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My invention relates broadly to slow electro-
magnets and more particularly to a construction
of slow electromagnet constituted by magnetical-

_ 1y coupled electromagnetic windings having the

5]

it
<

49

50

same or similar temperature coefficients of re-

sistance.

My invention relates generally to that class
of slow electromagnets as set forth in my copend-
ing application Serial No. 416,877, filed December
27, 1929, for Slow magnetic regulating device, now
Patent 2,082,121, dated June 1, 1937. In the said
batent I have set forth and claimed slow electro-
magnets constituted by magnetically opposed
windings having different temperature coefficients
of resistance.

My Patent 1,972,112 for Slow reactor or circuit

controller is a continuation-in-part of application
416,877 above and embraces a slow reactor con-
stituted by magnetically opposed windings of ma-
terials having the same or similar temperature co-~
efficients of resistance.
'~ My present invention is directed to a slow elec-
tromagnet having windings constituted by ma-
terials having the same or similar temperature co-
efficients of resistance where the windings are
either magnetically opposed, or assist one another
magnetically. . K

One of the objects of my invention is to provide
a ‘construction of slow electromagnet utilizing
materials .in the inductively coupled windings
having the same or substantially equal tempera-~
ture coefficients of resistance. :

Another object of my invention is to provide a
construction of slow electromagnet formed by
windings of materials having the same specific re~
sistance, as well as the same temperature coef-
ficients of resistance.

Still ancther object of my invention is to pro-
vide a construction of slow electromagnet or re-
actor having magnetically coupled differential
windings having the same or similar temperature
coeflicients of resistance and magnetically coact-
ing one with the other.-

A further object of my invention is to provide a,

3 construction of slow electromagnet utilizing

windings of inexpensive and commercially ob-
tainable materials and which will have the desired
characteristics of the slow electromagnet of my
invention as set forth more fully in my afore-
said copending applicaticn, '

(CL 175—336)

A still further object of my invention is to con-
struct a slow electromagnet having inductively
coupled windings in which changes in ambient
temperature do not affect the time element of the
coil. ‘

Another object of my invention is to construct
a slow electromagnet or reactor, the power factor
of which remains substantially constant with
changing magnetism in the coil.

Still another object of my invention is to con-
struct a slow electromagnet or reactor in which
the energy consumed in the windings is less than
one watt per square inch of surface for one wind-
ing and more than one watt per square inch of

- surface in the other winding,

A further object of my invention is to construct
a slow electromagnet or reactor in which the
radiating surface of the hot winding fixes the
change in its resistance while the mass of ma-
terial in which the hot winding is embedded
fixes the time element of the coil.

A still further object of my invention is to con-
struct a slow electromagnet or reactor with sub-
stantially no magnetic leakage between the dif-
ferential windings.

Another object of my invention is to construct
a slow electromagnet or reactor in which sub-
stantially all of the magnetism produced by one
winding threads through the other but wherein
only a small amount of the heat generated in
the one is dissipated through the other.

Still another object of my invention is $o con-
struct a slow electromagnet or reactor having the
same or similar temperature coefficient of re-
sistance materials in the windings in which the
magnetism of the coil passes through various
cycles determined, first, by the relative rate of
rise in temperature of the windings, and second,
by the subsequent exchange of heat between the
windings.

A further object of my invention is to provide
a construction of slow electromagnet or reactor
where the windings are in parallel and arranged
to assist one another magnetically, the windings
having the same or similar temperature coef-
ficients of resistance.

Other and further objects of my invention will
be understood from the specification hereinafter
following by reference to the accompanying draw-
ings, in which:
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Figure 1 is & cross-sectional view taken through
one of the slow electromagnets embodying the
principles of my invention; Fig. 2 is a cross sec-
tional view showing a modified form of the slow
electromagnets of my invention; Fig. 3 is a cross
sectional view illustrating a further modified form
of slow electromagnet of my invention; Pig, 4 il-
lustrates an arrangement of windings for a slow
electromagnet involving the principles of my in-
vention where the opposed windings are arranged
side by side on the core structure of the slow elec-
tromagnet; Fig. 5 shows a further form of slow
electromagnet construction in accordance with
my invention in which the opposed windings are
arranged in alternate pancakes on the core struc-
ture; Fig. 6 illustrates a pair of windings con-
nected_to assist each other magnetically; Fig, 7
illustrdtes a pair of windings connected to op-
pose each other magnetically.

