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10 Claims. (C. 175-375) 

This invention relates to improvements in elec 
tro-magnetic control and more particularly to 
improvements in the control of electromagnetic 
devices energized by alternating current and hav 
ing movable armatures such as, for example, 
relays, Switches and the like, and the principal 
object of my invention is to improve the drop 
Out characteristics of such devices. 
The minimum values of supply voltage, voltage 

drop across the operating winding, current in the 
Operating winding, or magnetic flux in the iron 0. 

path which are sufficient to retain an electro 
magnetic device in operated position, hereinafter 
referred to as the drop-out values of the respec 
tive quantities, are an important factor in the 
design of electrical apparatus embodying such 
devices. 

- For example, a disadvantage in the operation 
of a common type of electromagnetic device ener 
gized by alternating current, e. g. alternating 
current switches and relays having a spring biased 
contact arm pivoted to a movable armature, here 
tofore has been the tendency of the armatures 
of Such devices to remain in an intermediate posi 
tion consequent upon a reduction in the supply 
voltage to a value slightly below the drop-out 
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value or to hesitate in such intermediate position w 
during an Opening cycle caused by such a de 
crease in voltage. Momentary voltage variations 
of this magnitude without substantial change in 
frequency occur frequently in many installations 
due to the sudden application of a large load to 
the supply system or due to other causes resulting 
in a temporary current demand in excess of the 
normal circuit capacity. The undesirable opera. 
tion results from the fact that the contact spring 
which, when the switch or relay is closed, pro 
vides a uniform pressure at the contact surfaces, 
assists the opening movement of the armature 
only during the initial stage of the opening cycle. 

- At the instant when the contacts start to separate, 
the assisting force of the contact spring suddenly 
reduces to Zero, and the remaining force or forces 
tending to cause opening movement of the arma 
ture are, in many instances, insufficient to effect 
such additional opening movement unless the 
Supply voltage is further reduced. 

It is thus seen that when the supply voltage 
is within a range slightly below the drop-out 
value that the armature of an alternating cur 
rent switch or relay may open only partially or 
hesitate during its opening cycle. While the 
armature is in the intermediate position, the con 
tacts are but lightly touching each other, and 
the contact Surfaces therefore tend to become 

30 

35 

40 

45 

50 

55 

overheated and may weld together. An impor 
tant object of this invention is to provide an im 
proved electromagnetic control for causing the 
armature of an alternating current electromag 
netic device to move quickly and steadily to its 
fully open position consequent upon a decrease in 
the supply voltage to a value within a range but 
slightly below the drop-out value or consequent 
upon a gradual decrease in the supply voltage 
through said range. 
Another disadvantage in the operation of elec 

tromagnetic devices having movable armatures 
and energized by alternating current is the in 

- ability of such devices to remain in operated 
position consequent upon a reduction in the 
Supply voltage to values in the neighborhood of 
60% of normal. 
For example, to prevent needless deemergization 

of electrical apparatus controlled by an alternat 
ing current electromagnetic relay due to opening 
of the relay as a result of a temporary decrease 
in the Supply voltage to a value below the drop 
out value of the relay, special low voltage protec 
tive devices equipped with time delay mechanisms 
have been used. The time delay mechanisms 
serve to maintain the control relay contacts in 
closed position for an interval after the voltage 
falls below the drop-out value, so that, if the volt 
age increases again before the expiration of the 
time interval, the control relay does not operate 
to shut down the controlled apparatus. In many 
instances these time delay mechanisms could be 
dispensed With if the control relay armature did 
not tend to move to its deemergized position until 
the supply voltage reached a very low value. It 
is an object of this invention to provide an elec 
tromagnetic control for preventing opening move 
ment of the armature of an alternating current 
electromagnetic device unless the voltage of the 
circuit Supplying said device is reduced to a small 
percentage of its normal value. 
One of the functions of a low-voltage protec 

tive relay of the time delay described above or 
of the more common type having no time delay 
feature is to control the deemergization of all of 
the electromagnetic switches in a control system 
so that, under conditions of reduced voltage, all 
of the switches open simultaneously. In order 
to accomplish this result the low-voltage protec 
tive relay must open before any of the switches 
or other relays in the system. Because of the 
smaller inertia of the moving parts of the low 
voltage protective relay, the relay opens before 
the Switches consequent upon a very sudden re 
duction in the supply voltage to zero, but diffi 



