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UNITED STATES PATENT OFFICE.

ELIAS E. RIES, OF BALTIMORE, MARYLAND, ASSIGNOR TO RIES & HENDER-
SON, OF SAME PLACHE.

METHOD OF AND APPARATUS FOR OPERATING ELECTRIC RAILWAYS BY DYNAMIC INDUCTION.

SPECIFICATION forming part of Letters Patent No. 458,859, dated September 1,1891,
Application filed May 17,1887, Serial No, 238,509, (No model.)

To all whow it may concerty: _Other advantages not here enumerated re-

Beit known that I, ELiAs E. RIES, a citizen | sult from the employment of my novel sys-
of the United States, residing at Baltimore, in | tem, which embraces not only a new appa-
the State of Maryland, have invented certain | ratus, but also a new mode of operation, as

5 new and useful Improvements in Methods of | will clearly appear from a detailed descrip- 55

and Apparatus for Operating Electric Rail- | tion of the same. In my system I arrange
ways by Dynamic Induection; and Tdo hereby | one or more stationary generators along the
declarethefollowing to beafull, clear, and ex- | track or line of way and carry the intermit-
act description of the invention, such as will | tent or alternating currents of high tension

1o enable others skilled in the art to which it ap- | generated by the same through a thoroughly- 6o
pertains to make and use the same. insulated conductorinto inductive proximity

In the ordinary systems of electric locomo- | to another conductor or conductors, which
tion the actuating-current derived from a | may be either stationary and arvanged along
stationary source is conducted either by the | the track for contact with brushes connected

15 rails or by separate conductors.arranged par- | with the motor upon the vehicle or may be 6=
allel and in close proximity to the track di- | mounted upon the traveling vehicle and suit-
rectly to the motor or motors mounted upon | ably connected in ecircuit with the motor.
the wheeled vehicle. These separate con- | There are, therefore, two independent cir-
ductors or rails thus used for conducting the | cuits in inductive proximity to each other,

20 current directly tothe motoruponthe wheeled | one for carrying the primary currents gener- 7o
vehicle must necessarily be exposed for con- | ated by the stationary generators and the
tact with collecting brushes or wheels. They | other for carrying the currents generated
cannot for this reason be insulated with such | by dynamic induction to the motor. The
care as the advanced state of the art would | two circuits have the relation of a primary

25 permit if electrical contact with the same | and a secondary coil of an inductorium, 45
were not required, and considerable loss of | with this difference, however, that while in
current by leakage is experienced in conse- | the ordinary inductorium the relations of the
quence thereof. The necessarily imperfect | resistances of the two cirenits is such that
insulationof the line conductors necessitates | the induced currents have greater tension

30 the employment of currents of comparatively | than the inducing-currents in the circuits 8o
lowtension and considerable quantity,and for | employed in my system this relation is di-
the transmission of such currents expensive | rectly reversed. Again, another difference is
conductors of good conducting material and | that in the ordinary inductoriam the coils are
of considerable cross-section are required. invariably fixed, while in accordance with my

35 It is the object of my invention- to over- | invention they may be wovable with relation 83
come the difficulties of electriclocomotion due | to each other. The system of conductors
to the direct communication of the source of | which carries the induced current I have
electrical energy with the traveling motor by | called the “ translator-conductor” orthe “see-
substituting for the system involving such | ondary of the transformer,” and the system

4o direct communication one in which the actu- | of conductors which carries the inducing-eur- go
ating-current isgenerated by electro-dynamic | rents will be spoken of in this specification
induction, whereby I am enabled to insulate | as the “inducing or line conductors.” The
the conductors proceeding from the generator | carrentsgenerated in the translator are neces-
or generators in the most perfeet manner | sarily alternating, and they may be utilized ,

45 which the art affords, to utilize currents of | as such in a motor constructed to be aperated 95
very high tension and comparatively small { by such currents, or these currents may be
quantity, and to employ line conductors of | first commutated to flow in the same direc-
inferior conducting capaeity in surface over- | tion and then utilized in an electric motor
head and underground electrie-railway sys- | of ordinary construction. All this will more

