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CoMPANY  material and permanently magnetised to LIMITED, a British
Company,. of 14 Harle- provide a number of magnetic poles of stone Road,
Northampton, do hereby de- alternately opposite polarity, a stator com-
clare the invention, for which we pray that prising two plates of magnetic
material 5 a patent may be granted to us, and the  containing therebetween
a coil, each plate 50 method by which it is to be performed, to  having one
edge provided with fingers be particularly described in and by the  forming
stator pole faces, the fingers of following statement:-
the plates being angularly displaced where- The present invention relates
to electric  by, when the coil is energised, stator poles 10 motors and
more particularly to an electric  of alternately opposite polarity are
produced 55 motor having a permanent magnet rotor.  which  co-operate with
the magnetic poles The motor is suitable for driving a  of the rotor to
drive the rotor, means ar- gramophone turntable but can be applied  ranged
to respond to the poles of the rotor to other uses  in which the rotation
of the  during rotation to derive an electrical signal 15 motor is to be
closely controlled either as which varies in accordance with the posi- 60
to speed, phase of rotation, position or tion of the rotor and means
responsive to torque.  .                             said signal for
controlling energisation of In the past there have been many designs said
coil and the rotation of the rotor. of  electric motors of this type either
pro-   Features and advantages of the invention 20 posed  or put into
service. A motor of the  will'also appear from the following descrip- 65
type to  which the invention refers will com- tion of embodiments thereof,
given by way ' prise a magnet rotor presenting defined poles of example, in
conjunction with  the accom- and an energised stator magnetic assembly
panying drawings in which: presenting cooperating denfined poles. The
Figure I  is a partly  simplified plan view 25 stator can be energised by a
direct current of a combined gramophone turntable and 70 in which case
means are required to switch  motor, with a portion of the turntable re-
the stator supply.                     moved; In one prior suggestion it
has been pro-   Figure 2 is a section on the line 2-2 of posed to use a
permanent magnet rotor in  Figure 1; 30 which the magnet material is a
ferrite   Figure 3 is a developed view of a stator 75 material bonded with
a suitable bonding  magnetic pole member; agent. Of itself, such an
arrangement. has   Figure 4 is a block diagram of a motor the  advantages
of the ferrite  loaded  control system; material.
Figure 5 is a more detailed circuit dia- 35  In another prior and unrelated
suggestion, gram of a motor control system;  80 a motor has been proposed
having a stator   Figure 6 is a waveform diagram pertain- the angular
extent of which is less than the  ing to the operation of the circuit of
Figure full periphery of the rotor. In another sug- 5 in one condition of
operation; gestion  as a means for deriving a signal   Figure 7 is a
waveform diagram pertain- 40 which is indicative of rotor position it has
ing to the operation of the circuit of Figure 85 been proposed to use
magnetically operated  5 in another condition of operation; contacts.
Figure 8 shows different pole arrange- The invention includes an electric
motor ments; comprising a rotor including a ring formed    Figure 9 shows
an alternative circuit dia- 45 of magnetic material bonded by a plastic
gram of a motor control system; and  90    1 434  192
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Figure 10 shows in block diagram form  the turntable. In some circumstances
when an alternative use for the motor shown in  a non-magnetic material is
used for the Figures l and 2.                          turntable it may be
preferable or desirable A  gramophone  turntable  and  motor  to include an
outer ring 21, shown  in 5 assembly is shown in Figures 1 and 2. The
broken lines in Figure 2 of high perme- 70 assembly includes a support
panel or deck  ability magnetic material, to provide a flux 10, on which
the turntable 1.1 is rotatably  return path. mounted. The deck has   a
circular recessed    . The ferrite material chosen has a high portion 10a
in  the centre of which is a boss  retentivity and is permanently
magnetised 10 13; the. boss  has a blind bore in which  fits  in  a
direction to present a  series of mag- 75 a shaft 14. The turntable is
mounted for  netic pole faces exposed on the inner sur- rotation by being
attached to a further  boss  face of the ring of material and alternately
IS which is supported by and rotates  on the  of opposite polarity, and
cooperating with upper end of the shaft 14 extending from   a  stator
magnetic assembly indicated gener- 15 the boss 13. An extension 15a of the
boss  ally at 22 in Figure 1. This magnetic 80 15 projects through a hole
in the centre of  assembly includes two similar pole members the turntable
11 and a bearing ball is re- 23, the developed shape of one of which ceived
in the extension  15a between the  is shown in figure 3,with a body portion
upper end of the shaft 14 and the end of the  23a, and outwardly' extending
fingers 23b 20 bore in the extension .                  on one-edge. The
fingers 23b are bent- at 85 The turntable comprises a generally flat right
angles to body portion 23a along line upper surface having a circular
recessed  23c to present a series of outwardly facing portion 11a in the
centre and a depending  pole pieces. One pole member 23 is attached
peripheral portion 11b. A mat 16 is placed  to each end of a coil 25 such
that the fingers 25  on the  flat upper  surface of the turntable, 23b of
one pole piece  interdigitate  with the 90 the  extension 15a projecting
through a hole fingers of the other pole member 23. The in the mat 16 and
forming the spindle of pole members are attached to the coil by the
turntable.  The mat 16 is shown in Fig   means of a screw which also fixes
the thus ure 2 to have a centra1 annular projection  formed stator to the
recess: 10a   in the deck 30 l6a which is received in the recessed por 10.