2 
culty has been experienced in designing low-volt 
age protective relays which opera before the other 
Switches of the systern consequent upon less Sud 
den reductions in voltage or under conditions 
wherein the yoltage remains constant at some 
reduced value. An ignportant factor here in 
volved is the fact that the heavier moving parts 
of the electromagnetic switches tead to cause the 
switches to start to open at values of supply volt 
age higher than the drop-out voltage of the low 
voltage protective relay, i. e. the switches have a, 
higher drop-out voltage than the relay. A fur 
ther object of this invention is to provide means 
operable to cause the drop-out voltage of an alter 
nating current low-voltage protective relay to be 
higher than that of the electromagnetic switches 
of other relays in the same control system. 
Another object is to provide an aiternating 

current electrorrhagnetic control for causing un 
hesitating opening movement of the armature 
of an alternating current switch or relay when 
a predetermined reduced value of supply voltage 
is reached which predetermined value is select 
able from a wide range of voltage values. 
A Specific object is to provide an alternating 

current electronagaetic control for preventing 
novernent of an amature to an open position 
except when the supply voltage is close to zero. 
A further object, is to. provide an electronag 

netic control for changing the drop-out voltage 
value of an alternating current electronagnetic 
device. 
Yet another object is to provide an alternate 

ing current electromagnetic control which op 
erates to cause an arrnature to move quickly and 
steadily to its open position regardless of the 
nearness of the Supply voltage to the drop-out 
value of the device comprising the armature. 
A more detailed object is to provide a means 

in the energizing circuit of the operating wind 
ing of as electromagnetic device having a ?nene 
ber movable to change the inductance of said 
Winding which means causes the impedance of 
Said energizing circuit to increase as said men 
ber (noves to decrease the inductance of said 
windirag. 

in accordance With this invention a negative 
or capacitive reactance means such as a cone 
denser is connected in series with a positive or 
inductive reactance means such as the operating 
Winding of an alternating current electronag 
netic device having a renovable armature. The 
condenser is proportioned relative to the induc 
tive reactance of the Winding So that the in 
pedance of the supply circuit of the operating 
winding increases as the artinature of the device 
operas, whereas without the condenser the Spa 
ply circuit inpadance decreases, and consequent 
ly there is a positively decreasing force rather 

... than a substantially constant force tending to 
prevent the armature of the device from moving 
to its open position. In a modification a sat 
urable inductance and a condenser connected 
in Series with each other and with the operating 
winding of an electromagnetic device are rela 
tively proportioned so as to maintain the cur 
rent through the winding at a substantially con 
stant value evealthough the supply voltage de 
creases greatly from its normal value and So that 
When the amatage of the device noves toward 
its open position the attracting force steadily 
decreases. In another modification, an adjust 
able resistor and a condenser connected in Series 
with each other and with the operating winding 
of an electromagnetic device are proportioned 
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2,386,49 
so as to increase the resistance cong:creat of the 
impedance of the supply circuit to Sagge: 37 gae 
crease the drop-out voltage aicove ast, e2:53:5. 
when the condenser and winding alonae are geš. 

By Years of this invenoa & is eSaig &S 
either increase the drop-out, voltage og Rae Gate 
voltage protective relay of an altergassigg (23 
rent control systeria or to decease i2a discge:SS, 
voltage of the larger election aggretic gjicegg 
involved in the systega or cott, and S fixs of 
the same electronagnetic contgoi arravage55328, 
which acco2 inplishes the change. Gi caiages saia 
drop-out, Voltages, to case a, saysici. &Rs. 43.8sto 
tatiyag drop-out, &ctioX (i. eta taa eigy ASR?. 33 
switches when the respective they 733Aeg 03 sigge 
out voltage are reached. 28, is, 80 eggis’s 
raginetic cogatrol of this is avestiox. 33.0% GEasy g.gia 
Inits tie designer to Salec, 8ifacsi, Say Yo:Sg 
below the Anaxian for the drop-out 7222 (8 
a switc. C leay, but also cases Sie issy to 
switch to move to its open position withog, negie 
tation when the drop-out voltage seectag of 
that relay or Switch is reached. s 
Other objects and advantages vyi Racozaa age 

parent from the following descripticia ty22a3a, 
reference is raade to the drawixags, is 7&aica 

