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Improvemenis in Eleciro Magneis which may be Associated with
Electrical Contacls or otherwise, Applicable more particularly

to Eleciric Clocks,

We, SOCIETE. ANONYME DES KTABLISSE-
MeENTS Lmow Haror, of 12, rue du
Faubourg St. Honore, Paris, France, a
French company, do hereby declare the

p nature of this invention and in what
manner the same is to be performed, we
declare that what we claim is:—

The present invention relates to
improvenents in electro magnets (which
wey be associated with electrical contacts
or cthier wise) and to their application to
independent or receiving electric clocks
and watches, which may or may not be
provided with bells and chimes and to
various other apparatus such as bells,
tremblers, electric flashers, polarised
relays, acenmulator chargers, synchronous
motors, rotary motors. without contact,
the motors of loud speakers, pick-ups, ete.
90 In the electric clock industry, tele-

graphy, radio telegraphy and telephony,

use 1s made in numerous pieces of
apparatus of electro magnets having an
alternating movement, which are em-
25 ployed in particular for actuating the
hands, for winding up springs, for operat-

. ing electric contacts, ete.

The qualities required of the electro-
magnets are generally as follows:—

1) Good electrical efficiency and low
passive resistances, the latter being caused
principally by the magnetic sticking and
attraction, the inertia of the parts to be
moved and the mechanical. friction.

2) A simple construction and-low cost
price.

3) Small weight and small. overall size
of the electro magnet and low consump-
tion, chiefly for portahle time-keeping
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40 -instruments, . such- as motor car watches,
and for - the ' time.

small clocks, ete.,
receivers mounted at the centre.of trans-
lucent dials. ’

4) Tn most applications a good. elec-

45 trical efficieney must:be obtained.with:a
[Price 1/-]
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iy

very. small supply voliage.

This last property is particularly desir-
able for electrical watches and small
clocks which have to operate by means of
a battery of small size having a long life.

For the battery to have a long lite (for
example for it fo last more than two years)
it 1s found in practice that it is advisable
for given overall dimensions to employ
a battery having a single element (1.5
volts) rather than batteries with three
elements (4.5 volts) like the usual pocket
lamp batteries. For one and the same
output in watt hours with a very slow
rate of discharge the duration is increased.

Calculation and experience show that
polarised electro magnets
results for employing the energy of the
battery considered than the ordinary soft
iron electro magnets. ITowever, the
polarised electro magnet systems employed
up to the present time are massive, heavy

andcostly. Moreover,they comprise strong-

magnets which- give rise to considerable
friction and magnetic sticking. This also
gives rise to the fact that the design of the
forms of their constituent parts does not
permit a uniformity in the -thicknesses
of the air gaps to be obtained. easily,
and that in practice - relatively large

differences- exist which produce g
lack of balance of the  magnetic
forces and considerably . reduce the

efficiency particularly when it is a question.
of producing a relatively very low mech-

anical force, as is the case in the applica-
tions considered.

The present invention relatesin the first
place to the very small polarised electro

magnets adapted to be mounted in the:
cases of large watches, such as motor car

clacks.
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The features of comstruction and " the -

shapes of the constituent parts permit all
the. members to be.eoclgcted in a very small
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- space and materials of +he highest quality
to be employed more advantageously in
order to obtain a wvery high electrical
power in proportion to the weight of the

y apparatus,

Tn order to obtain this last result the
existing state of the art shows that it 1is
- of interest to employ :
1) A cobalt steel magnet the form of
10 which is such that the ratio between the
length and the other dimensions is pre-
ferably smaller than in the ordinary horse-
shoe magnets.
2) For the iron members magnetised by

5 the coil made from silicon sheets or from

electrolytic iron or from any other
material presenting a high permeability
and a very low hysterisis (partlcularlv cer-
tain iron nickel alloys when the field is
weak.)

8. A copper coil of high conductivity
with turns of as short as possible a length
arranged to hold the maximum volume of
copper.

4. Air gaps of large surface and small
thickness permitting the reluctance of the
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deformable magnetic circuits to be varied

within very large limits according to 2

predetermined law dependmw ‘upon the

80 applications.

The magnetic products consider ed above

are very cosﬂy and in addition they are

only found in certain advantageous com- -
mercial forms (in particular eylmdrlcal

-85 rods and thin sheets).

' The invention permits these materials
to be utilised under the most favourable
"conditions and it also relates to various
devices and uses of these systems

%0 associated with special electric contacts.

The subject matter of the invention is

. set forth in the following description of
various forms of construction which are
illustrated by way of example in the

45 accompanying drawing.

Jn this drawing: '

- Figures 1 and la show the arrangement
of an electro magnet provided with cer-
tain of the improvements forming the

5o subject of the invention.

“ Figures 2, 2a and 2b show construc-
‘tional modifications of the members.

Figures 3, 4, 5 and 6 shows various
forms of the pole. pleces permitting

55 different properties to be obtained.

Figures 7 and Ta show an electro
magnet which, during its displacements,
actuatesa special electrical contact having
a rapid make-and-break and adapted to

g0 serve for numerous applications,

TFigures 8 and 9 illustrate the operation

of the contact of the apparatus shown in
Figures 7-and 7a.
Figure 10 shows an arrangement which

U9 jg fhore particularly: applicable to. watches

which are wound electrically.

Figures 11, 11a and 11b show diagram-
matlcally an arranc’ement apphcable to a
receiving clock movement which has to be
mounted behind and at the centre of
translucent illuminated dials and to form
a shadow mark of the smallest possible
diameter.

Figures 12, 13 and 14 show various
modifications in the arrangement of the
magnet or magnets which comprise the
electro magnets formlnrr the subject of the
invention.

Figures 15, and 15a show an arrange-
ment more partlcularly applicable to very
powerful receiving clocks.

Figures 16, 16a and 16b show an
arrangement Whlch is particularly suit-
able for receiving clocks of wvery small
diameter,

-Figures 17, 17a and 17b show a con-
structional modification of an electro
magnet by means of armatures and wind-
ings made of sheet metal laminations.

