the 

base of the controlling transistor in the embodiments of 
FIGS. 5 to 8. v 
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FIGS. 10A is a waveform diagram of the variation in 
voltage with time on the charging condenser in the em 
bodiments of FIG. 5-8. 

FIG. 10B is a waveform diagram of the variation in 
current with time in the charging condenser of the em 
bodiments of FIGS. 5-8. 

Referring to FIG. 1, an electromechanical transducer 
for maintaining the balance oscillation is shown to com 
prise a balance wheel 1, oscillating about its axis 2, and 
impulse pin 3 mounted on balance wheel 1, including an 
anchor 4 connected to its arbor 5. The balance wheel 
system of FIG. 1 is thus seen to comprise many of the 
standard components found in known mechanical 
watches. 
A permanent magnet 6 having north and south mag 

netic poles 7 and 8 respectively has rigidly connected 
thereto to anchor 4. A yoke 11 is provided having mag 
netic poles 9, 9', 10, 10' to provide a magnetic circuit 
surrounding permanent magnet 6. As shown in FIG. 1, 
magnetic pole 9 is disposed opposite to the north pole 7 
of permanent magnet 6 with pole 10' disposed opposite 
to the south pole 8 of permanent magnet 6. A driving 
coil 12 having input terminals 12a, 12b, and 12c, is 
wound about arm 11a of yoke 11, and detecting coil 13, 
having output terminals 13a and 13b is wound about arm 
11b of yoke 11. Driving coil 12 and detecting coil 13 
may be connected so the magnetic flux through the yoke 
11 generated by each are added, by connecting terminal 
12c and terminal 13a and providing a current path from 
terminal 12a or terminal 13b. Although not shown in 
FIG. 1, a well known mechanism for driving the train 
wheel of the timepiece may be utilized for the anchor 4. 
The operation of the electromechanical transducer of 

FIG. 1 is as follows. Permanent magnet 6 is repulsed by 
magnetic poles 9 and 10' and is attracted by magnetic 
poles 9' and 10, whereby there is applied thereto a ro 
tative moment to cause rotation if the current pulse 
applied to the driving coil is sufficiently wide to generate 
the magnetic flux pattern as show by the solid line arrows 
in yoke 11 in FIG. 1. 
When anchor 4 engages impulse pin 3 the moment of 

balance wheel 1 adds to its force, and if a large enough 
force is applied to anchor 4, balance wheel 1 leaves an 
chor 4, while permanent magnet 6 moves from the direc 
tion of magnetic poles 9, 10' to the direction of magnetic 
poles 9' and 10 and is stationary there. Due to the restora 
tive force of the hair spring, the balance wheel shortly 
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thereafter takes its original position to again engage . 
with anchor 4 near the center of oscillation of balance 
wheel 1, with permanent magnet 6 then returning to the 
position of stability i.e. from the direction of magnetic 
poles 9 and 10, to that of magnetic poles 9 and 10", due 
to the conservative energy of balance wheel 1. 

If thereafter, driving coil 12 has applied thereto a 
driving current which generates a magnetic flux opposite 
in direction to the previous magnetic flux direction, per 
manent magnet 6 is repelled to the opposite direction by 
magnet poles 9' and 10, and is attracted by magnetic 
poles 9 and 10, which accelerates the rotative moment 
of magnet 6 to add force to the rotative moment of bal 
ance wheel 1 to take the original position, i.e. in the 
-direction of magnetic poles 9 and 10'. Accordingly, by 
providing an alternating current to driving coil 12 in 
synchronism with the period of balance wheel 1, the 
added force is applied to balance wheel 1 and it reaches 
its usual amplitude when the lost energy is equal to the 
supplied energy. Permanent magnet 6 is rotated by vir 
tue of the moment applied by the driving current and 
the conservative energy of balance wheel 1, whereby the 
magnetic flux flowing from north pole 7 to south pole 8 
of permanent magnet 6 is switched from the solid line 
flux lines of FIG. 1 to the dotted line flux lines of FIG. 2. 
Thus, the direction of the flux lines is changed from the 
magnetic circuit running from north pole 7, through mag 
netic pole 9, yoke 11, magnetic pole 10' to south pole 
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4 
8, to the direction shown by dotted line in FIG. 2, i.e. 
from north pole 7 through magnetic pole 9', yoke 11 and 
magnetic pole 10 to the south pole. 
Due to the change in magnetic flux in yoke 11, an in 

