
GB 2 041 658 B        1 SPECIFICATION
The rotor may be made, at least in part, of Sm2 Transducer for an
electronic timepiece           (Co, Fe, Cu, Zr) ,7. Preferably Rr/Sr > 0.4
This invention concerns a transducer, e.g. a  65    Moreover it is
preferred that stepping motor, for an electronic timepiece, e.g. a  0.55
[err] Rr/Sr [err] 0.45. 5  quartz crystal analogue wristwatch, comprising a
It is also preferred that 1.25 [err] Rt/St [err] 1.0. permanently
magnetised rotor having at least two    The stator may be an integral
stator having two poles; a stator having an internal surface radially
major portions which are interconnected by inwardly of which the rotor is
disposed and from    70  radially thin portions. which it is spaced, the
stator being made of an     Alternatively, the stator may have two portions
10  highly permeable magnetic material and being      which are separated
from each other by small magnetical coupled to the rotor; and a coil
gaps. The rotor may if desired be a part-cylindrical magnetically coupled
to the stator.               rotor. In a quartz crystal analogue wrist
watch or  75   The internal surface of the stator may be other timepiece in
which mechanically driven      provided with notches which ensure that, in
15 display hands and the like are used to indicate the  operation, the
rotor rotates in one angular seconds, minutes and hours, and in which a
quartz  direction only. crystal oscillator is used as a time standard, it
is  The Internal surface of the stator is preferably very important that
the time standard should be    80  substantially cylindrical and is
concentric with the extremely accurate, that the accuracy of the quartz
axis of the rotor. 20 crystal oscillator is as good as possible, and that
The transducer may be a stepping motor. the life of a battery which is used
to power the    The invention is illustrated, merely by way of timepiece is
as great as possible. In such a      example, in the accompanying drawings,
in timepiece, however, the power consumption of  85  which:- the
electro-mechanical transducer which is used     Figure 1 shows a two pole
stepping motor for a 25 to drive the display hands is large as compared
quartz crystal analogue timepiece according to the with that of the
electrical circuit in which the said  present invention; oscillator is
connected, so that, if the battery life is  Figure 2 is a broken-away
cross-sectional view to be extended, it is particularly necessary to  90
of the motor shown in Figure 1; improve the efficiency of this transducer
and to    Figure 3 illustrates the waveform of a driving 30 reduce its
power consumption. Previous attempts    pulse which is applied to a coil of
the motor shown have been made to reduce the power               in Figure
1; consumption of this transducer, but it is           Figure 4 is a graph
showing the relationship nevertheless desirable to reduce its power    95
between the output torque (T) required to rotate consumption still more
than has previously been   the minute hand of a timepiece provided with a
35 achieved.                                          motor as shown in
Figure 1 and the ratio Rr/Sr; According therefore  ththe present invention
Figure 5 is a graph showing the relationship there is provided a transducer
for an electronic  between the current consumption (i) of a motor as
timepiece comprising a permanently magnetised   100 shown in Figure 1 and
the ratio Rr/Sr; rotor having at least two poles; a stator having an
Figure 6 is a graph showing the relationship 40 internal surface radially
inwardly of which the    between the current consumption (i) of a motor as
rotor is disposed and from which it is spaced, the  shown in Figure 1 and
the ratio Rt/St; stator being made of an highly permeable
Figures 7(a) and (b) illustrate the distribution of magnetic material and
being magnetically coupled 105 magnetic flux between the rotor and the
stator of to the rotor; and a coil magnetically coupled to the  a known
motor and of a motor according to the 45 stator, the transducer being such
that             present invention respectively; Figure 8 is a diagrammatic
view illustrating a 0.6 > Rr/Sr > 0.3, and 1.5 > Rt/St [err] 0.8,    110
modified stator which may be employed in the 110 motor of Figure 1; and
Figure 9 is a diagrammatic view illustrating a where Rt is the maximum
distance of any point on  modified rotor which may be employed in the the
external surface of the rotor from the axis of  motor of Figure 1. the
rotor, Sr is the minimum distance of any point  In Figures 1 and 2 there is
shown a stepping 50  on the internal surface of the stator from the axis
115 motor for use in a quartz crystal analogue wrist of the rotor, and Rt
and St are the axial        watch. The motor comprises a permanently
thicknesses of the rotor and stator respectively,  magnetised rotor 1
having two peripherally characterised in that the maximum energy output
disposed diametrically spaced apart poles (BH max) of the rotor is at least
20 MGOe, and the  respectively marked N, S. The motor also has an 55
transducer is arranged to produce an output   120 integral stator which
comprises two major torque (T) of up to 3.5 gcm with a current
portions 2, 3 which are interconnected by radially consumption (i) of 0.8
[err]A or less.               thin portions g' and g2. The stator 2, 3 has
an The efficiency of a transducer according to the  internal surface 20