tion  11a in the - turntable when records    The series of outwardly facing
pole pieces having the standard. small central hole.. are  will be of
alternate polarity when an ener- to. be played. However, if it is wished to
gising current is passed' through. the coil play records having a larger
central hole, 25. The peripheral extent of each. such 35 the mat  16 is
turned over and  the annular pole piece corresponds to the peripheral 100
projection 16a is used to centre the record  extent of the magneticpole
faces formed on the turntable. The turntable 11 is retained in position  of
producing the stator pole faces can be by a number of resilient latching
arms 18  employed '40 only  one of which is shown in the drawings.   If
desired, the pole memers 23 can ex- 105 'The ends of the arms 18 are barbed
and  tend substantially around the periphery of located such that if the
turntable 11 and  the turntable or they can be reduced to a attached  boss
15 are lifted vertically up- number of discrete sections, each less than
wards the barbed ends of the arms 18 en- 90[err] the section shown in
Figure 1 occupies gage a shoulder 19round the exterior of about 60. There'
is some advantage if an 110 the boss 13. The turntable can be removed  even
number of such sections is used,'to from the  deck by inserting a suitable
de- give a more balanced drive to the turn- vice through apertures 20 in
the recessed  table,  but the use of a single element as portion 10a to
move the arms 18 away from  shown has the advantage of economy  and 50 the
latching position.                  has  been found to work satisfactorily.
115 The turntable and deck can both be    Means  are provided, responding
to the formed of moulded plastics material, but in  rotation of the
turntable, to derive an elec- the present case the turntable is made of
trical signal. A  variety of devices' can be metal to give it a higher
moment of inertia  used for this purpose, such as a Hall effect 55  and
hence make it rotate more smoothly.   probe, a  magnetoresistive  element,
an 120 The depending peripheral portion 11b of  optical system including  a
light surce and the turntable 11 carries a ring 24 of  mag- sensor with
apertures or reflective portions netic  material.  The -preferred material
for  on the turntable. rim,  or contacts can be ring 24 is a ferrite
material bonded  by a  used. However a convenient and effective 60 suitable
plastic, applied as a strip to the  method of  deriving the desired
electrical 125 inner surface of the periphery of the turn-  signal is by
means of a dry reed switch 28, table. The ring can be accommodated in a
supported on a sub-plate 29 attached to the 



recess, not shown, at this point. It is also  bottom of recess lOa. The
reed switch pro- possible, if the turntable is moulded, for the  jects
through an aperture l0b in the recess 65 ferrite to be moulded in or
integrally with 10a and is mounted in a position in which 130    3:
1434 192                                         3 it will be subject to
the external magnetic  value. field from  the pole faces on the ferrite
With the operation  described, the rotor member  24; as  shown the reed
switch is  shows no preferred direction of rotation arranged  close to 'the
surface of ring  24  and could run in either direction. In order 5 with its
length at right angles to the general to impose a preferential direction,
the reed 70 plane of the turntable. In. order to adjust switch can be
positioned slightly to one the sensitivity of the reed switch so that it
side of a pole position, and  there is then a will respond to each passage
of a pole pair  strong preferential direction, to the extent past the reed
switch, an adjusting perma- of inhibiting  reverse rotation. 10 nent magnet
30 is also mounted in the sub-    It can also be arranged that the rotor 75
plate 29. Means are provided, for example  will always come to rest in a
position, with by means  of a simple slide moving in an   respect to. the
stator, such that a starting aperture 29a in the sub-plate, to  allow the
torque  in the desired direction, will be position of the reed switch  on
installation, produced when the motor is energised. This 15 to be adjusted
