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HAVING TIME DISPLAY MEANS DRIVEN BY STEPPING ELECTRIC MOTORS (71) We,
KABUSHIKI KAISHA DAINI  periodic train of groups of sub-pulses are in-
SEIKOSHA, a Japanese company, of 31-1,  verted with respect to one another,
the motor 6-chome, Kameido, Koto-ku, Tokyo, Japan,  having a single driving
coil to which the  50. do hereby declare the invention for which we
periodic pulse train is supplied for rotation 5  pray that a patent may be.
granted to us and' in one direction and the periodic train of the method by
which it is to be performed,  groups of sub-pulses is supplied for rotation
to be- particularly described in and by the  in the opposite direction.
following statement:      -          .      The timepiece may include a
crystal con-  55 This invention relates to electronic time-  trolled time
standard oscillator driving a 10  pieces (principally but not exclusively
to  frequency divider comprising a sequence of analog type quartz wrist
watches) having time  frequency dividing flip-flop stages and the display
means. driven by stepping electric  periodic pulse train and the periodic
train of motors and has for its object the provision of  sub-pulses may be
derived by means of a  60 improved and simple timepieces of this. nature
pulse combining circuit fed with output pulses 15  -the stepping motors of
which can be reversed  from selected flip-flop stages of the divider
in'their direction of rotation, when required,  and controlled by a control
circuit to produce without involving the use of mechanical means  either
the periodic pulse train or the periodic for securing such reversal, and
without requir-  train -of sub-pulses for driving the motor.    65 ing the
motor to be other than a stepping    The invention is illustrated in and
ex- 20  motor of a design as nornially used at present  plained in
connection with the accompanying in analog type quartz timepieces. As. will
be  drawings in which:- seen later, the invention provides improved
Figure 1 shows a preferred form of stepping electronic timepieces the
stepping motors of  motor for use in carrying out the invention;  70 which,
when reversed in their direction of    Figures 2, 5, 6 and 7 are
explanatory figures 25  rotation, will run in a reliable and stable
provided in order to explain the operation of manner,: and with adequate
torque and which  -the motor of Figure 1; require only relatively small
voltages to be    Figures 3 and 8 are explanatory graphical applied thereto
to achieve this result.  figures;                                   75
According to this. invention, there is pro-    Figure 9 is a block diagram
of one embodi- 30  vided an electronic  timepiece including time  ment and
Figure. 11(a) shows some of the display means driven by- a stepping
electric  circuitry of- the said embodiment; and motor, means for
generating a. periodic pulse   Figures 4, 10 and 11b) are explanatory train
and supplying it to :said motor :for ro-  wave form- diagrams.       .
80 tating the same in - one direction and - means    Figures. 1(a) and 1(b)
are mutually perpen- 35  for generating a periodic train -of - groups of
dicular views of one form of stepping motor at least three sub-pulses which
are of suc-  commonly used for driving the time indicating cessively
-opposite -polarities and supplying the  means (hands) of analog  type
electronic time- train of groups to said motor for rotating the  pieces.
The motor has a stator 1 on which is  85 same in the opposite direction.
an energizing coil 3 and a motor 2 (shown 40    Preferably the periodic
pulse train consists  with a driving gear on its shaft) -which is of simple
pulses and the periodic train of  permanently magnetised to have two dia-
groups' consists of groups each of three sub-  metrically opposite poles.
indicated by the pulses which immediately follow one another  letters N and
S. The. rotor is mounted con-  90 and are of successively opposite
polarities  centrically in a hole in the stator and two 45    Preferably
also successive pulses in the  diametrically opposite notches q and q are
periodic pulse train are inverted with respect  provided in the stator hole
as shown. The to one another- and successive groups in the  rest position
of the rotor is with the diameter 
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2 joining its poles N, S approximately at right tion, a current is passed
through the coil in angles to that joining the notches q[err] and q[err].
