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CIRCUIT FOR SYNCHRONIZING WATCHES 
DRIVEN BY A COIL-MAGNET SYSTEM 

BACKGROUND OF THE lNVENTlON 

Stepping mechanisms used predominantly as electro 
mechanical transducers for utility quartz clocks and 
quartz watches, are relatively susceptible to shocks. in 
this respect. electromagnetically driven balance or tun 
ing fork systems exhibit substantially better behaviour. 
Also for production-technical reasons a quartz watch 
which makes use of an already existing calibre, merely 
by employing commercially available types of quartz 
oscillators and frequency dividers, is improved to the 
standard of a utility quartz watch in that the vibrator 
frequency of the already existing calibre is synchro 
nized by the divided quartz oscillator frequency. 

in this connection, it would be of particular advan 
tage to have a synchronizing method suitable for con 
ventional types of contact-making clocks as well as to 
electronically driven clocks or watches employing a 
single-or two-coil system. One such method of synchro 
nization is proposed by the present invention. 
Considering that the vibration frequency of a balance 

depends upon, among other things the kind of energy 
supplied, this actually disadvantageous property can be 
utilized for the synchronization of an electromagnet 
ically driven watch vibrator. 
Thus it is known eg from the German Offen 

legungsschrift 2 O] l 233 (corresponding to the Swiss 
Pat. No. 526 150) that a simple single- or two-coil bal 
ance system automatically driven by a corresponding 
circuit, can be synchronized when applying, in addition 
to the main driving pulse, one or more timely displaced 
and thus adjacent auxiliary driving pulses which are 
triggered by the synchronizing signal taking place sev 
eral times during one balance vibration, i.e. the fre 
quency of the synchronizing pulses is several times 
higher than that of the balance. in this method, how 
ever, the balance system is unnecessarily supplied with 
more energy than necessary by the one or more auxil 
iary driving pulses, so that the amplitude of vibrations 
of the balance is increased, the battery is additionally 
loaded, and unwanted transients are likely to appear 
during the control. 
On the other hand, it has become known from the 

Swiss Pat. No. 496 276 that the vibration frequency of 
an electro-magnetic type of balance system can be bet 
ter synchronized when supplying the drive coil with two 
successively following driving current pulses with a 
constant total energy content, of which the one is ef 
fected prior to and the other one subsequently to the 
reference position of the balance, where the vibration 
frequency of the balance as a function of the synchro~ 
nizing signal, is changed upon variation of the relative 
amounts of the two pulses. For realizing this method, 
however, there is proposed an expensive circuit em~ 
ploying a bridge or parallel push-pull stage for driving 
the electro-magnetic balance system, and with two 
moving coils which cannot be connected directly to 
one pole of the battery as is desirable in particular with 
a view to realizing such circuits in accordance with the 
known monolithic integration technique. Apart there 
from, the bridge or parallel push-pull circuit is incapa 
ble of maintaining the vibrations of the balance without 
the circuit generating the synchronizing signal. 
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2 
Moverover. the entire circuitry of this conventional 

kind operates on the principle of phase comparison be 
tween the balance vibration frequency and the fre 
quency of the synchronizing signal. For this purpose it 
comprises several multivibrator stages and one saw 
tooth generator for achieving the phase comparison. 
This adds towards the aforementioned expensiveness. 
In addition thereto, the known circuit is tailored to a 
special kind of coil and magnet system employing two 
concentrical ?at coils and one pair of magnet poles in 
the direction of vibration, so that in the coil limbs ar 
ranged in front and behind the reference position, there 
is generated per semi-vibration of the balance one posi 
tive and one negative pulse, from which there compul 
sorily results the aforementioned use of a bridge or par 
allel push~pull circuit. 
Moreover, from the Swiss Pat. No. 528 770 (corre 

sponding to the US. Pat. No. 3,648,453) there has be 
come known a synchronizing method for clock vibra 
tors likewise operating with the aid of a phase compari 
son. Here, too, the frequency of the synchronizing sig 
nal is several times higher than the frequency of the vi 
brator. Also. there are used merely needle-shaped syn 
chronizing signals which only serve to stimulate the cir 
cuit maintaining the vibrations, to provide the driving 
current pulse, There is also provided for the case 
where, by a second needle-shaped synchronizing pulse 
which is phase-shifted with respect to the tripping nec 
dle-shaped synchronizing pulse, the transmission of the 
driving current pulse is terminated again. 
This known synchronization method like-wise calls 

for an extensive electronic circuit, in particular for the 
derivation of the setting signal by means of a phase 
comparison, as well as for two two-coil systems of 
which the one serves as the driving system and the 
other one as the pick-up system for the phase compari 
son. 