duced voltage is generated in driving coil 12 and detect 
ing coil 13, the direction of the induced voltage being 
opposite to that of the driving current. If the direction - 
of the driving current is opposite to that of the induced 
voltage, the electro-magnetic energy is converted into 
mechanical energy and adds force to balance wheel 1. 
The above mentioned induced voltage also acts as a Syn 
chronous signal for the electric circuit of the time piece 
in accordance with the present invention, with the width 
of the induced voltage waveform corresponding approxi 
mately to the duration of the engagement of anchor 4 
with impulse pin 3 of balance wheel 1. The waveform of 
the above mentioned induced voltage is shown in FIG. 
9A, wherein the lower half of the waveform is an induced 
voltage corresponding to the rotation of permanent mag 
net 6 from the direction of magnetic poles 9 and 10' to 
the magnetic poles 9 and 10. The upper half of the Wave 
form b is an induced voltage corresponding to the ro 
tation of the permanent magnet 6 from the direction of 
magnetic poles 9 and 10 to the magnetic poles 9 and 
10'. As the amplitude of oscillation of balance wheel 1 
is increased, the duration of engagement with anchor 4 
decreases, while at the same time the rotative Velocity 
of permanent magnet 6 and the change of magnetic flux 
are increased, causing the induced voltage to be increased 
as shown by the dotted line with respect to the solid 
line in FIG. 9A. It will be noted that with respect to the 
balance wheel 1, as shown in FIG. 1, permanent magnet 
6 when united with anchor 4 makes the magnetic poles op 
posite to that of north pole 7 and South pole 8 generate 
a magnetic force of inverse polarity, and is attracted and 
stands stationary in either direction of magnetic poles 9 
and 10' or 9' and 10 during almost the complete period 
of the balance oscillation. Accordingly, the relation to 
the tuning angle 0 of permanent magnet 6, and its mag 
netic potential energy is represented by the curve shown 
in FIG. 3, wherein -01 is the turning angle of the cur 
rent magnet 6 when in the position of FIG. 1 it is sta 
tionary in alignment with magnetic poles 9 and 10", --01 
corresponding to the turning angle of FIG. 2 wherein it 
is stationary and aligned with magnetic poles 9 and 10, 
with 0 corresponding to the turning angle when the per 
manent magnet 6 is balanced by the attraction forces of 
magnetic poles 9 and 10, and 9' and 10", i.e. north pole 
7 being situated near the center of the gap between mag 
netic poles 9 and 9 and south pole 8 being equidistant 
between magnetic poles 10 and 10'. 
As shown in FIG. 3, there is a peak of magnetic po 

tential energy occurring within the turning angle of 201 
of anchor 4. Accordingly in the stable state of oscillation 
of the balance wheel where the amplitude is large, the 
conservative energy of the balance wheel must be suffi 
ciently larger than the value of the aforementioned peak 
of magnetic potential energy. In the stable state of oscil 
lation, when balance wheel 1 moves anchor 4 and per 
manent magnet 6 through the angle of -61 to --01, bal 
ance wheel 1 loses energy in order to overcome the peak 
at angle 0 when approaching from the direction of -01, 
and conversely receives energy when going in the direc 
tion from angle 0 to angle --01, accordingly maintain 
ing no loss of energy of the balance wheel 1. However, 
when the conservative energy of balance wheel 1 is 
smaller, at the beginning of oscillation, it will not have 
sufficient momentum to overcome the aforementioned 
peak of magnetic potential energy and will stall. In or 
der to overcome the aforementioned peak of energy, the 
transducer will require to have applied thereto an elec 
trical pulse of sufficient height or width. However, since 
the output voltage of the voltage source i.e. battery in an 
electric wrist watch is quite low, it is preferable to pro 
vide an oscillator circuit which can widen the width of 
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the pulse, since it is generally difficult to generate a pulse 
having a large amplitude. 

If the anchor 4 of the transducer shown in FIG. 1, en 
gages the balance wheel during most of the oscillating 
period of balance wheel 1 at the start of the oscillation 
period, the oscillator circuit can supply the additional 
force to the balance wheel 1 effectively to provide an elec 
trical pulse of sufficient width to the transducer. However, 
as the amplitude of the balance wheel 1 reaches that of 
the stable state of oscillation, the duration of the engage 
ment between balance wheel 1 and anchor 4 is shortened, 
and accordingly even if the oscillator circuit provides a 
sufficiently wide electrical pulse to the transducer, it will 
be of no avail, and accordingly it is necessary to nar 
row the applied pulse width. 