Fig. 1 illustrates the YaSiOXA 2S Aigisc & 
the control of an electro-Gagnetic switch gaOtia 
in its closed position; 

Figs. 2 and 3 show the switch of Sig. 3 in a 
intermediate and the ogee Csitions, 22g22ge 
tively; 

Sig. 4 is a Wiig diagra ga & Arctic,35C3; 
Fig. 5 is a wiring diagram of a further inspie 

fication; and 
Figs. 6 and are graphs showing Sagadasacg 

and current variaticas, resgactively, Wales. 3e 
cur when the present; iiaveation is a set as sciae 
pared with prior art, 2.25 agenaeats, 

Referring to Figs, , 2 at 3, (2ne type of Gece 
tro-magnetic device to which this isyeniticia Kagy 
be applied is shown as a switch 39 representative 
of a well-known construction as ad is 7ing & 
C-shaped raagnetic frare 8 23rd S. cap22a372 
armature 2 which is pivoted as a snife edge 3 

... so as to be movable fron a fully clicsed csiI) 
bridging the open end of the fraSee as shoffa 
in Fig. 3 to a fully opez positio 3gains, S, 533e 
able stop 5 as shown in 3ig. 3. Pivoted to 32 
ernature 2 at a knife edge 3 is a Snowable CCAo 
tact arr Sil biased in a coastes-cocktase fixese 
tion shout the knife edge 3 by E. Reica Spsising 
G8 interposed batyees the coxalact, ags 255 
a suitable stop near the outer end og a gring 
post 9. The post 99 is secured to a 373raisy 
extending bracket, 23 of the axiaattie 3 &tas 
passes loosely through 83 a Cycashing is a a 332; 
a ... An ooth his interaediata saad the O533, g3CSir 
tions of the switch 88 show it gigs. 3 &tail S. 
respectively, the spring 3 is exegade 3a as 
contact arm is thereby forced conterclogge 
wise against the bracket 23, and is fits edges 
position of the switch Bi Showgia iig. , 23 
spring 3 is congressed sins cases S. &GRaiages, 88 
on the contact area against & S333E387 e639 
tact 22 suitably attached to an installates sup 
port 24 extending upwardigy isoa tha safe S. 
The switch 3 is preferaby giovised 78 & 

normally open auxiliary contact, aedia:ES2 c: 
a purpose to be hereinafter desce. Asia 3:23a 
trative auxiliary contact faechanisza 3.2237 (202ao 
prise a flat-spring 28 having one eRail stataly ato 
tached to out insulated rotta the ioTest exhi (0. 
the armature 2 and haying sit is see exag a 
movable auxiliary contact 23. Waeca are &SRaao 

- 



2,886,149 
ture. 2 is in the closed and intermediate posi 
tions of Figs. 1 and 2, respectively, the movable 
auxiliary contact 29 is in circuit completing en 
gagement with a suitably supported stationary 
auxiliary contact , and when the armature 2 
is in the open position of Fig. 3, the contacts 29 
and are disengaged. 
The construction of the switch to has not been 

described in detail since its construction forms. 
no part of the present invention and is merely 
illustrative of one type of electromagnetic de 
vice with which this invention may be used. 
The armature 2 is moved from the open posi 

tion of Fig. 3 to the closed position of Fig. 1 and 
is held in the closed position by magnetic flux 
produced by energization of an operating wind 
ing 34 on the frame , is moved from the closed 
position to the intermediate position of Fig. 2 
due to the combined action of the spring 8 and 
gravity consequent upon a reduction in the , 
amount of magnetic flux, and is moved from the 
intermediate position to the open position of 
Fig. 3 due to gravity alone. It is obvious to 
those skilled in the art that the switch, O may 
include an additional spring or other means aug 
menting the force of gravity throughout the open 
ing cycle or replacing the force of gravity en tirely. 
The winding 34 is arranged to be energized 

