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burgh, Pa., a eorporation of Pennsylvania

Original No. 2,445,459, dated July 20, 1948, Serial
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reissue July 21, 1949, Serial No. 106,080
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Maitter enclosed in heavy brackets [ 1 appears in the original patent but forms no part of this
reissue specification; matter prinfed in italics indicates the additions made by reissue
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My invention relates to electromagnetic ap-
‘paratus which embody a holding magnet, and
more particularly to electric control circuits for
magnetizing and demagnetizing the holding
magnets of chucks or retentive relays and the like
magnetic devices.

Electromagnetic chucks, as used on machine
tools, have a holding magnet inductively as-
sociated with magnetizing coils which, when en-
" ergized, induce sufficient magnetism to firmly at-
tach a magnetizable workpiece to the pole sur-
face of the chuck as long as the energizing cur-
rent continues to flow. Upon interruption of this
current, the residual magnetism of magnet and
workpiece is apt to maintain a magnetic flux
strong enough to prevent taking the workpiece off
the chuck. Therefore, a pole-changing demag-
netizing switch is usually provided so that the
operator, by quick and expert maneuvering, is
able to put just enough reverse power into the
chuck to cancel the residual flux. This requires
appreciable skill as the demagnetizing switch
must be teased back and forth until the operator
strikes a point where the magnetic circuit is ap-
proximately fully demagnetized. Similar con-
ditions exist with pickup and hoisting magnets
as used on cranes.

It is an object of my invention to provide con-
trol means for electromagnetic chucks and the
like magnetically retentive holding magnets
which facilitate demagnetizing the retentive cir-
cuit and eliminate trial and error methods of
the above-mentioned kind so that no- particular
skill is necessary for releasing the magnetic grip.

In electromagnetic contactors for electric con- 3

trol circuits, the retentive induction (remanence)
of a magnetic circuit, formed by a stationary
fieldpiece and a movable armature, has been uti-
lized for holding the contactor in picked-up con-
dition once the fieldpiece has been magnetized
by a temporary electric current excitation. A
direct-current of reverse polarity or an alternat-
ing current of low amplitude is usually applied
in order to release the contactor by reducing the
‘attractive force of its residual magnetism below
that required for overcoming the opening tend-
ency of the armature bias. Referring to such
contactors, it is also an object of my invention
to provide simple and reliable demagnetizing
or release means; and it is a further object re-
lating to such contactors to devise demagnetiz-
ing circuits that permit obtaining a desired tim-
ing or delay of the release performance.

In order to achieve these objects, and in ac-
cordance with my invention, I provide an elec-
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tric holding magnet of the type referred to with
a capacitor which is charged previous to the re-
lease operation and which is caused to pass a
demagnetizing discharge through the magnet
coils for canceling or reducing the residual mag-
netism of the holding magnet. The  capacitor
and coil circuit is so rated as to produce a de-
magnetizing effect sufficient to eliminate the re-

. sidual flux in one or a few successive discharge
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operations.

According to another feature of the invention
the control circuit of a holding magnet is
equipped with a control switch whose operation,
when releasing the magnet, causes a capacitor
to be charged and discharged twice or several
times so that the integral effect of the several
discharges results in the desired demagnetization.
According to still another feature, related to the
one just mentioned, each subseguent charge im-
posed on the capacitor is caused to flow through
the magnetizing coils of the holding magnet in
the direction opposite to the original magnetiz-
ing current so as to contribute also to reducing
the residual induction.

In still another aspect of my invention, I pro-
vide charging means for the above-mentioned
capacitor which include a potentiometric circuit
50 as to permit a desired adjustment of the charg-
ing voltage of the capacitor or a change of this
voltage in accordance with the particular require-
ments of each case of application.

In conjunction with any of the features men-
tioned in the foregoing and in accordance with
a, further essential point of the invention, the ca~
pacitor for issuing a demagnetizing current is so
rated relative to the coils of the magnet that it
forms an oscillatory system therewith with the
effect of producing an alternating discharge cur-
rent of a substantially given frequency and at-
tenuation.

Lastly, it is also a feature of the invention to
apply a capacitor discharge, in the meanner re-
ferred to in the foregoing, to an electromagnetic
contactor of the retentive type so that demag-
netization of the relay involves a rated or metered
timing effect which imparts to the relay the
characteristic of a timing device.