Figures 18, 18a and 18b show a modifi-
cation of an electro magnet presenting the
advantage that it can be constructed of
very small size and and oceupy only a
very small space on the side of a waich

' case.

Figures 19, 19a and 19b show a con-
structional modification of the moving

“coil established by means of cut out and

folded pieces of sheet metal.

Figures 20 and 20a and also Figures
21 and 21a, 22 and 22a, 23. 23a and 23b
show a constructional modiﬁcation of the
electro magnets comprising certain of the
1mprovemen’cs forming the subject of the

“invention.

Figures 24, 24a and 24b show an
arranﬂ'ement applicable to the pick-ups
employed in phonographic reproducing
machines. . ,

Figure 25 shows an arrangement more
particularly applicable to rotaw motors
without a commutator, operating by
means of alternatmg current from the
mains.

Figures 26 and 26a show a form of con-
struction of the transmission of the move-
ment.

Figures 27 and 28 show modifications
of this transmission.

Figure 1 shows the main parts of an
electro magnet constructed according to
the invention. This electro magnet is

formed by a2 magnet of cobalt steel a.
‘moving coil the core N of which is made

of electrolytic iron or metal of suitable
properties having a high permeability and

‘a very low hvsterlsls (pure iron or

annealed Swedish iron may also be

‘employed).

The ‘o1l is prowded w1th pole masses
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B, and B. which are made of sheet silicon

or alloys of similar properties, that is to

say having a very low hysterisis and a

high permeability like the core N,

g 1t 1s to be noted that the pole pieces
B: and B. of the coil are formed by parts
cut out from the thin sheet and then
curved. The shapes to which they are
cut out and the profile of curvature are
determined according to the use, so that
the reluctance of the magnetic circuit will
vary according to a determined law as a
function of the angular displacement of
the coil of the electro magnet.

The magnetic and electro magnetic
“attraction during the passage of the cur-
rent is exerted between the pole pieces
B, and B, of the coil and four fixed pole
pieces P, P,, P;, P, strongly magnetised
90 by means| ¢f the members B, and X.
made of soft sheet steel closing the
magnetic cireuit.

Preferably the fixed poles P,, P., P,
P, will be eylindrical in shape, The
shape of the parts B, and E. made of
thin sheet cut out and bent to shape per-
mits any costly work of machining of the
parts P,, P,, P;, P, to be avoided, and
as these parts B,, B, have a certain
elasticity they press strongly on the mag-
net and the latter does not need to be
constructed with great accuracy. More-
over, the arrangement adopted permits a
fairly large free space to be left between
gy the parts E, and E., and the coil for

mounting very dexible connections of

small diameter can be formed of a large
number of fine wires.
The insulation of the coil is obtained
50 by means of washers made of thin sheets
of insulating material (nmiica or vaseline-
coated paper) which ave supported by the
magsive iron members of the coil.

Two main arrangements may be
adopted for the axis of the moving coil :

1. The arrangement shown in Figure 1
in which the axis passes through the core,
the winding being made in two parts.

2. The arrangement shown in Figure 2.
In this case the winding is not inter-

‘rupted and there are two pivots of small

length fixed respectively on two brass LJ-

shaped supporting rods H, and H, which

are screwed on the pole pieces B, and B..
5-- The magnetic force of attraction which

is exerted between the pole pieces Pi, P,

P,, P, and B, and B, varies in general

with the position of the coil according to

the variation in thickness and in width
g0-of the air gap. By suitably choosing the

Proportions of the pole pieces, the arrange-

ment can be made so that under the

influence of the magnet the coil will be in
indifferent equilibrium for -a sufficiently

3. Jarge movement to. either side of the posi-
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tion shown in Figure 1 or 2. The
arrangement may alse be made such that
the coil tends to be returned towards a
predetermined position and a certain law
obtained for the variation of the returning
couple as a function of the angle of rota-
tion of the coil.

For example, if the shapes and pro-
portions indicated in Figures 3, 4, 5 and
6 are adopted, the following results are
obtained : (it 1s to be moted that the air
gap 13 constant and small but that the
same results could have been obtained by
adopting pole pieces B, and B, curved
according to eccentric shapes so as to make
the air gap vary according to the positions
of the coil):

‘With the proportions shown in Figure
3, the coil tends to place itself in the posi-
tion shown in this figure. If a con-
tinuous or undulating current is passed
through the coil, the latter becomes
inclined towards the left or towards the
right depending upon the direction of the
current. When the current is broken, the
coil returns inte the position shown in
Figure 3.

With the proportions shown in Figure
4, the position indicated for the coil is a
position of unstable equilibrium. The
coil tends to overturn towards the left or,
towards the right under the influence of
the magnetic attraction. This coil can be
made to pass from one extreme position to
the other by passing a current of suitable
direction, which current must however
exceed a given limiting value below which
the coil is not detached.

In the case shown in Figure 5, the coil
is in indifferent equilibrium over a rela-
tively large angle. "When the coil is in
the extreme left hand position, it can be
brought to the right by means of a very
small force.

For the purpose, it is necessary, within
the whole extent of the displacement con-
sidered, for the magnetic attraction
between B, and P, to form a couple
exactly balancing that produced by the
attraction between B, and P..

The form in which the parts B, and B,
are cut out permits this result to be
obtained. This arrangement corresponds
to a very grealt sensitiveness of the coil,
which is moved by a very weak current
strengthening the magnetic attraction
with one of the poles and reducing the-
attraction exerted by the other pole.

In the case shown in Figure 6, the un- = _
symmetrical outline permits the result to %5
be -obtained that, when. the current is
zero, the coil tends to return of its own
accord into the extreme right hand posi- -
tion. Naturally by employing a profile -
very similar fo that shown in Figure 5,430
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this return force may be made to be con- -

stant and very weak (just sufficient to
overcome the friction of the pivots).
"The electro magnet which has been
descnbed above can be actuated either
with emission§ alternating in direction or
with unidirectional emissions, the return
being obtained by means of a spring or by
the action of the magnetic forces, as
described above. In order to obtam a

good electrical efficiency with a fairly

lame movement of the coil, it will be
advantageous to approach towards the
arrangement shown in Figure 5.