from a source 5 of alternating current upon 
closure of a normally open, momentary contact 
type push button 36 through a pair of conduc 
tors 3 and 39 and the contacts of a normally 
closed push button. interposed in the conduc 
tor 38. Connected in parallel with the stationary 
contacts of the push button 36 is a holding cir 
cuit 4f comprising a capacitive reactance means 
such as a variable condenser 42 and the auxiliary 
contacts 29 and 30 of the switch 0, which hold 
ing circuit is described more in detail herein 
after. Closure of the push button 36 causes 
energization of the winding 34 from the source 
35 through the conductors 38 and 39 and conse 
quent movement of the armature 2 to the 
closed position of Fig. 1 wherein the contacts 2 
and 22 and the auxiliary contacts 29 and 3 are 
closed. Opening of the push button 36 does not 
effect deemergization of the winding 34 since the 
winding continues to be supplied with current 
through the holding circuit 48 which is completed 
upon closure of the auxiliary contacts 29 and 30. 
Opening of the push button 40, however, causes 
complete deenergization of the winding 36 and 
the armature 2 consequently moves quickly to its open position. 

In order to facilitate the description of the 
function of the condenser 42, an explanation 
of the operation of Figs. 1, 2 and 3 is given here 
with the assumption that the condenser 42 is 
short circuited. With this assumption, which 
renders the circuit of Fig. 1 the same as the 
usual prior art circuits, and with the push but 
ton 36 open and the armature 2 in the closed 
position, the impedance Z of the energizing cir 
cuit 4 for the winding 34 is given by 
(1) 2=VR2--Xt? 

where R is the resistance and XL is the inductive 
reactance of the circuit. Due to the substan 
tially closed iron flux path in the magnetic cir 
cuit of the switch 0 when the armature 2 is 
closed, the inductive reactance of the energizing 
circuit is so very much larger than the resistance 
that the resistance may be neglected in deter 

3 
mining the impedance. Thus equation (1) may 
be considered approximately to be 
(2) 2=X, 
The magnitude of the current through the 

winding 34 is inversely proportional to the im 
pedance of the energizing circuit, and conse 
quently a decrease in the impedance results in 
a proportional increase in the current through 
the winding 34 if the voltage of the source 35 
remains constant. Since the introduction of an 
air gap into the magnetic circuit of the switch 
G causes the inductive reactance of the wind 

ing 34 to decrease, the impedance of the ener 
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gizing circuit under the assumed conditions de 
creases in accordance with Equation 2, and con 
sequently a current of larger magnitude flows 
through the winding 34 upon movement of the 
armature 2 toward its open position. Although 
the introduction of the air gap has increased the 
reluctance of the magnetic circuit, the increase 
in current tends to maintain a substantially con 
stant flux irrespective of the position of the arma 
ture 2. 
Assume now that the armature 2 is held in the 

closed position of Fig. 1 by flux produced by the 
winding 34 (the condenser 42 still being short 
circuited) and that the voltage of the source 35 
decreases while the frequency remains substan 
tially constant. As the voltage of the source 35 
decreases, the current in the winding 3 decreases, 
and consequently the flux holding the armature 
2 decreases. At a predetermined reduced value 

of voltage (the drop-out value) the armature 2 
starts to move toward its open position due to the 
fact, that the holding force of the fux becomes 
less than the combined forces of the spring is 
and gravity. However, a slight opening nove 
ment of the armature 2 causes the current in 
the winding 34 to increase from its reduced value 
since the introduction of the air gap in the mag 
netic circuit reduces the inductive reactance and 
hence the impedance of the energizing circuit. 
Assuming that the voltage now remains constant 
at the drop-out value or slightly below, the i 
creasing current tends to maintain a constant 
flux in the magnetic circuit irrespective of the 
position of the arrinature 2, but the flux is 
slightly less effective in its attraction on the 
armature 2 due to increased leakage and "fring 
ing" at the air gap. The armature 2, therefore, 
continues to move toward its open position due to 
the difference between the pull of the flux and the 
combined forces of gravity and of the Spring 8. 
However, when the armature i2 reaches the in 
termediate position of Fig. 2, the contacts 2 and 
22 are just barely in contact with each other and 
the opening force of the spring 8 is consequently 
Zero and the force of gravity only remains to 
oppose the pull of the flux. When the armature 
2 is in the intermediate position it is desirable 

for proper closing action of the switch 0 that the 
force of gravity on the armature 2 be as Small 
as possible. Consequently, there is a very strong 
tendency under the assumed conditions of re 
duced voltage for the armature 2 to remain in 
the intermediate position, and, since the contacts 
2 and 22 are very lightly in contact with each 
other over a small area, undue heating of the 
contacts occurs and the possibility of the con 
tacts welding together exists. Reduced values of 
Supply voltage throughout a range immediately 
below the minimum drop-out value which are 
insufficient to maintain the armature 2 in its 
closed position thus are sufficient to prevent the 



goce of gravity for Showing the arrastuze 2 to 
the atly 63g gositio2 of Fig. 3. 