These objects and features of the invention will
be apparent from the following description of the
embodiments illustrated in the drawing in which:

Figure 1 shows a top view of part of a holding
magnet - appertaining to an electromagnetic
chuck, the coils of the magnet being omitted in
this illustration;

Fig. 2 is a diagrammatic showing of a section
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3
through the holding magnet shown in Fig. 1 and
indicates also the appertaining coils;

Fig. 3-is-a control-circuit according to:the in-
vention-for.eperating a.holding magnet as shown
in Figs. 1 and 2;

Fig. 4 shows diagrammatically another embodi- . ::

ment of a control circuit for chucks;

Fig. 5 is a similar circuit diagram rep‘resen‘ting'-'

a third embodiment of the:invention;

Figs. 6 and 7 are explanatory and:show differ-
ent current-time curves typical:of the demagnet-
izing discharge current occurring in capacitive
circuits according to the invention; and

Fig. 8 is the circuit diagram of an- -éléctromag-
netic relay having a retentive magnefic circuit
provided with control means according “to “the
pr1nc1ples of the invention.

‘Referring to'Pigs..1 and 2, the illustrated hold-
ing magnet is chosen as’ representative of a large
variety of available chucks. The chuck, as shown,
is intended for a machine tool in which.the body
| -of "the magnet is’ nourited on s reciprocating
machine portion ‘for carrying a workpicce along
“a stationary tool. "However, & similar chuck may
‘also‘be used as ‘g statibhary machine part. for
holding a workpiece relative to a movable tool;
“and’it will also b’ uriderstood that the principles
of my invention are likewise applicable to chicks
of the rotating type’ ‘such 45 used on lathes. The
“body ‘I of the ‘Holding ‘magnet ‘is ‘provided with
spaced projections 2 forming between them 'a
series of grooves 3. “The grogves 3 are provided
“with coils dendted by 4 and ‘5. These coils are
‘all connected Wwith one ‘znother and so “wound
‘that the projections 2 form altérnating north add

“N” gnd “‘S,” vespectively. ‘The top surfaces of
the ‘projections 2 form ‘the “supporting “surface
“‘for ‘the workpiece B of ‘magnetizable ‘material.
‘When the chuck windings sre energized, the mag-
‘netic ‘flux issuing from each “north pole to ‘the
adjacent” south poles passes ‘through “the ‘work-
piece B and producessufficienit-attraction to hold
‘the “workpiece ‘firmly "against ‘the chuck. This
holding force obtains as long  gs the “energizing
direct cuirent passes ’through ‘the '¢oils. - Upon
‘interruption ‘6f ‘the ‘current, ‘the attractive force
‘Is ‘réduced. ‘However, the “remanent ‘magnetic
induetion of the holding magnet t,6r'¢f the work-
‘piece ‘B, or both, remains,-as arule, sufficiént to
prevent ‘lifting “the workpiece ‘from ‘the chuck.
Hence, it is necessary to-apply a demagnetizing
‘force to'the magnet. This is also’desired in cases
“where the persistence of an dappreciable remanent

magnetism in‘'the workpiece B after its removal 55

‘from ‘the ‘chuck ‘is -undesirable,
"The control circuit of'ddils 4 and 5'is‘schemst-
‘ieally ‘shown' in‘®ig. 3, ‘In'this figure,‘the totality

of coils ‘is represented “schematically ‘by a “single

winding W. "This winding-is connected to direct-
current terminals 6 and 7 through a single=pdle
‘on-~gnd-off contget. A capacitor C is connected
across ‘the winding “W. “This ‘¢apséitor 'C 'is so
“rated -relative to "the ‘windihg W thdt a charge
inipressed ‘on ‘the ¢apacitor by the ‘line voltage
suffices to store sufficient ‘energy for demagristiz~
ing the winding. ~When switch 8 is ‘closed the
‘winding W is energized.and induces in the chuck
the magnetism necessary for firnily attaching
the workpiece. ‘Swit¢h 8 remains closed -as long
as the.chuck is in operation. During the closure
of switch 8, the capacitor C collects a .charge.
“When the switch-8.is opened thereby. interrupting
‘the magnetizing current, the capacitor discharges
.itself through -winding W. . The -discharge .may

‘10

occur as represented by the voltage-timeé curve D

in Fig. 6. As long as switch 8 is closed the voltage

acrossithe capacitor C issat itss maximum value E.