such a direction -as to produce North and In customary present day practice
the motor  South stator poles in the positions indicated is driven by
pulses supplied to the coil 3 by  respectively at N and S on the stator as
shown 5   the time keeping circuitry of the timepiece  in Figure 2(b), the
rotor steps in the forward  70 and which occur at. 1-second intervals Suc-
direction due to the mutual repulsion between cessive pulses are in
opposite directions of  adjacent like poles, two. on the stator and current
flow, a typical practical pulse width  two on the rotor. If the current
pulse fed to being, as indicated in Figure 3(a), 7.8 m sec.  the coil
terininates when the rotor is.in the to. - The rotor makes one step of half
a revolution  position shown in Figure 2(c) -the rotor will  75 in response
to each pulse. Figure 3(b) typifies  assume, before the next pulse, its
other rest against time T the wave of current I which  position shown in
Figure 2(d), advanced by flows through the coil at each pulse. As will
1800 from the position shown in Figure 2(a). be explained later each
successive  rotor step . When the next pulse, which is in the opposite 15
occurs in the same . direction when. a wave  direction to that-which
produced the stator  80 form  as shown in Figure 3(a) is applied to  poles
indicated in Figure 2(b), is fed in to the coil 3, despite that. the
successive pulses  the coil 3, it will produce stator poles which are in
opposite directions, the notches q[err] and  are opposite to those shown in
Figure 2(b) q[err] acting as magnetic index. means determun-  and the rotor
will take another step in the 20 ing the position at which the rotor stops
after  samedirection as before.                  85 a- pulse terminates.
Some stepping motors    Figures 4 and 5 illustrate the principle have
mechanical index means for the same  used,. in this invention, for securing
reversed purpose. With the magnetic  index  means  direction rotation of
the motor, Figure 4 show shown, the direction of rotor rotation is deter-
ingg the pulsed wave form applied to the coil 25  mined by the angular
relation between the  3 and Figure 5 consisting of explanatory   90
diameter in which the rotor poles ie and  motor diagrams of the same nature
as those. that in which the notches q[err] and q[err] lie  of Figure 2.
Comparing.the wave. form  of Recent developments  in -wrist watches
Figure 3 it will be .seen require that, in  order to achieve -certain
that, instead - of the -successively  reversed 30  objects notably time
correction and changing  simple pulses shown in Figure 3(a) as used  95 the
displayed time from  that. used in one  for forward rotation, there are
successively country -to -that used -in another or from   reversed groups
of sub-pulses as shown at (a) summer time to standard time, the motor shall
and (b) in Figure 4, each group consisting be able, when required,
toreverse its direction  of three sub-pulses which immediately follow 35
of rotation. Hitherto such reversal of direc-  one another with the middle
one in a direc-  100 tion of rotation has been obtained by methods  tion
opposite to :that of the two outer ones such as changing the position of
the motor  between which it is sandwiched The widths index means
mechanically, or detecting the  of: the sub-pulses in a group areindicated
at position of the rotor by means of a current  P[err], P[err] and P[err]
in Figure 4(a). In Figure 5 it is 40  wave form applied thereto and using
the result  assumed, as in Figure 2, that the forward  105 of such
detection to change the timing of the  direction of rotation is
ant-clockwise, so that successively reversing pulses. Such methods  the
reversed direction is clockwise, as viewed have, however, serious defects,
mainly that in Figure. 5. The direction of the sub-pulse the apparatus
required to carry them- into  P[err] of the group (a) of.Figure 4 is such
as 45   effect is ill-suited to mass-production and/or  to produce forward
(anti-clockwise)rotation  110 it is difficult to obtain reversal of the.
direc-  of the rotor from the rest position shown in tion of rotation in a
reliable manner without  Figure 5(a) the stator poles producd by tis
adversely affecting the perfornance of. the  sub-pulse being as indicated
in Fgure 5(h). motor when reversal takes place. The main  When, however,
the rotor poles have almost 50  object of the present invention is to
provide reached positions in which they lie in the same 115 for reversing
the direction of rotation of the  diameter as. the notches q[err] and
q[err], the sub- stepping motor of a timepiece in a simple and  pulse
P[err] arrives,, reversing the stator poles improved way which does not
present the  as shown in Figure 5(c) and thus producig a foregoing defects.
force to rotate the rotor in the revesed direc- 55     The four diagrams of
Figure 2 serve to ex-  tion (clockwise). When the rotor comes to the  120
plain how the motor is rotated in the for-  position shown in Figure 5(d),
the third sub- 



ward  direction  (and-clockwise as seen in  pulse P[err] arrives The groups
of sub-pulses Figure 2) by a wave form -as shown in Figure  follow one
another at 1-second intervals and 3(a). Each of the. four diagrams shows
the  each group occupies a total width of, for ex- 60  rotor 2, the part of
the stator 1 where the rotor  ample, 15.6 m  sec. Suitable widths for the
125 is situated, and magnetic index means con-  individual sub-pulses
P[err], P[err] and P[err] will be stituted by the notches q[err] and.