ories to psever 8, &he foregoing Edesses 
operation of psio. 3 sistic Ages & d it accoids 
ance with this invexator, he goE dense £2, is 
included in the oiding cisei. (9 of sig, &nd is 
adjusted to have a capacity such at the capaci 
tive reactance of the holding circuit is consider 
sibly greater tia&n the indiuetive react&ce of the 
circuit, when the arrature 2 is dosed. With the 
concenser £2 in the holding circuit & , the push 
utton 36 open, &nd tie & Easture 2 in its closed 

position, he ingeds, Ce 2 of the energizing cisa 
cuit for the winding 33 is given by 
(3) 2=VS--(3,-2c) 
Where R, and 3. 'efer to Gine S3E2.0 quantities as 
befoe and 2se is the capacitive reactance of the 
condenser $2. 
the energizing circuit is very intic: greates' ten 
the resistance, and the capacitive reactance is 
considerally greater that the inductive reactance 
wihen he arrigature 2 is closed, the difference 
between the inductive reactance and the capaci 
tive reactance is also Eugh greate has a the 
Fesistance (the regative sign of the disierence 
exng of no consequence). Ef the capacitive ea 

Sctance introduced into the energizing circuit is 
approximately twice the inductive reactance of 
the energizing circuit when the arrature 2 is 
closed, the irripedance of the circuit has not been 
changed rakerily by the i? casion of the Cons 
deriser $3 tierein so long as the afrature 2 is in 
its closed position, as is clear for a cozgarison 
of Egzations i and 3. - 
Assume now that the voltage of the source 35 

decreases to or sightly allow a value at Which the 
arginature S2 starts to move toward its open posi 
tion. (As waii he explained subsequently, this 
value of drop-out voltage is not necessarily the 

... sene as the drop-out, Voltage without the CO 
denser 62 in the circuit.) When the arnature 2 
now starts to move toward its open position, the 
inciuctive reactance of the winding 34 decreases 
as before, but the impedance 2 of the energizing 
circuit increases as is clear front an exa, iination 
of Squation 3. Consequently, instead of the cure 
rent through the winding 33 increasing as before, 
the current decreases as the arrature 2 noves 
toward its open position. Since the fiu varies as 
the current, the fiuk also decreases and the arma 
ture 62 noves rapidly and steadily to the Open 
position of Fig. 3 and the contacts 28 and 22 sepa 
rate quickly and fully without hesitation at the 
intermediate position of Fig. 2. 

It is thus seen that with a condienser of Suitable 
capacity connected in series with the operating 
winding of an alternating current electromag 
netic device, a decrease in the supply voltage to 
values slightly below the drop-out value pearaits 
a, rapid and unhesitating opening movement of 
the armature. However, if the condenser has 8, 
capacitive reactance approximately twice the in 
ductive reactance of the operating winding 36 
When the armature 2 is closed, the drop-out volts 
age is much lower than it would be if the con 
denser were not present. Without 2, condenser 
connected in series with the winding 34, a re 
duction in the voltage of the source 35 causes & 
decrease in current through the winding 84 since 
the creat, g given by 

(4) E. I= L 
the resistance &eing aeglected, but, since the 3e 

Since the iridiuctive sea Citazice of . 
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duced cisgent, causges a reduction (c. 33, ag 
inductive React&nce and consequeaty the is ada 
AEace gege'sly icease at Oyer is dessities as 
indicated by the curve 93 of Fig.6 so that there 
is not a proportional drop in current with see 
creased voltage. In Fig. 6, whereira is pedace 
of the energizing circuit is plotted against ga'a 
ce;t&ge of gonal supply voltage, the crye (33 
indicates the variation in ipedance of the ea 
ergizing circuit for the Operating windig 33 virth 
the codeinser (32 short circuited end the CEve 
33 indicates the variation in ixipedance of the 
energizing circuit, when e coRhese 33 is not 
short circuited. The rate C decrease is caret 
with declining voltage when the capacitive ree 
actance of the energizing circuit, is zero is sh;07. 
by the curve 33 of Fig. wherein current in 82 
energizing circuit is plotted against gercentage 
of normal supply voltage. 
With a condenser of proper value i &ccordia 