50 tems. fully appear from the following detailed de- 100
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scription, with reference tothe accompanying
drawings, which form a part. hereof, and in
which I have illustrated several of the very
numerous forms which my invention may
assume; but it will be understood that I do
not propose to limit myself to the particular
embodiments of the principle of my inven-
tion herein shown and described, nor to the
details of construction pointed out, since
these are only a fewspecimens of a great num-
ber which may be employed without depart-
ing from the spirit of my said invention.
Irigure 1 represents a diagram of my im-
proved system of electric locomotion in its
simplest form, in which the rails constitute
the translator orsecondary of the transformer.
Fig. 2 is a similar view of a modification, in
which separate conductors located between
the rails are used as the secondary of the
transformer. Fig. 3 shows an end view of a
vehicle with the secondary of the transformer
secured to the boftom of the same and the
road-bed and line conductors in section. TFig.
4 is a plan view of the secondary of the trans-
former used in the construction shown in Figs.
12 and 13, the same being partly in section.
Fig. 5 is an end view of the transformer used
in the system shown in Fig. 3. Fig. 61is a
cross-section of the same when suspended
from the car-axle instead of secured to the
bottom of the car. Iig. 6* is a vertical lon-
gitudinal section of a modified and improved
form of translator which might be substi-
tuted for the one shown in Fig. 6. Fig. 6°
is a transverse section on line a a, Fig. 6%
Fig. 6° is a diagram showing a car provided
with the transformer shown in Ifig. 6% and
showing its use in connection with under-
ground and overhead line conductors where
both forms are used on the same line of rail-
way. - Ifig. 7 is a cross-section of the vehicle
with the translator carried by a swinging arm
upon the roof, with theline conductor mount-
ed upon poles or standards along the road.
Fig. 8 is a side view, partly in section, of the
translator carried by the swinging arm. TFig.
9 is an end view of the same, showing the
guniding-trolleys; Fig. 10, a cross-section of
the translator, and Fig. 11 a cross-section of
a modified form of such translator. Fig.11*
is an end view of a double-track road, show-
ing the use of the translator represented in
Fig. 11. Tigs. 12 and 13 are an end view and
cross-section, respectively, of a vehicle with
the translator placed upon the roof and the
line conductor between the two vehicles car-
ried upon posts. Fig. 14 is a side eleva-
tion of a modified form of translator. Fig.
15 is a side elevation of a street-car having
the translator arranged underneath on the
botiom of the ear and preferably rectangu-
lar in form. TFig. 16 is a plan view of the
translator preferably used in such street-car,
the line conductors being indicated diagram-
matically. Fig. 17 is a cross-section of such
translator with the line conductor in proper
relation thereto. Fig.18 is an elevation of a

458,859

railway - ear with a rectangular translator
placed vertically oneon eachsidethereof. Fig.
19 is a cross-section of the road-bed of the
street-railway. Figs.20and 21 area side view
and eross-section, respectively,of the line con-
ductor when the same is placed under ground.
Figs. 22 and 23 are an end and plan view, re-
spectively, of the eclamp in which the trans-
lator used in the construction shown in Fig.
7 is placed. Fig. 24 shows the general ar-
rangement of the motor and a switch for con-
trolling the currents from ftwo translators,
one on each side of the car. Tig.25isatrans-
verse sectional view of the switch. Tig. 26
is-a diagram of said switch in proper relation
to the translator-circuits, showing also how
an ordinary transformer may be interposed
for reconverting low tension to high tension.
Fig. 27 is a view illustrating conventionally
or theorvetically a commutator for straighten-
ing the alternating currents from the trans-
former, and Figs. 28 to 33 are diagrams show-
ing the relative locations of theline conduct-
ors and rails whieh I contemplate using in
my system. ' '

Like numbers and letters of reference in-
dicate corresponding parts in all the views.