For overcoming the disadvantages of these conven 
tional arrangements, the applicant, in its earlier Ger 
man Patent Application P 22 10 542.6 has already pro 
posed choosing the vibration frequency of the balance, 
as a function of the sign of the voltage as induced in the 
driving coil of the magnet system, with respect to the 
polarization of the supply voltage source and with re 
spect to the conductivity type of the driving transistor 
of the automatic driving circuit, to be either somewhat 
higher or somewhat lower than half the frequency of 
the synchronizing signal, periodically once per semi 
vibration of the balance, a current path of the auto 
matic driving circuit in such a way that the energy con 
tent of the main driving pulse is more reduced, the 
more the vibration frequency of the balance deviates 
from half the synchronizing frequency, and to dimen 
sion the automatic driving circuit in such a way that 
upon reduction of the energy of the main driving pulse 
there is automatically generated an auxiliary driving 
pulse having the same polarity as the main driving 
pulse, and that as a function of the energy content of 
the main driving pulse, the charge of a capacitor as 
contained in the automatic driving circuit, is varied in 
the sense of keeping constant the entire energy content 
of both driving current pulses. 

Finally, and with a view to providing synchronization 
universally applicable to contact-making clocks and 
electronic clocks (watches), a synchronization method 
has been proposed by the applicant in its earlier Ger 
man Patent Application P 22 38 4050, according to 
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which the driving coil is pulsewisely switched on during 
respectively the back and forth movement of the vibra 
tor via either a mechanical or electronic switch for 
maintaining the vibrations. with the proposed arrange 
ment being such that the forward driving pulse and the 
backward driving pulse are applied to the driving coil 
either at a different spacing from the rest position of 
the vibrator before or after the rest position of the vi 
brator or at a same or different spacing before and after 
the rest position of the vibrator. and that the driving en 
ergy, as a function of the deviation of the divided 
quartz oscillator frequency from the frequency of the 
mechanical vibrator or from an integral part or multi 
ple of this frequency. is divided between the forward 
and the backward driving pulse. 
Accordingly, the arrangement proposed in this ear 

lier application simpli?es the aforementioned conven 
tional types of synchronization arrangements in that 
the synchronization does not act upon each individual 
pulse of the induced voltage separately. but that both 
the forward and the backward driving pulses are used 
in mutual dependency for effecting the synchroniza 
tion. 
The known synchronization arrangements and the 

synchronization arrangements according to the appli 
cant‘s two earlier proposals, all have the common dis 
advantage of having a restricted synchronizing range 
because. for example. the displacement (shifting) of 
the center axes of both the driving coil and the magnet 
system which is possible in some of these synchroniza 
tion methods. cannot be made arbitrarily large. This 
would cause the efficiency to become too small in the 
case of low amplitude vibrations occurring in the start 
ing case. 

Starting out. but partly also deviating from the known 
prior art referred to hercinbefore. the present invention 
relates to the synchronization mechanical vibrators in 
utility clocks. in particular watches driven via a coil 
magnet system. by means of a synchronizing signal 
whose frequency corresponds to the frequency of a 
quartz oscillator divided to the order of the vibrator 
frequency. The driving coil, each time during the for 
ward and backward movement of the vibrator, is pulse 
wisely switched on via a mechanical or electronic 
switch for maintaining the vibrations. and is thus being 
passed through through by one or more driving current 
pulses in the same effective direction. with the fre 
quency of the mechanical vibrator being affected by 
the synchronizing signal in that the one or more driving 
current pulses is (are) applied in dependence upon the 
frequency or phase difference either before and/or 
after the mechanical vibrator has assumed its rest posi 
tion. 

