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To all whom it may concern:

Be it known that, I, THoMAS A. EDISON, a
citizen of the United States, residing at Llew-
ellyn Park, in the county of Essex and State
of New Jersey, have invented a certain new
and useful Improvement in Elzctrical Gener-
ators, (Case No. 752,) of which the following
is a specification.

The object of my invention is to transform
the heat energy of coal and other heat-pro-
ducing fuel directly into electricity without
the intervention of a steam-engine or other
prime motor.

The invention consists, primarily,in apply-
ing the force which is obtained by the expan-
sion and contraction of materials under va-
riations of temperature to produce move-
‘ments causing magneto-electric induection;
further, in applying the movements so pro-
duced to open and close a magnetic circuit
and to therebyinduce ecurrentsin a conductor
within the influence of a magnetic field so
varied; further, in arranging a number of
such simple elements together in connection
with a source of heat and a suitable moving
directing device or devices, whereby the heat
will be applied to the elements successively
in any desired way, and the effect from a
number of such elements in the form of con-
tinuous or alternating currents in the same
circuit can be obtained; further, in using in
connection with the several simple elements
o grouped together and heated successively
a commutator for producing from the several
simple elements a continuous current or one

of the same direction, and, further, in the va-

rious novel details of construction or arrange-
ment and in the several novel combinations
of parts, all as more fully hereinafter ex-
plained, and pointed out by the claims. -
Many attempts have been made heretofore
to utilize in the operation of prime motors
the expansion and contraction of solid matter;
but the expansion and contraction between
practicable limits is so small that no mechan-
ical means has as yet been obtained which
would utilize these small movements for prac-
tical purposes. Theproblem is to transform
the exceedingly small movements, which can
be obtained by the expansion and contraction
solid matter due to variations in tempera-
e, into energy capable of practical use. I

have solved this problem by the invention
herein described, and I am enabled thereby
to utilize with great economy of fuel the
barely-perceptible movements of expansion
and contraction for the production of light
and power. ThisI do by applying the move-
ments to the opening and closing of a mag-
netic circuit. The efficacy of this arrange-
ment is-based upon the fact that the resist-
ance of air to magneticlines of force orstress
is about twelve hundred times that of soft
iron.- If short stout magnetsaredividedinto
two parts with their faces accurately ground
to fit together like two surface-platesand are
magnetized nearly to saturation, an enormous
force is required to pullthem apartand open
the magnetic circuit; butif the faces are sep-
arated even to the slightest extent—say one
two-hundredth part of an inch—the attraction
isreduced enormously on account of the inter-
position in the magnetic circuit of a layer of
air whose specificresistance to magnetic stress
is twelve hundred times greater than the iron.
Ihave found that a large percentage of the
force required to entirely open the .magnetic
cireuit must be expended in producing this
first slight separation of the surfaces, and
hence the energy to be gained by a further
separation of the surfacesis of much less im-
portance.

If the magnetic circuit be covered in part
by wire through which a current is passed, it
can be magnetized, and if it is also covered
in part by other wire, particularly in the
vieinity of the rupture of the cireuit, power-
fol induction waves will be produced in the
latter coils of wire when the magnetic cireuit
is opened or closed to theslight extent stated.

-This small movement being within the prae-

tical limits of the expansion and contraction
of solid matter, I am thus enabled to obtain
the full value of the almost irresistible force
of expansion in solids for practical purposes.
The invention will be better understood by
reference to the accompanying drawings, in
which— ' :
Figure 1-is a vertical section of an appara-
tus embodying the invention. Fig. 21is a top
view of the same with the horizontal shaft
removed. Fig. 3 is a sectional view showing

one elementof the apparatus. Fig.4isaview
illustrating ecircuit- connections. Fig. 5 is a
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view in section of one element, showing the
use of a permanent magnet in place of an
electro-magnet; and Fig. 6is'a view similar
to Fig. 5, showing the use of a liguid as the
expansibleibody.

Each elementof my generator isa magnetic
circuit A, ane portion A’ of which is pivoted
upon the part A, the movements of the piv-
oted part'A’ upon the part A producing the
opening and closing of the magnetic circuit
at the point q, the surfaces at ¢ being fitted
accurately together. One side of the mag-
netie circuit is eovered with energizing-coils
B, while the other side, covering the point a,
at which the magnetic circuit is opened and
closed, is provided with the coils C in which
current is induced. Thus if will be seen that
the magnetic circuit is opened and closed di-
rectly within the coils C. The touching of
the surfaces at a causesthe lines of magnetic
force to travel almost entirely through the
iron forming the magnetic circuit,while the
separation of such surfaces even to the slight-
est extent causes the lines of magnetic force
to strike out through the surrounding coils
C and thus induce current in such coils.
These lines of force are again withdrawn by
the closing of the magnetic circuit, and thus
a current of one direction is induced in the
coils C when the magnetic circuit is opened
and a current of the other direction is induced
in coils C when the magnetic cireuit is closed.

To move the pivoted part or keeper A’ of
the magnetic circuit I attach to such part A’
a number of sheetsD of metal—say of nickle—
which are secured to end pieces b ¢. Enter-
ing the end piece b and the keeper A’ and
connecting them together isaboltd, provided
with right and left hand screw-threads where
it enters the parts, and also provided with a
nut by which it can be turned, so that the
parts can be given the proper relative adjust-
ment. The end piece cigset into the central
hub E. A number of these elements are
mounted in openings e in the top plate F of
the furnace G, the top plate extending be-
yond the sides of the furnace, so as to keep
the magnets away from the heat of the fur-
nace and to permit them to be kept cool by
the direct circulation of air around them.