I‘he advantages of the aboyve described
modes of construetion are the following :

1) Depending upon the application con-
sidered, the most favourable law can
easily be obtained for the magnetic force
as a function of the dlsplaeement while
avoiding any comphoated and delicate
machmm@ In fact, the devices B, and
B. are snnple pieces of sheet ma‘cerlal cut
out and curved. In this way any cosﬂy
furning and milling which presents in-
accuracies on account of the wear of the
tools is avoided.

The air gaps can be reduced because 1t
is possible to obtain a perfect centering,
particularly with the arrangement shown
in Figures 2 and 2a, because the center-
ing only depends upon the cut out and
bent members H, and H.. It is known
in fact that the method of machining by
cutting out and pressing permits consulez-
able series of strictly identical and inter-
changeable parts to be obtained by means
of operatmns which can be carried out bv
unskilled workers.

The proportions of the moving coil
indicated in Figures 1 and 2 must also be
noted, as these proportions contribute in
improving the electrical efficiency. The
coil is chosen relatively long (it is more

: than twice as lono' as the dlameter of the

outer turns). This condition favaurs the
reduction of the losses by the Joule effect,
because it is advantaO‘eous to reduce the
Tength and _consequenﬂy the resistance of
each turn and to increase the lever arm

" of the electro magnetic force exerted be-

55

60

tween the pole pieces. . .
In describing various particular appli-
cations of the above electro magnets, in

. the following some modifications of the
forms and -positions of the - permanent

magnet will. be shown, which are appli-
cable according to the pos1t10n awailable.
Use may dlso be made in cerfain cases

of o number of magnets while preserving
the proportions of “the toil which are

recognised above as bemo- most favour-
able‘

F;rrures 19, 19a and 19b show 2 con-
structmnal modlﬁcatlon of the moving

coil-in which the latter is formed of pieces
of sheet material cut out and folded form-
ing both the core and the pole masses.
These arrangements also permit a large
surface of air gap to be obtained and a
core of small section so as to reduce the
length and consequently the resistance of
each turn. '

In Figures 17, 17a and 17b is shown a
mode of construction of the poles and of
the moving coil by means of a stack of
cut out laminations (like the field magneis
and armatures 1n dynamos of usual con-
struction).

This construction is particularly suii-
able in the case when the current em-
ploved is an undulating current obtained
from the imperfect rectification of an
alternating curren{ (for esample by
means of Cuproxide rectifiers),

Figures 18, 18a and 18b show a modi-
fied form of construction in which the
winding of the coil is concentric with its
axis of oseillation. This arrangement
permifs a core to be obtained of great
length and low inertia.

The electro magnets which are
described "hereinafter can be applied
advantageously to the construction of a
pol‘msed receiver clock. The hands
will always be controlled by an anchor or
by a pawl ‘mechanism,

The emissions of current may be
obtained by a master clock actuating a
reversing switch, or a tw 0-way swztch 100
sending alternatlno" successive emissions
from two batteries into the ecircuit of
the receivers.

The electro magnet of the receiver
clock may ‘also be actuated by = uni- {05
directional current, the return to the
initial position bemn‘ produced by a
spring, a counter Welﬁ‘ht or a magnetiz
attraction, as explamed above with refer-
ence to I‘lrrure 6.

Figures 11—-—16 show dmcrrammahcalh
some arranrrements applicable to various
types of time piece receivers. The pawl
devices and wheels of these mechanisms
shown 'in the figures are of existing tvpe 445
employed in clock construction, and with-
out giving any detailed descrlptlon of the
known members the present descnptmn
will be confined to an indication of the
new improvements which these mechan- 120
isms comprise.

It is to be noted in the first place that,
in all these systems it has been sought to .
join all the members in a cylindrical
casing of small length and of the smallest
possible diameter, ha,vmrr the axis of the
hands for its centre This arrangement
is particulaily interesting when the
mechanism is mounted behind and at the
centre. of a translucent dial illuminated :
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-were pivoted directly on the

from the. back. -"T-he result 18 also
_obtained that the shadow mark due to the
.time movement is very small and does not

prevent the fime from being read.
In Figure 11 the pivot-axis O- O of the

.hands passes axially through the casing.

For o given. overall size it has been
sought.to inerease as much as possible the

length of the coil and the diameter- of

the ratchet wheel 1 driven by the recipro-
cating movement of the coil. For this
purpose the coil has a length approaching
the radius of the casing, Moreover, it
actuates -through-a pin 2 and a-forked
lever 3 another pivot O, more distant from

the centre O than the pivot O of the coil.

The pawls are pivotally mounted on the
pivot O, and in this way a larger ratchet
wheel can be mounted than if the pawls
pivot axis
Ol .of the moving coil. S
In Figure 15, the coil is arranged with
respect to the casing in such a-way that
its length is greater than the radius of
the casing. . Two cobalt magnets 4 and 5
are employed which are arranged as
shown in the figure. B :
The coil receiving the - alternating
emissions every half second can actuate
the pivot 6 of a central second -hand
making one turn per minute in addition
to-the two usual hands. The profile-view
shows the -manner in which the- wheels
are eonecentrated in the casing, which is
of very small dimensions with respect to
the coil. . :
_ In Figure 16 -the moving coil pivots
freely on the pivot of the large hand 7 it-
self. The handle 10 actuating the hand
which moves every half minute is actu-
ated by a pin 8 engaging in a notch in
the handle. In this way the dimensions
of the easing may be reduced to a mini-
mum, while having a coil and a magnet
pf maximum dimensions in the space
available. - : :
An electric switch or reverser operat-
ing when the coil has almost reached the
end of its movement may also be asso-

-~jated with the electiro magnets forming
“the subject of the invention.

This
switch may be a rocking switch, with
mercury contacts or dry contacts.