SUMMARY OF THE INVENTION 

It is the object of the invention to provide a synchro 
nizing arrangement which overcomes the aforemen 
tioned disadvantages and increase synchronizing range. 
This is accomplished in that at least temporarily and in 
addition to the one or more driving current pulses. at 
least one damping current pulse is applied to the driv 
ing coil in a direction of effect which is in opposition 
to that of the one or more driving current pulses. and 
that the current content and/or the time position of the 
one or more driving current pulses and damping cur 
rent pulses is controlled with respect to the rest posi 
tion of the mechanical vibrator as a function of or in 
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4 
dependence upon the phase difference either between 
the frequency of the mechanical vibrator and the fre 
quency of the synchronizing signal or between an inte 
gral part or multiple of both frequencies. 
This is based on the recognition that the mechanical 

vibrator system must be supplied with energy not only 
at fixed time positions. but that a withdrawal of energy 
at other fixed time positions leads to an expansion of 
the synchronizing range. 

In further embodying the invention the one or more 
damping current pulses may be triggered during each 
complete or semi-vibration of the mechanical vibrator. 
On the other hand, synchronization may also be real 
ized in such a way that the one or more damping cur 
rent pulses are only triggered as the result of an exter 
nal disturbance, hence in the case of a wristwatch. in 
response to a strong movement of the arm. the fre 
quency or the phase position of the mechanical vibra 
tor is varied in excess of a given threshold value. 
For generating the one or more damping current 

pulses it has proved particularly suitable for a resistor 
and/or a diode and/or a transistor to be periodically 
connected in parallel with the driving coil, or for the 
driving coil to be periodically sh0rt~circuited More 
over. it may be of advantage to displace the rest posi 
tion of the center axes of both the driving coil and the 
magnet system with respect to one another. 
An arrangement which is particularly simple with re 

spect to realization from the circuit-technical point of 
view. will result in cases where the synchronizing signal 
is rectangular. and where the pulse duty factor thereof 
is chosen in accordance with the smallest spacing in 
terms of time between the forward and the backward 
driving current pulse at the lowest amplitude of the me 
chanical vibrator. and. in further embodying the inven 
tion. the one or more damping current pulses are trig 
gered during that particular period of time of the syn 
chronizing signal which corresponds to the smallest 
spacing in terms of time between the forward and the 
backward driving current pulse at the lowest amplitude 
of the mechanical vibrator. 

In regard to the above-mentioned case where the one 
or more damping current pulses are to be triggered 
only upon exceeding a given limit with respect to the 
frequency or phase shift and when employing the afore 
mentioned rectangular synchronizing ‘signal. it has 
proved to be particularly suitable, for controlling the 
damping current pulses, to use a second synchronizing 
signal with a shorter switch-on time which is indepen 
dent of the synchronizing signal controlling the driving 
current pulses, but of the same frequency. i.e. in such 
a way that neither the one or more driving current 
pulses nor the one or more damping current pulses are 
triggered during both particular periods of time lying 
between the edges of the two synchronizing signals. 
As regards enlarging the synchronizing range, the in 

ventive arrangement can still be improved by designing 
the mechanical vibrator in such a way that its vibration 
frequency is dependent upon the amplitude of vibra 
tions. In so doing, the mechanical vibrator. on one 
hand. may be designed to have such a frequency 
amplitude dependence that the vibration frequency is 
increased as the amplitude of vibrations increases, and 
that by the one or more driving current pulses as occur 
ring before the rest position of the vibrator. there is 
supplied more energy than by the one or more driving 
current pulses occurring after the rest position and, on 
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the other hand. however, may also be provided with 
such a frequency~amplitude dependence that the vibra 
tion frequency is reduced as the amplitude of vibrations 
increases, and that by the one or more driving current 
pulses as occurring after the rest position of the vibra 
tor, there is applied more energy than by those occur 
ring before the rest position. 
The aforementioned setting of the pulse duty factor 

