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This invention relates to magnetic escape 
ment mechanism for timepieces, and in ore partic 
ularly to mechanism in which the timekeeping 
OScillator consists of a vibratory magnet attach&d 
to a Spring and coupled to a magnetic escage 
ment. Wheel by magnetic forces acting across one 
or more air gaps between the escape wheel and 
the magnet. Such mechanism is described in 
my prior British patent specification No. 596,216. 
The present invention concerns primarily, but 

not exclusively, magnetic escapement mechanisms 
for portable timepieces wherein the vibratory 
magnet is carried by the spring to which it is 
attached and is capable of operating in any posi 
tion. 
The reed and like spring-controlled vibratory 

armatures capable of operating in any position 
which have hitherto been used for controlling 
in agnetic eScapements (e. g. as described in my 
prior Specification above referred to) have Suf 
fered from the disadvantage that they are liable 
to be disturbed by impact or vibration and thus 
brought out of step with the escape wheel. They 
are also liable to position error due to the effect 
of gravity upon the oscillatory mass. These un 
desirable effects can be minimised by increasing 
the natural frequency of the oscillatory system, 
but they cannot be reduced as much as is desired 
for ordinary purposes, except by using an oscil 
latory System of inconveniently high natural 
frequency. 
According to the present invention, in order to 

remove these disadvantages, the magnet and the 
leaf-type spring that carries it are arranged so 
that the oscillatory axis of the oscillator extends 
transversely of the Spring intermediate the ion 
gitudinal extent of the oscillator iengthwise of 
the Spring, and preferably through the center of 
gravity of the oscillator. The oscillatory system 
is thus Substantially balanced about its oscillatory 
axis and is thereby rendered Substantially in 
Sensitive to gravitational forces. The risk of 
derangement by inertial forces due to shock is 
also hatserially reduced. 
While the invention includes arrangements in 

which the vibratory movement of the magnet or 
keeper is Substantially a rocking movement about 
an axis passing approximately through the centre 
of gravity of the oscillatory System, it is not l'e- 
Stricted to Such arrangements, but includes a 
modification or development in which a recti 
linear Wildlatory movement is exployed. 
The nature of the invention and the manner 

in which the same is to be performed will be 
understood from the following description of sev 
eral different examples of escapement mecha 
hisms constructed according to the invention, 
reference being made to the accompanying draw 
iings in which: 

Figure 1 is a perspective view showing the 
essential parts of an escapement mechanistra con 
structed according to a form of the invention 
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2 
having a vibratory magnet which extends on op 
posite Sides of the support to which the spring 
is attached, 

Fig. A is a perspective view similar to Fig. , 
the oscillator - of the escapement mechanisin 
Shown having, however, an oscillatory axis which 
passes Substantially through the center of gravity 
of the oscillator, 

Figures 2, 3 and 4 are similar views of three 
different examples of construction in which the 
magnet is located on one side only of the sup 
port, the required balance being obtained by ar. 
ranging the Spring so that it extends on both sides 
of the support, 

Figure 5 is a similar view of another modifica 
tion in which a different node of vibration of the 
Osciliatory system is employed, and 
Figure 6 illustrates another modification in 

Which a magnet is arranged to have a rectilinear 
Vibratory movement due to a third mode of vibra 
tion, i.e. longitudinal. 
Corresponding parts are designated by the same 

reference numerals in the different modifications 
of the invention shown in different figures of the drawings. 
The mechanism shown in Figure 1 of the draw. 