relative to ferrite  loaded  can take the form of a  magnetic positioning
80 ring 24  The reed switch senses the rotation  or similar detent device
and a magnet can of the rotor and is associated with a circuit be used both
to bias the reed switch and controlling a supply d.c. in order to produce
provide the detent operation. It may be ob- driving current for the motor
stator.      served that  by reversing the magnetic axis 20   The
gramophone thus far described forms  of  the permanent magnet 30, or by re-
85 the subject  matter of the  claims of our positioning the dry reed
switch 28, the direc- divisional application 19110/73 Serial No.  tion of
rotation can be controlled. 1 434 193 and attention is directed to this
One form of the circuit shown in block application.  .     .
schematic form  in Figure  4  is given in 25   A  suitable control system
for producing  Figure 5. In view of the fact that in Figure  90 driving
pulses from a direct current supply, 5 circuit values are indicated, it is
not con- e.g   dry cells is indicated in Figure 4. In  sidered necessary to
describe the circuit in this type of control,  means are provided  detail.
for operating the motor in a manner which    The reed switch contacts 28
are connected 30 provides -a uniform speed  of rotation, the  in series
with  the emitter collector path of 95 speed being controllable.
' the transistor Tr3, in series with two  resis- The arrangement includes a
timing cir- tors R7 and R8. The junction of R7 and cuit 40, which feeds a
timed signal to a corn- R8  is connected to  the   emitter of a parator 41
which also receives a signal from  transistor Tr4, the base of which is
biased 35 the  rotor  position sensor  42, such as  the  by resistors R9
and R1O.Transistor Tr4 and 100 reed switch 28. The comparator output, two
transistors Tr5  and Tr7 provide, with with  suitable amplification at 43,
energises a feedback resistor R16, a bi-stable circuit the operating coil
of the motor with direct  Transistor Tr7 and  a further transistor  Tr6
current pulses. A feed-back signal from the  provide drive to two
complementary tran- -40 motor is  applied, over conductor 44, to the
sistors Tr8,  and Tr9, connected across the 105 timing circuit to reset it.
There will be a  supply, which feed the coil 25  of the motor. functional
relationship, indicated by the  Diodes D3 and D4 are- used to  reduce
broken line 45, from  the motor drive to  switching spikes. With this
arrangement, on the rotor position sensor 42.       -      switching on,
the initial passage of current .45 - The timing circuit  defines a
reference  will cause the  rotor to move; the move-  110 time period which
can be identified as [err]. ment of the rotor operates the reed switch The
timing circuit is reset each time the  reversing the current flow in the
coil of the current to the stator is reversed. The rotor  motor, and  the
rotor begins to accelerate position sensor will develop, at a time [err],
tending towards some limiting  uniform' 50 a signal which is indicative of
rotor position.  speed.                          .  ' 115 In  the
comparator circuit 41, if the time  . To control the speed, the timing
circuit [err] is greater than the time [err]  the next re-  is provided
This is arranged in the form of versal of motor current will occur at time
a bridge circuit comprising  resistors R2, '[err] This will continue'to be
the case until  R3, capacitor C2 and two selectable variable 53 the time
interval Ts is equal to Tr, 'where- resistors Rx, Ry. One diagonal of this
bridge 120 



upon the timing circuit controls the current  is energised by current
pulses derived from reversals. By this operation, the motor  will  the
drive  circuit, one  connection being run up from  the rest to a constant
speed  through resistor  R11 'to one  terminal of condition. If there  is a
change of speed  the bridge, and the other from  the base 60 from this
uniform speed, for example due  of transistor Tr9, through resistor R12 to
125 to change of load  on the turntable, there  the other terminal of the
same diagonal of will be a change in the relative timing of -the bridge.
