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To all whom 1t may concern :

Be it known that I, JESSE H. BUNNELL, of

New York, in the county of New York and
State of New York, have invented certain new
and usefnl Improvements in Ilectro-Magnets
for telegraphic and other purposes, which im-
provements are fully set forth in the following
specification, reference being had to the ac-
companyving drawings.

My invention relates to an improved com-
bination of permanent and electro magnets
with a movable armature, intended more par-
ticularly for use in connection with telegraphic
instruments, but which may be advantageously

~applied to other electro-magnetic apparatus.

The invention consists in pl(mm permanent
and electro magnets with their respective poles
in contact in Such manner that they will form

a closed magnetic circuit, and 1n so arranging

a movable armature in proximify to certain
poles or projections situated at or near the
points of contact between the permanent and
electro magnets that the increment and decre-
ment of the normally existing magnetism at
the extremities of said projections produced

by the opening and closing of an electrie eir-

cuit in which the coil or coils of the electro-
magnet are included will act upon the arma-
ture in the ordinary manner, S0 as to cause a
to-and-fro movement of the said armature,
which may be utilized for telegraphic or other
purposes.

I have found that by thus arranging the
poles or projections which act upon the mova-
ble armature - in connection with a closed
fect upon the ar-

mature may be produced by means of an elec-
tric current of much less strength than would
otherwise be the case. In many instances the
effective force acting upon the armature 1s
nearly double that of a similar electro-mag-
net when not combined with a per manent mag-
net.

In the accompanying drawings, Iigure 1 1s
a plan view, illustrating the “Lpphmtlon oL my
invention to a telegraphm relay-instrument,

~and TMe. 2 is a longitudinal section of the

SaInce.

In the drawings, A represents the base of

the instrument, which, in this instance, 18 a
telegraphic relay.

B is a permanent magnet of hardened steel,
powerfully magnetized in the usunal manner,
and supporfed in a horizontal position upon
the base, as shown in the drawings, N being
its north and S its south pole. The perma-
nent magnet is preferably of the usual horse-
shoe form, and may be composed of a single
plate of steel, as in the drawings, or of a
number of thin plates laid up togetherina well-
known manner, so as to form whatis termed a
‘‘compound magnet.” Pole-pieces n and s,
preferably of soft iron, are firmly secured to
the respective poles of the permanent magnet
B, and virtually form continuations thercof.
A c¢ylindrical bar or core of soft iron having
about the same area of cross-section as the pole-
pieces % and s is placed transversely between
the latter, so as form a magnetic connection
between them at a point considerably within
the extreme ends, poles, or projections thereof.
Thus it will be understood that the transverse
bar C, in connection with the pole-pieces n s
and the permanent magnet B, forms a closed
magnetic cireuit, by reason of which little or
no free magnetism or magnetic attraction is
ordinarily manifested at the extreme ends of
the pole-pieces n s, which face the armature D.

Thetransverse bar or core C 1s surrounded by
a coil of insulated wire, I, in the manner of an
electro-magnet, the ends of said coil being car-
ried to binding-screws z ¢ for the convenlent
attachment of telegraphiec or other conductors.

The movable armature D 1s constructed and
arranged in the ordinary manner, being mount-
ed upon a lever, I, pivoted at . The move-
ment of the armature toward and from the
poles of the magnet is limited by the adjust-
able serew-stops ¢ . The armature 1s also
provided with the usual adjustable retracting-
Spring 1.

Bmdmn -screws [ m may be provided for the
’Ltmohmeut of a local circuit, asin ordinary re-

lay-instruments.
The operation of the apparatusis as follows:

‘When the coil or helix I is placed in an elee-

trie cireuit, by attaching the conductors of the
latter to the bmdmmscle\% z and ¢ the bal-
ance of the closed magnetic circuit1s disturbed
by the inductive actlon of the coill Ii upon the
core C, which produces magnetic polarity at

| the outer extremities of the pole-lneces n s, and
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causes the armature D to be attracted.
the circuit through the coil 1l is broken the
magnetic balance is restored and the armature
D is drawn away by the spring <.

1t 1s preferred to make the pole-pieces n s of
soft iron, although this is not essential, as the
apparatus may be so arranged as to allow the
armature to be acted upon directly by the
poles of the permanent magnet, these latter
being connected with each other by the bar C,
S0 as to complete the magnetic circuit.

It 1s obvious that the form, arrangement,
and proportions of the several parts deseribed

may be greatly varied without departing from .

the spirit of my invention; but I geuerally
prefer to employ substantially tlie arrange-
ment herein shown and deseribed.

I claim as my invention—

1. Anelectro-magnet the two poles of which
are permanently attached to the respective
poles of a permanent magnet in such manner
that the intensity of the free magnetism at the
extreme ends, poles, or projections of the said
permanent magunet may be varied by the trans-
mission of an electrie currvent through the coil
surrounding the electro-magnet.

2. The combination, substantially as herein
described, of a permanent magnet and an elec-
tro-magnet, with their respective poles perma-
nently in contact in sueh manuer as to form a
closed magnetic circuit.

3. Lhe combination, substantially as herein
described, of a permanent magnet, provided
with soft-iron pole-pieces attached to each of

When |
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1ts poles, a core of soft 1ron permanently con-
necting said pole-pieces with each other, and
a coll or helix of wire surrounding said con-
necting-core.

4. The combination, substantially as set
forth, of a permanent magnet, a core of soft
iron permanently conneecting the two poles
thereol with each other, a coil or helix of wire

surrounding said core, and an armature so

sitnated as to be moved to and {ro by the in-
crement and decrement of magnetism in said
poles when electrical pulsations are caused to
traverse the coil. |

5. LThe combination, substantially as set
forth, of a permanent magnet provided with
soft-iron pole-pieces attached to each of its

[ poles, a bar of soft iron permanently connect-
. 1 .

1ng satd pole-pieces with each other, and a coil
or helix of wire so arranged as to caunse an al-
ternate 1ncrement and decrement of the mag-
netism in the said pole-pieces when electrical
pulsations are caunsed to traverse said coil.

0. The method, substantially as herein set
forth, of causing the movement of an armature
by altering the normal distribution of magnetic
force 1n the closed and balanced magnetic eir-
cult of a permanent maguet by means of a mag-
netizing coil or helix acting thereupon.

In witness whereof I have hereunto set my
hand this 23th day of January, A. D. 1830.

’ J. H. BUNNEILL.

Witnesses:

WM. ARNOUX,
MILLER O. IUART..
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