q[err]. Figure  given, by way -of example,. later. Figure. 6 2(a) shows.
the rotor in its rest. position, with  shows. the relation between. the
position of no current passed through the motor coil 3  the rotor 2 and the
total magnetic energy 65  (Figure 1). If, when the rotor is in this posi-
which the motor has (when there is no volt-  130    1,557,145
3 across the motor coil) and Figure 7 serves  selections of these outputs
to provide pulses  65 todefine various positions of the rotor 2. In
P[err], P[err] and [err],[err] and [err]. Figure 7 forward rotation of the
rotor 2 is    The combinations effected to produce the to be taken as the
positive direction of the  wave forms  P[err] ,P[err], [err], [err] and
[err] are:- 5   angle [err], reverse rotation of the rotor 2 is to be taken
as the negative direction of the
P[err]=Q[err],Q[err],Q[err],Q[err],Q[err],Q[err]  angle [err], and the
assumption is made that the initial rest position of the rotor is that. in
Pa = Q[err], P[err]                           70 which the angle [err] is
[err]. The rotor is forced 10   forward, i.e. in the positive direction of
[err], [err] =Q[err],Q[err],Q[err],Q[err],Q[err] by the sub-pulse P[err].
When 0 becomes 3 [err]r/4   approximately, the rotor is forced in the nega-
[err]=Q[err],Q[err],Q[err],Q[err],Q[err],P[err] tive direction of [err] by
the sub-pulse P2. Then, when [err]has become approximately zero, the
[err]=Q[err], Q[err] 15  rotor has large kinetic energy by reason of the
force due to the pulse P[err].and also the    Figure 11(a) shows the main
circuitry of potential energy obtaining at the time when  combining
circuit 52, the driving  circuit  75 the magnetic energy is decreased. By
apply- 53, and the control circuit 55, the stepping ing the sub-pulse
P[err] to produce stator poles  motor 54 being represented in Figure 11(a)
20   as shown in Figure 5(d) the rotor is forced  by its driving coil 80.
in the negative direction of [err], and, accord-    The. forward-reverse
rotation control circuit ingly, it continues to rotate in the reverse. 55
consists of an RS flip-flop 70, the reset  80 direction. After the
termination of the sub- terminal R  of which is connected to a pulse
P[err], the rotor 2 will have travelled from  terminal 61 to which the wave
form P[err] is 25  the position shown in Figure 5(a) by[err] and  applied
and the set input terminal S of which stops in the rest position shown in
Figure  is connected to a terminal 60 to which the 5(e). Thus the pulse
group (a) of Figure 4  wave form P[err] is applied. Also the wave forms  85
produces an overall rotor rotation step of 180[err]  P[err], P[err],P[err],
[err] and [err] are applied to the in the reverse direction. The next group
(b)  terminals 62, 63, 64, 65 and 66 respectively. 30   of sub-pulses is
the inverse of group (a) and, The Q output of the RS-FF 70 is applied to
accordingly, when this group arrives, it pro-  one input of the first AND
gate of an AND/ duces another 180[err] step of rotor rotation, OR. gate 71
and the Q output thereof is  90 again in the reversed direction of
rotation. applied to one input of the second AND gate Figure 8 typifies the
wave forms of current  of said AND/OR gate 71 and also to one 35I against
time T through the  motor coil 3  input of a NOR gate 73. The other input
of during the sub-pulses P[err], P[err], and P[err], in re-  said first AND
gate receives the wave form versed direction of rotation.          P  and
the remaining input of said second  95 Figure 9 is a block diagram of one
form  AND gate receives the input P[err]. The wave of timepiece embodying
the present invention  forms [err] and[err] are applied to the respective
40  Referring to Figure 9 block 50 is a cystal inputs of a NOR gate 72, the
output of which controlled time standard oscillator including  is applied
to the remaining input of the NOR a quartz crystal having a frequency of,
for   gate 73. The output of NOR gate 73 is applied  100 example, 32768 Hz.