In all cases two windings are connecied in
parallel so that any magnetism and magnetic at-
traction produced is the resultant of two
M. M. P.’s either opposed or assisting. The
value of the M. M. F. of each winding is deter-
mined in any given coil by its ampere {furns,
hence by the amperes in the two windings. The
current in each winding varies for direct current
coils, inversely as the resistance of that winding,
and for alternating current coils with substan-
tially zero magnetic flux inversely as the resist-
ance of each winding. For alternating current
coils with magnetism in the core the currents do
not vary inversely as the resistance of the wind-
ings but tend to split in the inverse ratio of the
turns biased by the resistance of the windings.
The effect of a pair of inductively coupled wind-
ings reacting on each other by electromagnetic
induction and thereby tend'ng to maintain the
currents therein in the inverse ratio of their
turns is well understood and is present in every
transformer. An effect present in the slow elec-
tromagnetic devices of my invention, but not
ordinarily present in a transformer, is the cir-
culating current set up due to the parallel con-
nection of the inductively coupled windings of
my device, They are short circuited on each
other and the circulating current is due to a
higher voltage being generated in one than the
other by the magnetism threading their
windings.

If the windings are of equal turns but are
threaded by different -amounts of magnetic flux
the circulating current will be present. If the
flux threading both is the same, but the turns
of the windings are unequal the circulating cur-
rent will be present. ’

This circulating current is the result of mutual
induction between the two windings and its in-
tensity and relative direction may reverse as the
windings go through their cycle of resistance
changes and relative values of magnetomotive
force. The circulating current will alter the cur-
rent balance in the windings by its heating and

- ‘electromagnetic effects, and may be utilized by
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a designer to affect the slow production of ‘mag-
netism in devices shown herein.

A second effect of mutual induction in my de-
vices is the unique phenomena of a winding hav-
ing a lower impedance voltage across it than the
amperes in that winding multiplied by its re-
sistance. This occurs whenever one of two
paralleled, inductively coupled windings is
stronger magnetically than the other and the
magnetism set up by the stronger winding, cut-
ting through the weaker winding induces there-
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in a voltage in a direction to assist the current
flowing in the weaker winding. The net im-
pedance voltage of that winding is the vector
sum of its IR drop less the induced voltage, the
result being less than the IR drop. ’

A third effect of mutual induction in my devices
is that the rate of change in magnetism of the
device as a whole is a mean between the rates
of change in the two parallel paths. Since any
change in current flowing in one path must be
accompanied by a corresponding change in the
other path by reason of the mutual induction
therebetween, it.follows that a slow change re-
sistance element in one path will slow down the
change produced by a fast change element in
the other, and vice versa.

In the claims the parallel connection and in-
ductive coupling included as part of the struc-
ture, in combination with the term “mutual in-
duction between said windings” is to be under-
stood as embracing all of the usual character-
istics of inductively coupled windings plus the
unique characteristics of circulating current and
two other effects described.

From the foregoing it-will be seen that chang-
ing the resistance of one or both of the windings
will alter the current split and the net .magnet-
ism, whether on direct current, alternating cur-
rent with no magnetism present or alternating

current with magnetism present and with or 3

without circillating current. One way of pro-
ducing this result is to make the windings of ma-
terials having different temperature co-efficients
of resistance. In this case heating affects the

resistance of one conductor more than the other, &

(This is fully disclosed in my copending appli-
cation Serial No. 416,877, filed December 27,
1929. :

It is not essential that the materials be of
different temperature coefficients of resistance.
If identical materials with a high coefficient are
used, and one is heated more than the other, the
resistance of the hotter conductor will rise more
than that of the cooler one, alter the current
split between them and consequently change the
magnetism of the coil. Using the same coeffi-
cient materials give rise to advantages not pres-
ent where radically different coefficient mate-
rials must be employed. For instance, for tem-
peratures not exceeding its oxidation point, or
where the heated wire is not exposed to oxida-
tion, copper may be employed in both windings.
It is inexpensive, commercially available in
many sizes, and easy to handle. Due to its low
specific resistance many more turns of copper
can be employed for a given resistance than with
other conductors, which is an important advan-
tage in electromagnet design. The specific re-
sistance of copper is 10.55 ohms per circ. mil. ft.
A copper to copper coil may be more readily con-
structed than a coil where low coefficient mate-
rials such as one well known alloy with specific
resistance of 675 ohms per circ. mil. ft. are used.

