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To all u?ion, it may concei'i. 
Beit known that I, LEO BOCK, Jr., of New 

York city, State of New York, have invented 
certain new and useful Improvements in Elec 

5 tric Motors, of which the following is a speci 
fication. 
My invention relates to the class of motors 

shown in Letters Patent No. 357,374, granted 
William H. Darling and myself, February 8, 

Io 1887, in which an armature reciprocates with 
in Solenoids or coils. 

I have found by experiment that the great 
est attraction is exerted upon a cylindrical 
armature moving in a solenoid when the ar 

15 mature has entered the solenoid about half 
Way, and that the maximum effect is pro 
duced during the time the armature is mov 
ing from such a position in the solenoid into 
a position. Where the transverse central line 

-2O of the armature coincides with the like line 
of the solenoid. To increase the efficiency of 
motors of this type, to give the armature a 
longer stroke, and to provide for a more uni 
form and continuous effect of the current 

25 traversing the field or solenoid about the ar 
mature, I provide a series of Solenoids and 
Work them in pairs in such manner that when 
the armature is moved into a position where 
its transverse center coincides with a like cen 

3o trail line of any two solenoids or coils which 
are being Worked as one, cut out or short 
circuit one of the coils of said pair, that one 
at or toward the rear of the armature, and 
throw into circuit the Solenoid or coil at or 

35 toward the front of the armature. By such 
an arrangement I am enabled to construct an 
electric cylinder of solenoids in such manner 
that any desired stroke may be given to the pis 
ton and a practically uniform pull be exerted 

4o upon the armature during its entire move 
ment in either direction. I also so arrange 
the motor that the polarities of the ends of 
the armature and the cylinder-heads are such 
that the separating-poles repel each other and 

45 the approaching poles attract each othel' when 
the armature is moving in either direction. 
I also provide a sectional winding of the so 
lenoids and switch mechanism for connecting 
the layers or sections of the solenoid in differ 

5o ent ways, - 

In the accompanying drawings, Figure 1 is 
a vertical section through an electric cylin 
der, showing the circuit-connections and con 
tact mechanism corresponding with the ordi 
nary valve mechanism of a steam-engine. 
Figs. 2, 3, 4, and 5 are diagram views illustrat 
ing the armature in different positions dur 
ing its movement in both directions. Figs. 
6, 7, S, and 9 are like views showing a Some 
what different arrangement of switch devices. 
Figs. 10, 11, 12, 13, and 14 are diagram views 
showing an arrangement in which the polarity 
of the armature is reversed during its move 
ments to operate efficiently with magnets 
placed at each end of the electric cylinder. 
Fig. 15 is a diagram indicating each solenoid 
as composed of a number of Separate layer's 
or windings--or, in other words, concentric 
solenoids and switch mechanism-by which 
the layers of any solenoid may be connected 
in series or multiple or partly in series and 
partly in multiple. 
An electric cylinder, having four solenoids 

A B C D, is shown in connection with an un 
wound cylindrical armature E, mounted upon 
a reciprocating piston-rod F. 
G is the circuit-shifting rod corresponding 

with the valve-rod of an ordinary engine, and 
II the contact-slide operated thereby. The 
movement of the circuit-shifting rod may be 
derived from the main shaft of the limotor, as 
in a steam-engine, and as shown in the patent 
above mentioned. 

C. ba:c clare contacts mounted in a line upon 
the cylinder, and in contact with which the 
contact-slide II reciprocates, the slide being 
givided by insulation h into two contact-plates 
I' 12. 
In Figs. , 2, 3, 4, and 5 the oute' end of the 

solenoid A is connected with the contact Cl, 
and the Outer end of the solenoid I) with the 
contact di. The adjoining ends of the solen 
oids A B are both connected with the con 
tact l, the adjoining ends of the solenoids B 
Care connected with the contact a, and the 95 
adjoining ends of the solenoids C D are both 
connected with the contact c. One terminal 
of the circuit is carried to the reciprocating 
plate h' by means of a rubber or brush, and 
the other terminalis in like manner connected loo 
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with the contact-plate h”, as clearly seen in 
all the figures. 