which is substantially present invention is greater than that of a
cylindrical in shape and is concentric with the axis 60 conventional
transducer while its power       125 21 of the rotor 1, the rotor 1 being
disposed consumption is reduced.                          radially inwardly
from and being spaced from the 
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2 041 658 B    2 internal surface 20. The stator 2. 3 is made of a  Cu,
Zr)[err], and the optimum aging treatment of this highly permeable magnetic
material and is        magnetic material has been improved, with the
magnetically coupled to the rotor 1.             result that
precipitate-hardened five element. The stator portions 2, 3 are
respectively fixed  magnets having a BH max of 30 MGOe have 5 by means of
screws 6, 6' to a yoke 5, there being    70 become available. The latter
magnets are superior wound about the yoke 5 a coil 4 to which each of  to
conventional [err] magnets and are neither the stator portions 2, 3, is
magnetically coupled.  more expensive nor more difficult to manufacture.
The stator portions 2, 3 are respectively     For this reason, the rotor 1
is made at least in part of provided with notches 2a, 3a in the internal
Sm2 (Co, Fe, Cu, Zr)17, and has a maximum energy 10 surface 20 of the
stator, the notches 2a, 3a  75 output (BH max) of at least 20 MGOe, and
ensuring that, in operation, the rotor 1 rotates in  preferably 30 MGOe.
one angular direction only.                        In the case of the
present invention, the axial When the parts are at rest, the magnetic poles
thickness Rt of the rotor 1 is greater than in the N, S of the rotor 1 are
disposed adjacent the poles  prior art with the result thatthe ratio Rr/Sr
is less 15 (not shown) of the stator 2, 3. Thus the broken line  80 than
0.6. Therefore the efficiency of the motor can 22 in Figure 1 illustrates
one rest position of the  be greatly improved as compared with a poles N, S
of the rotor 1.                       conventional motor and its power
consumption As explained in greater detail below, it is   can be decreased.
arranged that 0.6 > Rr/Sr > 0.3, and that          The ratio Rr/Sr has
conventionally had to be 0.6 20 1.5 > Rt/St > 0.8, where Rr is the maximum
85 or more for the reason illustrated in Figure 4. The distance of any
point on the external surface of the  curve B in Figure 4 illustrates the
conventional rotor from the axis 21 of the rotor, Sr is the   relationship,
in the case where the rotor 1 is made minimum distance of any point on the
internal    of a conventional material, between the output surface 20 of
the stator 2, 3 from the axis 21 of  'torque T required to effect rotation
of the minute 25 the rotor, and Rt and St are the axial thicknesses    90
hand of a wrist watch and the ratio Rr/Sr. This of the rotor 1 and stator
2, 3 respectively.     output torque needs to be in the range 3.5 to 4 In
the particular stepping motor shown in     g.cm and this has necessitated
making the ratio Figures 1 and 2, in which a wholly cylindrical rotor
Rr/Sr at least 0,6. However, if a strong magnet, 1 is employed, and in
which the internal surface  e.g. one where BH max = 20 to 30 MGOe, is 30 20
is concentric with the axis 21, it will be  95 employed, and the rotor is
increased in thickness, appreciated that the distance Rr is equivalent to
then the relationship between T and Rr/Sr will be the radius of the rotor,
and that the distance Sr is  shown in the curve A in Figure 4. As will be
seen equivalent to the radius of the internal surface 20.  from the curve
A, a sufficient output torque can be The dimensions Rt and St referred to
above are  obtained even'where Rr/Sr is less than 0.6. Of 35 shown in
Figure 2, from which it will be seen that   100 course if the ratio Rr/Sr
is equal to or exceeds 0.6, the axial thickness Rt of the rotor 1 is less
than  a much greater output torque can be obtained, but that of the stator
2, 3, the rotor 1 being arranged  this increased output torque is also
associated axially midway of the stator 2, 3.               with relatively
high power consumption because Figure 3 shows the waveform of a driving
the current consumption then also increases. 40 voltage which, in
operation, is applied to the coil   105   In Figure 5 there is shown a
graph illustrating 4. This waveform has what is known as inversion  the
relationship between the current consumption pulses, namely positive and
negative pulses which  ([err])and the ratio Rr/Sr. The curves C, D
illustrated in are applied alternately at one second intervals.  Figure 5
have been obtained on the basis that BH These pulses generate N, S poles in
the stator'  max = 30, Rt/St = 1.0, and that the notches 2a, 45 portions 2
and 3 and, as a result, the poles N. S of   110 3a in the stator portions
2, 3 have been adjusted the rotor 1 are respectively magnetically repelled
so as to have areas most suitable for efficiency. and attracted by the
stator poles  so that the rotor  The curve C in Figure 5 shows the values
of the 1  rotates through 1800 at each pulse. By reason  current
consumption i in the case in which the of the provision of the inversion
pulses, the    output torque T is 3.5 g.cm. As will be obvious 50 polarity
of the stator 2, 3, is periodically changed,   115 from examining the curve
C, the current and the rotor 1 is therefore driven in one       consumption
is reduced when the ratio Rr/Sr is consistent angular direction.
