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UNITED STATES

PATENT OFFICE.

WILLIAM BURR COOPER, OF PHILADELPIIIA, PENNSYLVANIA.

PYROMAGNETIC GENERATOR AND MOTOR.

SPECIFICATION forming part of Letters Patent No, 422,205, d_.atéd February 25, 1890.
Application filed May 16, 1889, Serial No, 311,092, (No model.)

To all whom tt may concern:

Be it known that I, WiLLIAM BURR COOP-
ER, a citizen of the United States, residing in
the city and county of Philadelphia, State
of Pennsylvania, have invented an Improve-
ment in Pyromagnetic Generators and Mo-
tors, of which the following is a specification.

The object of my invention is the applica-
tion of the change of magnetic resistance of
the magnetic metals which is caused by heat,
and in order to apply this to the generation

_of electricity I use armatures surrounded by

coils in which currents of electricity are in-
duced, sections of laminated iron or other
magnetic metal connecting the armatures to
the poles of the field-magnet, and a means of
alternately heating and cooling the. lami-
nated sections above and below the mean of

_ the range of temperature in which the mag-

netic change occurs. This may be accom-
plished by introducing between the magnetic
lamin@ movable lamin® which are heated
at one end to a high temperature, and mov-
ing them back and forth between the mag-
netic laminge, both sets of lamina being in-
closed in a chamber containing a non-oxidiz-
ing atmosphere. Molten metal may also be
used in conjunction with the movable laminz.

By modifying the device so that the arma-
tures can rotate, a motor may be constructed
operating upon the same plan as the gen-
erator. '

In the accompanying drawings the same
letters refer to the same parts.

Figure 1 is a longitudinal section through
the line 1 2, Fig. 2. Fig. 2 is a transverse
section through the line 12, Fig. 1. ~Fig. 3 is
a horizontal section of the magnetic laminze,
showing the means of connecting themto the
armatures and the poles of the field-magnet.
Tig. 4 is a vertical section of the composite
lamine; and Fig. 5, a horizontal section of
the composite lamin, also showing a method
of constructing the movable lamine. Fig. 6
is a horizontal section of the magnetic and
movable laminge, showing supplementary
lamine. Fig. 7 is a horizontal section of the

... ~movable and stationary lamin®. Fig. 8is a

50

stationary lamine: TFig. 9 is a vertical sec-
tion of one of the chambers, showing the in-
closed lamin®. TFig. 10 shows the method of

connecting the armature-coils and of com-
mutating the current whichis adopted in Fig.
1. Fig. 11 shows the position of the movable
lamin® in Fig. 1. Fig.12 shows a method of
connecting the coils when a uniform current
is desired. Fig. 13 is a vertical cross-section
of a chamber, showing the portion between
the armatures. Fig. 14 is a vertical section
of the magnetic, movable, and stationary
lamin® in a chamber containing molten
metal. Fig. 15 is a vertical section of part of
a chamber, showing oneof thepipes by which
the hydrocarbon is introduced and other de-
tails.” Fig. 16 is a side view of the motor, the
furnace and lower halves of the chambers be-
ing omitted.

A is the field-magnet, the alternate arms of
which are of the same polarity, as shown by
the letters N 8, thus forming three separate
magnetic fields in the device shown. It is
energized by the coils o a.

B B are the armatures, which are magnet-
ically connected to the poles of the magnet
by sections composed of magneticlaminz d d.

D D are the movable laminse, which are com-
posed of some non-magnetic material, or one
which will become non-magnetic at the tem-
perature to which they are exposed, and
which will also sustain a high heat without
fusing. Each set is suspended to a rod F,
which passes through perforations in them,
as shown in Fig. 14, and hangs in the inter-
stices between the magneticlaming,being sep-
arated by the intervening laminze I I, which
are also preferably non-magnetic and project
above the laminse D D, the T-shaped rod G
passing through perforations in them. The
movable laminsge are perforated, as shown, to
reduce the conduction of heatto the cool por-
tion. : :

H I are chambers of some refractory ma-
terial, preferably the mixtare of graphite and
clay used for erucibles, and should be glazed
to render them impervious. They rest upon
the partitions % h, which may be made of
bricks of the same material.