The generated oscil-   to one input of an OR gate 74 to the other lation of
this frequency are fed to a fre- input 64 of which the wave form [err] is
applied. 45  quency divider  51 consisting of fifteen flip- The output of
the OR  fr      the clock input terminal CL of an p FF 75 the last of which
provides a pulsed output  pthe ltsges of hic havng    frquecy  f   Hz 52is
puseof a NAN~D gate 76 and the Q output of 



combhining circuitjand 53 i's a driving circuit  whc  sapplie~d to one
input of a NAND 50   he  utpt fom   hic  cosiss ethe ofthegate 77. The
output of the AND/OR gate pulsedonor  wave form required for causing the
71 isapplied to the remaining inputs of the .    t5imetr displayedrivinge
direction. iO stepping   motor54o   NAND gates 76 and 77.  Ito tetmfepiee
tote inrthe  motor .58 The output of the NAND gate 76 is con- necttd at C
to one end of the coil 80 of the non  r te wve
ormrequredfordriingthesteppina motor through a driving inverter 55motor in
the 'reverse direction. Determina- toof wehrtefradrttowve78, aothe: output
of the NAND gate 77 is form or the reversed direction wave ft  s  connected
to the other end D of- said coil 80  115 fed to the motor is effected by a
control circuit through a driving inverter 79. The operation will now be
explained with the aid of Figure 11(b). In the normal condi- 60    Figure
10 shows wave forms appearing at  ton, that is to say when the motor
rotates in the Q or Q outputs of the fourth to tenth  the forward direction
terminal 61 is at HIGH  120 and the fifteenth FF stages of the divider 51
("H") level and the Q terminal of FF 70 is by the lines referenced Q[err]
to Q[err], and Q[err],  therefore also "H". In this condition, opera-
respectively. The combining circuit combines  tion occurs in accordance
with the three wave    4 .1,557,145
4        forms shown in the upper half of Figure  ing coil of 2.25 K[err].
resistance with 7300 11(b), the three wave forms A, B and C-D   turns: and
using sub-pulse widths of-2A m showing, respectively, the voltage pulses at
sec. 4.9 m sec and. 8.3 m sec for the sub- the points A and B and between
the points  pulses P,, Pi and Pi respectively it was found 5   C and D in
Figure 11(a).                    experimentally that very satisfactory
opera-  70 As will be seen the output of the AND/OR   don was obtained when
the voltage applied gate 71 is applied to the NAND  gates 76  to the motor
coil wasin the range of 1.1 V and 77 as a forward rotation driving pulse,
to 2.0 V. Indeed experiment indicated that and the points C and D  become
"H" and  'use of a voltage in the range of .1.3 V to 1.8 V 10   "L" (LOW)
respectively or  "L' and "H" was enough to take care of non-uniformity of
75 respectively in dependence on the state of the  motor characteristics
likely to occur due to FF  75, and  successively .reversed current
massproduction of motors. pulses flow through the coil 80. Since the    The
invention is not limited in its applica- signal at point B is in
synchronism with the  tion to the particular stepping motor herein 15
wave form P[err], the state of the FF 75 changes  described and illustrated
in Figure 1 but can   80 every second. The motor rotates forwardly in  be
used with a wide variety of designs of the normal, ordinary way.
stepping motors of different shapes of rotor The operation for reverse
rotation of the  and stator, incuding motors having coreless motor will now
be explained. The three curves  driving coils. 20   shown in the lower part
of Figure 11(b) apply            - to reverse direction rotation of. the
motor.    WHAT WE CLAIM  IS':-                  85 When the wave- form P.
at terminal 60 be-    1. An electronic timepiece including time comes "H",
the Q output of FF 70 also be- display means 'driven by a stepping electric
comes "H" and the wave form at the output motor, means for generating a.
periodic pulse 25   of 'the AND/OR gate 71 is the wave form  train and
supplying it to said motor for rotat- P[err].         ing the same in one
direction and means for  90 However, when driving in the reverse direc-
generating a periodic train of groups of at. don, the pulses [err], [err]
and [err] appear at least three sub-pulses which are of successively point
B and are applied to the clock terminal opposite-polarities and supplying
the train of 30  CL of the. FF 75 so that its. state is changed  groups to
said motor for rotating the same in every time one of these pulses appears.
the opposite direction.                     95 Accordingly the wave form
applied across the    2. A timepiece as claimed in claim 1 where- motor
coil 80 is as shown by the bottom line  in the- periodic pulse train
consists of simple of Figure 11(b). As an example the widths of pulses and
the periodic train of groups con- 35  the successive sub-pulses making up a
group  sists of groups each of three sub-pulses which (i.e. the widths of
the sub-pulses P[err], P[err] and  immediately follow one another and are
of 100 P[err] of Figure 4) may :be 2.4 m sec, 4.9 m sec  successively
opposite polarities. and 8.3 m  sec respectively, giving a' total    3. A
time piece as claimed in claim 1 or 2 group sub-pulse width of :15.6 m sec.