ings comprises a vibratory magnet carried by 
a Spring 2 that permits its vibration and provides 
its Support, and a magnetic escape wheel 3 on a 
rotatable Spindle 4 adapted to be driven by an 
external driving mechanism such as the clockwork 
mechanism of a timepiece. 
As shown in Figure 1, the magnet is a gen 

erally U-shaped permanent magnet having in 
turned ends 5 forming parallel pole faces of 
Opposite inhagnetic polarity facing one another 
across a gap into which the wheel 3 projects so 
that there is a small air gap between each of the 
pole faces of the magnet and the adjacent side 
of the wheel 3. 
The Spring 2 consists of a fiat leaf-type spring 

or reed, preferably made of beryllium, copper Ol' 
chronovar and is attached to the magnet i at the 
end thereof renote from the ends 5. it extends in 
the plane of the magnet and is attached to a 
fixed support 6 at a point located, in this in 
stance, approximately midway between the ends 
of the magnet . The Spring 2 is thus supported 
at a point located approximately at the centre 
of gravity of the oscillatory system (consisting of 
the magnet and Spring 2). 
The magnet f is adapted to vibrate under the 

control of the spring 2 by rocking about an axis 
parallel to the axis of the spindle 4, so that the 
pole-faces formed by the inturned ends 5 of the 
magnet vibrate towards and away from the spin 
dle 4 in planes parallel to the plane of the escape 
wheel 3. 
The vibratory movement of the magnet, causes 

the pole faces of the magnet to move in a wavy 
bath relatively to the Wheel 3 as the Wheel ro 
tates. The wheel has a highly permineable inag 
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netic rim which is shaped to correspond as 
closely as possible with this Wavy path having 
regaid to the varying amplitudes of poles 5. The 
magnet is tinus coupled to the wheel by the mag 
netic attractive forces acting across the gaps be 
fween the inturned ends 5 of the magnet and the 
in 7 of the Wheel. The magnetic attraction is 
sufficiently powerful to control the rotation of 
the wheel against the torque applied to it through 
the spindle A So that the wheel is constrained to 
rotate at a speed determined by the natural 
frequency of vibration of the oscillatory system 
consisting of the magnet and spring 2. 
The oscillatory System is impulsed by the ro 

tation of the wheel. 3; and, in order to enable the 
Oscillatory System to vibrate freely at an ampli 
tude determined by the energy of its vibration, 
the rin is folined with magnetic extensions 3 
and 9 which form branch extensions of the wavy 
path and which are arranged so that the pole 
faces of the magnet can leave the Wavy path 
and move along one of the extensions 8 or 9 at 
each extreme of the vibratory movement of the 
magnet. The extensions 8 on one side of the rin 
project outwardly, and the extensions 9 on the 

other side project in Wardly and are formined by 
spokes connecting the rim T to the hub of the 
wheel. 

It will be evident that the axis about which 
the magnet vibrates is located near to the fixed 
support 6 and on the side thereof remote from 
the inturned ends 5 of the magnet. More particu 
larly, the oscillatory axis lies midway of the 
Spring length which connects the magnet f with 
the Support 6. 
The length of the spring 2 is, in this particular 

instance, SO chosen that the fixed Support 6 is 
located approximately at the centre of gravity of 
the oscillatory system. Extremely accurate ad 
justment of the position of the Support in relation 
to the centre of gravity is not necessary, as the 
system is not overly sensitive to small discrep 
ancies between the position of the support 6 and 
its theoretically perfect position to be described 
presently. Thus, in Fig. 1A the magnet and Sup 
port are So coordinated that the oscillatory axis 
(dot-and-dash line) of the oscillatory System 
passes through the center of gravity of the 
latter. The effect of these arrangements, and 
especially that of Fig. 1, is that the magnet and 
Spring assembly is substantially balanced about 
the oscillatory axis thereof which extends at 
right-angles to the plane in which the magnet 
can be moved by flexing the spring 2. By reason 
of this substantial or complete balance, the es 
capement is much more resistant to adverse 
effects of shock and vibration than would be the 
case if the OScillatory System were not so bal 
anced. The balanced mounting of the magnet 
also minimises position error in the timekeeping 
of the OScillatory System due to the effect of gray 
ity on said oscillatory system. 