less than 0.6 and more particularly in the range It has previously been
assumed that, in the case  0.4 to 0.6, the preferred ratio Rr/Sr being 0.45
to of a stepping motor of the kind shown in Figures 1  0.55. The current
consumption i, however, 55 and 2, it was desirable to arrange that
120 increases when the ratio Rr/Sr decreases too 0.6 [err] Rr/Sr [err] 0.9
in order to achieve low power  much, i.e. beyond about 0.4. consumption. In
fact, in the most recent stepping   Since the notches 2a, 3a in the stators
2, 3 motors of this kind, the ratio Rr/Sr has been in the  must be reduced
in size if the ratio Rr/Sr is range 0.65 to 0.7. In such known stepping
motors,  increased, small differences in the shapes of the 60 however, a
permanently magnetised rare earth  125 stator have a considerable influence
upon the cobalt magnetic rotor 1 was used whose           performance of
the motor. This is so because, as maximum energy output (BH max) was 10 to
1 5     the area of the notches is only about 0.5% of the 



MGOe.                                            area of the internal
surface 20 of the stator 2, 3, Improved magnetic material has, however,
even a small difference in the shape of the rotor 65 recently become
available such as Sm2 (Co, Fe;  130 affects the ratio of the notch area to
the area of    3
GB 2 041 658 B   3 the internal surface 20.
Motors in accordance with the present The curve D in Figure 5 shows the
values of the  invention can have their power consumption current
consumption i in the case in which the   reduced by 15 to 20 per cent by
comparison with output torque T is almost zero, i.e. the curve D
comparable conventional motors where the ratio 5 indicates the minimum
current required to start    70  Rr/Sr [err] 0.6, Rt/St = 0.7 to 0.8, and
BH max of the the motor. As will be seen from curve D, the value  rotor =
10 to 15. The current consumption of one of this starting current is
reduced right up to a  of the conventional motors, whose output torque
ratio Rr/Sr of 0.3. When, however, Rr/Sr becomes  is 3.5 g.cm, is shown by
the curve E in Figure 5, less than 0.3 the required starting current
and it will be seen by comparing the curves E and 10 increases.
75  C, both of which relate to an output torque of 3.5 Curve D shows that
the larger the ratio Rr/Sr,  g.cm, that the present invention represents a
the more the starting current increases, especially  substantial
improvement over the prior art Thus when the ratio Rr/Sr is at least 0.6 to
0.7, after  the current consumption of a known stepping which the starting
current increases rapidly. This  motor can be reduced only to about 1
[err]A, 15 arises from the fact that there is a consequential    80
whereas that of a stepping motor of the present increase at this stage of
the inertia of the rotor,  invention can be reduced to 0.8 [err]A or less.
since this inertia varies in proportion to the fourth  Figures 7(a) and
7(b) respectively illustrate the power of the radius.