wherein successive pulses in the periodic pulse 



40     As will now be seen,. additional circuitry  train are inverted with
respect to one another required for securing reversed rotation. of the  and
successive groups in the periodic train of 105 motor purely electrically,
when requied, is groups of  sub-pulses are inverted with re quite small and
involves very little increase  spect to one another, the motor having a
single in manufacturing cost to: obtain this facility driving coil to which
the periodic pulse train 45   Moreover, there being no mechanism required
is supplied for rotation in. one direction and for reversing the direction
of rotation and no  the periodic train of groups of sub-pulses is 110
requirement for the provision of other than a  supplied for rotation in the
opposite direc- normal stepping motor, the invention  is very  tion.
.  adantageous from  both the operating and    4. A timepiece as claimed in
claim 3 where- 50   manufacturing point of view. In addition, be- in the
period of both trains is ore second, cause, during reversed rotation, the
inertial the width of each pulse in the periodic pulse  115 force of the
rotor is aided by the effects of train is approximately 7.8 m sec, and the
width the applied sub-pulses, the. driving voltage  of the successive
sub-pulses in each group are applied to the motor coil can be less than is
approximately 2.4 m .sec, 4.9 m sec and .8.3 55   necessary when known
methods of reversal m sec respectively. are employed but nevertheless.
stable.opera-    5. A timepiece, as claimed in any of the  120 tion with
adequate motor torque can be  preceding claims and having a crystal con-
obtained when reversed rotation. takes place. trolled time standard
oscillator driving a fre- As. a practical example, with. a stepping  quency
'divider compriosing a sequence. of fre- 60   motor as illustrated in
Figure 1 and having  quency divinding flip-flop stages wherein the a rotor
made of Samarium-Cobalt material periodic pulse train and the periodic
train of 125 with an. outer diameter of 1.3 mm, an inner sub-pulses are
derived by means of .- a pulse diameter of 0.7 mm and a thickness of 0.6
combining circuit fed with output pulses from mm; a stator having a hole
(in which the  selected flip-flop stages of the divider and 65  rotor is
situated) of 2 mm diameter; a driv- controlled by a control circuit to
produce    4                      1,557,145                        4  forms
shown in the. upper half of Figure  ing coil of 2.25 K[err] resistance with
7300 11(b), the three wave forms A, B and C-D   turns: and using sub-pulse
widths of 2.4 m showing, respectively, the voltage pulses at  sec, 4.9 m
sec and 8.3 m  sec for the sub- the points A and B and between the points
pulses P[err] P[err] and P[err] respectively, it was found 5   C and D in
Figure 11(a).                     experimentally that 'very satisfactory
opera-  70 As will be seen the output of the AND/OR   tion was obtained
when the voltage applied gate 71 is applied to the: NAND  gates 76  to the
motor coil was in the- range of 1.1 V and 77 as a forward rotation driving
pulse,  to :2.0 V. Indeed experiment indicated that and the points C and D
become "H" and  'use of a voltage in the range of 1.3 V to 1.8 V 10   "L"
(LOW) respectively or "L" and "H"  was enough to take care of
non-uniformity of  75 respectively in dependence on the state of the  motor
characteristics likely to occur due to FF  75, and  successively reversed
current  mass production of motors. pulses flow through the coil 80. Since
the    The invention is not limited in its applica- signal at point B is in
synchronism with the  tion to the particular stepping motor herein 15
wave form P., the state of the FF 75 changes  described and illustrated in
Figure 1 but can   80 every second. The motor rotates forwardly in  be used
with a wide variety of designs of the normal, ordinary way.
stepping motors of different shapes of rotor The operation for reverse
rotation of the  and stator, including motors having coreless motor will
now be explained. The three curves  driving coils. 20   shown in the lower
part of Figure 11(b) apply to reverse direction rotation of the motor.