aznce with this invention is the energizing circuit . 
the current in the Winding 33 also secesses. Wita 
the voltage since the current is then given by 
(5) E. I-XX. 
the resistance R being neglected. This reduced 
current causes a reduction in the filik, and since 
the inductive reactance of the circuit generally 
increases due to the increased germeability of 
the iron at low flux densities, the impedance of 
the circuit decreases, in accordierce with Euge 
tion 3 and as indicated by the CEve 63 sig. 3, 
and the current falls less rapidly with decising 
voltage. The rate of decrease is curret, through 
the operating winding 36 with declining voltage 
when the capacitive reactance of tie energizing 
circuit is approximately twice the inductive rea 
actance is shown by the curve (35 of Fig. . Fron 
Fig. it will be noted that a goint 36". On the 
curve 34 which point is at the drop-out current 
value occurs at a higher value of voltage th9). 
a similar point 45' on the curve -55. 
Thus the addition of the condeser 32 in series 

with the winding 33 not only causes 8, rapid 82nd 
unhesitating opening operation of the switch 60 
consequent upon a reduction in the supply vote 
age, but also affects the drop-out voltage of the 
switch 8. In sonne applications it ray be desire 
able to reduce greatly the value of the dropaos, 
voltage and in other applications it may be desire 
able to have a steady and unhesitating drop-out 
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at a relatively high value us reduced voltage. 
To further reduce the value of the drop-out 

voltage, & circuit such as Fig. 4 (ney be used, 
wherein a saturable reactor (33 is connected in 
series with the condenser 32 in the holding cira 
cuit & A. Due to the non-linear characteristics 
of the reactor (38 the inductive react2:ce of the 
energizing circuit increases greatly as the Yoitage 
decreases, so that the impedance decreases yegy 
rapidly, and substantially constant current of 
through the winding 33 until extremely lo:7 vote 
ages are reached. If the resistance of the enera 
gizing circuit is made very small 82d the electical 
constants of the inducts. Ces and the coadegger 
are properly selected so that a condition of serieg 
resonance is approached at low wages of sply 
voltage, the switch can be held closed evea 
though the supply voltage is decreased to 30% 
of normal or lower. For proper opening operaa 
tion it is is portant that reson&E2ce not e actually 
reached since it is necessery that the capacitive 
reactance be greater than the inductive secta 
ance at the instant the 822&tas's stSEgg & 02:35 



2,886,149 
in order for the consequent decrease in inductive 
reactance to cause an increase in the impedance. 
To increase or to maintain the drop-out volt 

age of the switch to at its usual value, but to 
provide for unhesitating opening movement of 
the armature 2 consequent upon a decrease in 
the supply voltage below the drop-out value, the 
condenser 42 may be adjusted to have a capacitive 
reactance greater than twice the inductive re 
actance of the winding 34 when the arnature 
2 is closed, or the circuit of Fig. 5 may be used, 
wherein an adjustable resistor 5 is connected 
in series with a fixed condenser 50 in the holding 
circuit 4. When the voltage of the source. 5 
is at its normal value, the resistor 5 is so ad 
justed that the current in the winding 34 is at 
a value slightly greater than the drop-out value. 
Under these conditions, the impedance of the en 
ergizing circuit is maintained substantially con 
stant throughout slight decreases in voltage, that 
is, the resistance term in Equation 2 is no longer 
negligible and small changes in inductive react 
ance do not affect greatly the impedance of the 
circuit. However, if the supply voltage decreases 
slightly and to such an extent that the current 
and flux fall below the drop-out values, the arma 
tures 2 starts to open and the impedance of the 
energizing circuit increases considerably due to 
the decrease in the inductive reactance caused 
by the introduction of an air gap in the magnetic 
circuit. The resulting decrease in current 
throuigh the winding 34 permits the arnature 
2 to drop unhesitatingly to its open position, 