distribution of the magnetic flux in the case of a It is undesirable, if
reliability is to be achieved,  conventional motor and in the case of a
motor 20 that the value of the starting current should be  85  according to
the present invention. As will be seen large. That is to say, if there is
little difference  from Figure 7(a), in the case of the conventional
between the starting current D and the actual    stepping motor there is
relatively little difference current which one can obtain at the starting
between the diameter of the external surface 12 torque of 3.5 g.cm. a
little change of input energy  of the rotor and the internal diameter 1 1
of the 25 results in a large change of output torque. For  90  stator, so
that the gap 10 therebetween is small. example, the output torque rapidly
decreases even  In the case of the motor of the present invention, when the
battery voltage decreases only slightly,  as shown in Figure 7(b), there is
a relatively large and when this happens the rotor stops. This is
difference in the diameters of the internal surface particularly
inconvenient in a case where the    14 of the stator and the external
surface 1 5 of the 30 output energy of the motor changes according to   95
rotor, and thus there is a relatively large gap 16 the load, such as a
motor controlled by the pulse  therebetween. width of the current.
One might imagine that this increase, in the The relationship between the
axial thickness of  case of the present invention, in the size of the gap
the rotor Rt and that of the stator St is illustrated  between the rotor
and the stator would not result 35 in Figure 6 which is a graph showing the
100  in an improvement in the transducing efficiency of relationship of the
current consumption i to the  the motor. This is not however correct. ratio
Rt/St. Figure 6 shows how the current        In the first place it should
be remembered that consumption i changes when the thickness of the  if a
motor according to the present invention is rotor is changed, i.e. when the
ratio Rt/St is   provided with a stator whose inner diameter is the 40
changed, without changing other factors such as  105 same as that of a
conventional motor, then the Rr, Sr, etc. The curve F shows the current
present invention enables the diameter of the consumption i when the output
torque T is 3.5   rotor to be reduced in comparison with that of the g.cm,
while the curve G shows the minimum        conventional rotor, with the
result that the inertia current required to effect starting.             of
the rotor is similarly reduced. If, however, this 45   The smaller the
ratio Rt/St, the more the  110 inertia is reduced, then the losses due to
inertia in current consumption F increases when the output  the course of
the rotation of the rotor are likewise torque is 3.5 g.cm. This is
especially the case  reduced, and the efficiency is therefore improved.
when Rt/St is less than 0.8, in which case the     The motor of the present
invention, however, is current consumption increases rapidly as the ratio
also more efficient because of the nature of the 50 Rt/St decreases.
115  magnetic flux distribution between the rotor and On the other hand,
the starting current G     the stator. Of course, as the total magnetic
flux increases as the ratio Rt/St increases, although the  increases so the
output torque of the motor also slope of the curve G is gentle, i.e. the
increase is  increases. However, as the total magnetic flux not very
marked. In view of these facts it is clear  increases, the stronger becomes
the magnetic 55 that a ratio Rt/St of more than 0.8 is desirable if   120
forces of attraction between the rotor and the low power consumption of the
motor is to be      stator, and consequently the greater is the current
achieved. Figure 6 shows values of the ratio Rt/St  consumption, since the
motor must be driven in up to about 1.2, but obviously the ratio Rt/St can
such a way as to overcome these forces of be increased beyond this,
although there is little  attraction. Since the magnetic forces of
attraction 



60 purpose in increasing its value beyond 1.5. Having 125 affect the
stability of the motor at the time of rest, regard to the desirability of
making the timepiece  these forces cannot be much reduced. thin, however,
it is desirable that the ratio Rt/St  Consequently the stepping motor is
designed so should not exceed 1.2 or 1.25. It is thus preferred  as to keep
the magnetic forces of attraction that the ratio Rt/St should be between
1.0 and   constant. 65 1.25.                                       130
In the case of the conventional stepping motor    4
GB 2 041 658 B         4 shown in Figure 7(a), the gap 10 is small and
comprising a permanently magnetised rotor (1) consequently substantially
the whole magnetic       having at least two poles (N, S); a stator (2, 3)
flux 13 acts as the magnetic forces of attraction   having an internal
surface (20) radially inwardly of between the stator and the rotor.