Figure 2 of the drawings shows a modified con 
struction according to the invention in which the 
Oscillatory System comprises two magnets in 
the form of rods or bars attached to the arms of 
a generally U-shaped spring 2 attached to a fixed 
Support 6 by means of a spring tongue 2a which 
is located between the outer arms of the U and 
projects inwards from the base of the U towards 
the magnets . In this construction, the mag 
nets are located entirely on one side of the Sup 
port 6 but the spring 2 extends on both sides of 
the Support. The vibratory system consisting of 
the magnets and spring 2 is substantially bal 
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4 
anced in a similar way as the system described in 
Figure 1, the weight of the magnets f and pot 
tion of the spring 2 on one side of the Support, 
6 being in this instance approximately balanced 
by the Weight of the portion of the spring 2 on 
the Opposite side of the Support, 6. The OScilla 
tory axis of the instant Vibratory System extends 
transWei'Sely of the Spring tongue 2d. Somewhere 
between the ends thereof. Of course, the spring 
of the instant vibratory System could, in view 

of the teaching of Fig. 1A, be readily arranged so 
that the Oscillatory axis would pass approxi 
mately through the center of gravity of the vi 
bratory System. 

In the construction shown in Figure 2, the 
magnets are not permanently magnetised but 
are made of low-loss magnetic material, e. g. 
'Muinetal' and are magnetised by means of a 
fixed permanent magnet having pole faces 

and 2 of opposite magnetic polarity which 
are located near to but do not touch the outer 
ends of the magnets. The escape wheel 3 co 
Operates with the pole faces on the inner ends 
of the magnets in the same way as the wheel 
3 described With reference to Figure 1 cooperates 
with the pole faces of the Inagnet shown in that 
figure. 

Figure 3 of the drawings illustrates another 
modified construction in which a permanent bar 
magnet is carried by a generally T-shaped 
Spring 2 having extensions 3a at the end of the 
bar of the T, which extensions are parallel with 
the stem 3b thereof. The magnet is fixed to 
the free end of the stem 3b, and the spring is 
Supported by attaching the ends of the exten 
Sions 3d. to a pair of fixed supports 6 located 
On an axis X which passes approximately 
through the centre of gravity of the oscillatory 
System consisting of the magnet and spring 
2. This construction is similar to that shown 
in Figure 2, in the respect that the spring 2 with 
its stem 3b extends on both sides of the Sup 
ports 6, so that the magnet and the portion 
of the Spring 2 to which the magnet is attached 
is Substantially balanced by the portion of the 
Spring 2 which extends on the side of the Sup 
ports 6 remote from the magnet . Here again, 
the OScillatory axis of the vibratory system i, 2 
extends transversely of the spiring extensions 3a. 
Somewhere between the ends thereof. If desired, 
the Spring 2 could be so arranged that the Osci 
latory axis of the System would pass Substantially 
through the center of gravity of the latter. 
The magnet , in the construction shown in 

Figure 3, COOperates With a pair of escape wheels 
3 on a common Spindle 4 and aligned axially so 
that each end of the bar inagnet cooperates 
With the rim and extensions 8 and 9 on One 
of the wheels 3. There is, of course, a small 
air gap between each end of the magnet and 
the adjacent wheel 3. 

Figure 4. ShoWS another construction in which 
a magnet f is carried by a generally t-shaped 
Spring 2 fixed by extensions 3a to a pair of fixed 
SupportS 6 located on an axis X which passes 
approximately through the centre of gravity of 
the Oscillatory System consisting of the mag 
net and Spring 2. In this construction, the 
magnet is a bar magnet, one end of which 
cooperates with an escape wheel 3 on a spindie 
4 having its axis at right angles to the axis X 
and to the plane of the spring 2 in the repose 
condition of the latter. The escape wheel 3 is 
of generally cylindrical shape and is formed with 
a Wavy magnetic path 7 and with extensions 
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8 and 9 on its circumferential surface of rota 
tion. The magnet d vibrates, as indicated by 
the arrows in Figure 4, about an axis extend 
ing tranSVersely of the spring extensions 3a. 
Somewhere between the ends thereof, and the 
Surface of the escape wheel 3 is curved in the 
direction of its length to correspond to the curved 
path of movement of the cooperating pole of the 
Imagnet . There is of course a Small air gap 
between the wheel 3 and the adjacent pole face 
of the magnet . 