of the rectangular synchronizing signal in accordance 
with the smallest spacing as a function of time between 
the forward and the backward driving current pulse at 
the highest frequency of the mechanical vibrator can 
be carried out, for example, in a simple way by means 
of the already existing frequency divider, in that the 
pulse width of the output pulse of the frequency divider 
is coupled to the pulse width of the output pulses of one 
or more preceding divider stages via either a gate cir 
cuit or a ?ip-flop circuit, so that the output pulse of the 
frequency divider will no longer have a 1:] pulse 
interval ratio, and that instead the pulse width will be 
determined by the absolute width of the output pulse 
of one or more preceding frequency-divider stages 
transmitted at the 1:1 pulse-interval ratio. According to 
a broad aspect of the invention there is provided a cir 
cuit for synchronizing watches driven by a coil-magnet 
system, by means of a synchronizing signal having a fre 
quency which corresponds to the frequency of the di 
vided output of a quartz oscillator, said circuit powered 
by a source of supply voltage having positive and nega 
tive poles, comprising: a source of a ?rst synchronizing 
signal; a driving coil having ?rst and second terminals, 
said ?rst terminal coupled to the positive pole of said 
source; a contact having ?rst and second terminals, 
said ?rst terminal coupled to the second terminal of 
said coil; a first transistor having base, emitter and col 
lector terminals, said base coupled to said ?rst synchro 
nizing signal, said emitter coupled to the zero point of 
the circuit and said collector coupled to the second ter 
minal of said contact; a diode; and a ?rst resistor cou 
pled in series with said diode between said diode and 
said collector. the series combination of said ?rst resis 
tor and said diode coupled between the collector 
emitter path of said ?rst transistor and said positive 
pole, said series combination coupled in parallel with 
the series combination of said coil and said Contact. 

Details of the inventive method and circuit arrange 
ments for carrying out the method will now be ex 
plained in greater detail with reference to FIGS. 1 to 6 
of the accompanying drawings, in which: 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows various shapes of curves relating to the 
physical facts of the case on which the invention is 
based, 
FIG. 2 shows various shapes of curves for explaining 

the principle on which the invention is based, 
FIG. 3 shows various shapes of curves for explaining 

the principle on which a further embodiment of the in 
vention is based, 
FIG. 4 shows a simple circuit arrangement for carry 

ing out the inventive method in connection with a con 
tact~making clock system, 

FIG. 5 shows a further embodiment of the circuit ar 
rangement according to FIG. 4, and 

FIG. 6 shows a circuit arrangement for carrying out 
the inventive method by employing an electronic sin 
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gle~coil circuit for maintaining the vibrations of the me 
chanical vibrator. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

in FIG. la the de?ection of a mechanical vibrator is 
shown as a sinusoidal curve having the amplitude A. If 
the vibrator were to have no losses, the once excited 
vibration would be maintained unchanged. The undis 
turbed period of this mechanical vibration is indicated 
by T” in FIG. la. 

If now, in the case of magnet systems employing an 
odd number of magnetic pole pairs, and by the afore 
mentioned parallel shift of both the coil axis and the 
magnet system axis, or in the case of magnet systems 
employing an even number of pairs of magnet poles by 
utilizing only one of the voltage pulses induced with the 
same sign, care is taken that the driving current pulses 
during the forward and the return movement, are ef 
fected asymmetrically in relation to the rest position of 
the vibrator, the period of vibration will change in ac 
cordance with the formula given in FIG. la. 

The actual vibration period T is composed of the 
sign-loaded sum of the undisturbed vibration period T‘, 
and the times AT] and ATZ. Relative thereto, the time 
AT] indicates the time from the undisturbed zero-axis 
crossing to the point of intersection of both the zero 
axis and the tangent to the sinusoidal curve changed by 
the driving pulse N occurring after the rest position of 
the vibrator. While the time ATZ indicates the time be 
tween the next undisturbed zero-axis crossing and the 
point of intersection of the zero axis and the tangent to 
the sinusoidal curve changed by the driving pulse V as 
effected before the rest position of the vibrator, with 
this time thus having to be inserted in the aforemen 
tioned formula with a negative sign. The dot-and 
dashline extending horizontally through FlG.la is sup 
posed to denote the parallel shift of the center axes of 
both the coil and the magnet system or the aforemen 
tioned asymmetry in the case of an even number of 
magnet pole pairs, respectively. 
FIGS. lb and It‘ show the pulses N, V of the induced 