The terminals of the  other the rotor sensor pulses, and the circuit will
diagonal of the bridge are connected to the operate in a corrective  sense
to bring the  bases of two transistors Trl and Tr2 which, 65 rotor speed
back to  the  desired controlled with: a  common emitter resistor R5, are
130    4                                       1 434 192
4 arranged as a long-tailed pair. Transistor   The motor described can. be
modified in Tr2 has a collector resistor R6, the voltage  various ways, and
can be used in a variety across which is used to drive the base of of
applications. For example the stator transistor Tr3. The voltages which can
be  magnetic assembly can be extended.around 5 applied  to the first
diagonal   of the bridge  the periphery of the stator, or may be  dis are
limited by means of resistor  R1 and  posed in a plurality of units or
groups. of shunt capacitor C1, and two  diodes. D1 and  units, such as that
described. The units may D2, the effect of which is to limit the nega- be
disposed around the periphery of the tive voltage at either terminal of
this  motor at regular intervals, in order to give 10 diagonal of the
bridge to the voltage on  a more symmetrical drive.              75
capacitor Cl, which is approximately one    It is also possible   to form
the gramo- half of the supply voltage  diminished by  phone turntable
forming the rotor of the the voltage drop across one diode D1, or motor,.as
a body consisting substantially D2. This prevents any alternating. com-
completely  of  the   bonded  magnetic 15 ponents which may be present on
the supply  material  For use of the apparatus des  80 rails from
affecting the operation:of the  cribed  both as a gramophone  turntable
circuit.                                 motor and  for other purposes, it
is advan- The output pulses, from transistors Tr8, tageous if the  stator
is  mounted  with a and Tr9 are applied to the bridge circuit, degree of
torsional resilience, and  for this 20 the amplitude of these pulses being
limited  purpose  torsional flexible mountings can be 85 by the action of
the diodes Dl and D2. In  provided, so that the stator can accommo-
response to the start of one of the driving  date, and thereby absorb.to
some  degree, pulses, the voltage which appears at the  minor pulsations or
variations of speed of base of transistor Tr1 will rise at a rate  the
rotor. Torsional mounting  can be 25 which is determined by the time
constant achieved by  attaching  the recessed portion 90 of the circuit
consisting of capacitor a   to the rest of the deck  10 by  a number of and
one or both of the resistors Rx and Ry. torsion arms integral with the
recessed por Accordingly, the point in time at which the  tion 10a. It is
possible to achieve a perform potential on the base of transistor Tr1  in
ance which is equivalent to  the use  of a 30 relation to that at Tr2 is
sufficient to switch  rotor of greater moment of inertia by such 95
transistor Tr3 will be delayed by'a time T  mounting. The rotor may itself
serve other after the  switching  of the  transistors Tr6  purposes; for
example, the rotor  can be and Tr7. Because the  bridge is balanced,
attached directly to  a. gramophone record this time interval will be
constant, and  disc. 35 largely independent  of variations of the
Another advantage  of the  motor  des- 100 supply voltage and for.