‘At the moment of intefription, dendted by Ti
5 in Fig. 6, the capacitor begins issuing its charge
~through winding W. The winding and capacitor

form an oscillatory system s¢ that the discharge
~current-is alternating. Due to the fact that the

magnitude of -this current declines gradually, the
sal{ernating -magnetizing force imposed on the
ciyagnetic seircuit :lias the effect of reducing the
. -magnetic remanence. Hence, upon cessation of

‘thie "discharge, ‘the Workpiece can be lifted from
-the ¢huck.

A control circuit as described in the foregoing
is'sufficient for smaller chucks. In order to obtain
a sufiicient demagnetization also in case of larger
chucks and workpieces without requiring capac-
itors’of extréniely large rating, a répeated demag-
netizing performance is preferably provided for.
To this end, the contrdl circuit may be designed
as represeiited in Fig. 4. ‘According ‘to Fig. 4,
‘the winding W and the capatitor C are conngcted
“to direct-current supply leads 9 and ‘18 through
95 ‘a multi-position control switch'S. Inthe embodi-

‘ment of Fig. 4, this control switch 8 is-of ‘the

rotary type and has four positions. ‘Tn-order‘to

“facilitate ‘explaining a full cycle of operation of

the switch, its contact élements-are illustrated'in
30 developed form, and one of its four’ posmons ie.

“the “off” position, ‘is- shown ‘twice. "The- control

switch 'S "has a body f1°of "insulating 'material -

“which is rotated By means of = Shaft 12 and an

-pperator-actuable handle (3. A‘number of-sta-

A m-alt 35 tiomary -contact ‘fingers, ‘such -as those -denoted
south’ poles as'is indicated in'Fig. 2 by the Ietters -

‘by 4, ‘co=operate with ' contact ‘segments 5
through 19 which are -mouinted-én the rotatable

body f1. 'The direction ‘of motion is indicated
by the arrow marked “A.” A rheostat is-denoted
40 bYR.

In’'theillustrated “off” position of the $witch,
“thewinding W is short=circuited by the ‘capaciter
'C-and disconnected from-the’'lesads's and® 10 ofa
“direct current line. “The ‘chuck is now in’condi-

45 tion to‘receive a “workpiece. Upon placing “the
‘workpiece on the-chuck, ‘switch’S is turned ‘to
‘position T, ‘In‘this‘position; lead 9 is connected
through segment {8 with cne terminal ¢f winding
"W, while the other -terminal ‘of “the winding is

50 “connected ‘through -segment 11 *with ‘lead -T0.
“Consequently the chuck-coils are now energized
do that ‘the-workpiece is'firmly -attached ‘to ‘the
“chuck. The capacitor Crémains connected across
‘winding ‘W 'by ‘segment ‘T and-hence is charged.
In-ordér to release the ‘workpiece, the switch'S
is turned into position II. This has the effect of
‘disconnecting winding “W-from both leads 9-and
f0, "while “‘the  cdpacitor 'C remadins ‘connecteéd
across the ‘winding. “As a result, the -capacitor

.60 - Passes a demagnetizing discharge clitrent through

the “winding 'in ‘the “thanner described ‘above.
“Upon continuatice of its rotation, switch'S passes
through ‘its ‘position III. In this position, the
‘Teft-hand “terminal of “winding W remains dis-

85 ‘connected so that the winding stays de-energized.

The" capacﬂ:or C, however, is'now connected ‘at
one ‘of “its termmals to lead 18 through segmerit
16.  The othér terminal of the capacitor is con-
‘nected through segment. {8 to the slider of rheo-

70 stdt'R. - At the samie time, the resistor of rheostat

R is connected through segment 18 across ieads
8.and 10. ‘Consequently, the capacitor C is now
charged from theline under a voltage déterrmined
by the setting of the rheostat, atid this voltage

<76 is. of oppoesite .polarity as compared with “that
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previously effective across the capacitor, and the
voltage is so chosen by correspondingly position-
ing the rheostat slider that the subsequent dis-
charge suffices to demagnetize the chuck to the
extent needed for permitting the removal of the
workpiece.

In the last position of switch S, which is iden~
tical with the “off” position, the capacitor C is
again connected across winding W and both are
disconnected from the line.