In FIG. 1, in order to add force to the balance wheel 
1, the electrical current flowing in driving coil 12 was 
alternating to generate an alternating magnetic flux in 
yoke 11. However, if it is possible to add sufficient force 
to balance wheel 1 by means of a unidirectional driving 
current in driving coil 12, it will also be possible to main 
tain the oscillation of balance wheel 1 by having balance 
wheel 1 return to the position where it drives anchor 4 
by the conservative energy of balance wheel 1 to synchro 
nize with the oscillation of balance wheel 1, i.e. the os 
cillator circuit may supply sufficient force to balance wheel 
1 once balance wheel 1 has commenced its oscillatory 
motion. Hereafter, there will be described various elec 
trical oscillator circuits for providing an electrical pulse 
in synchronism with the period of the balance oscillation 
for maintaining oscillation of the balance wheel. Such 
oscillator circuits generally comprise a simple transistor 
amplifier having the transducer driving coil in the collec 
tor circuit and the detecting coil in the base circuit, an 
astable transistor blocking oscillator having a time con 
stant capacitor for controlling the period of oscillation, 
together with a time constant resistor connected to the 
base terminal of the transistor, or may include a mono 
stable or astable oscillator circuit comprising a pair of 
transistors of similar or opposite polarity. It should be 
noted however that in the case of a simple amplifier, if 
the induced voltage in the detecting coil, generated by 
the balance oscillation is not sufficient, the transistor will 
not be switched on, and it will be impossible to start the 
balance oscillation from a stand still. 

In such blocking oscillator circuits, the "on' time of 
the transistor i.e. the width of the pulse, is determined by 
the self inductance of the driving coil and the detecting 
coil and the mutual inductance and resistance of these 
coils. Since the magnetic circuits in the transducer as 
shown in FIG. 1, are generally open in one part of the 
yoke, the inductance will be small and accordingly the 
width of the pulse will be narrow. It is noted that in Such 
a transducer, the pulse width will be widened if the ampli 
tude of oscillation of the balance wheel is increased, but 
it is impossible for such transducers to provide Self ex 
cited oscillation. 

In the aforementioned monostable oscillator circuits 
comprising a pair of transistors of the same polarity, the 
transistor also will not be switched “on” without generat 
ing the induced voltage in the coils as hereinabove de 
scribed. Also, in the case of the astable oscillators, even 
if the initial pulse width can be widened, to enable the 
oscillation to start from a stand still, the electrical power 
consumption will be disadvantageously substantially in 
creased since either of the two transistors will be Switched 
“on” in the stable state of oscillation. 
As pointed out above, it is thus impossible for any of 

the conventional oscillator circuits briefly described above, 
to provide the features of self starting together with mini 
mum power consumption. FIG. 4 shows Such a conven 
tional oscillator having an astable oscillator circuit in 
cluding a pair of complementary transistors of opposite 
polarity, 15 and 16, with transistor 15 being used for 
driving and transistor 16 used for controlling. The nega 
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6 
tive induced voltage, as shown in FIG. 9A is generated in 
driving coil 17 in accordance with the motion of the 
balance wheel, to render controlling transistor 16 “on.” 
By adding this voltage to controlling transistor 16, the 
timing circuit comprising charging condenser 18, and re 
sistor 19, controlling transistor 16, resistor 21 and driving 
transistor 15 is thus rendered into the “on” state. Once in 
the "on' state, the collector current of transistor 16 which 
is also the base current of driving transistor 15 flowing 
through resistor 21 renders driving transistor 15 “on.' 
When transistor 15 is rendered “on,” the collector voltage 
of transistor 15 drops driving controlling transistor 16 
further into the “on” condition by virtue of the positive 
feed back action in this circuit. When driving transistor 
15 is switched “on” and is driven into the saturated con 
dition, battery source 23 provides a driving current to 
the driving coil opposing the induced voltage to supply 
energy to the balance wheel. The charging current of the 
aforementioned charging circuit comprising capacitor 18 
and resistor 19 flows from the positive terminal of battery 
23 through the emitter to base circuit of controlling tran 
sistor 16, resistor 19, charging capacitor 18, the collector 
to emitter circuit of driving transistor 15 returning to the 
negative terminal of battery source 23, which charging 
current gradually decreases to sharply cut off controlling 
transistor 15 and driving transistor 16 by virtue of the 
aforementioned positive feedback action. 