voltage u," as effected asymmetrically in relation to the 
zero position of the mechanical vibrator, as well as the 
associated pulse current i ?owing in the coil, both as 
a function of the time t. 
FIG. 2a shows the course of time of the rectangular 

synchronizing signal, with the pulse duty factor thereof 
corresponding to the magnitude B/(A-l-B) or with the 
pulse-interval ratio thereof corresponding to the mag 
nitude B/A. In this case the time B, as already men 
tioned hereinbefore, is equal to (or shorter than) that 
particular period of time corresponding to the smallest 
spacing of time between the forward and the backward 
driving current pulse at both the highest frequency and 
the smallest amplitude of the mechanical vibrator. 
FIG. 2b shows the course of time of the timing cur 

rent pulses, wherein V indicates the driving current 
pulse triggered before the vibrator reaches its rest posi 
tion, and wherein N indicates the driving current pulse 
triggered after the vibrator has reached its rest position. 
For the sake of enabling a better understanding, FIG. 
2b shows a case in which the mechanical vibrator is at 
the same frequency as the synchronizing signal, but is 
not affected by the latter owing to its phase position. 
FIG. 20 shows the case where the frequency of the 

mechanical vibrator is in such a way reduced with re 



3,921,300 
7 

spect to the frequency of the synchronizing signal. or 
has changed to such an extent in its phase position that 
the driving current pulse N. with respect to time. partly 
intersects with the pulse component of the synchroniz 
ing signal as positively shown in FIG. 2a. In the inven 
tive manner energy so to speak. is withdrawn from the 
mechanical vibrator during the intersecting period 
owing to the fact that in the driving coil there is ?owing 
a damping current pulse in a direction of effect which 
is in opposition to that of the driving current pulse. In 
FIG. 2c. this is indicated by the negatively directed 
pulse portion N’. Both the reduction of the driving cur 
rent pulse and the additional damping after the vibrator 
has reached its rest position. cause the vibrator fre 
quency to be increased to the frequency of the synchro 
nizing signal. FIG. 2d shows a case in which the devia 
tion between the frequency of the mechanical vibrator 
and the frequency of the synchronizing signal or the 
phase difference thereof, has already grown to such an 
extent — for example. owing to some strong rotational 
delay effected upon the mechanical vibrator from the 
outside —. that only a damping current pulse N‘ will 
still be ?owing after the rest position of the vibrator. 
This still further increases the degree of synchroniza 
tron. 

Of course. during operation, there may also occur 
cases in which the driving current pulse V comes to an 
overlapping with the positive pulse portion of the syn 
chronizing signal as shown in FIG. 20. before the rest 
position of the vibrator. so that this driving current 
pulse is damped at least partly. This will then result in 
a reduction of the frequency or in an increase in the 
phase of the mechanical vibrator towards the synchro 
nizing frequency or the synchronizing phase position _ 
respectively. 
FIG. 3a shows the shape of curve of the two synchro 

nizing signals in accordance with a further embodiment 
of the invention. The synchronizing signal I controls the 
driving current pulses while the synchronizing signal II 
controls the damping current pulses. The times be— 
tween the two leading edges and between the two trail 
ing edges are indicated by the reference C in FIG. 3a; 
A and B indicate the times during which driving or 
damping current pulses may occur respectively. 

FIG. 3b shows the case corresponding to that of FIG. 
2b. i.e. in which the driving current pulses V or N are 
not being affected by the synchronizing signal. In FIG. 
3c, however. the natural frequency of the mechanical 
vibrator is reduced or there exists a phase deviation. 
The backward driving pulse N partly coincides with the 
positive pulse portion of the synchronizing signal I. 
Owing to the inventive proposal saying that neither a 
driving nor a damping current pulse is to be effected 
during the time C between the two leading edges of the 
synchronizing signal, the driving current pulse N is thus 
merely shortened. 
FIG. 3d shows the case where the driving current 

pulse N. after the rest position of the vibrator. falls 
completely within the period of time between the two 
leading edges of the synchronizing signal, and is thus 
not at all effective. 