Figure 5 of the drawings shows another form 
of Construction comprising a vibratory magnet 

attached to the stem 3b of a generally T 
shaped. Spring having extensions 3a by which 
it is attached to a pair of fixed supports 6, these 
Supports being located on an axis X which passes 
approximately through the centre of gravity of 
the System consisting of the magnet and Spring 
2. In this construction, the magnet is adapted 
to Vibrate rotationally about the axis of the 
Stem 30 of the Spring, the stem 3b acting as a 
tOrsion Spring. The magnet f is a generally 
U-shaped permanent magnet and has interned 
ends 5 adapted to cooperate with an escape wheel 
3 mounted between the poles 5 upon a spindle 4 
Which has its axis at right-angles to the plane 
of the Spring 2 in its repose condition and at 
right-angles to the axis of rotational vibration 
of the magnet and reed 3b. The escape wheel 
in this construction consists of a low-loSS mag 
netic disc, e. g. “Mumetal,' formed with radial 
Corrugations arranged. So that the edge of the 
disc forns the Wavy path which cooperates 
With the pole faces of the arnature. The disc 
is shaped so that the wavy path comprises an 
odd number of waves, this being recessary to 
enable the diarietrically opposed pole faces of 
the magnet to operate in unison. 
In the construction shown in Figure 5, the 

previously described extensions 8 and 9 of the 
Wavy Chagnetic path are not used. The Vibra 
tion of the magnet must therefore conform ap 
proximately in amplitude to the amplitude of 
the Wavy path . To obtain Satisfactory. Opera 
tion under these conditions, it is necessary to 
regulate the torque applied to the spindle A SO 
that the amplitude of the oscillation of the mag 
Inet due to the energy transmitted to the OScil 
latory Systern conforms very nearly to the an 
plitude set by the wavy path , or the poles of 
the magnet may be made thicker (in the direc 
tion of vioration) to give tolerance for varying 
anpitudes of Wiiration. 

Figure 6 of the dra WingS ShOWS another modi 
fication of the invention which enpoys a U 
shaped permanent magnet similar to that de 
Scribed with reference to Figure and having 
in turned ends 5 forming poles of opposite pro 
larity which face one another across a gap in 
which an escape Wheel 3 Similar to that de 
Scribed with reference to Figure 1 is located. In 
the construction shown in Figure 6, the magnet 
is Supported by means of a control spring 2 in 
a plane which intersects the axis of the escape 
wheel 3; and it is adapted to vibrate rectilinearly 
as indicated by the arrows in Figure 6. The 
Spring 2 may be constructed So that it is more 
flexible in the direction of its length to make 
this mode of vibration easier, although a straight 
Spring will viorate longitudinally at high fre 
quency. The Support 6 to which the spring 2 
is attached is located approximately at the centre 
of gravity of the oscillatory system consisting of 
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6 
the magnet and Spring 2, so that the magnet 
is Substantially balanced about the support. 
AS Compared With the conventional balance 

Wheel, the vibratory magnet used according to 
the present invention has the advantage of hav 
ing no bearings and hence no bearing friction 
OWea. 
The balanced arrangement of the magnet en 

ables an oscillatory system having a compara 
tively low natural frequency (e. g. of the order 
of from 50 cycles per second) to be used with 
out rendering the mechanism unduly sensitive 
to Shock and Without introducing a serious po 
Sition error. As will be well understood by those 
skilled in the art, the liability to position error 
and the degree of sensitiveness of the mech 
anism to shock will depend on the frequency at 
Which the OScillatory System is adapted to op 
erate, A System of retively high frequency is 
inherently more resistait to shock and less li 
able to position error. By balancing the assem 
bly in accordance with the present invention, 
the resistance to shock is considerably increased, 
and liability to position error is reduced, as com 
pared With an unbalanced assembly adapted to 
Operate at the same frequency. 