In the aforementioned “on” state, if the discharge time 
constant of capacitor 18 is a little longer than the balance 
period, the circuit will be switched “on” when the induced 
voltage is generated in accordance with the motion of 
the balance wheel in the next moment. Accordingly, in the 
conventional oscillator circuit shown in FIG. 4, it is possi 
ble to control the transducer so as to supply sufficient 
energy which is synchronized with the period of the bal 
ance oscillation. However, the pulse width of the generated 
electrical pulse is determined by time constant capacitor 
18 and charging resistor 19, i.e. the charging voltage added 
to capacitor 18 is only that of battery source 23, with 
the final value of the charging voltage on capacitor 18 
being the output voltage of battery source 23. Thus, in 
the case of adding force to the balance wheel by means 
of the transducer as shown in FIG. 1, since it is impossi 
ble to start the balance oscillation without providing a 
sufficiently wide pulse at the start of the balance oscilla 
tion, the values of time constant capacitor 18 and resistor 
19 are fixed in order to widen the pulse width sufficiently 
for the oscillator circuit shown in FIG. 4. However, in 
such a case, even if the balance oscillation does reach the 
stable amplitude, after disengagement of the balance 
wheel the oscillator circuit will supply the reactive elec 
trical energy to the transducer. In the case of the Small 
batteries utilized in wrist watches, this action will shorten 
the battery life, and accordingly becomes a very serious 
disadvantage in practical use. Diode 22, as shown in 
FIG. 4 functions to absorb the energy of the driving coil 
which is at the trailing end of the electrical pulse. 

Referring to FIG. 5, there is shown a first embodiment 
of an osciliator circuit in accordance with the principles 
of the present invention, wherein the above mentioned dis 
advantages of the conventional oscillator circuit of FIG. 
4, and the like, are avoided. The oscillator of FIG. 5 in 
cludes a positive feed back circuit comprising intermedi 
ary terminal 12b of driving coil 12, detecting coil 13 as 
shown in FIG. 1, charging condenser 26, and charging 
resistor 27, the base to collector circuit of controlling 
transistor 25, resistor 29, the base to collector circuit of 
driving transistor 24 and terminals 12c and 12b of driv 
ing coil 12, in the aforementioned sequence. A charging 
circuit for time constant capacitor 26 is seen to comprise 
the positive terminal of battery source 31, emitter to base 
circuit of controlling transistor 25, resistor 27, time 
constant capacitor 26, detecting coil 13, intermediate ter 
minals 12b and 12c of driving coil 12, the collector to 
emitter circuit of driving transistor 24, and the negative 
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terminal of battery source 31 in the aforementioned 
order. A discharge circuit is seen to comprise the positive 
terminal of battery source 31, terminal 12a of driving coil 
12, intermediate terminal 12b, detecting coil 13, time 
constant capacitor 26, resistor 27, time constant resistor 
28 (which provides a period of oscillation a little longer 
than that of the balance wheel), and the negative termi 
nal of battery suorce 31, in the aforementioned sequence. 
The embodiment of FIG. 5, in accordance with the princi 
ples of the present invention, is thus seen to comprise an 
astable oscillator circuit utilizing an NPN transistor 24 
and a PNP transistor 25 as the controlling transistor 
including a diode 30 connected across the terminals of 
driving coil 12 in order to absorb the energy which is 
stored in driving coil 12 which is generated at the lagging 
edge of the driving coil pulse. 

In the oscillator circuit of FIG. 5, since it comprises an 
astable circuit it will oscillate even when balance wheel 
1 is not oscillating to provide an output pulse to driving 
coil 12 having a particular pulse width. If this output 
pulse is sufficient to overcome the peak of potential 
energy shown in FIG. 3, as discussed above, to provide 
sufficient energy to anchor 6, the amplitude of oscillation 
of the balance wheel will be increased, resulting in an 
induced voltage generated in driving coil 12 and detect 
ing coil 13. Since in the embodiment of FIG. 5, the 
oscillator circuit is arranged so that the voltage induced 
across terminals 12a and 12b is added to the induced 
voltage in detecting coil 13, this induced voltage will bring 
transistor 24 to the conductive state more stably even 
before controlling transistor 25 is switched on, to provide 
an electrical pulse to driving coil 12 to add more force 
to the balance wheel. Thus, the oscillator circuit of FIG. 
5 synchronizes its pulse output with the oscillating period 
of the balance wheel, thereby adding energy to the balance 
wheel. 
The oscillator of the present invention, shown in FIG. 