Such an arrangement in particular per-
mits a motor having a maintained alter-
nating movement to be constructed which
is adapted to be fitted to electric bells,
to -the selectors of automatic telephone
lines, the. flashing devices and other
systems for intermittently lighting and
extinguishing an electric lamp, etc. The
frequency of ‘the movement may be redued
by any known methods such as by an in-
crease in the inertia of the oscillating

‘moving system, or by the addition of a

‘brake retarding the -movement in one

direction (dashpot; or clockwork mechan-

ism). In this way small alternating

motors may be constructed which operate
by-means of a-battery and actuate a pivot

-or-cams through a pawl -device or by

70

other means, with the object of construct-

ing toys, moving advertisement systems,
time switehes and various servo motors.

A trembler bell mechanism constructed
with "this polarised -electro magnet pre-
sents the advantage of consuming much
less current and working with a much
smaller voltage than the existing electric
bells having a soft iron armature. Con-
sequently, they are -particularly suitable
for electric alarm -clocks operating- by
means of ‘a small battery situated in the
easing or by means of the small battery
actuating the time movement. '

The polarised- electro magnet described
above may also be employed with advan-
tage in the Rollin -system striking clock
and in similar apparatus. It may also be
employed - -to maintain strokes spaced
apart, assoeiated with a releasing - and
stopping device by the movement of a
counting wheel or of ‘a rack cooperating
with a worm screw of the-hours.

It may also be applied to the systess
of clocks and watches which have to-be
wound-up comptising- a wheel the speed
of which is rendered wuniform by 4n
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escapement and a balance wheel, and - '

which is aetuated by a spring or a driv-
ing weight wound up periodically.

In-all the winding-up systems provided
with - soft iron electro magnet- (whether
it 1s & question -of a plate electro magnet
or of an electro magnet with-a plunger or
of a laminated armature movable about
an axis) these driving members may be
replaced by a polarised electro magnet

100
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constructed according to the invention. *

This “electro magnet is thus applicable:
1) To systems of the type comprising a
vatchet wheel which pushes the pawl
which is returned from time to time back-
wards by means of the electro magnet.
In this case the movement of the pawl
may be tied to the mevemenlt of the
moving coil of the electro - magnet.
This will actuate an electric switch under
conditions such-that when the return
movement commences slowly, the cur-
rent will be broken and will be cut off;
then at the end of this movement and dur-
ing the commencement of the rapid power
stroke, the contact will be closed.
Various eleetrical contact deviees which

are public property are known which
fulfil these conditions. :
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The new polarised eleetro magnet'may .

also be applied to systems of electric
clocks which are public property which

130
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. operate on the following principles :

0

1. Systems in which the electrical con-
tact'is established periodically between a
member rigid with the electro magnet
and the pawl arm, which make the ratchet
wheel turn, the passage of the current
having the effect of mectuating the electro
magnet which lifts the pawl arm which

‘separates by inertia, thus permitting the

circuit to be broken and the electro mag-

* net to be returned to its initial position.

i5
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2. Systems comprising a main spring
motor maintaining the movement of the
noving parts and another spring co-
operating with a pawl, a ratchet wheel
and the electro magnet for actuating the
shaft of the main spring when the couple
of the first spring- becomes smaller than
the couple produced by the second spring,
the electro magnet heing adapted to be
actuated a number of times in succession
and operating like a vibmating electric
bell mechanism. :

3. Direct reaction systems in which an
electro magnet exerts an impulse on the
balance wheel either periodically or when
the amplitude falls below a given value.

4. Indirect reaction systems in which
the electro magnet periodically lifts an
impelling member acting on the balance
wheel or upon the suspension plates of the

, balance wheel ete.

5. Known systems of electric clocks 1
which the balance wheel is provided with
an ellipse engaging in a fork as in anchor

- escapements, the said fork heing rigid

0

with the coil of the polarised electro mag-
net and moving at each passage of the
balance through the position of equili-
brium so as to give an impulse to the

‘balance wheel. :
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- 6. Systems adapted to strike the hours
and half hours for clocks designed to
have a striking device giving spaced-out
strokes, which maintains - itself and is
starfed and stopped by means of a counter
wheel or chaperon or 4 rack cooperating

with-a cam or worm serew rigid with the .

hour hand. - _
Figures 7 to 9 show a new form of con-

. struetion of a switch which may be asso-
_ciated very advantageously with the elec-

tro magnet forming the subject of the in-
vention in order to solve the -various
problems relating to eléctric clocks.

Naturally this type of contact may be
applied in all other systems of polarised
or non polarised elecfro magnets.

The contact operates between the con-
ducting pin 11 rigid with movable part
of ‘the electro magnet and a movable
member 12 which is half conducting and
half insulating and which moves suddenly
at the end of each displacement in a
given “direction. . '

“without the use of coil springs or impulse

The chief original feature of this system -
is that the movable member 12 oscillates
with very small mechanical friction and
that the desired displacement is obtained
springs solely by means of the varying ¢
magnetic attraction which 1is exerted
between the member 12 formed of a mag-
netic metal and two magnetised pole
pieces. These pieces may be magnetised
by the magnet of the polarised relay itself
or by a special magnet (on the drawing
the posts P, and P.).

- Figure 7 shows the contact member F
mounted, the axis provided with fine
pivots. The member is provided with
fibre and gold linings between which
moves the platinised pin rigid with the
moving coil,

The member 12 is made of iron; it is
balanced for the action of gravity and has
the shape shown in the drawing, in which
it will be moted that the edges X, Y,,
Z,, X:, Y, (Figure 8y have the shape of
eccentric circular arcs arranged near the
cylindrical posts P, and P. which are
strongly magnetised.

It follows that the member 2, acted
upon by the magnetic attraction of the
posts P, and P, is in unstable equilibrium.
1t tends to swing first to one side and then
to the other.