55 which the rotor (1) is disposed and from which it is 5    On the other
hand, in the case of the             spaced, the stator (2, 3) being made
of an highly construction according to the present invention     permeable
magnetic material and being shown in Figure 7(b), since the gap 16 is
large, the  magnetically coupled to the motor (1); and a coil magnetic flux
17 which acts as the magnetic force   (4) magnetically coupled to the
stator (2, 3), the of attraction can be distinguished from the     60
transducer being such that 10 comparatively large magnetic flux 18 which
0.6 > Rr/Sr > 0.3, and 1.5 > Rt/St [err] 0.8, merely leaves and returns to
the rotor.            where Rt is the maximum distance of any point on
Consequently; if the magnetic force of attraction   the external surface of
the rotor (1) from the axis of Figure 7(a) and that of Figure 7(b) are the
same,  (21) of the rotor (1), Sr is the minimum distance of the entire
magnetic flux is much greater in the  65 any point on the internal surface
(20). of the stator 15 caseof Figure 7(b) by reason of the fact that there
(2,3) from the axis (21) of the rotor (1), and Rt and is considerable
magnetic flux 18 which comes        St are the axial thicknesses of the
rotor (1) and from- and returns to the rotor itself. Consequently,  stator
(2,3) respectively, characterised in that the if the same driving force is
applied to the motors  maximum energy output (BH max) of the rotor (1) of
Figures 7(a) and (b), a much larger output will    70 is at least 20 MGOe,
and the transducer is 20 actually be achieved in the case of the motor of
arranged to produce an output torque (T) of up to Figure 7(b). Similarly,
if the outputs of both motors  3.5 gcm with a current consumption (i) of
0.8 [err]A are arranged to be substantially the same, then     or less. the
motor of the present invention can be driven      2. A transducer as
claimed in claim 2 in which by a smaller driving force, i.e. with lower
power  75 the rotor (1) is made at least in part of Sm2 (Co, Fe, 25
consumption, with the result that efficiency is       [err] improved.
3. A transducer as claimed in any preceding In Figure 8 there is
illustrated part of a stepping  claim in which Rr/Sr > 0.4. motor according
to the present invention which is      4. A transducer as claimed in any
preceding generally similar to that of Figure 1 but in which  80 claim in
which 0.55 [err] Rr/Sr [err] 0.45. 30  there is employed a stator having
two portions 23,   5. A transducer as claimed in any preceding 24 which are
separated from each other by small    claim in which 1.25 [err] Rt/St [err]
1.0. gaps 2 5, 26.  e stator portions 23,24 have       6. A transducer as
claimed in any preceding internal surface 27 , 28 respectively which form
claim in which the stator is an integral stator portiorns of a cylnidrical
surface which is      85 having two major portions (2, 3) which are 35
concentric with a cylindrical surface 30 of a rotor  interconnected by
radially thin portions ([err]). 31 .
7. A transducer as claimed in any of claims 1 to Thus, as will be
appreciated from Figures 1 and   6 in which the stator has two portions
(23, 24) '8, the stator may either be an integral stator      which are
separated from each other by small having two major portions 2,3 which are
go  gaps (25,26). 40  interconnected by radially thin portions g1, g2, or
8. A transducer as claimed in any preceding the stator may have two
completely separate         claim in which the rotor is a part-cylindrical
rotor portions 23,24 which are separated from each        (32). other by
small gaps 25,26.                           9. A transducer as claimed in
any preceding It is not essential that the rotor should be a  95  claim in
which the internal surface (20) of the 45  completely cylindrical rotor.
Thus, as shown in     stator (2,3) is provided with notches (2a, 3a) Figure
9 the motor of Figure 1 may be modified by   which ensure that, in
operation, the rotor rotates being provided with a part-cylindrical rotor
32    in one angular direction only. having part-cylindrical surfaces 33,
34 and planar     10. A transducer as claimed in any preceding surfaces
35,36.                                100 claim in which the internal
surface (20) of the stator is substantially cylindrical and is concentric
with the axis (21) of the rotor (1). 50 CLAIMS
11. A transducer as claimed in any preceding 1. A transducer for an
electronic timepiece      claim in which the transducer is a stepping
motor. Printed for Her Majesy's Stationery Office by the Courier Press
Leamington Spa, t982. Published by the Patent Office, 25 Southamplon
Buildings, London, V2A lAY, from which copies may be obtained 
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GB 2 041 658 B         4 shown in Figure 7(a), the gap 10 is small and
comprising a permanently magnetised rotor (1) consequently substantially
the whole magnetic       having at least two poles (N, S); a stator (2,3)
flux 13 acts as the magnetic forces of attraction   having an internal
surface (20) radially inwardly of between the stator and the rotor.