5, is thus seen to be advantageous over the conventional 
oscillator such as that depicted in FIG. 4 in the following 
manner. The oscillator of FIG. 5 generates an electrical 
pulse of sufficient width at the start of the balance wheel 
oscillation which is independent of the amplitude of the 
balance wheel oscillation; and when the balance wheel 
attains a particular amplitude, the width of the generated 
electrical pulse becoming narrower to become a function 
of the amplitude of the balance wheel oscillation. Thus, 
in the conventional oscillator arrangement as shown in 
FIG. 4, the electrical pulse width is equal to the charging 
time which is determined by charging condenser 18 and 
resistor 19 which is substantially constant, whereas in 
the oscillator circuit of the present invention as shown 
in FIG. 5, the sufficiently long charging time of the 
charging capacitor at the start of the balance oscillation 
determines the width of the output pulse which in turn 
is controlled by the induced voltage generated in the 
detecting coil which is inserted in the charging circuit of 
the charging capacitor when the amplitude of the balance 
wheel oscillation is increased. 
The following is a description of the action of the elec 

tromotive force which tends to charge capacitor 26, after 
conduction, in the oscillator circuit of FIG. 5. When 
driving transistor 24 is saturated after conduction of the 
circuit, the voltage on 12b may be represented by ozE, 
where E is the voltage of battery source 31, and oz is the 
ratio of the number of windings between terminals 12a 
and 12c to the number of windings (i.e. winding resist 
ance) between terminals 12b and 12c. Accordingly the 
electromotive force which tends to charge capacitor 26 
is the sum of the difference between the voltage E of the 
power source 31 and the voltage oE at terminal 12b, 
the relationship being given by Equation 1 below, wherein 
V is the induced voltage on detecting coil 13, and the 
voltage generated in the detecting coil by virtue of the 
mutual inductance with driving coil 12 being Vm. 
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where ox'=1-c. 
The impedance Z as seen from both ends of charging 

condenser 26 when the circuit of FIG. 5 is "on,' com 
prises with a combined inductance of driving coil 12 
and detecting coil 13, the resistance of the coil winding 
wire, resistor 27, saturation resistance of the collector to 
emitter path of driving transistor 24, and the saturation 
resistance between the base to emitter path of controlling 
transistor 25. However, if the value of resistor 27 is 
larger than that of the other impedances, the impedance 
Z will be substantially resistive and approximately equal 
to R. Furthermore, if Zm is not too large than the 
expression ox'E--Vim may be considered constant during 
the duration of the electrical pulse. Vm is generated by 
the mutual inductance of the driving coil and the detecting 
coil, but in the transducer as illustrated in FIG. 1, the 
magnetic yoke circuit is opened in a portion thereof, and 
accordingly the inductance is extremely small. Accord 
ingly, at the start of the balance oscillation when the 
induced voltage is not generated, the charging voltage 
V and current through capacitor 26 may be represented 
by Formulas 2 and 3 as follows. 

(1) 

t 

Y-ce+rn (- di) (2) 
, cy'E-F Wm. CR s I = R 8. (3) 

where C is the capacitance of capacitor 26 and t being the 
charging time, 
The above Equations 2 and 3 are graphically depicted 

by curves A in FIGS. 10A and 10B. As indicated by 
Equations 2 and 3 above, the charging time constant is 
approximately RC. Since the charging current through 
capacitor 26 causes controlling transistor 25 to be 
switched “on” if the value of resistor 27 is increased, the 
charging time constant will become longer, and it will 
thereby be possible to maintain the controlling transistor 
25 in the "on” state for a long period of time, whereby 
driving transistor 24 can supply a sufficiently wide pulse 
to driving coil 12. Initially the pulse width is increased 
in order to increase the amplitude of the balance oscilla 
tion to the desired amplitude, but as the balance oscilla 
tion amplitude increases, the induced voltage will also 
increase, and the controlling transistor 25 will be triggered 
even before the conduction period due to the time constant 
and the electrical circuit can be synchronized with the 
balance oscillation period. 