Consequently if the member 12 is in the
extreme left hand position (Figure 8) and
1f the coil and the platinised pin 11 move 10¢
in the direction f (under the action of a
spring for example), the contact is first
made between the pin and the insulating
member. At the end of the travel of the
coil the fork 12 moves suddenly and the jo5
contact is made between the pin 11 and
the gold lining. The direction of the cur-
rent should be chosen so that the coil will
be displaced in the opposite direetion to f
and the contact remain established at the {1g
commencement between the pin and the
gold, but so that at the end of the travel
the contaet will be broken suddenly. The
coil then returns in the direction f and so
on.
In order to utilise these members, the
circuit shown in Figure 7a may be
employed.

The coil is connected in series with a 190
battery or any other source of current and -
the switch described above. Sparking may
be avoided by a condenser or a resistance
without self inductance shunting the con-
tact. But these members are not indis- o5
pensible because the operation is obtained <+
with a very weak current and the self
inductance of the apparatus is very small.
Such an arrangement permits a rapid
alternating movement automatically main-
tained to be obtained if the coil is'simply 130
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returned in the direction F, by a spring
or any other means, )

Moreover an ordinary watch or clock
mechanism may be electrified by replacing

x5 the barrel spring by a spring acting upon
an arm provided with a pawl and making
a ratchet wheel rigid with the wheel
system {urn.

The pawl arm will be made rigid with

0 the moving coil and under the action of
the spring it will move in the direction
f» with a slow movement rendered uniform
by the escapement and the balance wheel
of the clockwork mechanism. After

18 having continued its movement for a cer-

"~ tain time, the fork will establish the elec-
irical contact and the pawl arm will
suddenly return backwards. At the end
of the stroke the contact will be suddenly

20 broken and the pawl will continue to make
the ratchet wheel turn until the contact
again closes and so on.

The advantage of the above described
contact resides in the fact that it is easy

25 {o construct and operates with very small
mechanical friction so that there is mno
danger of jamming. The force necessary
for the displacement of the fork is small
and constant and it introduces no dis-

30 turbances in the working of the time
keeping mechanism ; this is not the case
in systems in which the mechanical fric-
tion is high.

Figure 10 shows a constructional modi-

35 fication of the contact shown in Figure 7.
In this case the coil is provided with a
pin 11, which has no electrical function.
The member 12 is replaced by a small dis-
tributor which is partly conducting and

40 partly insulating, upon which rubs a

~ brush b.

In the application to the winding of
watches it 1s of advantage to avoid plac-
ing the spiral balance wheel and the

4B escapement in @ sirong magnetic field;
this result is obtained with the arrange-
ments shown in Figure 10 and in Figure
13, by mounting the electro magnet on
the side of the casing opposite the delicate

%0 members of the watch and by insulating
the latter magnetically by means of a
sereen £ made of very permeable soft iron
kaving no hysterisis.

The electrical contact deseribed above

55 and the similar systems of operation may
be employed with the electro magnet coun-
structed according to the invention for
obtaining remote control by means of a
switch or reverser, which is adapted to

@0 elose rapidly but break slowly, the switch
of the receiver electro magnet causing the
eircuit to be broken rapidly as soon as
the desired movement is obtained.

& For example, this result will be

" gbtained by dividing the core of the

electro magnet into two sections having a
common point and connected to the control
switch by three electrie leads in such a
way that for the two positions - of the
switch there correspond also two positions
of the electro maguet.

In order that the current will be broken
automatically as soon as the desired move-
ment is completed, a switch will be
arranged to be operated by the coil at each
end of travel; this switch will be con-
irolled in a similar manner to the device
described with reference to Figure 7 with
this difference that the fork will be
entirely conducting and that it will return
alternately into contact with two parallel
and insulated pins rigid with the moving
coil, connected respectively to the two
sections of the winding. According to its
position, this switch will close the circuit
of one section or the other. The direc-
iions of the connections will be established
in order to obtain the following opera-
tion :

A current will be sent into one of the
circuits by means of the control switch
(which may be adapted to break the cir-
cuit slowly) and the coil will move and
will actuate its switch so as to break the
circuit  considered immediately and
become placed on the other cireuit.

The other circuit may then be closed
by means of the control switeh and the
second section of the coil will then receive
the current and will be displaced. At 100
the end of the movement it will break the
control current and will place the switch
ir the position permitting the following
transmission to be received in the first
circuit and so on. 105

The control switch may be formed by
4 pin mounted upon an arm given a move-
ment of rotation and successively touch-
ing two contact springs; preferably elec-
trical contacts will be adopted which are
adapted to close suddenly. The rotary
arm may turn slowly and in spite of this
the transmissions are very short because
the break is made on the switch as soon
as the desired movement is obtained. 115

By way of applications of this system
the following may be mentioned: ,

1. The distribution of time by means of
receivers automatically cutting off the
current as soon as the movement of the 120
hand has been made. ,

2. The construction of clocks with or
without striking mechanisms which are
wound up by polarised electro magnets.

For the latter system the control switch 425
will be mounted on one of the moving
parts of the wheel system and the shaft
of the barrel will be made to turn by the
coil of the electro magnet by means of a
ratchet and a pawl mechanism, so that 130
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the shaft of the barrel turns on an. average
“by the same amount which the spring un-
winds in a continuous movement. The
“apparatus thus constructed may serve as
‘a master clock (the movement of the two
switches may in fact serve in addition for
actuating time receivers provided with
‘electro magne’cs similar to that which pro-
‘¥ides the winding up).

Naturally various changes may be made
in the construction of the electro magnets
‘and in the contacts~ while remaining
“within the scope of the invention.

In particular Figure 10 shows a modi-

fization.

In the place of ’che electro magnets
shown in Figure 1 or 2, use may be made
of only one half of the moving coil, that
is to say it will be possible to have only
two alr gaps, as shown in Figure 20.

Tt is also to be noted that instead of
the winding being mounted on the moving
‘patt, it may be situated on two . coils
wound respectively on two cores terminat-
ing at one pole of the magnet, as shown
in I’wurp 21. This system approaches the
ell known arrangement of relays em-
ployed at the present time in the polarised
bell ‘mechanisms of telephones, but the
invention may be applied thereto as
regards the contacts and the arrangements
and applications of the invention, and
also the forms of the pole pieces and the
means employed for obtaining a predeter-
mined law of the magnetic force as a func-
tion of the angular displacement.