In the systems indicated in Figs. 1 and 2
the generator or generators are preferably
placed at one end of the line of railway, as
indicated at 1. 2 and 3 are line conductors
proceeding from the generators and extend-
ing along the track parallel to the same. A

cross-connection 4 closes the circuit from said

conductors. :

In Fig. 1 the line conductors are shown di-
rectly under the rails, and in this instance
these rails constitute the secondary of the
transformer or the translator, and provision
is made for. contact of the same with the
wheels of the vehicle, which in turn are suit-
ably insulated from their axles, as clearly in-
dicated in the drawings. Contact-brushes 5
5 bear upon the wheels and are connected
with the motor 6, as will be presently de-
seribed. Such contact-brashes 5 5 may be
used in connection with either two or four
wheels of the vehicle; ‘but in each case the
brushes on one side of the car are connected
by suitable conductors 7 with the. brushes 8
of the motors, while the contact-brushes on
the other side of the car are connected with
the switch-arm 9, which when swung to the
right or the left makes contact with different
termini of the rheostat 10, which, in turn is
connected with the other brushes 11 of the
motors on the line. Af the end of the track
farthest from the generating-station the trans-
lator-rails are connected with a resistance 12,
included in the said connection. This resist-
ance, however, may be omitted. The opera-
tion of this arrangement will now be easily
understood. The alternating or intermittent
currents passing over the line conductors will
induce alternating currents in the translator-
eircuit, which is closed at one end by the mo-
tor on the traveling vehicle and at the other
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end, when but one traveling motor is in use,
by the artificial resistance 12 or by a simple
cross - connection, and this cross-connection
may be dispensed with when more than cne
motor is on the line. The engineer, having
control of the switch-arm 9, can close the eir-
cuit to the motor at will,and by changing the
contact to different termini of the rheostat
10 can regulate and determine the flow of
current to the motor, according to the length
of active translator from moment to moment.
The motor must be of a kind to be operated
by alternating currents, and it will be evident
thatthis motor may be of any description—as,
for instance, of the character shown in Fig.
27, although I do not here limit myself to the
same. If more than one car provided with a
motor should happen to be on the same line
of rails, as shown in Fig. 1, each motor will
receive its proportion of -currents, since all
the motors are then arranged in multiple arc
to each otler.

In Fig. 2 the line conductors are depressed
below the surface of the road-bed, and be-
tween the same and parallel thereto are two
conductors 13 14, which at the farthest end
may be bridged by resistance 12, as in Fig.
1. These conductors 13 14 here constitute
the secondary of the transformer, and the
same, as well as the line conduectors 2.3, are
placed in an excavation or conduit in the
center of the road-bed. The slot 15 in the
center of said road-bed permits the entrance of
anarm16,which projects downwardly fromthe
carand isarrangedto be under control of the
engineeror motor-man. - Secured to the lower
end of sald arm is an insulating carrier or
yoke 17, having a contact-wheel 18 at each
extremity. By means of the arm 16 the car-
rier 17 may be swung around the arc of a cir-
cle, so as to effect the contact of the wheels
18, respectively, with the translator-conduct-
ors 13 14, If such contactis established, the
current will proceed from the translator to
one of the contact-wheels, and by suitable con-
nections up througharm 16, and by conductor
7 to the brush 8 of the alternating-current
motor G, then through tke armature of said
motor by the other brush, rheostat, switch-
arm 9, and by wires, as indicated, through
arm 16, to the other contact-wheel 18 back to
the transformer. It will thus be understood
that more than one motor may at the same
time proceed along the tracks 'md all receive
their requisite amountof current in the same
manner as shown in the arrangement of Fig.
1. Tt will also be seen that in this case the

rails form no part of the transformer, and in~

fact are not atall in thecircuit; but in order
to prevent wasteful induetion from the line-
conductors into the track the wheels of the
vehicle should be thoroughly insulated from
their axles, sothat nocurrent ean pass upinto
the car through the metallic portions of the
same, except such as is admitted by the arm
16; or the traffic-rail sectionsmay be insulated
from one another, and thereby divide up the

length exposed to the inductive action, which
of course will then be open-circuited and not
affected by the induced currents, as indicated
in Fig. 2. In the operation of this system
line currents will naturally be of compara-
tively very high tension, and it is therefore
not necessary that the translator-conductors
should be arranged in close proximity to the
former. On the contrary, it is advisable to
separate the translator-conductors a reason-
able distance from the line conductors. - It
will be noticed that as the motor proceeds
from the generating-stationtoward the farther
end of the road the inductive effect upon the
secondary of the transformer decreases, and
for this reason, mainly, the rheostat 10 is pro-
vided, by means of which the resistance of
the motor as the car approaches the end of
its travel may be automatically regulated and
reduced.