Furthermore, when the induced voltage is generated, 
the charge on the charging condenser varies, i.e. the final 
voltage charge on charging condenser 26 changes from 
o'E--Vim to ox'E--Vm--V, and when the induced voltage 
is removed, the charge on charging condenser 26 returns 
to the value of ox"E--Vim. Since the increase in the balance 
oscillation amplitude causes an increase in the charging 
current, the charging voltage will rapidly increase, to 
shorten the time required to reach the final voltage 
o'E--Vim. Accordingly, the charging current will rapidly 
decay, and the conduction time of controlling transistor 
25 will be reduced, since the charging current is the base 
current of controlling transistor 25, and the pulse width 
will accordingly become narrower. Thus, if the induced 
voltage becomes large as compared with ox"E--Vm, charg 
ing capacitor 26 is already charged to cr'E--Vim when Vis 
removed, the charging will immediately stop, for the final 
charging voltage is ox'E--Vm, and the pulse width will be 
narrowed. Since the width of the induced voltage pulse 
is approximately equal to the time that anchor 4 and bal 
ance wheel 1 are in engagement, and the pulse width of 
the pulse applied to driving coil 12 is controlled as to be 
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equal to the width of the aforementioned induced volt 
age pulse, when balance wheel 1 reaches its amplitude 
corresponding to the final voltage, the additional force 
to balance wheel 1 may be added most effectively. Con 
versely, in the event that the amplitude of the balance 
oscillation is reduced due to an outer disturbance, as the 
induced voltage is reduced, the pulse width of the electri 
cal pulse is widened, and this action tends to restore the 
original amplitude. Thus, in the embodiment of FIG. 5 
of the present invention, the charging time of charging 
condenser 26 is a function of the amplitude of the bal 
ance oscillation. 

Referring to FIGS. 10A and 10B, the variation of the 
charging voltage and current when the induced voltage V 
is generated is shown by curves B, wherein the pulse 
width varies from to to too, where to) too. 

Referring to FIGS. 9B and 9C, the dotted line curves 
therein correspond to the state wherein there is little or 
no induced voltage as indicated by the dotted line curve 
in FIG. 9A. In the stable state of oscillation, the balance 
oscillation, the balance oscillation amplitude is large, and 
in the case that the induced voltage is large, as shown by 
the solid line curve of FIG. 9A, the pulse width of the 
voltage on the base of controlling transistor 25, and that 
of the voltage on the collector of driving transistor 24, 
i.e. the electrical pulse width, becomes narrower as shown 
by the solid line in FIGS. 9B and 9C. 

Furthermore, curve C in FIG. 9B, and curve D of 
FIG. 9C are variations of the induced voltage b caused 
by the motion of the balance wheel, wherein in FIG. 9A 
ox'=1. 

Intermediate terminal 12c is provided in order to per 
mit the variation of the pulse width by making the in 
duced voltage V comparable with oz'E--Vim based on the 
condition that the voltage of the power source is ox'E. If 
the voltage of power source 31 is very low, the same effect 
may be obtained when terminal 13a of detecting coil 13 
is connected directly to the collector of driving tran 
sistor 24. 

In FIG. 6, there is shown a second embodiment of an 
oscillator in accordance with the principles of the present 
invention, which is of similar configuration to the arrange 
ment of FIG. 5, with the exception that the detecting coil 
13 is connected between the emitter of controlling tran 
sistor 25 and the positive terminal of battery source 31. 
Accordingly waveform of the voltage on the base of the 
controlling transistor 25 as shown in FIG. 9C is slightly 
modified, while retaining the same charging characteristic 
for charging capacitor 26. 
FIG. 7 illustrates a third embodiment of the present 

invention, which is substantially similar to the arrange 
ment of FIGS. 5 and 6, with the electromotive forces 
which provide the charge for charging capacitor 26 being 
essentially similar to those in FIGS. 5 and 6, with the 
exception that the electromotive force due to the volt 
age E of battery source 31 is not cr'E but rather oE. 

Referring to FIG. 8, there is shown a fourth embodi 
ment of an oscillator in accordance with the principles 
of the present invention, which is in many respects simi 
lar to the previously described embodiments of FIGS. 
5-7 with the exception that detecting coil 13 is con 
nected to intermediate terminal 12b and the emitter of 
controlling transistor 25, but otherwise remains essen 
tially similar to the above described embodiments of 
FIGS. 57. 