Where the temperatures are below the melt-
ing point of aluminum, aluminum and copper
may be used, the aluminum for the hotter coil.
Aluminum oxidizes but the oxide once formed is
a non-conductor, very tough and elastic so that
it does not scele off. For higher temperatures,
copper and nickel may be used, the nickel in the
hot coil. Nickel does not oxidize as does copper
but is more expensive than aluminum or copper.
Other metals may be used, depending on physi-
cal and commercial considerations. All ele-
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mentary metals except mercury have a temper-
ature coefficlent of approximately .004 as shown

.in the following table, as given on pages 323, 324

and 325 of the Smithsonian Physical Tables for
1929:

} Temp. Temp.
Material Temp. | coeff. Material Temp. | coeff,
of res. of res.
A\
Tala. ____..___. Aluminum._._| 25° C. | .0034"
Advance.._____ Antimony__._. [ 20° C. | .0036
Constantan.___|}25° C. {,000002 || Bismnuth______ 2°C. | .004
Calido....__.._.. Cadmium.. ... 2°C.{ .0038
Ideal...._____._[} | || Caletum. "__J| ____ 7 . . 0036
X AU C. | .00393
Climax______.__ 20° C. .. 0007 C.| .0034
4 : C. | .0052
Excello..__..... 20°C. [.00016 (| Lead__._.____. 20°C. | .0039
Magnesium. .| 20° C. | .0040
German silver__| 20° C. |. 0004 Mercury_____. 2° C. | .00089
- Molybdenum _| 25° C. { .0033
Manganin_._.._ 25° C. Zero || Nickel.. _..._ 25° C. | .0043
Palladium____| 20° C. | ".0033
Monel metal.__| 20° C. |.0020 Platinum. __._ 2°C.| .003
A Silver___._____ 20°C. | .0038
Therlo. ._._.... 20° C. |.00001 | Tantalum___._| 20° C. | .0031
%in ........... 8: 8 004:
' || Tungsten. . .. 1 .| . 004
Zine... ... ° C .0037

It will be noted that the alloys are generally
of lower coefficient than solid elementary metals.
In the claims where I specify materials of equal
or substantially equal temperature coefficients
it is to be understood that all elementary metals
€xcept mercury are substantially equal to each
other, but the solid elementary metals are not
substantially equal to the alloys.

Coupled with the use of equal or substantially
equal materials is the inherent necessity for pro-
ducing a higher temperature in one conductor
than in the other in order to produce a change in
magnetism with time, There are many means
of accomplishing this and while I have confined
the illustrations to only a few of the forms which
the slow electromsagnet of my invention may as-
sume, I desire that it be understood that in illus-
trating my invention in the several forms shown
that I do not intend such illustrations to be in-
tended in the limiting sense.

Figure 1 shows one arrangement, consisting in
having the cooler winding | of copper adjacent the
core 3 and wound and insulated as is common for
electromagnets of the usual type. The carrying
capacity of the conductor is made sufficient to
insure its operation at the accepted temperature
rise for electromagnets. The opposing winding 2
designed for higher temperature operation is
wound over the other with suitable air spaces or
heat insulation or both, or any other means to
prevent the heat soaking through into the cocl
coll and to insure proper heat dissipation from
both cofls. Assume both coils of the same coeffi-
clent material and of the same specific resistance
(copper to copper for instance) and also assume
the conductors of the same cross section and total
resistance, On direct current and on alternating
current when balanced magnetically the currents
in each of the windings will be equal. The en-
ergy expended in each winding will be equal. The
heat is measured by the watt loss and the windings
would rise to equal temperatures if all other fac-
tors were equal. In the coil described above, (Fig.
1) the outer winding may be made to rise to a
higher temperature than the inner one by hav-

ing materials of higher heat conductivity in con- )

tact with the inner than with the outer winding.
The tubes 20 and 21 and headers 22 and 28 in

contact with winding | may be of good heat con- -

ducting material such as brass or copper, while

3

the tube 24, in contact with winding 2 may be a
poor heat conductor such as asbestos. This ef-
fect is assisted by the fact that the thermal con-
ductivity of air is lower than that of practically
all solid materials, Surrounding one winding with
solid material of relatively good conductivity and
large radiating surface while the other is mainly
in contact with air is a practical means for pro-
ducing a higher temperature in the winding sur-
rounded by air, providing the cooling effect of air
circulation is controlled in the design. Where de-

" sign conditions require it, the air space 25 may

be vented to the outside air, or in extreme cases,
a forced draft of air may be introduced to keep
winding | at a low temperature while winding 2
rises to a higher temperature. I have indicated
openings or vents 22a and 23a-in headers 22 and
23, respectively, through which a cooling cur-
rent of air may pass between the rows of turns
of the winding f. The arrows and the legends
indicate the passage of the air from the outside
of the coil to winding | and out again.