practical purposes  cribed resides in the ease with which  the the delay
time is constant  If  the motor is  desired permanent magnetic pole
location running at the  desired speed, this time de- can'be obtained. The
rotor can be formed lay will be equal to the time delay  between  with the
magnetic ring, either integrally as 40 successive operations of the  reed
switch; described or by securing the strip of loaded 105 that  is to say,
the speed of the: motor is plastic material round the turntable rim. such
that successive  transitions  of poles By a simple magnetising jig,
consisting of across a given pole face occur at intervals  a number of
suitably  disposed poles, the which 'are equal to the delayed time  to
magnetic member of  the rotor can then be 45 which the circuit has been
set. If the motor  magnetised in one  operation, with good  cor- 110 should
not be running at  this speed then  relation between the magnetic pole
spacing there will be a corresponding change in the  of the stator and
rotor switching time of the bi-stable circuit  pro-   Also, in the motor
described it is inherent 



vided by transistors Tr4, Tr5, Tr7. For ex- in the  operation that there
will be derived 50 ample, if the transistor Tr3 is switched on  from the
position sensor, such as the reed 115 at a time when the reed switch
contacts are  switch, a pulse on the transition of each open then the
voltage at the collectors of  pole pair past the sensor. The output pulses
transistors Tr6 and Tr7 will be high; if  thus obtained can therefore be
used as a transistor Tr3 and the switch contacts are  continuous
measurement of the extent of 55 either both  off or both on  the bi stable
movement of the rotor with respect to the 120 will retain its existing
state. In this  way, stator at any time. By applying the pulses the output
of the bi-stable will change only  thus obtained to a suitable counter, or
batch when the later of the transistor  Tr3 or the  counter, a record can
be maintained  of reed switch. contacts have  changed. In  the extent of
movement  of the rotor for, 60 effect, this gives a compression or expan-
for example, position control of machine 125 sion of the output of the
bi-stable, in the  tools and other displaceable members, and manner   which
is indicated in the  wave- the motor can be  stopped, by means of the forms
of  Figures 6 and 7. The method  of  batch counter, when a given movement
has motor control described is advantageous in  taken   place. The motor
described can be 65 giving both phase and velocity feed back.  made with a
rotor of low  moment of inertia, 130    .                           1 434
192 enabling the rotor to be moved with greater  the circuit in more
detail. acceleration for a given energising current.   If it is desired to
use a reed switch  to The type of motor described can also be  sense the
rotation of the rotor, the oscil- used for advancing a tape in a tape
trans-  lator including the  transistor Trl3 can be 5 port mechanism such
as a magnetic recorder  dispensed with and the reed switch con- 70 * or
playback machine, and in such a case  nected to the transistor Trl2 by
inserting it it is possible to use a correlation technique  between the
collector load resistor and the in order to drive the tape at a desired
speed.  collector. The filtering capacitor connected In this technique  as
shown diagrammatic-  to the base of Trl2 is also removed. 10 ally in Figure
10, two playback heads 50 are    Starting of the rotor and ensuring that 75
used, spaced along -the direction of move- the rotor rotates in a given
direction  is ment of the tape 51, and the output of the  similar to that
already described and will two heads are applied through a com-  not be
further described. parator 52, the output of the second head    To increase
the utilisation of the mag- 15 being passed through a delay device 53, the
netic material used, the rotor can have poles 80 delay of which corresponds
to the desired  on opposite exposed surfaces  The stator tape speed  having
regard to the distance  can have pole faces as shown in Figure 8. of
separation between the two heads. If  In Figure 8a, the poles are shown as
being then the tape is moving at the correct speed, interdigitated and in
Figure 8b as displaced 20 this condition will be apparent by minimum
vertically. In Figure 8 the apparent direc- 85 output of the comparator.
The comparator  tion of movement of the stator magnetic output can then be
used to control the  poles as viewed from the rotor is indicated speed of
the motor 54, using circuit means   by arrow C, and the rotor ferrite width
in - such as that previously described.  The  relation to the stator poles,
is also shown. 25 tape speed can thus be ascertained and con-
90 trolled without any external or visible posi-   WHAT WE CLAIM  IS:- tion
marking of the tape. By these and    1. An electric motor comprising a
rotor other ways, the speed of the motor can be  including  a  ring  formed
of magnetic made to conform to a programme or pattern  material bonded by a
plastic material and 30 of speed changes, as may be desired. It is
permanently  magnetised  to  provide  a 95 also possible, within certain
limits, by using  number of magnetic poles of alternately different
peripheral pole extents around the  opposite polarity, a stator comprising
two periphery of the motor, to give a cyclically  plates of magnetic
material containing varying rotor speed.                     therebetween a
coil, each plate having one 35  An alternative circuit for controlling the
edge provided with fingers forming stator 100 speed of the rotor is shown
in Figure 9  pole faces, the fingers of the plates being The circuit is
similar to the previous con- angularly displaced whereby, when the coil
trol circuit in that a magnetically operated  is energised, stator poles of
alternately switch responsive to the rotation of the  opposite polarity are
produced which co- 40 rotor is provided to determine the state.of operate
with the magnetic poles of the 105 the supply to the stator winding.
rotor to drive the rotor, means arranged to 



Figure 9 shows transistors TrlO and Trll  respond to the poles of the rotor
during connected to a capacitor ClOO and resistor  rotation to derive an
electrical signal which R100 to provide an oscillator, the  output varies
in accordance with the position of 45 of which is fed to a centre tapped
winding  the rotor, and means responsive to said sig- 110 100 of a stator.