E E are chambers of some non-magnetic
metal, preferably copper, secured to the arma-
tures and polesof the field-magnet by serews.
They have stuffing-boxes 4 4, through which
the rods G G pass. Therods G G are attached
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by connecting-rods g ¢ to the levers j J,which
are operated by the disks J J in the manner
described farther on, the core of the field-
magunet being perforated to allow the rods $o
pass through it, and also to provide them with
a bearing.

It will be seen that the chambers I H and
the chambers E E completely inclose both the
magnetic and movable laminge, being sepa-
rated by the laminated portions of the arma-
tures, and if the chambers I II are heated
and the movable lamin® are raised and low-
ered, when they are raised the heated por-
tion is interposed between the magnetic lami-
ne which are lieated, and when they are low-
ered the cool portion is interposed and they
are cooled, and by a proper adjustment of
the motion and temperature of the movable
laminé the temperature of the magnetic lami-
ne may be caused to fluctuate, so as to alter-
nately revive and destroy their powerof trans-
mitting the magnetic force to the armatuares
B B, and thus generate currents in the coils
b b, with which they are surrounded.

L L ave slabs of fire-brick resting upon the
chambers H IT and forming the top of the
furnace-chamber. Between the partitions &
I are the grates I II’, thus forming seven
fire-chambers in the apparatus shown.

In order to maintain as great a difference
of temperature between the different portions
of the movable lamin as possible, stationary
laminze f f are introduced into the chambers
HHand EE. These may be formed of strips
of sheet metal bent at their edges and placed
in the chambers in the manner shown in Fig.
7. Those in the chambers E E are made of
some non-magnetic metal, preferably copper,
and as they would conduct the heat from the
maguetic lamin® they are notched in the
manner shown, which will prevent them com-
ing into contact with the magnetic laminm
except at two points. The stationary laminae
in the chambers II H are also notched at the
bottom to permit the circulation of the con-
tents. They may be made of iron, as they
are kept ata temperature above that at which
they are magnetic, '

As will be seen in Fig. 2, there are two.

armatures in each magnetie field and two sefs
of movable lamin for each armature, one set
Deing balanced by another, so that when one
set is lowered into the chamber H the other
will be raised into the chamber E, the two
sets of lamine operating each armature be-
ing simultaneounsly raised when those of its
mate are lowered. Two armaturesin adjoin-
ing magnetic fields might be operated in the
same manner.

Ttwill be seen that by adopting the plan of
inclosing the movable laminze belonging to
adjoining armatures in the same chamber or
in communicating chambers the vertical dis-
placement of the contents which would take
place in & single chamber, and would tend to
produce uniformity of temperature of the
chambers, is replaced by a lateral displace-

ment as the opposite sets of movable laminze
are simultaneously raised and lowered.

The movable lamine may be made of the
alloy of nickel and copper used for coinage,
the composition being one part of nickel to
three parts of copper, and steel containing
twelve per cent. of manganese is adapted to
the purpose. The portion which is heated
may, however, be made of iron, and the re-
mainder of some non - magnetic metal, to
which it may be joined by riveting or weld-
ing. Some non-~volatile metal having a suffi-
ciently low fusing-point—as tin, lead, or an
alloy of them—may be used in conjunction
with the movable lamine to afford a medium
for the transfer of heat between them and
the stationary and magnetic lamin®, as shown
in Fig. 14, the molten metal 7’ filling the in-
terstices between the lamin®. By this ar-
rangement the advantages of complete con-
tact are secured, together with a high thermal
capacity and a low thermal resistance of the
heating and cooling medium and protection
from oxidation.

The metal nsed must be one which is fusi-
ble at the temperature of the chambers K E,
and which will not volatilize at the tempera-
ture of the chambers I H,

The molten metal may be prevented from
alloying with the heated lamin by oxidizing
their surface or by coating them with a sili-
cate which does not fuse at the temperature
to which they are exposed.