A more pronounced difference results if the
resistance of the two windings is changed by al-
tering the turns, putting more on the inner coil
and less on the outer coil, as illustrated in Fig. 2,
leaving the materials and the wire sizes equal
as before. :

Another means of preducing a higher tempera-
ture in one coil than in the other is by altering
the ratio of the turns, that is, putting more turns
on the inner coil and less on the outer coil, as
shown in Fig. 2.

The current in the inner coil is decreased and
the current in the outer coil increased due to the
fact that the resistance of the many turn wind-
ing is greater than that of the few turn winding.
If the total resistance and line current remain
the same as before, the inner coil will have less
and the outer more current than before. However
their ampere turns will remain the same, since
the change in turns is balanced by the opposite
change in amperés in each winding. The in-
creased current in the outer winding will speed
its heating and cause it to rise to a higher tem-
perature than before. As its resistance rises, the
current split between the windings will be altered
and the net magnetism will change. The tem-
perature rise of the outer coil can be further in-
creased by using a smaller conductor in it than
in the inner winding, using the same material as
before (copper to copper for instance).  Extra
turns will need to be added to the inner coil or
turns removed from the outer coil to insure that

‘the light wire gets enough current to insure its
- heating.

I may vary the arrangement from that de-
scribei! above in various ways. In Fig. 3 the hot
winding 2 is located adjacent the core and may
be with or without an air space T and heat insu-
lation 8 between the inner and outer windings
and the core. The two windings may be along-
side each other on the core, Fig. 4, or be arranged
as alternate pancakes on the core as shown in
Fig. 5. A coll may contain more than two wind-
ings, one or more of which tend to produce a
magnetomotive force in one direction while one
or more opposing windings are tending to pro-
duce an opposite magnetomotive force.

When different coefficient materials are used
and the ambient temperature changes, the re-
sistance of one winding is affected more than the
resistance of the other. If, however, the tem-
perature coefficients are substantially equal a
change in ambient temperature eventually af-
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fects both windings substantially alike. - A slow
electromagnet or reactor employing the same co-
efficient materials in both windings will be sub-
stantially unaffected by amibent temperature
changes, provided the ambient temperature
changes ‘are slow enough, and the thermal con-
ductivity from both windings to the ambient me-
dium is good enough, to avoid a material tem-

‘perature difference between windings during the

change: This is an important advantage in coils
whose time element must be independent of am-

bient temperature changes.
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It is well known that an increase in the 1nduc-
tive reactance of an alternating current coil low-
ers its power factor, while an increase in resist-
ance raises its power factor. By constructing a
coil of properly proportioned materials, the in-
crease in inductive reactance and the correspond-
ing increase in resistance may be made to result
in a substantially constant power factor. This
is of advantage in coils operating in circuits
where it is undesirable to lower the power factor
when the magnetism of the coil is increased.

In general the watts dissipated per unit area
of surface is a measure of the temperature which
that surface will attain. Coils which operate at
one half watt per square inch of radiating sur-
face will generally not rise higher than 50° C
whereas coils with 7 watts per square inch of
radiating surface will rise to approximately 300°
C. One definifion of a slow electromagnet or
reactor using the same or similar temperature
coefficient materials in the differential windings
is one dissipating a watt per square inch of sur-
face or less in one winding and more than a watt
per square inch of surface in the other.

The time of operation of a slow electromagnet
or regctor employing materials in the differential
windings of the same or similar temperature co-
efficient of resistance will in general be fixed by
the time required for its hot winding to reach a
definite temperature, The maximum tempera-
ture is fixed by the ratio of the energy dissipated
to the ares of the dissipating surface, but the time
is a function of the mass to be heated. For in-
stance the wire of a winding alone will have a
definite area and thus rise to a definite tempera-
ture, the wire being practically all in contact
with the surrounding air only. If this same wire
is buried in a solid mass of material having the
same surface area as the wire, it will rise to the
same temperature, but the time required will be
increased due to the time required to heat the
mass as against the time to heat the wire alone.
By largely increasing the mass in which the wire
is buried but not increasing its radiating surface
in proportion, the time of operation may be
largely increased.

“The term “leakage reactance” is used to meas-

ure the leakage magnetism in a two coil trans-
former or other magnetic device, that is, the

magnetism originating in one coil but not link-"

ing with the other. In slow electromagnets or
reactors it is important to keep this leakage at
a low value. To accomplish this I may entirely
surround one winding with the other.