55 which the rotor (1) is disposed and from which it is 5    On the other
hand, in the case of the            spaced, the stator (2,3) being made of
an highly construction according to the present invention     permeable
magnetic material and being shown in Figure 7(b), since the gap 16 is
large, the  magnetically coupled to the motor (1); and a coil magnetic flux
17 which acts as the magnetic force  (4) magnetically coupled to the stator
(2,3), the of attraction can be distinguished from the     60 transducer
being such that 10 comparatively large magnetic flux 18 which
0.6 > Rr/Sr > 0.3, and 1.5 > Rt/St [err] 0.8, merely leaves and returns to
the rotor.            where Rt is the maximum distance of any point on
Consequently, if the magnetic force of attraction   the external surface of
the rotor (1) from the axis of Figure 7(a) and that of Figure 7(b) are the
same,  (21) of the rotor (1), Sr is the minimum distance of the entire
magnetic flux is much greater in the  65 any point on the internal surface
(20) of the stator 15 case of Figure 7(b) by reason of the fact that there
(2,3) from the axis (21) of the rotor (1), and Rt and is considerable
magnetic flux 18 which comes       St are the axial thicknesses of the
rotor (1) and from and returns to the rotor itself. Consequently,  stator
(2,3) respectively, characterised in that the if the same driving force is
applied to the motors  maximum energy output (BH max) of the rotor (1) of
Figures 7(a) and (b), a much larger output will    70 is at least 20 MGOe,
and the transducer is 20  actually be achieved in the case of the motor of
arranged to produce an output torque (T) of up to Figure 7(b). Similarly,
if the outputs of both motors  3.5 gcm with a current consumption (i) of
0.8[err]A are arranged to be substantially the same, then    or less. the
motor of the present invention can be driven      2. A transducer as
claimed in claim 2 in which by a smaller driving force, i.e. with lower
power  75 the rotor (1) is made at least in part of Sm2 (Co, Fe, 25
consumption, with the result that efficiency is     Cu, Zr)[err]. improved.
3. A transducer as claimed in any preceding In Figure 8 there is
illustrated part of a stepping  claim in which Rr/Sr > 0.4. motor according
to the present invention which is     4. A transducer as claimed in any
preceding generally similar to that of Figure 1 but in which  80 claim in
which 0.55 [err] Rr/Sr [err] 0.45. 30  there is employed a stator having
two portions 23,    5. A transducer as claimed in any preceding -  24 which
are separated from each other by small    claim in which 1.25 [err] Rt/St
[err] 1.0. gaps 25,26. The stator portions 23,24 have            6. A
transducer as claimed in any preceding internal surfaces 27, 28
respectively which form     claim in which the stator is an integral stator
portions of a cylidrical surface which is      85 having two major portions
(2, 3) which are 35  concentric with a cylindrical surface 30 of a rotor
interconnected by radially thin portions (g1, g2). 31. -
7. A transducer as claimed in any of claims 1 to Thus, as will be
appreciated from Figures 1 and  6 in which the stator has two portions (23,
24) 8, the stator may either be an integral stator      which are separated
from each other by small having two major portions 2,3 which are         go
gaps (25,26). 40  interconnected by radially thin portions g1, 92, or    8.
A transducer as claimed in any preceding the stator may have two completely
separate         claim in which the rotor is a part-cylindrical rotor
portions 23,24 which are separated from each       (32). other by small
gaps 25,26.                            9. A transducer as claimed in any
preceding It is not essential that the rotor should be a  95 claim in which
the internal surface (20) of the 45 completely cylindrical rotor. Thus, as
shown in      stator (2, 3) is provided with notches (2a, 3a) Figure 9 the
motor of Figure 1 may be modified by  which ensure that, in operation, the
rotor rotates being provided with a part-cylindrical rotor 32    in one
angular direction only. having part-cylindrical surfaces 33, 34 and planar
10. A transducer as claimed in any preceding surfaces 35,36.
100  claim in which the internal surface (20) of the stator is
substantially cylindrical and is concentric with the axis (21) of the rotor
(1). 50 CLAIMS                                                 11. A
transducer as claimed in any preceding 1. A transducer for an electronic
timepiece      claim in which the transducer is a stepping motor. Printed
for Her Majesty's Stationery Office by the Courier Press, Leamington Spa,
1982. Published by the Patent Office , 25 Southampton Buildings. London.
WC2A 1AY, from which copies may be obtained    