The embodiment shown in Fig. 5 involves a
further improvement over that of Fig, 4. The
control circuit of winding W and capacitor C
includes a rheostat R and a control switch S,
as in the embodiment of Fig. 4. The switch S
has its rotor 21 provided with seven segments
denocted by numerals 25 through 31 for cc-opera-
tion with stationary contact fingers such ag those
denoted by 24. The switch has four contact po-
sitions of which the “off” position is shown twice
in the developed diagram. In the “off” position,
winding W and capacitor C are connected in
parallel through segments 27 and 30 and are both
disconnected from the line. In position I, lead
10 is connected through segment 25 with one
terminal of winding W, while the other termi-
nal of the winding is connected through seg-
ment 27 with lead 9. The capacitor remains in
parallel to winding W. Hence the chuck is now
magnetized and the capacitor charged. In po-
sition IX of the switch, winding W is disconnected
from the line so that the capacitor passes a
discharge current through the winding as in the
previous embodiments. In the third position,
Jead 9 is connected through segment 26 to one
end of winding W, while the other end of the
winding is connected through segment 28 with
one pole of the capacitor C. The other pole of
the capacitor is connected through segment 28
with the slider of rheostat R. The rheostat R
is connected across the line through segment 31.
Consequently, in this third position, the capaci-
tor is charged in accordance with the voltage
setting of the rheostat R, but in contrast to the
embodiment of Fig. 4, the recharging current
passes also through the winding W. This cur-
rent, however, is limited to the displacement
current of the ecapacitor and its direction of flow
in winding W is opposite to that of the original
demagnetizing current. As a result, the recharg-
ing current of capacitor C performs also a de-
magnetizing effect. In the last position of switch
S which is identical with the initial “off” position,
the capacitor is again discharged through wind-
ing W. It will be noted, however, that this sec-
ond discharge has a polarity opposite to the first
discharge as typified by the voltage time curve
F in Fig, 7. The discharge begins at the moment
T2, and its first and largest magnitude is in the
demagnetizing direction of the holding magnet.

It will be apparent from the above described
examples that the use of a capacitive discharge
current for producing a demagnetizing effect ac-
cording to the invention involves the application.
of a metered or limited demagnetizing effect
which secures a definite reduction in remanent
magnetism each time it is applied to the magnet
coils. Hence, the control means according to the
invention eliminate the above-mentioned trial
and error method, and permit obtaining a suffi-
cient demagnetization without requiring any skill
or timing in the actuation of the control switeh,.
repeating the capacitive charging and discharg-
ing operation if necessary. Chucks for machine
tools designed in accordance with Figs. 4 and 5
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are usually. sufficient to produce substantially
total demagnetization by a single full-cycle op-
eration of the control switch. Of course, if de-
sired, the recharging and discharging steps cor-
responding to switch position III and “off” may
be repeated. ‘

The embodiment of a magnetically retentive
contactor shown in Fig. 8 serves to exemplify the
use of the invention for obtaining a timing effect.
According to Fig. 8, the magnetic circuit of a
relay formed by a stationary fieldpiece 32 and
a movable armature 33 contains magnetically
retentive material so that the armature 33 re-
mains attracted and sealed against the fieldpiece
32 once the latter has been magnetized sufficient-
ly. -The fieldpiece 32 is provided with a mag-
netizing coil 34 and a demagnetizing coil 35.
Coil 34 is connected through an interlock con-
tact 36 and a control contact 37 between the
direct-current terminals 38 and 39 of the relay
circuit. A contact 48 permits connecting a ca-
pacitor C across the direct-current terminals in
series with a current limiting resistor 4i.

- The armature 33 is provided with a main con-
tact assembly (not illustrated) to be controlled
by the relay. The interlock contact 36, which
may form part of the main assembly, is closed
when the armature is in the open position, and
is interrupted when the armature is attracted
by the fieldpiece and has moved through most
of its travel toward the fieldpiece. The two con-
tacts 37 and 40 are interconnected so that the
contact 40 shifts from one to its other stationary
connections when contact 3T is closed and
opened. ’

 In the condition shown in Fig. 8, the magnetic
circuit of the relay is de-energized. When con-
tact 37 is closed, coil 34 is energized so that suffi-
cient magnetism is induced in fieldpiece 32 for
attracting the armature 33. The armature moves
upwardly and, near the end of its travel, inter-
rupts - the magnetizing circuit at contact 36.
Although the energizing current is now inter-
rupted, the armature 33 remains in picked-up
position due to the residual magnetism of the
magnetic circuit. At the same time, contact 40
connects capacitor C across terminals 38 and 39
so that the capacitor is charged through resistor
41. In order to release the relay, contact 37 is
opened. This causes contact 40 to connect the
capacitor C across coil 35. As a result a dis-
charge current passes through the coil and de-
magnetizes the magnetic circuit until the residual
magnetism becomes lower than is necessary for
overcoming. the armature bias. The armature
will then drop off so that the relay system is in
its original condition and ready for a new
operation.