In Figs. 1 and 2 the armature is in-position 
for the commencement of a stroke. The cir 
cuit Will be, as indicated by the arrow-heads, 
from the contact-plate hand contactly through 
the Solenoids B and C and out by contact c, 
the solenoids A and D being short-circuited. 
When the armature is moved into the posi 
tion indicated in Fig. 3, the solenoids A and 
B are both short-circuited, the circuit being 
from contact-plate fu' through contact ac, solen 
oids C and D and out by the contact (l, and 
the armature completes its stroke. In Fig. 4 
the circuit is now through contact b and solen 
oids C and B and out by contact c, solenoids 
D and A being short-circuited. In Fig. 5 the 
circuit is through Cl, solenoids B and A, and 
Out by the contact ac, Solenoids C and D be 
ing short-circuited, and the armature com 
pletes its stroke. Air-passages Y are pro 
vided in the ends of the cylinder, and as the 
armature reciprocates a circulation of air is 
maintained to cool the parts. The armature, 
which is preferably hollow, has apertures y in 
its ends for a like purpose. 

In Figs. 6, 7, S, and 9 the same action takes 
place, the contact or switch mechanism only 
being changed. The slide H carries as before 
two contact-plates l'h'. Upon each of them 
bears a pair of fingers a'b'c' d'. The fingers 
in each pair are of different length, land c' 
being the longer, and the shorter fingers' Ct' 
and d are joined by a wire e, connected with 
the adjoining ends of the Solenoids B and C. 
The outer ends of the solenoids A and D are 
in direct connection with the main circuit at 
the binding-posts 2 2'. The adjoining ends 
of A and B are connected with b', and the 
adjoining ends of Cand D are connected with 
c'. With this arrangement of contacts the 
changes in the circuit will be precisely the 
Same as in FigS. 2, 3, 4, and 5, the arrow 
heads showing the direction of the current, 
and further description is unnecessary. 

In FigS. 10, Ill., 12, 13, and 14 contact de 
vices similar to those shown in Fig. 1 are em 
ployed, but the connections of the solenoids 
with the rollers a a cd is different-that is, 
the outer ends of A and D are respectively 
connected to C and d, and the adjoining ends 
of B and C are connected with ac, as before; 
but the adjoining ends of A and B are con 
nected with c and the adjoining ends of C 
and D are connected with b. The effect is to 
produce two reversals in the polarity of the 
core during its movement from one end of the 
cylinder to the other, as clearly shown, the 
direction of current in the different coils be 
ing indicated by the arrow-heads. The pur 
pose is to produce an efficient co-operation 
between the armature and magnet-poles N'S', 
respectively, located at the opposite ends of 
the cylinder. The magnet or magnets may 
be either permanent or electro-magnets, and, 
as shown in the drawings, they form the 
heads of the cylinder, the piston passing 

through apertures in the in Wardly-projecting 
pole-pieces. Fig. 14 shows the magnet-coils 
in series with the switch devices, and the 
poles are of unchanging polarity. Of course 
they can be connected in other ways. When 
the armature is at one end of its stroke, as in 
Fig. 10, the polarity of the armature is the 
same as that of the pole-piece N', and conse 
quently there is a tendency to repel the ar 
mature which assists it in starting. When 
the armature is in the central position, Fig. 
11, its polarity has been reversed and the pole 
approaching S' will be attracted by it until 
the armature has reached the limit of its 
stroke, and then the reversal takes place, Fig. 
12. The operation is the same when the al 
mature moves in the opposite direction. If 
the polarities of the field pole-pieces N'S' 
were reversed at proper times, reversal in the 
armature would be unnecessaly. - 
As indicated in Fig. 15, each solenoid Al3 