For a portable timepiece Such as an alarm 
clock, it is convenient to adapt the magnet to 
Vibrate at a frequency corresponding to the 
frequency of public electricity supply mains (e. g. 
50 cycles per Second) as this facilitates strobo 
Scopic adjustment of the oscillatory systern by 
aerely WieWing the magnet assembly in a light 

fed for the mains. 
Any convenient method may be employed for 

adjusting the natural frequency of vibration 
of the oScillatory System for the purpose of regu 
lating the timepiece. For instance the fre 
quency may be adjusted by loading the magnet 
i or by altering the effective length of the Spring 
2. Figure 1 of the drawings shows a simple 
regulating device which consists of an eccentric 
Clanping disc 2a controlled by means of a 
lever-arm f3. The Spring 2 is tightly clamped 
between a shoulder of the screw i and the fixed 
Support 6. The disc 2d. is spring loaded by a 
Thackery Washer 5 against the Spring 2. By 
rotating the eccentric disc 2a, by means of the 
ever 3, the effective length of the Spring 2 can 
be adjusted for the purpose of regulating the 
natural frequency of the oscillatory system. 

It is to be observed that the Spring 2 used 
in the Several Constructions described is inher 
ently rigid in One plane aid is arranged So that 
this inherent rigidity prevents ovement of the 
magnet or keeper towards or a Way from the 
escape wheel, and thus aaintains the air gap 
or air gaps between the laaginet or keeper and 
eScape Wheel. It appears further from the draw 
ings that the Spring 2 is, in its own plane, suf 
ficiently stiff or rigid to be substantially re 
Siliently non-bent in its repose position in any 
disposition of the vibratory System. 

Unless the magnet is of negligible thickness 
(as, for example, in the construction shown in 
Figure 1) it Should be haved where it joins 
the Spring So that the latter lies in the thick 
heSS Of the Inagnet. Alternatively, the Spring 
could be bent to achieve the same purpose. 

I claim: 
I. A magnetic escapement nechanism. Con 

prising an escape Wheel and a cooperating os 
cillator, said oscillator being coupled to said 
Wheel by magnetic forces and comprising a mag 
net carried by a leaf-type Spring and a Sup 
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port to which said spring is attached at a point 
Such that the oscillating movement takes place 
about an axis extending transversely of said 
Spring and passing substantially through the 
Center of gravity of the oscillator. 

2. An escapement mechanism according to 
clain) 1 wherein the magnet is adapted to Wi 
brate by bending the spring and the vibratory 
movement thereof is substantially a rocking 
Inovelinent about a transverse axis of the Spring 
passing approximately through the Center of 
gravity of the oscillator. 

3. An oscillator, comprising a rigid inertia 
leinbal', a leaf-type Spring carrying Said ri3rl 

her and forming with the latter an oscillatory 
unit, a support on which said spring is mounted 
so that a length of said spring connects Said 
member and Support, said member and Spring 
being arranged so that the latter Will, on OScil 
lation of Said unit, flex about a fixed trainSverse 
axis of Said Spring which paSSes Substantially 
through the center of gravity of Said unit and 
is Spaced from said said Support so that the unit, 
is Substantially innuine to Shock, and means 
for inpulsing said unit for oscillation of Same 
at its natural frequency. 

4. An OScillator, comprising a rigid inertia 
member, a leaf-type spring-membei carrying 
said insrtia-member, and forming with the lat 
ter an oscillatory unit, a Support on Which Said 
Spring-member is mounted intermediate the ends 
of one of said Inleinbers So that a length of Said 
Spring member connects said inertia-member 
and Support, Said members being arranged SO 
that said spring-member will, on osciliation of 
Said unit, flex about a fixed transverse axis 
thereof which passes Substantially through the 
center of gravity of said unit to provide a Sub 
stantially isochronous oscillator which is Sub 
stantially immune to shock, and means for im 
pulsing said unit for oscillation of Saline at its 
natural frequency. 