Between the armatures and the slabs I T,

are water-jackets M M, which are connected
by the pipes m m with the water-jackets N
N, surrounding thechambers EE. These are
connected by the branch pipes » 2 to the pipe
O, which is connected to the cooling-coil P,
from which the water is returned to the
water-jackets by the pipes R R, having the
branches = 7. This system is filled by the
funnel p. By placing the coil P at a higher
level than the jackets it may be used to con-
dense the vapor of the volatile liguid usedin
the jackets, which will cause them to . .be
maintained at the temperature at which the
liguid boils, and this may be varied by using
a liquid with a low boiling-point, as benzine,
or one with a high one, as turpentine.
- An alloy of bismuth, eight parts; lead, six
parts, and tin, three parts, fuses helow the
boiling-point of water, so that with that water
jackets, and if it were kept under pressure it
could be used with an alloy having a higher
fusing-point than the above.

For temperatures above the boiling-points
of available liquids air may be used as the
cooling medium, and may be drawn through
the jackets by connecting the pipe O with
the furnace-chamber. The molten metal
may be protected from oxidation by covering
it with rosin; or the vapor of a hydrocarbon
may be introduced above the molten metal in
the manner described farther on.

S is the pipe leading to the chimney, which

could be used as the cooling agent in the
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is connected by branchesto the elevated por-
tions of the furnace-chamber on each side,

_through which the escaping gases can travel

the whole length of the furnace-chamber
s above the fuel, as seen in Fig. 2. The fuel

is introduced by the openings T T, which are

closed by the doors ¢ £

The magnetic lamin® d d, forming the mag-

netic sections, are separated from each other
10 by the intervening magnetic lamin® e ¢, and
are connected by rods [ I, passing through
them, being held in place by non-magnetic
end pieces ¢’ ¢’, as shown in Fig. 3.
~ The chambers H H have linings 2/ /, ¢on-
15 sisting of interior chambers, which are pref-
erably of wrought-iron. These chambers are
secured to the armatures and the poles of
the field-magnet in the same manner as the
chambers E E, some of the cements used for
20 heai}ed iron being applied to render the joints
tight.

If the end pieces ¢’ ¢/ are of the proper
thickness, the chambers A’ h’ will be pre-
vented from forming magnetic connections at
25 the ends, and the method of preventing con-
nections being formed by the chambers be-
tween the armatures is shown in Fig. 13, in
which it will be seen that the slabof fire-brick
L, intérvenes between the chambers b’ and K,
30 so that the temperature of all that partof the
chamber k’ will be above the point at which
it is magnetic.

The chambers &’ i/ may be prevented from
alloying with the molten metal by lining them
35 with some refractory material.

As the conditions tend to produce an ob-
jectionable gradation of temperature in the
magnetic lamina® unless they are thicker than
is desirable, composite lamin® may be used,
40 consisting of magnetic lamin@® having inter-
posed non-magnetic laming, which are prefer-
ably made of some metal having alow thermal
resistance, as copper, which will convey the
heat from the hot to the cooler portion. The
45 interposed laminz are not made as wide as
the magnetic lamin®, as they would conduct
heat to the armatures and poles of the magnet.
“The composite lamin® may be constructed in
the manner shown in Figs. 4 and 5, a piece
so of sheet-iron U being folded over a copper

plate u, theremaining space being preferably
“filled with asbestus s. :

As heat istransmitted morerapidly by con-
tact between a hot and cold body than by ra-
55 diation, the magneticlaming® will be unevenly
heated when no molten metal is introduced
between them and the movable lamine®, as
uniform contact is practically impossible. I
therefore propose to exclude transverse sec-
6o tions of the magnetic lamin®e from contact
with the movable laminge. -This, may be ac-
complished by introducing between the mag-
netic lamine d d and the intervening laminae
¢ e supplementary magnetic lamin® o o, as
63°shown in Fig. 6, or by making the movable
lamin® duplex and turning their edges over
in the manner shown in Fig. 5. It will be

' seen that the central portion of the magnetic

laminze will be heated and cooled solely by

radiation. This plan isalso applicable when

70

molten metal is used in conjunction with the -

movable lamin and the thermal resistance of
the movable laminz is lower than that of the
molten metal. ) :

The terms “magnetic lamin®” and “sta-
tionary lamine®” when applied to the aggre-
gate are designed to comprehend any body
having parallel perforations, and “movable
laminge” to refer to any solid body which is
adapted to move in the perforations.