Current flows in only one  nal for controlling energisation of said coil
half of the winding at any one time. The  and hence the rotation of the
rotor. speed of rotation of the rotor is thus a func-   2. An electric
motor according to claim tion of the frequency of the oscillator i.e. 1,
wherein the fingers on the stator edges 50 a function of C100 and R100.
are interdigitated and said stator edges are 115 A transistor Trl2, the
collector of which  situated opposite a portion only of the is connected to
the base of TrlO, can be  circumference of the ring of magnetic considered
as a gating device controlled  material, said means arranged to respond to
by both the output of the multivibrator and  the poles of the rotor being
disposed in a 55 the output of a magnetically operated  position angularly
displaced fom the stator 120 switch in the form of an oscillator com- in a
direction peripheral of the rotor. prising a transistor Trl3. The latter
oscil-   3. An electric motor according to claim lator also comprises a
suitable reactance  1  or 2, wherein said means arranged to L10, for
sensing the rotation of the rotor, respond to the poles of the rotor is
dis- 60 which is connected between the collector of posed adjacent a
cylindrical surface of the 125 Trl3 and the base of Trl2. Thus the signal
rotor and that said rotor poles are pro- at the base of Trl2 depends on
whether L10  vided on said cylindrical surface. senses a north or a south
pole. In view of   4. An electrical motor according to the fact that
circuit values are indicated, claim  1, 2 or 3, wherein said means ar- 65
it is not considered necessary to describe ranged to respond to the poles
of the rotor 130    5                                     1 434 192
enabling the rotor to be moved with greater  the circuit in more detail.
acceleration for a given energising current.   If it is desired to use a
reed switch to The type of motor described can also be  sense the rotation
of the rotor, the oscil- used for advancing a tape in a tape trans- lator
including  the  transistor  Tr13 can  be 5 port mechanism such as a
magnetic recorder dispensed with and .the reed  switch con- 70 or playback
machine, and in such a case  nected to the transistor Trl2 by inserting it
it is possible  to use a correlation technique  between the collector load
resistor and the in order to. drivethe tape at a desired speed. collector.
The filtering capacitor connected In this technique, as shown diagrammatic-
to the base of Trl2  is also removed. 10  allyinFigure 10, two playback
heads 50  are    Starting of the rotor and ensuring that 75 used  spaced
along  the direction of move- the rotor rotates in  a given direction is
ment of the tape 51,. and the output of the  similar to that already
described and will two heads are applied through a com- not be further
described. parator  52,  the output of the second head    To increase the
utilisation of the mag- 15 being passed through a delay device 53, the
netic material used, the rotor can have poles 80 delay of which corresponds
to the desired  on  opposite  exposed surfaces  The stator tape speed;
having regard to the distance can have pole faces as shown in Figure 8. of
separation between  the two heads. If In Figure 8a, the poles are shown as
being then the tape is moving at the correct speed, interdigitated and in
Figure 8b as displaced 20 this condition will be apparent by minimum
vertically. In Figure 8 the apparent direc- 85 output of the comparator.