In Fig. 3 the translator 19 is secured by
brackets 20, depending from the floor of the
car in proximity to the road-bed under which
the line conductor 2, properly insulated, is
placed between the track-rails. Said con-
ductor is incased in an iron trough 21, pro-
vided with a cap 22, of non-magnetic insulat-
ing material. The iron trough serves as a
shield against lateral induction, which would
injuriously affect neighboring telegraphie or
telephonie cables, and the cap 22 is purposely

made of non- maonotlc matemal so that the
inductive effect upon the translator nay not
be intercepted, as would be the case if said
shield were of magnetic material. The iron
trough serves also as a path for the mag-
netic lines of force from the laminated iron
core 23 of the translatorl9, (shown in detail in
Figs. 5 and 6,). whereby the inductive effect
is nmtemally increased.

In Fig. 6 the translator itself is '~hown Ain
Cross~ sectlon, and in Fig. 5 in end elevation.
It will be seen that it is composed of a lami-
nated core 23, of soff iron, and loops of wires
24, wound transversely over the same. These
loops are collected at each end by metal strips
25, from each of which a wire 26 proceeds to the
motor; but, as will be seen from what follows,
a suitableswiteh, and in some cases a commu-
tator, is interposed between the translator
and the motor. The translator extends
throughout the whole length of the car, and
the currentsinduced in the same are, by rea-
son of its peculiar construction, of compara-
tively very low tension and wxe 1t quantity.
The reason for this is that the sum total of
the cross-sections of the wires in the trans-
lator is much greater than the eross-section
of the line conductor, while the effective
length of the translator-conductor is muech
shorterthan theline. Withthis construction
it will be understand thatwhile the difference
of potential at the terminals of the line con-
ductor or the electro-motive force of the gen-
erator may be very great the difference of po-
tential betweeuthoendsof theeffectivelengths
of the line conductor is moderate, and the cur-
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rent induced by that effective portion of the
line conductor in the translator can never
rise above that moderate difference of poten-
tial. Thus T am enabled to use at the dis-
tant station a generator of very high electro-
motive force and still obtain from the trans-
lator in the motor-circunit a current of com-
paratively low tension. The collection-strips
25 on each side of the transformer are inter-
posed between the insulating-partitions 27,
and each pair of sueh strips is in communi-
cation with the binding-post 28, from which
the wires 26 proceed, all of which is clearly
indicated in Fig. 5.

In Fig. 6 the transformer is shown as hung
by sleeves 29 from the car-axles; but in all
other respects the construction is the same as
that in Fig. 5. Inasmuch as the loops of the
transformer (shown in Figs. 5 and 6) are united
at their ends in the manner illustrated and
described, practically these several loops or
coils are single conductors of very low resist-
ance, the same as a single plate of copper
would be. The same connection of the sec-
tions of coils into loops will be used in the
translator shown in Fig. 4 when the same is
used on the top of acar,in the manner repre-
sented in Figs. 12 and 13.