The products of combustion from the fur-
nace G pass up through the openings e¢in the
top plate F around the expansible bodies D,
and thus such bodiesare heated. When the
bodies D are cold, or not subjected to the di-
rect action of the produets of combustion, the
magnetic cireuits are opened, the expansible
bodies being maintained under stress by the
magnetic attraction which tends to close the
magnetic cirenits. Ilis a revolving shield or
director of the heat. This is mounted upon
a shaft f, passing vertically through the hub
E and carrying the shield H on its lower end
within the furnace. This shield H. covers;
preferably, one-half of the openings ¢ in the
top plate, and it being revolved slowly it will
successively close the openings on its advanc-
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ing side and open those on its retreating side.
Thus one-half of the expansible bodies will
be cooling while one-half will be heating, those
that are cooling producing a current in one
direction while those that are heating are pro-
ducing a current in the other direction in the
coils C. .

For producing a continuous current, the
coils C are connected together in a closed cir-
cuit, as shown in Fig. 4, while between the
coils connections are made to commutator-
springs g, resting on a disk s, This disk is
of insulation exeept at two opposite points in
its periphery, where it is provided with plates
of metal. These platesof metal are connected
with two rings ¢ k&, vpon which rest springs
{m. The springs ¢ being stationary and the
disk h being rotated, the main circuit will be
connected with the coils C through those
springs ¢ which rest upon the metal blocks in
the disk &, and thus the circuit-connections
will be advanced with the movements of the
shield IT and a continuous current will be pro-
duced at the springs ! m.- To take the com-
mutator away from the influence of the heat,
I provide a horizontal shaft n, which is con-
nected by beveled gear with the vertieal shaft
f and has the same speed. A plate o, carry-
ing the stationary springs ¢, is mounted upon
the outer bearing of this shaft. These parts
are shown in diagram in Fig. 4.

For energizing the coils B a separate source
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of energy may be used, or the coils may be*1o0

supplied directly from the apparatus itself, as
shown in Fig. 4, a galvanic battery being used

to energize the coils in starting and being

afterward removed from the circuit when the
machine is started. It is evident, however,
that permanent magnetsI, Fig. 5, may be used
in place of the electro-magnets. It is also
evident that many forms of the expansible
body can be utilized, and that tubes, wires,
or other constructions may be used in place
of sheets; but I prefer a divided bodyor one
having thin walls, so that it can be quickly
heated and cooled.

Instead of using solids for the expansible
body, I may use a liquid K, as shown in Fig.
6, the expansion being produced by hot wa-
ter or steam passed through copper pipes p,
coiled in a chamber or cylinder L, in which
the liquid K is placed. The expansion and
contraction of the liquid produce movements
of the piston M, which is connected by its pis-
ton-rod with the keeper A’ of the magnet.

What I claim as my invention is—

1. The combination, with a magnet and a
conductor within the influence of the field of
force of said magnet, of a body which is
caused to expand and contract by variations
of temperature and acts to produce move-
ments at such field of force, whereby electric
currents are induced in the said conductor,
substantially as set forth.

2. The combination, with a magnetic circuit
and a keeper therefor adapted by its move-
ment to open and close said eircuit, of a co
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ductor :within the influence of the field of

force of such magnetic circuit, and a body

expanded and contracted by variations in
temperature and connected with said keeper,
whereby the movements caused by the -ex-
pansion and contraction of said body will
open and close such magnetic circuit and in-
duce electric currents in said conductor, sub-
stantially as set forth.

3. The combination, with two or more mag-
netic cireuits and movable keepers adapted
to open and close such magnetic cireuits, of
conductors within the influence of the fields

of force of such magnets, and two or more

bodies expanded and contracted by variations

_of temperature connected with said keepers,

and circuit-connections with the conductors
in the fields of said magnets, substantially
as set forth.

4. The combination, with two or more mag-
netic cireuits and movable keepers adapted
to open and close such magnetic circunits, of
conductors within the influence of the fields
of foree of such magnets, two or more bodies
expanded and contracted by variations of
temperature connected with said keepers, and
a commutator for producing a continuous cur-
rent from the impulses in such conduectors,
substantially as set forth, -

5. The combination, with a source of heat,
of two or more expansible bodies, a heat-di-
rector directing the heat to such bodies suc-
cessively, and two or more magnetic circuits
opened and closed by such expansible bodies,

and thereby producing currents in conductors
within the influence of the fields of force of
such magnets, substantially as set forth.

6. The combination, with a source of heat,
of two or more expansible bodies, a heat-di-
rector directing the heat to such bodies suc-
cessively, magnets whose magnetic circuits
are opened and closed by the movements of
such expansible bodies, conductors within the
influence of the fields of force of such mag-
nets, and a commutator for straightening the,
currents induced in such conduetors, substan-
tially as set forth.

7. The combination, with a body expanded
and contracted by variations in temperature,
of a magnet, a movable keeper for such mag-
net, and an adjustable connection between
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such expansible body and said movable -

keeper, substantially as set forth.

8. The combination, with a body expanded
and contracted by variations of temperature,
of a magnet, a movable keeper therefor con-
nected with said expansible body, for open-
ing and closing the magnetic circuit by the
movements of said expansible body, and a
coil of wire surrounding the break in the
magnetic circuit for receiving the induction
from the magnet, substantially as set forth.

This specification signed and witnessed this
21st day of January, 1888.

THOS. A, EDISON.

Witnesses:
WILLIAM PELZER,
E. C. ROWLAND.
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