As it is practically impossible to entirely
exclude air from the chambers in which the
laming are inclosed, powdered charcoal or
lamp-black may be introduced, which, when
heated, will combine with any oxygen that
may leak in, and thus protect the laminse
from oxidation when molten metal is not

75
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used. It may be introduced by unscrewing

the stuffing-boxes. A better method of pro-
tecting the laminze, however, is the introduc-
tion into the chambers of the vapor of some
volatile hydrocarbon. To accomplish this
automatically, a liquid hydrocarbon—as pe-
trolenm or one of its derivatives—may be
used and introduced into the chambers by

‘means of capillary attraction, the volatiliza-

tion causing a continuous supply, upon the
principle of a lamp.
The pipes W W, having the branches w w

entering the chambers H H, as shown in Fig. r

15, contain a wick v, which may be made of
asbestus, and are connected with the reser-
voir V, which is at a lower level than the
ends of the wick in the branch pipes w w.
When the chambers H H are heated, the oil
is volatilized, and the volatile products may
be conducted into the furnace-chamber by
the pipes « x, the supply being controlled by
the size of the wick.

The reservoir V may be placed at any de-
sired distance from the apparatus, and in
order that refilling may not be neglected
some onie of the electric alarms for indieat-
ing the level of liguids should be connected
with it. ‘

As hydrocarbon vapors decompose when

95

105

110

115’

heated and deposit soot, which would in .-

time interfere with the action of the movable
laminze, the earthenware pipes Y Y are built
into the briek-work, as shown in Fig. 15,
through which a rod may be inserted from

120

the outside to remove the accumulations of -

soot which collect at the bottoms of the cham-
bers. ‘The outer ends of {hese pipes are se-
curely closed by plugs, which may be made
of asbestus. : ‘

By connecling the pipes # @ with a con-
densing-coil the condensable portion of the
products escaping from the chambers K E
may be returned to the reservoir V.

As iron combines with carbon if it is sub-
jected to the action of a carbonizing atmos-
phere at a high temperature, and as its mag-
netic resistance is thereby increased, the mag-
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netic laminze may be protected by plating.
them with some metal which will not alloy:
with them at the temperature to which they.

are exposed, as copper or nickel.

The movable laminze are operated by means.
of the disks J J, which are rotated by the.
shaft X, and have grooves in them in which

run small pulleys, which are attached to the
levers j j, to which the movable lamin®.are
suspended, as-shown in Figs. 1 and 2.
shaft is driven by some suitable power, an
electromotor being shown, which it will be
seen is placed in a derived circuit.

The armature-coils are wound in the man-
ner indicated, and -are connected in series in

the order 32 14 5-6,as shown-in Fig. 10, and

the disks J J are adjusted so thatthe mova-
blelaminse of armatures 1 2 3 will be-simul-
taneously raised and those of 4 5.6 depressed,

as shownin Fig. 11, the-point of observation

being ‘the -electromotor in Fig. 1. As the
currents generated-in the coils.of armatures
thelaminge-of which are being-heated are in
the-opposite direction from -those generated
in'the coils of armatures the laming of which
are:being cooled, there will be alternate cur-
rents ‘-produced ‘having the electro-motive
force of all-the armatures, and where a vari-

able current is admissible these alternate

currents may be converted into.-a direct cur-
rent by a commutator Z, having two semi-
peripheral segmentsy 1, each connected to a
collecting-ring #, as. shown:in Fig..1,the com-

‘mutator being so -placed in -relation -to the

disks that the collectors which form the ter-
minals of the.circuit will pass from one seg-
ment tothe other at the moment that the
movable laminge are shifted.