In FIG. 3e the driving current pulse is shown to fall 
partly already within the period B of the damping 
synchronizing signal ll. thus being converted into a 
damping current pulse N’ having a direction of effect 
which is in opposition to the driving current pulse. 
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FIG. 3f. ?nally. shows the case where the driving cur 

rent pulse. after the rest position of the vibrator. falls 
completely within the period B. so that the damping 
current pulse N’ appears with its maximum width. 
FIG. 4 shows a simple circuit arrangement for carry 

ing out the invention with a contact-making clock sys 
tem. In the manner as known in connection with con 
tact-making clocks. the contact K as actuated by the 
magnetic balance type. is arranged in series with the 
driving coil L. In parallel with this series arrangement 
there is disposed the resistor R or the series arrange 
ment consisting of the resistor R and the diode D. This 
parallel connection is applied with its one end to the 
voltage-conducting pole + of the source of supply volt 
age UB while between the other end thereof and the 
zero point of the circuit there is connected the collec 
tor-emitter path of transistor T1, with the base elec 
trode thereof being controlled by a synchronizing sig 
nal from a quartz oscillator and frequency divider 2. 

In cases where the closing time of contact K and the 
current ?ux time as controlled by the synchronizing sig 
nal, coincide in the transistor T1, the driving current 
pulse will ?ow in the driving coil L while both the resis 
tor R and the diode D are rendered ineffective. Diode 
D and resistor R are ineffective since the ohmic resis 
tance of coil I- is small with respect to resistance R and 
the resistance of diode D. and further, since battery UB 
drives a main current from its negative to its positive 
pole through the emitter collector path of transistor T1 
and the coil and a small current through resistor R and 
diode D. In this case, resistor R and diode D have no 
influence on the driving pulse acting between the coil 
L and the magnet type balance system I. In this case 
the current ?ux time in the transistor T1 corresponds 
to the time A of FIG. 2a. It should be noted. however, 
that in this case, the polarity of the pulse shown in FIG. 
2a must be inverted. However, if the transistor T1 is 
disconnected by the synchronizing signal before the 
contact K opens. the current direction of the current 
pulse as flowing in the driving coil L is reversed. be 
cause now the current ?ows across the resistor or 
across the resistor and the diode respectively, thus act 
ing as a damping current which would thus correspond 
to the shape of curve shown in FIG. 2c. In this case, coil 
L acts as an electromotive voltage source since the 
magnetic system will act upon coil L, thus inducing a 
voltage. This voltage (see FIG. 1) now drives a current 
through resistor R and diode D, the direction of which 
is opposite to that of the above mentioned small cur 
rent. This reverse current consumes energy and there 
fore dampens the vibrating system. 

In cases where the closing time of contact K is lying 
outside the current ?ux time of transistor T1, the driv 
ing coil L is damped during the entire closing time. and 
the damping current pulse is permitted to flow owing 
to the voltage induced therein by the magnet system. 
Accordingly, this case would correspond to the shape 
of curve shown in FIG. 2b. 

FIG. 5 shows a further embodiment of the circuit ar 
rangement of FIG. 4 for practical application with a 
contact-making clock system. In this case. between the 
resistor R or the diode D and the voltage-conducting 
pole + of the source of supply voltage UH there is con 
nected the collector-emitter path of the further transis 
tor T2 which is complementary to transistor T1. To the 
base of the further transistor T2 there is applied the 
second synchronizing signal II from quartz oscillator 
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and frequency divider 3 whose frequency is equal to 
the frequency, and whose pulse duty factor is equal to 
or smaller than that of the synchronizing signal as up 
plied to the base of transistor T1. In the case ofa differ 
ent pulse duty factor there will result the further em 
bodiment of the inventive method explained with refer 
ence to FIG. 3. Thus, in cases where the transistor TI 
as well as the transistor T2 are blocked simultaneously, 
neither a driving current pulse nor a damping current 
pulse can flow in the driving coil L. 
FIG. 6, ?nally, shows another circuit arrangement for 

carrying out the invention with an electronic single-coil 
circuit for clock drives. This single-coil circuit, for ex 
ample, is substantially known from the applicant‘s ear 
lier German Patent Application corresponding to the 
German Offenlegungssehrift 2 I I0 023. It substantially 
consists of the transistors T3, T4 and T5, of the resis 
tors RI, R2, R3, R4, and of the capacitor C, as well as 
of the driving coil L. In this case the transistor T3 acts 
as a driving transistor and the transistor T4 which is 
complementary thereto, acts as a control transistor, 
whereas transistor T5 being of the same conductivity 
type as transistor T4, serves as an additional transistor. 