5. An oscillator, comprising a rigid inertia 
nienier having Spaced opposite legs and at least 
oine connecting yoke at adjacent ends of Said 
legs, a leaf-type spring extending between Said 
legs and being secured at one end to Said yoke, 
said Spring and inertia-Imerinber together form 
ing an oscillatory unit, a Support on Which the 
other end of said spring is mounted, Said men 
lei and spling being arranged So that the lat 
tel will, on CScillation cf said unit, flex about a 
fixed transverse axis of said Spiring which paSSes 
substantially through the center of gravity of 
said unit, and neans for impulsing Said unit for 
oscillation of Saine at its natural frequency. 

6. A magnetic escapement mechanism, Con 
prising an escape wheel, a magnet, a leaf-type 
Spring of uniform cross section, Said Spring carry 
jing said magnet, and forming with the latter an 
oscillatory unit coupled to Said Wheel by mag 
netic forces, and a support on which Said Spring 
is mounted so that a length of Said Spring Con 
nects said magnet and Support, the OScillatory 
axis of said unit extending transversely of Said 
spring midway between said Spring length, and 
said magnet being arranged so that the center of 
gravity of said unit lies Substantially in Said 
Oscillatory axis. 

. A substantially isochronous oscillator for 
use With an escape Wheel of a magnetic eScape 
ment, comprising a magnet, a leaf-type Spring 
carrying said magnet and forming with the lat 
ter ain cscillatory unit, a Support on which Said 
spring is mounted so that a length of Said Spring 
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8 
connects said magnet and support, said magnet 
and Spring being arranged SO that the latter 
will, on OScillation of said unit, flex about a fixed 
transverse axis of said spring which paSSes Sub 
stantially through the center of gravity of Said 
unit, and magnetic means for impulsing Said 
unit for oscillation at its natural frequency. 

8. A magnetic escapement mechanism, COm 
prising an escape Wheel, a magnet member, a 
leaf-type spring member carrying Said magnet 
member and forning With the latter an OScilla 
tory unit coupled to said Wheel by magnetic 
forces, and a support on which said Spring mem 
ber is mounted intermediate the ends of one of 
said members So that a length of Said Spring 
member connects said magnet neiber and Sup 
port, said members being arranged So that Said 
spring member will, on Oscillation of Said unit, 
flex about a transverse axis thereof which passes 
substantially through the center of gravity of 
Said unit. 

9. A magnetic escapement, comprising an eS 
cape wheel, a generally U-shaped magnet hav 
ing spaced opposite legs and a connecting yoke, 
a leaf-type spring extending between Said legs 
and being secured at one end to Said yoke, Said 
spring and magnet together forming an OScil 
latory unit coupled to said wheel by magnetic 
forces, and a support on which the other end 
of said spring is mounted, said magnet and Spring 
being arranged so that the latter Will, On OScil 
lation of said unit, flex about a transverse axis 
of said spring which passes Substantially through 
the center of gravity of Said unit. 

10. An oscillator, comprising a leaf-spring type 
inertia member adapted to serve as an OScillatory 
unit, a Support on which said member is mount 
ed intermediate its ends, said member being 
shaped so that the same will, on oscillation, 
flex about a fixed transverse axis thereof paSS 
ing Substantially through the center of gravity 
of Said member and Spaced from Said SupportS 
so that said unit is substantially isochronous and 
substantially immune to shock, and means for 
impulsing said unit for oscillation of Same at 
its natural frequency. 

11. An oscillator, comprising a rigid inertia, 
member, a leaf-type Spring of uniform CrOSS 
section, said spring carrying said member and 
forming with the latter an oscillatory unit, a 
support on which said spring is mounted So 
that a length of said Spring connectS Said Inern 
ber and support, the oscillatory axis of Said unit 
being fixed and extending transversely of Said 
spring midway between said spring length, said 
member being arranged so that the center of 
gravity of said unit lies substantially in Said 
oscillatory axis, and means for impulsing Said 
unit, for Oscillation of Sane at its natural fre 
quency. 
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