‘Where it is desired to use an alternating
current, the fleld-magnet may be energized by
a derived circuit, in which the commutator is
placed. It is also evident that any number
of armatures may be coupled in independent
circuits, :

By coupling the armature-coils in the man-

-ner shown both sides of the field-magnetare

kept in use and the field-magnetismn nsed to
the best advantage.

Where uniformity of current is essential,
the arrangement shown in Fig.-12 may be

adopted. In this case the coils-are all con-

nected in series in the order of their numbers
in a closed circuit, the commutator having
two opposite segments ¥ 1/, connected to col-
lecting-rings, as shown in Fig. 1, and asmany
collectors as there are armatures, which rest
upon the face of the commutator at equidis-
tant points, as shown, each of the collectors
being connected to a portion of the elosed cir-
cuit between the armatures, so that as the
commutator isrotated the segments will main-
tain a connection between sucessive arma-
tures at opposite points of the closed circuit,
and the disks are so arranged that the mov-
able lamin® are operated successively just at
the moment when the segments of the com-
mutator conneet with the circuit at a point

The:

422,295,

beyond the armature to which they belong,
and as the movable lamince are shifted twice
in a revolution of the shaft it will be seen
that the movable laminse belonging to one-
half of the armatures will be continually de-
pressed and those belonging-to the other half
will be elevated, and that the opposing cur-
rents which are generated in-the opposite por-
tions of the circuit will escape together by the
connections with the commutator. Inthe pres-
ent position of the movable laming, which
is shown in Fig. 11, the magnetic laminze of
armatures 4 5.6 are ‘being cooled and those
of 1 2.3 are being -heated, and just as the
movable laminze belonging to armature.6 are
depressed and those of 3 elevated the seg-
ments.of the commutator -are connected to
the closed circuit -between the armatures 6
and L.and 5 and 4. By.this arrangement a
lower electro-motive forceis attained than in
the preceding, as the armatures act in two

parallel series.

The maximum efficiency of the generator
will be secured by the adjustment of the.re-

lation between the temperature of the hot

and cool.portions of the movable lamin®, for
as the different portions are alternately in-
terposed between the magnetic ‘laminz for
equal intervals the 1nean .of the range of
Auctuation of -temperature -of .the magnetic
lamin® will be the mean of the difference of
temperature of the different portions of the
movable lamin®. This should therefore cor-
respond .to the mean of the .range of tem-
perature in which :the magnetic change oc-
curs; but as the field-magnet and the arma-
tures conduct the ‘heat from the magnetic
lamin® the mean of the difference of tem-
perature of the hot and cool portions of the

‘movable lamin® should be above that of the

range in which the magnetic change occurs.
This difference between the two means must

‘necessarily be greater as thethickness of the

magnetic laming is increased.

Assuming that the mean .of the range of
temperature in which the .magnetic change
oceurs in iron is about 700° centigrade, then

Af the cool portions of the .movable lamine

are exposed to a temperature of 50° the hot

portions should be exposed to a temperature

of over 1,350°, and if the cool portions are
exposed to a temperature of 200° a tempera-
ture somewhat above 1,200° would be proper
for the hot portions. It is therefore.evident
that if the means of transmitting heat to the
movable laming is the same in the upper and
lower portions of the chambers it would be
necessary to expose .the cool portions to a
temperature not below 200° if the hot por-
tions were not exposed to a higher tempera-
ture than 1,200°.