It is standard practice in transformer and- ather
constructions to wind one coil over another, but
not to surround one with the other on all sides.
With a slow electromagnetic device, constructed
as disclosed herein, it is not ordinarily essential
that all flux originating in one winding thread the
other, but in cases where the result is hard to

" attain due to a relatively small temperature dif-

ference, a low amount of energy available for

2,008,368

operation, or any other cause, it is desirable to
employ all available magnetism in producing the
difference between the cold and hot condition.
In such a case, any of the means shown herein
or in my copending application Serial No. 12,292,
for Slow electromagnetic devices with substan-
tially complete flux interlinkage between parallel
connected windings, may be employed to reduce
the leakage reactance of the device.

If the windings take the form of alternate pan-
cakes on a core as in Fig. 5, in the form of my in-
vention wherein an armature 3a is moved by the
magnetic condition of core 38, the barriers {4 be-
tween the windings may be heat insulating bar-
riers.

The action of heat diffusion may be taken ad-
vantage of in slow electromagnets or reactors to
produce a secondary action subsequent to the
primary action of the coil. To illustrate, assume

the electromagnet of Fig. 1 designed to attract o

its core 3 against a load, not shown, when the
temperature difference between windings | and
2 reaches 250° C. When current first passes, the
windings are cold and begin to heat at a very
slow rate and then at a rapid rate. The differ~
ence soon reaches 250° C. and the core is pulled
in. If the current is maintained, the heat from
winding 2 will diffuse itself partly through wind-
ing { and will tend to equalize the temperature of
the two windings. If they are of the same or
similar coefficient materials, the magnetic effect
will drop and, if the core is under a load such
as a spring or gravity tending to pull it out, the
coil strength will reach a point at which the
core will be pulled out.

If applied to a reactor, transformer or other
electromagnetic device the magnetism will alter
in the same way as above described and affect
the inductive drop or secondary voltage corre-
spondingly. Coils of this type will have two time
elements, (1) the initial heating time to produce
a definite difference in temperature between
windings and (2) the secondary time of diffusion
reversing the previous effect and tending to re-
store the magnetism to its initial value. With
differently proportioned windings, the coil shown
in Fig. 1 may have its maximum magnetism when
cold and lose it as it heats. .In this case the core
3 would be sucked in at once when current was
turned on, released on initial heating and drawn
in again as the heat diffuses through the wind-
ings. A corresponding effect may be produced
in a slow reactor, transformer, or other device
giving an electromagnetic effect.

The slow electromagnet of Fig. 1 may be wound
so that the ‘magnetism is zero when it is partly
heated. Assume that when cold, winding 2 is
stronger, that is, has more ampere-turns than
winding 1, the core 3 will be pulled in initially.
When partly heated, to say 125° C. difference,
windings | and 2 equalize magnetically, the core
will be released. The heating continues, wind-
ing 2 becoming weaker, and a point is reached say
at 250° C. difference, where the core 8 is sucked
in again due to winding | overpowering winding
2 sufficiently to do so. If to this effect heat dif-
fusion is added, the cycle of operations just de-
scribed will be reversed. The core 3 will first be
released as the temperature difference drops from
250° C. to 125° C. and will be attracted again as
the difference falls sufficiently under 125° C.' The
same cycle of magnetism may be produced in
slow reactors or transformers.

1t will thus be seen that slow electromagnets or
reactors utilizing the same or-similar tempera-
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ture coefficient of resistance materials in the

- differential windings may be produced with many
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different time characteristics of which the fol-
lowing are illustrations: ‘

1. Increase in magnetism, time fixed by heat-
ing.

2. Decrease in magnetism, time fixed by heat-
ing.

3. Decrease in magnetism to zero, then in-

crease in the opposite direction, time fixed by"

heating.

4. Increase in magnetism, time fixed by heat-
ing, subsequent decrease in magnetism, time fixed
by diffusion.

5. Decrease in magnetism, time fixed by heat-
ing, subsequent increase in magnetism, time fixed
by diffusion. : T
* 6. Decrease in magnetism to zero, then in-
crease in the opposite direction, time fixed by
heating, subsequent decrease in magnetism to
zero, and increase in the initial direction, time
fixed by diffusion.

With an electromagnet or reactor designed to
operate, as in case 6, the magnetism will pass
through four distinct cycles with the coil con-
stantly connected and current flowing in it.

Fig. 6 shows the connection of two windings
| and 2 arranged to draw current from a pair
of lines 8 and both wound over the same core
3. They are shown side by side for convenience
but may be arranged in any suitable manner.
Connected as shown, their magnetic effect on the
core will be additive as indicated by the N and
S markings, signifying north and south magnetic
poles. I have indicated a movable armature
member 3a adjacent the end of the core struc-
ture 3.