claim: , - 
1. In combination with an electromagnetic de 

vice having a winding, a member movable to 
change the inductance of said winding, an alter 
nating current energizing circuit for said wind 
ing, and means in said energizing circuit for cauS 
ing the impedance of said energizing circuit to 
increase as said member moves to decrease the 
inductance of said winding. 
2. In combination with an electromagnetic/de 

vice arranged to be operated by alternating cur 
rent and having an operating winding, a mem 
ber movable to change the inductance of said 
winding, an energizing circuit for supplying alter 
nating current to said winding, and capacitive re 
active means connected in said energizing circuit 
for causing an increase in the impedance of said 
energizing circuit as said member moves to de 
crease the inductance of said winding. 

S. In combination with an electromagnetic de 
vice having a winding arranged to be energized 
from a source of alternating current, a member 

- movable to change the inductance of said wind 
ing, an energizing circuit for supplying alternat 
ing current to said winding, and capacitive reac 
tive means connected in said energizing circuit in 
series with said winding for causing an increase in 
the impedance of said energizing circuit as said 
member moves to decrease the inductance of said 

4. The combination 
device having a winding arranged to be energized 
from a source of alternating current of variable 
voltage and having an armature movable conse 
(quent upon said voltage reaching a predetermined 
reduced value, of a capacitance connected in se 
ries with said winding and said source of current 

with an electromagnetic 

5 

0. 

5 
5. In combination with an electromagnetic de 

vice having a magnetic circuit and a winding, a 
member movable to change the air gap of said 
magnetic circuit, an alternating current energiz 
ing circuit for said winding, and a capacitance 
connected in said energizing circuit in Series with 
said winding, said capacitance being so propor 
tioned in relation to the inductance of said wind 
ing when the air gap of said magnetic circuit is 
substantially zero that the impedance of Said eri 
ergizing circuit increases as said member moves 
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0. 

to increase the air gap of said magnetic circuit. 
6. The combination with an electromagnetic 

device having a movable armature and a wind 
ing arranged to be energized from a source of 
alternating current, of a capacitance connected 
in series with said winding and said source of 
current and having a reactance approximately 
twice the reactance of said winding when said 
armature is in its closed position. . 

7. The combination with an alternating current 
electromagnetic switch having an operating wind- . 
ing, a condenser, means for connecting said wind 
ing to a source of alternating current independ 
ently of said condenser until said switch is closed, 
and means operable upon closure of said switch . 
to interpose said condenser in a circuit between 
said winding and said source, said condenser hav 
ing a capacitive reactance greater than the in 
ductive reactance of Said winding when Said 
Switch is closed. i 

8. In combination with an electromagnetic de 
vice having a magnetic circuit and a winding, a 
member movable to change the inductance of said 
winding, an energizing circuit for supplying alter 
nating current to said winding, a saturable induct 
ance and a capacitance connected in said ener 

40 
gizing circuit in series with each other and with 
said winding, said capacitance being so propor 
tioned in relation to the combined inductance of 
said saturable inductance and said winding when 
said magnetic circuit is closed that the impedance 
of said energizing circuit increases as said mem 
ber moves to decrease the inductance of said 
winding. 

9. In combination with an electromagnetic de 
vice having a magnetic circuit and a winding, a 
member movable to change the inductance of said 
winding, an alternating current energizing cir 
cuit for said winding, and a capacitance and a 
resistor connected in said energizing circuit in 
series with each other and said winding, said 
capacitance being so proportioned in relation to 

O 

and having a reactance greater than the react 
ance of said winding when said armature is in its 
closed position with said voltage at a value slight 
ly above said predetermined value. 

the inductance of said winding when said mag 
netic circuit in closed that the impedance of said 
energizing circuit increases as said member moves 
to decrease the inductance of said winding. 

10. The combination with an electromagnetic 
switch of the type having a movable armature 
adapted to be held in a cl position by mag 
netic flux produced by a winding energized with 
alternating current, the holding force of said flux 
being in opposition to an opening force which 
suddenly decreases during and before completion 
of an opening cycle initiated upon reduction of 
said flux below a predetermined value, of a ca 
pacitance connected in series with said winding 
and so proportioned relative to the inductance of 
said winding that said flux decreases from its 
reduced value as a result of movement of said 
arnature away from its closed position. 
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