The above remarks ave based upon the as-
sumption that the thermal resistance and the
product of the specific heat multiplied by
the specific weight are the same for the met.
als of which the hot and cool portions -of the
movable lamin® are made, as a metal having
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ahigh thermal resistance ora low capacity for
heat would have to be subjected to a higher
temperature to effect the same results than
one having the opposite qualities.
. Expeérimenthas shown that a great change
in the magnetic resistance of iron is pro-
duced by a change of 50° of temperature
within the critical range, and it is clear that
the greatest efficiency will be attained wheu
the heat and time which are expended to ef-
fect the change of temperature produce the
maximum change of magnetic resistance.
This can only be determined by results;. but
it is this which I design to render available.
Nickel may be used for the magnetic lami-
n®; but while its magnetic resistance is
greater than that of iron the range of tem-
perature in which the magnetic change oc-
curs is much lower, and from what has been
said it will be seen that it would not be as
well adapted to the purpose as iron. It may,
however, be found advantageous to alloy
nickel with the iron uséd for the magnetie

-laming, as it causes the magnetic change to

oceur at a lower temperature. When the
proportion of nickel is fifty per cent., the
eritical temperature at which the magnetic
change occurs is about half-way between the

“critical temperatures of the two metals.

The temperature of the different portions

of the movable laminze being dependent upon:

the temperatures of the upper and lower
portions of the chambers in which they op-
erate, it may be regulated by the thermal
resistance of the walls of the chambers, that
being dependent upon their thickness and
the material of which they are constructed.
Tt is evident that as the thickness of the mag-
netic lamine is increased the time required
to produce a given change of temperature
will be greater, and therefore the hot and
cool portions of the movable lamin@ must be
interposed between them for a greater inter-
val, and there will be a ¢ertain rate of alterna-
tion which will produce the requisite change
of temperature in magneticlaminz of a given
thickness. I therefore propose to control the
motion of the movable laminze by sonie suit-
able governing device. This may be aceom-
plished by a governor controlling the cur-
rent to the motor €. This consists of the or-
dinary centrifugal governor (shown in Fig.1)
connected to a movable commutator @, hav-
ing a V-shaped conducting portion ¢/, upon
which two collectors connected to terminals
of the motor-circuit rest. When the gov-
ernor is rotated; the commutator is moved so
that the current is interrupted for a greater
or less period during each revolution, the in-
terval depending upon the speed of rotation,
and by adjusting the pressure of the spring
S’ by the movable sleeve s’ the speed may be
regulated. : »

The apparatus is started in the following
manner: A fire is built in the furnace-cham-
ber, and when a suitable temperature has
been attained a storage-battery or other gen-

erator of electricity is connected in the ex-
ternal civeuit and the movable lamine are
operated by the electromotor until the mag-
netic lamin® have reached the normal tem-
perature, the switch ¢ being closed, so as to
shunt out the field-magnet and the armatures.
This is then opened, and the magnet being
excited by the current from the batiery the
armatures will generate a current and the
battery may be disconnected.

The temperature applied to the chambers
H I when the apparatus is in full operation
may be sufficient to fuse the linings Wn it
the abstraction of heat from the interior by
the motion of the movable laminze is discon-
tinued. To avoid this and also the risk of
fusing the movable laminz, the current is
shunted through asuitable resistance when it
is necessary to suspend the operation of trans-
lating devices, and after the external circuit
has been closed it is not opened until the tem-
perature of the lamin® has been so reduced
that the current is insufficient to operate them.

The generator may be transformed into a
motor by dividing each of the armatures B
into three parts, the central portion being
placed on a shaft, as shown in Fig. 16, and
the fixed portions B’ B’ acting as pole-pieces,
each pair of armatures being placed at right
angles to each other upon the same shaft, and
the shafts being connected by chain gearing
and sprocket-wheels b’ b/, so as to maintain
their relative positions, which are preferably
such that alternately-opposite armatures will
come into operation successively, the order
in which the armatures reach the pole-pieces
being indicated by their numbers in Fig. 12,
and the positions of the movable lamin®
when the armaturesarein the positions shown
in Fig. 16 are shown in Fig. 11, and the or-
der in which they are operated is that of
their numbers. The movablelamin® are con-
nected to the armatures by sprocket and
bevel gearing, as shown, the grooves in the
disks J J beingso arranged that the movable
lamine will be shifted four times in each
revolution of the shaft X when geared in the
manner shown in the drawings. If grooved,
as shown in Fig. 2, the speed of the shaft
must be doubled. Thearmature-shafts have
their bearings in non-magnetic bar A’, which
is bolted to the field-magnet, and to which are
bolted the non-magnetio bars a’ ¢/, which ex-
tend to another bar A’ on the other side of
the magnet, and thus retain the pole-pieces
in position.