Irigs. 6 and 6' illustrate a translator con-
structed upon the same principle as that rep-
resented in Figs. 4, 5, and 6. In this case,
however, the translator has the shape of a
rectangular frame, more especially adapted
for use when placed vertically in a car, as in-
dieated in dotted lines in Fig. 6% There is a
rectangular iron frame-core b, U-shaped in
cross-section, and insulated wires are wound
upon the core in insulated groups, as indi-
cated in Tig. 6°, and these groups may be
united by binding-posts, as indicated in Fig.
6*. By preference the iron core is not con-
tinuous, but has a portion of it cut. away,
which is replaced by some non-conducting
material,asindicated in dotted linesatc. The
purpose of this is to prevent the generation
of currents in the magnetic core. As shown
in Fig. 6%, this translator is made as large as
the frame of the car on which it is used, and it
may act in conjunction with an underground
line conductor orin conjunetion with an over-
head line conductor. Inthefirstinstance only
thelower branch of the translator will be acted
upon induetively by the line conductor, and
in the second instance only the upper branch
of the translator will be acted upon,the mag-
netic core forming an anti-inductive shield
for the other branch in each instance. In
electric railways proceeding from the popu-
lated portion of a city to suburban places the
line conductor in the populated portion-of
the city will be laid, preferably, under the
track, while in the suburbs the cheaper over-
head line conductor may be used. With a
car equipped as indicated the transit from
the city to the suburbs may be made without
amoment’s interraption of the effective work-
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ing of the motor, as will be readily under-
stood. : o

In Fig. 6° the underground line conductor
is indicated in solid lines, while the overhead
line conductor is indicated in dotted lines.

In Fig. 7 the translator 30 is earried by a
laterally-projecting arm 31, mounted upon the
roof of the carand arranged to be swung from
oneside of the car over to the otherside by a
crank-handle 32.

The translator itself (shown more clearly
in Fig. 8) consists of wire loops wound over
a series of iron rings 33, which are arranged
side by side, so astoconstitutein effect a lami-
nated core in the form of a tube or pipe ex-
tending the wholelength of the car. The in-
sulated wire loops are wound upon these rings
as a core in thesame manner as the armature
of a Gramme machine and at each end are
connected with the conductors 26 for connec-
tion with the motor. An interior lining 34,
of insulating material, protects theinner wires
against contact with the insnlated line con-
ductor 2, which passes axially through the
said translator. Ateachend the transformer
is provided with four brackets 35, in each of
which is mounted a grooved roller 36, these
fourrollers embracing and centering the line
conductor. Anexteriorcovering 37,of any de-
sired material, protects the translator against
injurious effects of the weather. This trans-
lator is carried upon the swinging arm 31, as
stated before, which arm is provided at its
free end with a bearing 38, semicircular in
shape, and a cap 39, pivoted at oneend to the
arm and provided with means for clamping
it down upon the translator at the other end,
as indicated at 40. All this is clearly shown
in Figs. 22 and 23. A modified form of trans-
lator of this character is shown in Fig. 11,
where the sameis represented as divided into
two halves, each half in the shape of two ares
of concentric circles bounded by radial lines.
Each half is bound by itself, and the two
parts when joined together leave room for a
line conductor passing between and ininduet-
ive proximity to them.

As shown in Fig. 11%, each semicireular
translator may be carried upon a swinging
armon aseparatecaruponadjoining tracks,so
that two lines of railway can be operated by
a single line conductor, similar in this re-
spect to the arrangement shown in Fig. 7, ex-
ceptthat the line conductor may in this case
be fixed securely in place, as in Figs. 12 and
13. In Fig. 7 the line conductor is mounted
upon arms 41, projecting from posts 42, plant-
ed all along the road, like telegraph-poles,
as will be clearly seen by reference to said
Fig. 7. The line conductor 2 rests loosely in

a depression or hook at the end of arm 41,

and as the car proceeds it is lifted from its
support at each postuntil the car has passed,
when by its own gravity it will again settle
upon the arm 41. In Tig. 7 are also shown
the cireuit connections 26 to the motor 6,which
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is geared to the wheels of the car, as indicated
in the drawings, or in any other convenient
manner. The roof of the car is preferably
made of iron to serve ag an inductive shield
to protect the watches of the passengers
against magnetization. The electric charges
induced in said roof are carried to ground
by conductors 43, suitably connected with
the wheels.

In Figs. 12 and 13 are shown fwo cars on
adjoining tracks, with the line conductor 2
fixed upon poles 42, planted between the ad-
jacent parallel tracks. There is a translator
19 fixed upon the roof of each car,each trans-
lator being constructed substantially like
those described with reference to [igs. 4, 5,and
6. In Fig. 13 an ordinary switch 44, inter-
posed between the translator and the motor,
is shown, and in this case also the metal roof
is connected with the ground by wires 43.