In the embodiment of FIGS. 5-8, the charging re 
sistor 27 has the same controlling effect since it is not in 
series with the group comprising battery source 31, driv 
ing coil 12 and the collector to emitter path of driving 
transistor 24. 

Thus, as shown above, the oscillators of FIGS. 5-8, 
in accordance with the principles of the present inven 
tion, provide an electric time piece which may be self 
excited even when it is necessary to overcome a large peak 
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of potential energy, as shown in FIG. 3 in order to main 
tain the balance oscillation, wherein the amplitude of the 
balance oscillation is automatically controlled, and where 
the power consumption in the stable state of oscillation 
is substantially decreased. 

It is understood that, although the oscillators of the 
present invention, which have been described in conjunc 
tion with the electromechanical transducer of FIG. 1, are 
not limited in application thereto, but are also adaptable 
for use in other electromechanical transducers for time 
pieces which must overcome a peak of potential energy 
at the start of the oscillation. Furthermore, although an 
NPN transistor was shown as the driving transistor, and 
a PNP transistor shown as the controlling transistor, in 
the embodiments of FIGS. 5-8, it is understood that 
the transistor types may be reversed. 
What is claimed: 
1. An electric timepiece comprising a rotatably 

mounted, oscillatable balance wheel; electro-mechanical 
transducer means for driving said balance wheel, said 
electro-mechanical transducer means including mechani 
cal means engaging said balance wheel in the region of the 
center of the oscillatory path of said balance wheel for 
applying rotative force to said balance wheel and for dis 
placement in response to the rotative motion of said bal 
ance wheel, and magnetic circuit means for applying dis 
placing force to said mechanical means in response to a 
pulse of magnetic flux applied thereto for driving said 
balance wheel, and for having a magnetic flux induced 
therein in response to the displacement of said mechanical 
means responding to the rotative motion of said balance 
wheel; and a stable oscillator circuit means having a driv 
ing coil in the output of said oscillator circuit means, 
coupled with said magnetic circuit means to impart said 
pulse of magnetic flux thereto in response to the output 
of said oscillator, charging circuit means for controlling 
the period of oscillation of said oscillator, and a detecting 
coil coupled with said magnetic circuit means for gen 
erating a detecting voltage in response to said induced 
flux and disposed in series connection with said charging 
circuit means with the polarity of said induced voltage 
such that the pulse width of said displacing flux applied 
to said magnetic circuit means by said driving coil narrows 
as said detecting voltage increases. 

2. An electric timepiece as defined in claim 1, where 
in said oscillator circuit includes a driving transistor hav 
ing said driving coil serially connected to its collector; a 
controlling transistor; and a coupling resistor intercon 
necting the collector of said controlling transistor to the 
base of said driving transistor, said charging circuit means 
including a charging capacitor and a charging resistor 
in series arrangement. 

3. An electric timepiece as defined in claim 2, where 
in said driving coil has a pair of end terminals and an 
intermediate terminal, said detecting coil having a pair 
of end terminals, said detecting coil end terminals serial 
ly interconnecting said driving coil intermediate terminal 
and Said charging circuit means, the other end of said 
charging circuit means being connected to the base of said 
controlling transistor, said driving coil end terminals be 
ing connected respectively to the collector of said driv 
ing transistor and the emitter of said controlling tran 
sistor. 

4. An electric timepiece as defined in claim 2, wherein 
said driving coil has a pair of end terminals and an 
intermediate terminal, said charging circuit means inter 
connecting said driving coil intermediate terminal and the 
base of said controlling transistor, one of said driving 
coil end terminals being connected to the collector of 
said driving transistor, said detecting coil interconnecting 
said controlling transistor emitter and the other of said 
driving coil end terminals. 

5. An electric timepiece as defined in claim 2, where 
in said driving coil has an intermediate terminal con 
nected to the emitter of said controlling transistor, said 
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detecting coil and charging circuit means being in series 
connection interconnecting the collector of said driving 
transistor and the base of said controlling transistor. 

6. An electric timepiece as defined in claim 2, said driv 
ing coil having an intermediate terminal, said charging 
circuit means interconnecting the collector of said driving 
transistor and the base of said controlling transistor, 
said detecting coil interconnecting the emitter of said con 
trolling transistor and said driving coil intermediate ter 
minal. 
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