To secure clearness in the drawings, the
correct proportions of the armaturesand pole-
pieces have not been adhered to, as they
should be double the thickness shown, so that
their faces will form ares of one-sixth of the
circumference of the circle desecribed by the
armatures. ,

The field-magnet may be energized by a
current from a dynamo C’, run by the motor,
as shown. The pulley D/, being double, may

run another belt, by which power is trans-
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mitted to machinery. When the proper tem-
perature has been attained, the belt conneet-
ing with the dynamo €’ is moved by hand,
and this excites the field-magnet, and also
causes the movable lamine to attain the
proper temperature, and the apparatus will
then move automatically. The speed may be
regulated by placing the field-magnet of the
dynamo ¢ in a derived cireuit, which is con-
trolled by the governor, as shown.

It is manifest that the extent to which the
pole-pieces are solid or interstitial is a mere
matter of detail, and that there would he no
departure from my invention if they were
wholly interstitial, as the essential feature
is the interposition of immovable and inter-
stitial magnetic sections betieen the poles of
the field-magnet and a votating armature,

which are heated and cooled, so as to alter-
nately revive and destroy their magnetic:

power.

Ielaim as my invention—

1. In a pyromagnetic generator, an inter-
stitial armature and a coil in a magnetic field,
and a means of passing a heating and cool-
ing medinm through the interstices.

2. In a pyromagnetic generator, an arma-
ture surrounded by a coil and connected to
each pole of the field-magnet by an inter-
stitial magnetic section, and a means of pass-
ing a heating and cooling medium through
the interstices.

3. In a pyromagnetic generator, an arma-
ture surrounded by a coil and connected to
each pole of the field-magnet by a magnetic
lamine, and a means of passing a heating
and cooling medium hetween the lamin.

4, In a pyromagnetic gencrator, an arma-
ture having an clongated cross-section sur-
rounded by a coil and connected to each
pole of the field-magnet by magnetic lamince
placed transversely, and a means of passing
a heating and cooling medium between the
laminze,

5. In a pyromagnetic generator, magnetic
laminte and a coil in a magnetic field, mov-
able lamin® adapted to move backand forth
between the magnetic laming, and a means
of heating part of each of the movable
laminze.

6. In a pyromagnetic generator, magnetic
lamine and a.coil in a magnetic field, moy-
able laminw® adapted to move back and forth
between the magnetic lamine, transverse
sections of the magnetic laminge being ex-
cluded from contact with the movable lami-
ne, and a means of leating part of each of
the movable Jaminze,

7. In a pyromagnetic generator, inagnetic
lamine and a coil in a magnetic field, mov-
able laminse adapted to move back and forth
between the magnetic lamina, inclosed in a
chamber, and a means of heating part of the
chamber, .

8. In a pyromagnetic generator, two sets of
magnetic lamin®e and two eoils in a mag-
netic field, two sets of movable lamin

422,295

adapted to move back and forth between the
magnetic lamine, both sets of movable lami-
ne® being inclosed in the same chamber, and
a means of heating parts of the chamber.

9. In a pyromagnetic generator, magnetic
lamina, and a coil in a magnetie field, mova-
ble lamina@ adapted to move back and forth
between the magnetic lamin® at fixed inter-
rals, and a means of heating part of each of
the movable laminte.

10. In a pyromagnetic generator, two sets
of magnetic lamin® and two coils in a mag-
neticfield, twosetsof movablelamin®adapted
to move simultaneously back and forth be-
tween the magnetic laminee in opposite divee-
tions, and a means of heating part of each of
the movable lamine,

11. In a pyromagnetic generator, a multi-
plex field-magnet having mutual poles and a
plurality of magnetic fields, an armature in
each magnetic field surrounded by a coil and
connected to each pole of the magnet by an
interstitial magnetic section, and a means of
passing aheating and cooling medium through
the interstices.