Figures 23, 984 and 23b shows a modi-
fied form of cons‘cructmn characterised by
the feature that the cores of the coils ave

o arranged parallel to the axis of the mov-

45)

50

60

able armature of the elec’cro magnet.

. It is to be noted that in the elecfro
magnet system associated with a smtch
shown in Figure 7 or Figure 10, the cir-
cuit may be caused to break When the
speed reached by the coil is a maximum.
Moreover, by adopting a suitable form for
the ‘pole pieces the variation of the flux

_of the magnet passing through the coil

may be made to be a. maximum at this
moment. Under these conditions the
induced counter electro _motive force
opposing the voltage applied to the coil
is then a maximum and the factors enter-
ing into play may be determined so as to
make this counter electro motive force

approach or be equal to the supply volt--

In this case the current is already
is . broken

'aO‘e
mnulled when  the clrcmt

mechanically and the break is made with-

out sparks and without deterloratmn of
the. contact pieces, -

It will be found to be, advan’cageous to
fulfil this condition or to approach it-in

5 applications relating to electric clocks,

-rent rec’uﬁed by

thus pelmlttmm the condensers to he dis-
pensed with . and the construction of the
clectric contacts to be simplified. This
property may in addition find other appli-
cations as means for suppressing the
sparks at contact.

The coil may be fed with continuous
current supplied by batteries, accumu-
lators or by current from the mains. Tt
may also be fed with alternating current
from the mains, the voltage of which will
be reduced by a transformer and with cur-
a valve or by .a

cuproxide rectifier. In this arrandement

~a small plug accumulator may be pro-

vided in order to supply the electro mag-
net in the event of the failure of the line
current. . )

The following pieces of apparatus may
be -mentioned as other examples of the
‘application of the invention, but it is
understood that this list does not limit the
number of applications provided for.—

The electro magnet associated with the

‘switch shown in Figure 7 or 10 or with any

other switch havmn' a similar operation,
forms a motor having a .reciprocating
movement  which can drive a -wheel
thlough a pawl mechanism or any other
means for transforming the reciprocating
motion into a continuous movement. By
way of a simple contact for maintaining
the reciprocating movement of the elec_tro
magnet, use -may be made of a simple
blade contact like that in vibrating eleetric
bells. TUse may also be made of the modi-
Hed forms of contact already employed in
the induction coil for lighting the motor
and for maintaining vibrating blades and
tuning forks. The reciprocating motor
thus constructed and operating by means
¢f undulated or intermittent undirectional
direct current is partmulally -suitable in
all applications which require a small
power and a slow and uniform speed .(for
example phonocrraph motors),

In particular, in all systems for wind-
ing up clocks with or without a striking
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mechanism which operates by means of a -

small rotary electric motor, the electro -

magnet having a reciprocating movement
conve1ted 1nto a continuous rotation,
according to the invention, may be em-
ployed in the place of this electmc motor.

When alternating current is available
such as’ a: eurrent of 40—60 periods per
second distributed by the mains, all elec-
tric contact may be done away Wlﬂl the

coil making a reeiprocating movement of

the same frequency as the current which
passes through it.

This arrangement, whmh may for
example rotate a shatt, is thus applicable
to.all the winding devices prevmusly pro-
vided and arranged for actuation by a

130
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motor with a rotating field. It is also
applicable to the system of electric time
transmission by alternating current the
frequency of which is rendered perfectly
uniform by the central factory. In this
case the oscillating coil must actuate a
ratchet wheel to the extent of one tooth
per period.

In this last application the polarised
eleciro magnet presents the advantage of
starting of its own accord very easily and
of giving a very high power for a very
small volume; 1n addition to permitting
the hands to be controlled, this arrange-
ment permits driving springs or weights
1o be wound up which are adapted to serve
as safety devices in the event of a failure
of the current or for actuating hour strik-
ing mechanisms, chimes, various sound
warning devices, time releases and
switches, ete.

In this application a relatively slow
speed is obtained directly by actuating a
ratehet wheel having a large number of
teeth ; this is not so with the rotating
field motors at present employed, which
turn at a speed equal to the frequency of
the alternating current.

In order to obtain the operation of the
coil as a motor having a synchronous
alternating movement under very favour-
able conditions, and with a practically
constant amplitude of oscillation, it is
advantageous to employ the methods
-patented by the Etablissements Leon
Hatot for the electro magnetic syn-
chronisation of pendulums. In particular,
forms of poles will be adopted and
a spring will be associated with
the coil if necessary in such o
way that when the current is zero the coil
will already form an oscillating system
the natural period of which will be-a
little_longer than that of the alternating
current for the oscillations of small
amplitude and a little shorter for ampli-
tudes greater than the working value to
be obtained.  Synchronous working will
then be produced in the manner described

5o in the patents of the Societe des Etab-

5%

lissments Hatot mentioned. above.

Such g device differs from the systems
comprising sustained vibrating blades in
that the movable pole. pieces move in front
“of fixed pole pieces and that on this
account there can be no sound producing
impact between these parts, Con-
sequently a silent. - operation can be
obtained. Moreover the law of magnetic

60 attraction may be chosen so that the svn-

" chronising force does mot . disturl jhe
natural: period. . _
"If 4t is proposed to obtain a continuous

rotation of -a shaft, use may be made,

65 jnstead of a pawl mechanism, of a silent

drive such as the one which is based upon
a frege drive in one direction and a
wedging action in the reverse direction
(for example rollers with cams having
eccentric teeth as in certain free wheel
mechanisms employed in bicycles and in
magneto-operated pocket lamps).

Practical experience has shown that
with an electro magnet constructed as
indicated in Figure 1, and supplied with
alternating current-at about 50 periods
per second, the amplitude of oscillation
1s relatively high (greater than 5°). This
arrangement is consequently very suitable
for the construction of rectifiers for
recharging accumulators provided with
robust contacts which are easy to adjust.