If the same windings are connected as shown
in Fig. 7, the magnetic effect on the core will be
subtractive, that is, they will be in magnetic op-
position. For uses where it is not essential that
the magnetism reduce to zero when current is
flowing in the windings the coils may be con-
nected to assist each other magnetically as in
Fig. 6. The movable armature 3a has been in-
dicated adjacent the end of the core structure 3.
To illustrate the change in net magnetism (meas-
ured by the ampere turns) with a pair of wind-
ings as shown in Figs. 6 and 7, first assisting

each other and then opposed, a tabulation is
given below:
Assisting Oppossd
‘Windings| One wind=—] Windings| One winding
cold ing heated cold heated
2| #n #l | N n
21 1 2 1 2 1 2
2] 2 2 1 2 2 2
pel 1| L5| L5 2 1 LS LS
Ampere-turns__.|] 2 21 1.5 3 2 2 L5 3
Combined am-
pere-turns.._..i 2+2=4 | 1L.5+3=45 2—-2=0 —-3+1.5=1.5

*Current held constant at total of three amperes.

It will be seen in the above table that when
the resistance of one winding increases and the
total current through the device is kept con-
stant, the net ampere-turns of the coil increase
whether the windings are assisting or opposing
each other, but in the former case there is a
relatively heavy magnetization cold (4 ampere-
turns) and a relatively small increase when

heated (.5 ampere-turns), whereas in the latter -

case there is zero magnetization cold and rela-

tively heavy magnetization (1.5 ampere-turns)
when heated to the same degree.

Slow electromagnets or reactors. may be con-
structed with paralleled windings which assist
each other magnetically, whether the materials
of which the windings are composed have dif-
ferent temperature  coefficients or the same or
similar temperature coefficients of resistance. In
the former case, the windings may be heated to
the same temperature and function, but in the
latter case, the windings will need unequal heat-
ing in order to function. Equal or unequal turns
and initial resistances will function to alter the
magnetism with time either up or down as de-
scribed above for windings made of the same or
similar coefficient materials.

In the claims I have referred to diffusion of the
heat from one winding into the other. In pro-
viding for such diffusion the heat insulation or
air space which I have represented for example
at T and 9 in Fig. 3 is omitted. In this arrange-
ment winding { is wound directly over winding
2 and heat from winding 2 will necessarily have
to soak out through winding I, thereby introduc-
ing diffusion means and heating means by which
to cause the magnetism of the coil to pass through
four cycles of change with time, first a decrease
from an initial value to zero, second, a subsequent
increase in the reverse direction, both being the
result of unequal heating of the winding, third,
a subsequent decrease to zero, and fourth, an
increase in the initial direction as the result of
heat diffusion between windings.

Coils may be utilized for all purposes as dis-
closed in my copending application Serial No.
416,877, for electromagnets which move a plunger
or keeper or for extinguishing arcs as in a mag-
netic blowout. :

I have described my invention in certain pre-
ferred embodiments, but I desire that it be under-
stood that modifications may be made and no limi-
tations upon my invention are intended other than
are imposed by the scope of the appended claims.

What I claim as new and desire to secure by
Letters Patent of the United States is as follows:

1. A slow electromagnet comprising & pair of
magnetically coupled and opposed windings dis-
posed in paralle]l with each other, said windings
being formed of metals having substantially equal
positive or negative temperature coefficients of
resistance, means to raise the temperature of one
winding more than the other, thermal conducting
means other than air disposed between the two

‘'windings, the changes in relative resistance of

said windings with temperature changes consti-
tuting means to cause the opposed magnetomotive
forces of the windings to equalize at more than
the minimum but less than the maximum tem-
perature of the hotter winding.

2. A slow electromagnet comprising a pair of
magnetically coupled and opposed windings dis-
posed in parallel with each other, said windings
being formed of metals having substantially equal
positive or negative temperature coefficients of
resistance, means to raise the temperature of one
winding more than the other, thermal conducting
means other than air disposed between the two
windings, the resistances of said windings pro-
portioned so that the winding for high tempera-
ture operation is weaker magnetically when the
temperatures of both are the same, stronger
magnetically when the temperature difference is

" greatest, and equal magnetically at a point be-

tween these extremes.
3. A slow electromagnet comprising a pair of
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inductively coupled windings connected in parallel
one with respect to the other, said parallel paths
including only materials having substantially
equal temperature coefficients of resistance other
than zero, said windings being mounted on & core
of magnetic material having a movable portion,
and means for causing substantial disproportion-

ate changes in resistance of said parallel paths -

by substantial disproportionate temperature
changes therein, while energized, the movement
of said core, changes in impedance of said device,
and chariges in the mutual induction between said
inductively coupled windings, mutually cooperat-
ing to alter the magnetism of said device.