In Fig. 15 the street-car is shown pro-
vided with a.translator having the shape of
a rectangle, as indicated in Fig. 16. A rect-
angular frame 45, of magnetic material, pref-
erably laminated, as shown in Tig. 16, and
having the cross-section indicated at 46 in
Fig. 17, is wound all around with wire like
the frameof agalvanometer. The wire wrap-
ping 47 is held in place at its lower side by a
plate 48, of insulating material, and two line
conductors 2 3, one on each side of the car,
one carrying the current in onedirection and
the other returning it in the other, act in-
duectively upon. wires 47, the termini 26 of
which are connected with the motor. The
line conductors 2 3 may bearranged either to
the right or left beyond the translator or to
the right and left under the same, as indi-
cated in Iig. 17. '

In Fig. 18 the translator is constructed sub-
stantially like that shown in Fig. 6* Two
such translators are used in this instance,
both placed vertically. One of these trans-
latorsisoneachsideof thecar,preferably with-
in the same, and an anti-inductive shield 48,

of iron, extending horizontally above the’

lower branches of the translators, nievents
inductive action within the car and upon the
upper branches. The line conductorsin this
latter instance are arranged like those in
Figs. 16 and 17, as is more particularly ex-
hibited in Fig. 31. A single conductor in
this case may serve for both translators, the
uppercoils of whichare not affecled and serve
simply as conductors, except when in addi-
tion to the lowerline conductor an upperone
is also used. (See Fig. <)

In Fig. 24 the general arrangement of the
motor upon the ear, the manner of gearing
the same to the car-axle, and the circuit eon-

- nections to a translator on each side of the
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car are indieated in a general way. Thereis
a switch 49 interposed bet ween the motor and
the translators, and the details of construc-
tion of said switch and its mode of operation
are shown in detail in Figs. 25 and 26.

In Fig. 26 there are two translators shown

diagrammatically, one on each side of theline
conductors 2 3, which latter, it will be under-
stood, extend parallel to the active wires of
the translators. - The particular construction
of those translators is of no consequence to
the operation of the switeh, but may be such
as shown in Figs. 6, 6%, and 6. It issufficient
to know that a series of wires 2626 proceeds
from each translator and terminates in a eir-
cular row of contact-points 50. Each of these
wires proceeds from one section of the trans-
lator, while the other terminals of the section
of each translator are collected upon a con-
ductor 51 and 52, respectively. With the two
sets of coils in series the potential would in
some cases be too high and the quantity too
small; but by connecting the two sets in par-
allel the electro-motive force may be reduced
to the desired point and the current strength
at the same time increased.

In Fig. 25 the mechanical construction of
theswitehis shown in detail,asfollows: There
is a frame 52%, of insulating-material, the up-
per part of which is shaped upon the arc of a
cirele and having distinet contact-points 50,
separated from each other by blocks of in-
sulating material and each connected with a
binding-post, as shown, from which binding-
posts the conductors 26 return to the trans-
lator. The switch-lever 53 is pivoted in the
center of the cirele, upon the arc of which the
upper part of frame 52 is shaped, and the
switch-handle 54, provided with suitable lock-
ing devices 55, is adapted to tarn the switch
down to cause the same to make contaet with
one or more of the contact-points 50. Two
other switch-arms 56 57 are pivoted below the
switch-arm 53. They are individually in-
sulated, but turn upon thesame axis and cross
each other at an acute angle. The spring-

arms 58 58 connect switch-arm 53 with con-
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tact-plates 59, the arrangement being such -

that when switch-arm 53 is moved about its
pivot the flexible conductor-arms 58 will yield
to that motion. As indicated in Fig. 26, two
branches of the switch-arm 53 are insulated
from each other, as are also the two branches
of switeh-armn 56, while the two branches of
switch-armn 57 are metallically connected, the
same being in fact made of one piece of metal.
In the position of the switch shown in Tig.
25 the currents from the two translators trav-
erse the wires 26 26,and fromn thence proeeed