CD may be composed of several layer's or 
concentric solenoids J K I. M., and by means 
of suitable switch devices the several layers 
of any solenoid may be connected in multi 
ple or series or partly in multiple and partly 
in series. In this figure C. la C. d indicate 
contact-rollers corresponding with those in 
the other figures. The terminals of the lay 
ers J K LM on one side run to switches J.R.' 
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L' M', arranged in suitable relation to a se 
ries of contacts 1,2,3,4,5,6,7, and S, and on the 
other side the terminus rum to switches JK 
LM, arranged in suitable relation to a se 
ries of contacts 9, 10, 11, 12, 13, 14, 15, and 
16. Referring to the connection of the Solen 
oid A, the contact-roller is connected With the 
alternate contacts 1, 3, 5, and 7, in one series 
of contacts, and the roller b is connected with 
the alternate contacts 9, 11, 13, and 15 in the 
other series. The contact or switch points 4 
and 10, G and 12, and S and 14 are united by 
cross-connections, as shown in the diagram. It 
will be obvious that the several layers of the 
solenoid may by this means be included in 

IOC 

1 Io 

multiple or in series, or partly multiple or 
partly in series, and as the diagram is per'- 
fectly plain it is unnecessary to incumber the 
specification by tracing the circuits. 
In starting the motor the layers of the 

solenoids, which work together, may be con 
nected in series and a minimum quantity of 
current will therefore be taken by the lma 
chine, and excessive sparking Will not occur, 
The layers of the respective solenoids may 
then by a successive manipulation of their 
switches be thrown into multiple, and the 
machine will then be taking its maximum 
amount of Cullent. Of course this 1)lanner 
of connection is applicable to all the diagrams 
above described. 

I claim as my invention 
1. The combination, with a reciprocating 

armature, of a series of Solenoids acting there 
on to cause its reciprocation, and circuit con 
nections and contact devices whereby the di 
rection of current in the solenoids is reversed 
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and the polarity of the armature thereby re 
versed during its reciprocation, substantially 
as set forth. 

2. An electric cylinder having polarized 
cylinder-heads or pole-pieces at each end, a 
reciprocating armature and circuit connec 
tions and contacts, whereby as the armature 
leaves either end of the cylinder the polarity 
of the cylinder pole-piece and the adjacent 
pole of the armature are caused to be the 
same, and as the armature approaches the 
opposite end of the cylinder the polarity of 
the pole-piece at that end of the cylinder and 
of the adjacent end of the armature are caused 
to be unlike, substantially as set forth. 

3. The combination, with a reciprocating 
armature and a series of solenoids acting 
thereon in pairs, of circuit connections and 
contacts whereby a solenoid is thrown into 
circuit or energized at the front of the arma 
ture and another Solenoid is thrown out of 
action at or toward the rear of the armature 
and the direction of the current in the coils 
reversed to reverse the polarity of the arma 
ture during the passage of the armature from 
one end of the cylinder to the other. 

4. The combination of the solenoids com 
posing the cylinder, the magnet pole-pieces 
at the ends of the cylinder, the coils of said 
magnet, independent of the solenoids included 
in the motor-circuit, and circuit connections 
or contacts whereby the solenoids are ener 

gized to cause the reciprocating of the arma 
ture within the cylinder, substantially as set 
forth. 

5. The combination of three or more Solen 
oids, circuit-connections whereby they are 
energized in pairs and the direction of the cur 
rent reversed, a reciprocating armature act 
ing within the solenoids, and magnetic pole 
pieces at the ends of the cylinder of unchang 
ing polarity. 

6. In an electric cylinder composed of Solen 
oids acting upon an armature reciprocating 
within them, the combination, with the Sev 
eral independent layers of which each solen 
oid is made up, of switch mechanism where 
by said layers may be connected in multiple 
or series, or partly in multiple and partly in 
series, substantially as set forth. 

7. The combination of the solenoids, each 
composed of independent layers, switch mech 
anism by which the layers may be connected 
in multiple or series, a reciprocating arma 
ture acting within the solenoids, and contact 
mechanism and circuit-connections whereby 
the solenoids are energized in pairs, sub 
stantially as set forth. 
In testimony whereof I have hereunto sub 

scribed my name. 
LEO BOCIK, JR. 

Witnesses: 
EDWARD C. DAVIDSON, 
M. J. KELLEY. 
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