4. An electromagnetic device comprising a pair
of inductively coupled windings connected in
parallel one with respect to the other, said wind-
ings being formed of materials having the same
temperature coefficients of resistance other than
zero, one winding having a lower resistance than
the other winding at ambient temperature, con-
stituting means, when energized, to cause a larger
initial current flow into the lower resistance wind-
ing sufficient to heat said windings to substan-
tially different temperatures, to alter their re-
sistances disproportionately to a substantial ex-

- tent, and alter the magnetism of said device.
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5. An electromagnetic device comprising a pair
of inductively coupled and opposed windings con-
nected in parallel one with respect to the other,
said windings being formed of materials having
the same temperature coefficients -of resistance
other than zero, one winding having fewer turns
than the other, said windings when energized pro-
ducing substantially zero magnetism with both
windings at ambient temperature, the relative re-
sistance of said windings proportioned to cause
disproportionate heating and disproportionate
changes in resistance, to alter the current split in
said windings, to produce magnetism, to further
alter said current split by transformer action be-
tween said windings, to further alter the magnet-

ism of said device.

6. An electromagnetic device comprising a pair
of windings on a core of magnetic material, said
core having a movable portion, said windings be-
ing conuected in parallel, arranged and connected
for inductive coupling, said windings both heing
formed of materials having the same temperature

coefficients of resistance other than zero, and

means for causing substantial disproportionate
changes in resistance of said windings by sub-
stantial disproportionate temperature -changes
therein when energized, to alter the magnetism
of said device and to move said movable portion.

7. An electromagnetic device as in claim 3 .in
which the means for causing substantial dispro-
portionate temperature changes in said windings
comprise unequal heat dissipation means so that
with equal amounts of energy liberated in the two
windings, said windings will rise disproportion-
ately in terhperature.

8. An electromagnetic device as in claim 3 in
which the means for producing disproportionate
temperature changes in said windings includes in
one winding heat radiating surface to permit no
more than .5 watt to be consumed in said winding
per square inch under maximum load conditions,
and includes in the other winding heat radiating
surface to permit 7 watts per square i‘nch,' or
more, to be consumed in said winding under maxi-
mum load conditions.

9. An electromagnetic device as in claim 3 in-

cluding artificial cooling means for one winding
only.

2,003,368

10. An electromagnetic device comprising &
par of inductively coupled and opposed windings

connected in parallel one with respect to the”

other, said windings being formed of materials
having the same temperature coefficients of re-
sistance other than zero, one winding having
fewer turns than the other, said windings.pro-
portioned, when energized with alternating cur-
rent, to produce magnetism with beth windings
at ambient temperature, the inductive coupling of
said windings biasing the current values in said
windings, by the effects of mutual induction
therebetween, away from the inverse ratio of
their resistances toward the inverse ratio of their
turns, to thereby produce a different cycle of
heating and magnetism than if the currents di-
vided in the inverse ratio of the resistances.

11. An electromagnetic device comprising a
pair of inductively coupled and opposed windings
connected in parallel one with respect to the
other, said windings being formed of materials
having the same temperature coefficients of re-
sistance other than zero, the relative resistances
of said windings proportioned to produce dispro-
portionate heating and disproportionate resist-
ance changes therein when energized, heat insu-
lation between windings to permit partial heat
diffusion from the hotter winding to the cooler
winding, said heat insulation proportioned to
permit substantial temperature equalization be-
tween windings until the tofal current in said
windings exceeds a predetermined critical maxi-
mum above which the heat fiow through said in-
sulation is insufficient to balance the tempera-
tures, currents greater than said critical maxi-
mum serving to produce disproportionate changes
in resistance in said windings to alter the mag-
netism of said device.

12. An electromagnetic device comprising a
pair of inductively coupled and opposed wind-
ings connected in parallel one with respect to the
other, said windings being formed of materials
having the same temperature coefficients of re-
sistance other than zero, the relative reistances
of said windings proportioned to produce dispro-
portionate heating and disproportionate resist-
ance changes therein when energized, heat insu-
lation between windings to permit partial heat
diffusion from the hotter to the cooler winding,
said heat insulation proportioned to prevent tem-
perature equalization between windings until a
predetermined temperature difference has been
maintained for a predetermined time, tempera-
ture equalization at the end of said time serving
to substantially nullify said disproportionate
temperature and resistance change and restore
initial magnetic conditions.