WHAT WE CLAIM  IS: -                   .  85 When the wave form Pr at
terminal 60 be-    1. An electronic timepiece including time comes-"H", the
Q output of PP 70 also be- display means 'driven by a stepping electric
comes "H" and the wave form at the output motor,. means for generating a
periodic pulse 25   of the AND/OR gate 71 is the wave form  train and
supplying it to said motor for rotat- P[err].
ing the same in one direction and means for  90 However, when driving in
the reverse direc- generating a periodic train of groups of at tion, the
pulses [err], [err] and [err] appear at least three sub-pulses which are of
successively point B and are applied to the dock terminal opposite
polarities and supplying the train of 30   CL of the FF 75 so that its
state is changed  groups to said motor for rotating the same in every  time
one of these pulses appears  the opposite direction.
95 



Accordingly the wave form applied across the     2. A timepiece as claimed
in claim 1 where- motor coil 80 is as shown by the bottom line in the
periodic pulse train consists of simple of Figure 11(b). As an example the
widths of pulses and the periodic train of groups con- 35   the successive
sub-pulses making upa group  sists of groups each of three sub-pulses which
(i.e. the widths of the sub-pulses P[err], P[err] and  immediately follow
one another and are of  100 P[err] of Figure 4) may be 2.4 m sec, 4.9 m sec
successively opposite polarities. ' and 8.3 m  sec respectively, giving a
. total   .3. A  time  piece as caimed  in claim  1  or 2 group sub-pulse
width of 15.6 m sec.      wherein successive pulses in the periodic pulse
40     As will now be seen, additional circuitry  train are' inverted. with
respect to one another required for securing reversed rotation of the  and
successive groups in the periodic train of 105 motor purely electrically,
when required, is  groups of sub-pulses are inverted with re- quite small
and involves very little increase  spect to one another, the motor having a
single in manufacturing cost to  obtain this facility. driving coil to
which the periodic pulse train 45  Moreover, there being no mechanism
required  is supplied for rotation in one direction' and for reversing the
direction of rotation and no  the periodic train of groups of sub-pulses is
110 requirement for the provision of other than a  supplied- for. rotation
in .the  opposite direc- normal stepping motor, the. invention is very
tion. adantageous from  both the . operating and    4. A timepiece as
claimed in claim 3 where- 50   manufacturing point of view. In addition,
be- in the period of both trains is one second, cause, during reversed
rotation the inertial the width of each pulse in the periodic pulse  115
force of the rotor is aided by the effects of  train is approximately 7.8 m
sec, and the width the applied sub-pulses, the driving voltage  of the
successive sub-pulses in each group are applied to the motor coil can be
less than is  approximately. 2.4 m sec, 4.9 m sec and 8.3 55   necessary
when known methods of reversal m sec respectively. are employed but.
nevertheless stable opera-    5. A timepiece.. s claimed in any of the  120
tion  with adequate motor torque can  be  preceding claims and having a
crystal con- obtained when reversed rotation, takes place. trolled.time
standard oscillator driving a fre- As a practical example, with. a stepping
quency divider comprising a sequence of fre- 60   motor as illustrated in
Figure 1 and having  quency divinding flip-flop stages- wherein the a rotor
made of Samarium-Cobalt material periodic pulse train and the periodic tain
of 125 with an. outer diameter of 1.3 mm, an inner sub-pulses are derived
by means of a pulse diameter of 0.7 mm  and a thickness of 0.6  combining
circuit fed with output pulses from mm; a stator having a hole (in which
the  selected fip-flop stages of the divider and 65   rotor is situated) of
2 mm  diameter; a drive  controlled by a control circuit to produce .     5
1,557,145                                         5 either the periodic
pulse train or the periodic  tially as described herein with reference to
train of sub-pulses for driving the motor.   Figures 2, 5, 6 and 7 of the
accompanying   15 6. A timepiece as claimed in any of the  drawings.
preceding claims wherein the motor has a    8. Electronic timepieces
substantially  as .5   rotor with a plurality of permanently magnet-
herein described and illustrated in the accom- ised poles and magnetic
index means pro-  panying drawings. duced by the co-operation of said poles
with notches provided in the wall of a stator hole            J. MILLER &
CO., in which the rotor is situated.                        Agents for the
Applicants, 10     7. A timepiece as claimed in claim 6 where-
Chartered Patent Agents, in the motor is substantially as herein des-
Lincoln House, cribed with reference to Figure 1 of the
296-302, High Holborn, accompanying drawings and operates substan-
London, WC1V 7JH. Printed for Her Majesty's Stationery Office, by the
Courier Press, Leamington Spa, 1979 Published by The Patent Office, 25
Southampton Buildings, London, WC2A lAY, from which copies may be obtained.