The demagnetizing current flowing in the os--
cillatory system of coil 35 and capacitor C re-.
duces the retentive induction of the magnetic:
circuit during each second half cycle of an alter-.
nating magnetizing force occurring substantially
in accordance with a curve of the type shown in
Fig. 6 or 7. The effect of this stepwise demag-
netization is cumulative and hence requires the
occurrence of a multitude of alternating cycles
before the relay drops off. In other words, the
demagnetizing effect is not instantaneous but
extends over a period of time which depends on
the rating of the capacitive charge and the fre-
quency and attenuation of the discharge eurrent.
A change in any of these determinants permits
changing and adjusting the timing period of

76 the relay.




s ;exemplified: chy the :xarious . embodiments
-described in theiforegoing.and.as:-will.-be under-
-8tood Dby -those skilled -in the.art :upon a.study

of :this. disclosure, confrol systems .according :to

‘he principles of :my:invention.may be:modified ,

and altered as to details without departing:from
¥he . gist: and . scope .of -the ;invention :as:set: forth
Jdnthe -claims attached :hereto.

. -1.claim.as my invention:

1. EWith:all-A.magnetic chuck having. a:fhoid-
ing magnet;] -magnetizable member and Ethe
combination of} ecil:means inductively.associated
with ;said [magnet,] -méember, ‘in .combination
with eircuit means:for energizing said coil means

from.a direct-current source, -a capacitor, a:selec-

X0

tive ;control switeh -movable -between :at "least =

three:seqyential . pesitions and having three .re-
.spective . sets - of - contact :[operative when said
switeh -is ‘in said .respective .:ithree :positions]
means, a first one .of :said sets:of ;[eontacts:being
connected :to} .contact .means :connegting :said
eoil means and-said-capacitor :[andd-parallel :to
each other .gcross -said - eircuit means:-so asto
magnetize said-magnet and charge said:capacitor

when:said switch is-in: one-of -said-positionsifto .

substantially :demagnetize ‘the .chuck :when -said
switeh .is in :the:next position], a :secand :one.of
paid sets:of:Econtactsd contact means connecting
said .coil means .only aecross :said -eapacitor for

discharging 'said .eapacitor through :said -coil

means :{o substantially . demagnetize :the -chuck
when:said switch.is.in-the next position, and:the
third set.of .[contacts:being:conneeted:tod contact
means-connecting:said .circuit.-means ifand] only

to said capacitor for recharging said capacitor

Ewhile-maintaining. said: coil:means:disconnected
from said capacitor and-said circuit:means when
sald -switch ‘is :in -the -third positiond.

:2."With .a. magnetic chuck haxing :a .[holding
magnetd magnetizable member,;the combination
of coil ‘means inductively .assoeiated : with -said
Emagnetd -member, circuit -means for :supplying
energizing - direet securrent ito -said coil means,:a
capacitor, a-control switch disposed:between:said

¢o0il means, - capacitor .and :¢ircuit -means :and.

having at:least four:sequential positionsand four
sets -of respective :[contactsy caontact -means :of
-which only one:set-is.effective:at:a time.depend-
ing upon:the position:ef said:switch,:one of said

sets of -[contaets :being:canneeted to.said. eircuit -3

means and}.contdct means.connecting said..coil
-means and-said .capaeitor parailel to.each other
across said - circuit -means ito -magnetize :sajd
Emagnetd member .and -charge :said :capacitor

when said switch:is:in:the first position, each:of -

20

@)

the second and faurth sets:of [cantacts).contact

means being -attached .only -to -said .coil ;means
and said capacitor and connecting said .capaci-
tor across said -coil means for:discharging said
eapacitor :through :said coil means:to- substan-~
tialiy -demagnetize ithe chuck «when- said :switeh
is-in the:second and fourth .positions respective~
ly,.and the third:set .of:[contacts}.contact means
connecting  said .eapacitor: only “to -said -circuit
means for :recharging said :éapacitor when : said
switch -is -in the:third -positien.