13. An .electromagnetic device comprising a
pair of inductively coupled and opposed windings
connected in parallel one with respect to the
other, said windings being formed of materials
having the same temperature ' coefficients of
resistance other than zero, said windings having
means to radiate part of the heat generated in
each winding into the atmosphere without pass-
ing through the other winding and with insula-
tion means to regulate the quantity of heat
diffusion between windings, the relative resist-
ances of and currents in said windings, when en-
ergized, producing substantial disproportionate
temperature changes, substantial disproportion-
ate resistance changes, and changes in magnetism
of said device, the ratio of said radiated heat to
said diffused heat.serving to subsequently alter
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the relative temperatures and resistances of said
windings and the magnetism of said device,

14, An electromagnetic device comprising a
pair of inductively coupled and opposed windings
connected in parallel one with respect to the
other, said windings being formed of materials
having the same temperature coefficients of re-
sistance other than zero, one winding having
fewer turns than the other, the fewer turn wind-
ing having a greater resistance than the other
at ambient temperature, said windings propor-
tioned, when energized with alternating current,
to produce magnetism with both windings at
ambient temperature, the inductive coupling of
said windings biasing the current values in said
windings, by the effects of mutual induction

therebetween, away from the inverse ratio of

their resistances toward the inverse ratio of their
turns, to thereby produce a different cycle of
heating and magnetism than if the currents di-
vided in the inverse ratio of the resistances.

15. An electromagnetic device - comprising a
pair of inductively coupled and opposed wind-
ings connected in parallel one with respect to the
other, said windings being formed of materials
having the same temperature coefficients of re-
sistance other than zero, one winding having
fewer turns than the other, the fewer turn wind-
ing having a lesser resistance than the other at
ambient temperature, the relative resistances of
said windings proportioned when energized with
alternating current, to cause disproportionate
Leating and disproportionate changes in resist-
ance to alter the current split and the magnetism
of said device, the inductive coupling of said
windings biasing the current values in said wind-
ings, by the effects of mutual induction therebe-
tween, away from the inverse ratio of their re-
sistances toward the inverse ratio of their turns,
to thereby produce a different cycle of heating
and magnetism than if the currents divided in
the inverse ratio of the resistances.

16. A’slow electromaget comprising a pair of
inductively coupled windings connected in par-
allel one with respect to the other, said windings
and said parallel paths including only materials
having substantially equal temperature coeffi-
cients of resistance other than zero, said windings
being mounted on a core of magnetic material
having a movable portion, and means for.causing
substantial disproportionate changes in the resist-
ance of said parallel paths by substantial dispro-
portionate temperature changes therein, while
energized, the movement of said core, changes
in impedance of said device, and changes in the
mutual induction between said inductively cou-
pled windings mutually cooperaling to alter the
magnetism of said electromagnet.

7

17. An electromagnetic device comprising a
pair of inductively coupled windings connected in
parallel one with respect to the other, said wind-
ings being formed of materials having the same
temperature coefficients of resistance other than
zero, one winding having a lower resistance than
the other winding at ambient temperature, con-
stituting means, when energized, to cause a larger
initial current flow into the lower resistance wind-
ing than into the other, to heat said windings
disproportionately, to alter their resistance dis-
proportionately, to effectively alter the magnetism
of said device, and the resultant voltage induced
in any winding threaded by said magnetism.

18. An electromagnetic device comprising a pair
of windings on a core of magnetic material, said
core having a movable portion, said windings being
connected in parallel, arranged and connected for
inductive coupling, said windings both being
formed of materials having the same temperature
coefficients of resistance other than zero, and
means for causing substantial disproportionate
changes in resistance of said windings by dis-
proportionate temperature changes therein when
energized, to alter the magnetism of said device,
the resultant voltage induced in any winding
threaded by said magnetism, and to move said
movable portion.

19. An electromagnet having a movable core,
two windings comprising a first winding adjacent
the core and a second winding outside the first
winding, said windings being composed of solid
elementary metals and magnetically coupled and
connected in parallel, and thermal means adja-
cent the windings, said thermal means and wind-
ings being proportioned as to current loading and
heat dissipation to produce a flux distribution
operative to move the core by maintaining the
first winding with temperature rise of less than
50° C. and producing in the second winding a
temperature rise exceeding 50° C. consequent to
the energization of the electromagnet.

20. An electromagnet having a movable core,
two windings comprising a first winding adjacent
the core and a second winding outside the first
winding, said windings being composed of solid
elementary metals and magnetically coupled and
connected in parallel for magnetically assisting
each other, and thermal means adjacent the wind-
ings, said thermal means and windings being
proportioned as to current loading and heat dissi-
pation to produce a flux distribution operative to
move the core by maintaining the first winding
with temperature rise of less than 50° C. and
producing in the second winding a temperature
rise exceeding 50° C. consequent to the energi-
zation of the electromagnet.
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