In analogy to the arrangement according to FIG. 4, 
the transistor Tl may now be provided for and which, 
in FIG. 6, is connected with its collector-emitter path 
between the base of the driving transistor T3 and the 
zero point of the circuit, while the synchronizing signal 
is again applied to the base thereof. In this way the base 
of the driving transistor T3 and the collector of the con 
trol transistor T4, during the current flux period of the 
transistor T1, are practically applied to the potential of 
the zero point of the circuit, and in the case of a syn 
chronizing signal of corresponding polarity there will 
occur the same effects with respect to the driving cur 
rent pulse or the damping current pulse as in the ar 
rangement according to FIG. 4. 
FIG. 6, moreover, also shows the further transistor 

T2 according to FIG. 5, whose emitter-collector path, 
across the resistor R’ which, accordingly, corresponds 
to the resistor R of FIGS. 4 and 5, is connected between 
the voltage-conducting pole + of the source of supply 
voltage U” and the end of the driving coil L not facing 
the source of supply voltage. As regards both the fre 
quency and the pulse duty factor of the second syn 
chronizing signal as applied to the base of transistor T2, 
there is applicable analogously the same as has been 
said in connection with explaining FIG. 5 of the draw 
ings. If, accordingly, the pulse duty factor of the syn 
chronizing signals applied to transistors TI and T2 are 
different, there will again result the mode of operation 
which has already been explained hereinbefore with 
reference to FIG. 3. 
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Investigations have shown that the synchronizing 

range in the case of clocks (watches) operated in ac 
cordance with the invention, was considerably in 
creased as compared to clocks (watches) operated in 
accordance with known prior art arrangements. More 
over. the invention substantially accelerates the syn 
chronizing process so that any occurring deviation of 
frequency and phase position of the mechanical vibra 
tor from the nominal value is compensated for more 
speedy than in the arrangements according to the 
known prior art. 
What is claimed is: 
1. A circuit for synchronizing watches driven by a 

coil-magnet system, by means of a synchronizing signal 
having a frequency which corresponds to the frequency 
of the divider output of a quartz oscillator, said circuit 
powered by a source of supply voltage having positive 
and negative poles, comprising: 
a source of a ?rst synchronizing signal; 
a source of a second synchronizing signal; 
a drive coil having first and second terminals, said 

?rst terminal coupled to said positive pole; 
a ?rst transistor having base, emitter and collector 

terminals, said base coupled to said ?rst synchro 
nizing signal and said emitter coupled to said nega 
tive pole of the circuit; 

a second transistor having a base, emitter and collec 
tor, said base coupled to said second synchronizing 
signal and said emitter coupled to said positive 
pole; 

a third transistor having a base. emitter and collector, 
the emitter of said third transistor coupled to said 
negative pole of the circuit and the base of said 
third transistor coupled to the collector of said ?rst 
transistor; 

a fourth transistor having a base, emitter and collec 
tor, said collector coupled to the collector of said 
?rst transistor; 

a voltage divider coupled between the collector of 
said third transistor and said negative pole of the 
circuit, the base of said fourth transistor coupled to 
a junction point of said voltage divider. 

a ?fth transistor having a base. emitter and collector, 
said base coupled to the second terminal of said 
driving coil. said emitter coupled to the emitter of 
said fourth transistor and said collector coupled to 
said negative pole of the circuit; 

a first resistor coupled between the base of said fifth 
transistor and the collector of said second transis 
tor; and 

a capacitor coupled between said positive pole and 
the emitter of said ?fth transistor. 

* * * Il= * 