3. ‘With.a holding .magnet, the .combination.of
¢oil means inductively assoeiated -with said:mag-
net, circuit:means for supplying energizing direct
current-to :said -eoil .means,-a ;eapacitor -for:sub-
stantially demagnetizing .said magnet by .dis-
charging through :said - ceil :means, a :control
switch ‘having.at:least three positions:and three
respective sets-of Econtacts) :contact means of
which only one set is effective at a time depend-

60
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{dngupon ‘the ‘position of -said-switch, a first one
‘of -said :sets .of ‘[contactsd contact -means . con-
‘necting .said -circuit .means:fto] .across said coil
means -and :across -said .capacitor to -magnetize
said -magnet -and -charge -said capacitor by -volt-
age of one polarity when said switch ds:in -one
position, & second -one :of said.sets of -.Lcontacts
ibeing.connected only told contact means.connect-
dng said coil means :[and} across said capacitor
for discharging said.capacitor :through said  coil
Jmeans when said switch -is in -another position,
-and the third -set:of :Leontacts] -contact means
connecting -said circuit means -only to-said -ca-
:pacitor -and having reversed -polarity of connec-
stion-as:compared with saidfirst -setfof contacts}
-80-as.to -charge said capacitor by voltage of -op-
posite -polarity when said switch is in the third
‘position.

4."With .a magnetic chuck having a [holding
‘magnetd magnetizable member, the combination
of :coil means inductively :associated -with said
fmagnetl -member, -circuit-means -for energizing
said coil :means from a direct-current.source, a
capacitor, a potentiometric rheostat, and:control
means having .a .selector switch with at least
+three.selective positions, said.switch having three
-sets of [contacts] -.contact means of which only
one set:is effective-at a time .depending upon the.

- positien -of said.switch,-one-of said sets:of Lcon-

tacts] contact -means -connecting -said ‘Lcircuit

~means to said] -coil ‘means -and said .capacitor

parallel to each other across said circuit means
to-magnelize-said fmagnet]-member-and charge
said -eapacitor:when said switch-is-in-one of said
positions, another one of said sets of ‘[contacts]
contact means-connecting said -coil-means -across
said capsaeitor for discharging =said -capacitor
through said coil means -when -said switch is in
another position to -substantially -demagnetize
said *Emagnet] member, and the third set of
Lcontacts} contact means connecting said circuit
means ‘to said rheostat and said capacitor so as
to-recharge said capacitor-through-said rheocstat
when -said switch is in ‘the third position.

‘5. -Magnetic-chuck control -means, comprising
terminals for connection to g chuck coil, direct-
current supply means for energizing. said termi-
nals, a capacitor,-a selective control switch hav-
ing at ‘least three sequential positions and hav-
ing three sets of -contact means operative when
-said -switch is in said respective three positions,
a first-one of said sets of contact means connect-
ing -said terminals and said capacitor in parallel
relation across said current supply means so as
to-energize said terminals and charge said ca-
pacitor from said supply means when said switch
is in one-of -said positions, a second one of -said
sets -of eontact means-connecting said terminals
only -across said capacitor for -discharging -said
capacitor, -and -the third -set of contact means
connecting said supply means to said capacitor
for recharging said capacitor, -at least one of
said ‘terminals -being- disconnected from -said ca-
pacitor -and from -said -supply means when said
switch ‘is /in the ‘third position.-

‘6. - Magnetic-chuck -control -means, -comprising
terminals for-connection to -a chuck coil, direct-
eurrent. supvly means for energizing said termi-
nals, a-capacitor, a-control switch having-at least
three positions and three respective sets of con-
tact- means of whickh only one set-is effective at
a time -depending upon -the -position of said
switch, .a. first one:of said sets-of -contact means
connecting -said ‘terminals -.and sdid capacitor.in
parallel-relgtion.across said.current supply means:
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to energize said terminals and charge said ca-
pacitor by voltage of one polarity when said
switch is in one position, a second one’of said
sels of contact means connecting said terminals
only across said capacitor for discharging said
capacitor through said tlerminals when said
switch is in another position, and the third set
of contact means connecting said current sup-
ply means only to said capacitor and hapving re-
versed polarity of connection as compared with
sadd first sel of contact means so as to charge
said capacitor by voltage of opposite polarity
when said switch is in the third position.
FREDERICK D. SNYDER.
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