Figure 29 shows g motor with an oscil-
lating coil which rotates the toothed wheel
R in one direction only by means of the
piniens Z mounted upon the arms b.
When the coil turns in the direction f, it
causes the pinions to jam and these
pinions become rigid with the wheel R.
In the reverse direction the pinions turn
freely and there is no transmission of
movement, . ]

Figures 26 and-26a show a modification
in which the pinions are replaced by suit-
able ‘eccentric cams acting upon an uncut
wheel R.

In Figure 27 the discontinuous drive
operates through a eclutch controlled by
the alternating . current which serves for
oscillating the coil which makes the shaft
0, oscillate. TFor thig purpose the cluteh
is controlled by a vibrating cam I and
the coil . E supplied if necessary through a
condenser in order that the phase differ-
‘ence between the movement of the clutch
and that of the oscillating coil will have
a suitable value.

Figure 28 shows another mode of trans-
mission by means of a wire and pulley.
A phoniec wheel may permit the speed to
be rendered uniform . so that the whole
arrangement possesses the properties of a
self-starting synchronoug motor.

The stability of the synchronous oscil-
lIations of the coil and the uniformity of
the amplitude may be obtained as indi-
cated in Figure 25 by two steps M, and
M. against which a rubber lined member
rigid with the coil strikes.

The improvements forming the subject
of the invention are immediately applic-
able to -electric bells with a striker, or
chimes, controlléd ..by unidirectional or
alteinating- periodic current, like the

telephone “bells “actuatéd ~by magnetos -

They enable the-dimensions of such appar-
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atus to be -considerably reduced for-the

same useful mechanical power, -
Finally it will be understood that the
special properties of the systems which
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have. been described with reference to
their use as powerful motors also permits
them fo be employed as a generator of

- magneto electric currept.

- By--way of ‘example, Figures 24, 24a

" and 24b illustrate: diagrammatically the

10

15

20

application of the invention to a pick up
adapted to generate an alternating current
when the moving coil at” O is given a
reciprocating - angular movement

means of a needle & rigid with its shaft
and the end » of which is made to follow
a sinuous path by means of a phonograph
dise. In such an application it is sought
to obtain directly the strongest possible

current and on the other hand, in order

to obtain a good phomographic reprodue-
tion it iIs necessary to establish a certain
law between the induced current and the
displacement of the needle transmitted

* to the coil.

30

85

40
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* It has been shown above that the inven-
tion permits this result to be obtained
easily by suitably choosing the form of
the pole pieces. Tt will be found of
greater advantage to reduce the weight
of the movable carriage and to increase
the ratio between the distances O B and
O p. The coil may be wound directly
upon a piece of sheet cut out and folded,
as shown in Figure 24a so that it will
not-yield even if it is thin.

. The same device may obviously serve
as a loud speaker motor by sending a tele-
phone current into the coil and by using
the displacements of the coil in order to
obtain sound vibrations. In this case it
is necessary to provide damping members,
as shown in the figure. Instead of pivot-
ing, the coil may be wound on a vibrating
blade. : . :

In these last described applications; in
view of the fact that the angular displace-
ment of the coil is very small, it is of
interest to. be able to. regulate with pre-
cision the relative positions of the pole
pieces between which the magnetic
atiractions are ‘exerted.

Figure 24b shows an arrangement

which is particularly suitable for use in-

* the ecase when the displacement -of B is

55

60

€5 The above described improvements are

very small. = The pole P, and the pole P,
may be made to turn in such a manner

" as to increase or reduce the reluctances of

the by-passed portions of the magnetic
flux passing from the poles P, and P. to
the pole piece B. .

- Referring to Figures 8, 4, 5 and 6 and
the corresponding applications, it is seen
that this regulation quite well permiis
th'e relation -between the instantaneous
induced electro motive force and the
angular displacement.to be determined
as desired. - '

‘applicable to the resonance oscillating

relay obtained by asscciating the coil with
a spring arrangement which gives it a
clearly- defined natural period which can
only be slightly modified by the periodie
current received by the coil.

The coil of the electro magnet occupy-
ing the mean position when the current is
Zero and the two extreme positions for the
currents of opposite direction, enables
direction indicators for motor cars to be
constructed by arranging an arrow or
other warning device, to be controlled by
a switch. A continuous alternating
movement of this azrew can in addition
be obtained by a switch controlled by the
coil. This switeh may be constructed as
described above with reference to the
arrangements for winding up watches,

All the devices deseribed may be modi-
fied while remaining within the scope of
the invention, by replacing the fixed per-
manent magnets by fixed coils on the one
hand and the moving coil by one -or more
movable permanent magnets on the other
hand. 7 .

In order to obtain the properties
deseribed in the specification by means of
such arrangements, it will be sufficient
not to change the forms of the adjacent
pole masses between which the magnetic
attractions and repulses are effected. In

- this way the same law of variation of the

reluctance of the air gaps as a funetion
of the angle of rotation will be preserved
aud the electro magnetic actions will he
the same. '

Having now particularly described and
aseertained the nature of our said inven-
tion and in what manner the same is to
be performed, we declare that what we
claim is:— ’

1. A polarised electro magnet formed
by a coi]l provided with pole masses com-
posed of sheets cut out to a certain shape
and then bent to a certain profile moving
with respect to a magnetic field prefer-
ably produced by one or more permanent
magnets and a plurality of iron posts
arranged parallel to the axis of the coil
and connected magnetically to the poles
of the magnet by sheet members cut out
and bent in such a way as to possess a
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certain amount of elasticity and to leave .

on each side of the coil a sufficiently large
free space to hold the flexible connections
leading the current to the coil.

2. A polarised electro magnet according
to claim 1, characterised by the feature
that the coil is relatively very long with
respect to its diameter (length more than
three times the diameter) and that the
cobalt steel magnet is of relatively short

length with respect to its other dimen-

sions.

125

130



371,330

3. A polarised ‘electro magnet as
claimed in claims 1 and 2, in which two
cobalt steel magnets are arranged round
the coil and at a small distance and form

5 a protecting casing the internal volume
: of’ivhich is almost wholly oceupied by the
coil.