The comparator  tion of movement of the stator magnetic output  can then
be used to control the  poles as viewed from the rotor is indicated speedof
the-motor 54  using circuit means  by arrow C, and the rotor ferrite width
in such as that previously described. The  relation to the stator poles, is
also shown. 25 tape speed can thus be ascertained and con-
90 trolled without any external or visible posi-   WHAT WE CLAIM  IS:- tion
marking of the tape. By these and    1. An electric motor comprising a
rotor other ways, the speed of the motor can be  including  a ring  formed
of magnetic made to conform to a programme or pattern  material bonded by a
plastic material and 30 of speed changes, as may be desired. It is
permanently  magnetised  to  provide  a 95 also possible, within certain
limits, by using  number of magnetic poles of alternately different
peripheral pole extents around the  opposite polarity, a stator comprising
two periphery of the motor, to give a cyclically  plates of magnetic
material containing varying rotor speed.                    therebetween a
coil, each plate having one 



35  An alternative circuit for controlling the  edge provided with fingers
forming stator 100 speed of the rotor is shown in Figure 9. pole faces, the
fingers of the plates being The circuit is similar to the previous con-
angularly displaced whereby, when the coil trol circuit in that a
magnetically operated  is energised, stator poles of alternately switch
responsive to the rotation of the  opposite polarity are produced which co-
40 rotor is provided to determine the state of operate with the magnetic
poles of the 105 the supply to the stator winding.       rotor to drive the
rotor, means arranged to Figure 9 shows transistors TrlO and Trl1 respond
to the poles of the rotor during connected to a capacitor ClOO and resistor
rotation to derive an electrical signal which R100 to provide an
oscillator, the output varies in accordance with the position of 45 of
which is fed to a centre tapped winding  the rotor, and means responsive to
said sig- 110 100 of a stator. Current flows in only one  nal for
controlling energisation of said coil half of the winding at any one time.
The  and hence the rotation of the rotor. speed of rotation of the rotor is
thus a func-   2. An electric motor according to claim tion of the
frequency of the oscillator i.e.  1, wherein the fingers on the stator
edges 50 a function of ClOO and R100.             are interdigitated and
said stator edges are 11$ A transistor Trl2, the collector of which
situated opposite a portion only of the is connected to the base of Tr10,
can be  circumference of the ring of magnetic considered as a gating.
device  controlled  material, said means arranged to respond to by both the
output of the multivibrator and  the poles of the rotor being disposed in a
55 the output of a magnetically operated  position angularly displaced fom
the stator 120 switch in the form of an oscillator com- in a direction
peripheral of the rotor. prising a transistor Trl3. The latter oscil-   3.
An electric motor according to claim lator also comprises a suitable
reactance  1 or 2, wherein said means arranged to L10, for sensing the
rotation of the rotor, respond to the poles of the rotor is dis- 60 which
is connected between the collector of posed adjacent a cylindrical surface
of the 125 Trl3 and the base of Trl2. Thus the signal rotor and that said
rotor poles are pro- at the base of Trl2 depends on whether L10  vided on
said cylindrical surface. senses a north or a south pole. In view of   4.
An electrical motor according to the fact that circuit values are
indicated, claim  1, 2 or 3, wherein said means ar- 65 it is not considered
necessary to describe ranged to respond to the poles of the rotor 130 l
111111 11111 11111 11111111111111    1 434 192 is a reed switch.   .
semiconductor switch. means  being  ar  20 5. An electric motor according
to claim  ranged to connect said winding sections 4, further comprising
magnetic  biasing  alternately across a d.c. supply and further means for
said reed switch.                 including means controlled by said
oscillator 5   6. An electric motor according to any  for controlling said
switches alternately. one   of the preceding claims, wherein said    9. An
electric motor according to claim 25 means for controlling energisation of
said  2 and comprising a plurality of stator sec- coil includes reference
signal source means  tions  said stator. sections being displaced in for
supplying reference signals at a rate  a direction peripheral of said
rotor. 10 which is a function of  the desired speed of    10. An electric
motor substantially as the motor, and means responsive to a refer-
hereinbefore described with reference to the 30 ence signal or a signal
from said rotor pole  accompanying drawings. responsive means whichever
occurs later - for controlling the energisation of said coil.   A. A.
THORNTON & CO. 15   7. An electric motor  according to claim
Chartered Patent Agents 6, characterised in that said reference signal
source is an oscillator circuit.'                     Northumberland House
8.   An electric motor according to claim           303/306 High Holborn 7,
wherein said coil has two sections, two               London, W.C.1 printed
for Her Majesty's Stationery  Office by The Tweeddale Press  Ltd.,
Berwick-upon-Tweed, 1976 Published at the Patent Office, 25 Southampton
Buildings, London, WC2A lAY, from which  copies may be obtained.    