12. In a pyromagnetic generator, 4 multi
plex field-magnet having mutual poles and a
plurality of magnetie fields, a plurality of
armatures in each magnetic field, each sur-
rounded by a coil and connected to each pole
of the magnet by an interstitial magnetic
section, and a means of passing a heatingand
cooling medium through the interstices.

13. In a pyromagnetic generator, a multi-
plex field-magnet having mutual poles and
a plurality of magnetic fields, a plurality of
armatures in each magnetic field, each sur-
rounded by a coil and connected to each pole
of the magnet by an interstitial magnetic
section, and a meansof passing a heating and
cooling medinm simultaneously or succes-
sively through the interstitial sections of ar-
matures located in relatively different por-
tions of adjoining magnetic fields.

14, In a pyromagnetic generator, magnetic
laming® and a coil in a magnetic field, mova-
ble lamin adapted to move back and forth
between the magnetic lamin®, inclosed in a
chamber containing stationary lamine, and
a means of heating part of the chamber.

15. In a pyromagnetic generator, magnetic
lamine and a coil in a magnetic field, mova-
ble lamin® adapted to move back and forth
between the magnetic lamin:, inclosed in a
chamber containing a fusible metal, and a
means of heating part of the.chamber,

16, In a pyromagnetic generator, maguetic
lamin® and a coil in a magnetic field, mova-
ble laminge adapted to move back and forth
between the magnetic lamine, inclosed in a
chamber containing stationary laminge and a
fusible metal, and a means of heating part of
the chamber,

17. In a pyremagnetic generator or motor,
a chamber inclosing the interstitial magnetic
portions connected to an oil-reservoir by a
pipe eontaining a wick which terminates in
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the oil and isadapted to convey it to the cham-
ber by capillary attraction.
18. In a pyromagnetic generator or mo-
* tor, composite laminge which consist of mag-
5 neticlaminz having interposed non- maonetlc
laminé.
19, In u device for generating electricity or
producing power, a multiplex field-magnet

having mutual poles and a plurality of mag-
netic ﬁeldq each field having its respective 10
enerorlzmv-coﬂ and armature

WILLIAM BURR COOPER

Witnesses:
I L. HEYL,
ALFRED RIGLING.
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Corrections in Letters Patent

1

No. 422,295,

It is hereby certified that in Letters Patent No. 422,295, granted Febraary 25, 1890,
upon the application of William Burr Cooper, of Philadelphia, Pennsylvania, for an
improvewment in «Pyromagnetic Generators and Motors,” errors appear in the printed
gpecification requiring correction, as follows: In lines 48-49, page 1, the words “a
stationary” should be stricken out and the words one of the movable inserted; in lines
52-53, samne page, the word “commutating” should read commuting ; in line 56, same
page, the word Guniform?” should be stricken out and the word constant inserted; in
line 15; page 2, the word then should be inserted before the word “heated,” and the
words upper and lower portions of the should be jnserted before the word ¢ chambers?”
in line 67, same page; in line 49, page 4, the word- ¢ uniformity ” should be stricken out'

" and the worids greater constancy inserted; in line 14, page 5, the word co-adjustment

should be inserted after the word “this;” 1 line 118, same page, the word the should
be inserted before the word «pon-magnetic;” in line 35, page 6, the letter “a” before
the word “magnetic” should be stricken out; and in line 71, same page, the word
“parts” should read part; and thag the Letters Patent should be read with these cdrrec:

- tions therein that the same may conform to the record of the case in the Patent Office.

Signed, countersigned, and sealed this 25th day of March, A. D. 1890.
[SEAL.] CYRUS BUSSEY,

Countersigned:
C. E. MITCHELL,
Commissioner of Patents.

Assistant Secretary of the Intertor,
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