4, A polarised electro magnet as
claimed 1n claim 1, wherein the sheet

10 material pole pieces of the coil are held
by 2p sheet brass supporting rods cut out
and bent to a {J-shape and provided with
short pivots by means of which the coil
is pivotally mounted, the coil being placed

15 between the supporting rods.

5. A polarised electro magnet as
claimed in claim 1, wherein the forms of
the pole pieces permit the eoil placed in
the magnetic field to be in stable, un-

20 stable or indifferent equilibrium or very
slightly drawn in a given direction.

6. A polarised electro magnet accord-
ing to the preceding claims and associated
with an electrical contact controlled by

25 the displacements of the coil so as to
obtain a maintained reciprocating move-
nment, and the application of this system
to all previously known apparatus com-
prising electro magnets which make a to

30 and fro movement.

' 7. A device as claimed in claim 6,
wherein the electrical comtact controlled
by the coil comprises a fork-shaped iron
member which is half conducting and half

35 insulating, and is subjected to the
magnetic attraction of two magnet-
ised posts, a conducting pin rigid with
the coil being mounted between the arms
of this fork, the diameter of the pin being

40 smaller than the width of the fork and
the iron member being so shaped that it
tends to reverse suddenly to the left and
to the right when it is displeced by the
pin, which is given a to and fro motion,

25 this switch being connected in the circuit
of the coil and the latter being drawn in
a darection such that the contact is broken
during the greater part of the movements
in this direction and closed in the move-

B0 ments in the reverse direction.

8. A modified form of the device
claimed in claim 7, wherein the coil is
provided with a driving pin which per-
forms no electrical function, actuating at

55 the ends of its travel a small rotary dis-
tributor which is half conducting and
half insulating upon which a brush is
carried.

9. A device as claimed in claims 7 and

60 8, for use in winding electric clocks and
watches, wherein the coil actuates the
wheels by a pawl and a driving spring (or
a weight) and returns backwards

suddenly from time to time when the

 electrical contact closes.

10. The application of the device
claimed in claims 7 and 8 to receivers
which themselves cause the current to be
cut off as soon as the desired movement
is effected.

11. A device as claimed in claim 9
applied to ‘electric motors wherein the
coil surrounded by the magnets occupies
a very small space in the casing of the
watch on the side opposite the balance

wheel and the spiral, these members

being moreover insulated magnetically by

‘means of a screen made of very permeabls

iron free from hysterisis.

12. An electro magnet according to
claim 1 and/or according to one-or more
of claims 2 to 11, for use in the construc-

tions of polarised receivers of small size,

characterised by the feature that the coil
indirectly controls the pawls or the
anchor which drives the ratchet through
the medium of an auxiliary lever permit-

ting a ratchet wheel of large diameter to

be mounted and coils to be employed
having their axes parallel to that of the
hands and of relatively gieat length (of
Tength equal to or greater than the radius
of the casing).

13. A polarised electro magnet accord-
ing to any of the preceding claims,
wherein the coil has its axis at the centre
of the casing of the receiver and oscil-
lates freely upon the axis of the large
hand.

14. A polarised electro magnet accord-
ing to the preceding claims, wherein the
magnet is formed by means of laminated

_sheet pole masses.

15, A polarised electro magnet accord-
ing to the preceding claims, comprising a
coil provided with a single pole piece.

16. A polarised electro magnet accord-
ing to the preceding claims, wherein the
electro magnet comprises a moving part
in the form of the iron members forming
the coil claimed in claim 1 and the follow-
ing claims, but different from these
arrangements in that the moving part
comprises no winding, the winding being
distributed over the fixed posts forming
the pole masses of the magnet,

17. A polarised electro magnet accord-
ing to one or more of the preceding
claims, for use in an electric pick-up,
characterised by the feature that the
radius of the end of the hand is much
smaller than the radius of the magnetic
forces and that the pole piece of the coil
moves in front of four magnetised posts
of such form that the relative position of
the pole pieces can be adjusted by the
rotation of the posts. .

18. A polarised electro magnet accord-
ing to claim 17, employed for maintain-
ing the operation of vibrating tuning
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forks, ete. and for wireless loud speaker
motors. -

-19.-A polarlsed electro magnet -as
claimed in claim 1, -employed-in -oseillat-
ing motors . opemtlnrr with. alternating
current and- thie sscﬂfa,tmo' cotl-of- 'Wlnch
is-adapted to produce the- continiious rota-

tion-of a shait.
"R0.-A -polarised - ‘eléctro ‘maghet - as

) claimed in claim 19, wherein the driven

shaft turns through an angle strictly pro-
portional to the number “of oscillations,
the speed being if necessary- rendered uni-
form by a phonlc wheel.

21. A -polarised electro magnet as

nIalmed in claim 19, wherein the -trans- -

mission of the movement takes place
through a silent mechanism based on a
device which makes the shafts rigid with
each other for one direction of (Ilsplace-
ment only of the coil.

R2.-A -polarised electro- magnet as
claimed-in claim 21, wherein use is made
of a clutch controlled periodically by the

alternating current actuating the oseil-
Iatmn‘ coil.

A polarised electro magnet as
clalmed in claim 19, wherein use is made
of the method of synchronous conirol
forming the subject of the patents in the
name of Societe des Eiablissements Leen
Hatol, consisting in employing an oseil-
latmw system havmﬂ‘ small amphtudes ai
a, permd a little lom'er than that of the
alternaiing -current and having large
amplitudes at a-shorter period, this effect

" being obtainable in particular by the

forin of the pole pieces or by abutments
preferably made of rubber or felt.

24. The use of the polarised electro
magnet according to the plecedmrP claims,
associated with springs for construcling
resonance relays.

‘%5, The 1improved polarised electro
magnet, substantially as described and as
illustrated in the accompanying drawings.

Dated this 17th day of October, 1930,

MARKS & CLERK.

Redhill: Printed for His Majesty’s Stationery Office, by Ecve & Malcomson, Titd —1932.
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