Dby thecontact-points50 overswiteh-arm3,the

flexible conductor 58 tocontact-plates 59. If
now switch-arm 50 is in the position shown in
IMig 25—that is to say, if it bridges both the
contact-plates 59 59—the two branches of cur-
rent from the two translators unite upon
switeh-arm 56, and the united current passes
by conductor GO to binding-post 61 in frame
52, and then by conduetor 62 to the -motor.
From the motor the current returns by con-
ductor 63, binding-post 64, conductor 65 to
the second branch of switch-arm 56. - Ilere
the current divides again,one braneh passing
by conductor 66 and 51 to onetranslator and
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the other braiich by conduetor 67 and 52 to
the other translator. Thus it will be seen
that in the position of switch-arms 56 and 57
shown in Fig. 25 the currents from the two
translators pass in multiple are to the motor,
and it will be understood that by proper
manipulation of switch-handle 54 the currents
from any number of sections of the trans-
lator may be broughtintoplay. On theother
hand, if the two switch-arms 56 57 are turned
into the position indicated in Fig. 26 the two
translators are coupled in series as follows:
from the translator actuated by line con-
ductor 51, by wires 26, to conductors 50, one
branch of switch-arm 53, spring-arm 58, and
one of the contact-plates 59, one branch of
switch-arm 56, by conductor 60 62, to the mo-
tor, from the motor, by conductor 63, to the
second branch of switch - arm 56, and con-
ductor 52 to the second translator, and by
wires 26, proceeding from said translator, to
the second series of contact-points 50, and by
the second branchof switch-arm 53 and spring-
arm 58 and switch-arm 57 to eonductor 51,
back to the first translator. As has been
stated above, the two switch-arms 56 57 ro-
tate in unison, and they are moved by handle
68, which is indicated in Fig. 24.

In the operation so far described I have as-
sumed that the currents generated in the
translator are utilized in the motor just as
Since these currents are neces-
sarily alternating, a peculiarly - constructed
motor is obviously required for this purpose.
It is, however, important that provision
should be made which will allow the use of
any ordinary electric motor. The commuta-

- tor shown in Fig. 27 isintended to accomplish
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this result,and it will be understood that this
commutator must be interposed between a di-
rect or continuous current motor, in cases
where such a motor is desired to be used, and
the translator-circuit.

Upon a metallic shaft 69, formed of two
pbarts insulated from each other, are mounted
two circular disks 70 71, one heing connected
to one insulated part of the shaft and the
other to the other insulated section and each
provided with teeth upon their inner faces,
which teeth mesh like the teeth of crown-
wheels, but are insulated from each other, as
indicated. The construction is such that
when the said disks are placed face to face,
as shown in the drawings, their edges present
a series of contact-plates, which alternately
belong to one and the other disk and which
areinsulated from each other, as stated above.
The contact-brushes 72 73 bear upon diamet-
rieally-opposite sides of the common-edge of
the said disks in such manner that if one of
the brushes is in contact with a tooth belong-
ing to one of the disks the other brush bears
upon a tooth belonging to the cther disk.
Upon the same shaft 69 are mounted a series
of armatures 74 74, arranged radially about
and secured upon the shaft, and are equalin
number to the number of teeth wpon both

458,859

disks; and in operative relation to those ai-
matures aré arranged two electro-magnets 75
75, which are connected, respectively, with
brushes 72 and 73, with one of their terminals,
and with switch-arm 53 and conductors1, with
their other terminals, respectively. Theshaft
69 is mounted in bearings, as indicated, and
said bearings are connected by conduetors 62
63 with the commutator-brushes on the ordi-
nary or straight-current electric motor 6.
The operation of this apparatus will now
be easily understood. An electric impulse
proceeding from the translatér by wires 26
reaches the electro-magnet 75 by way of

switch-arm 53. It then passes by a brush 72 .

to disk 70 and by shaft 69 and conductor 62
to the motor, from which it proceeds over
conductor 63 to the other half of shaft 69 and
to disk 71. Fromthere thecurrent continues
by brush 73 over the magnet 76 and returns
by the conductor 51 to the translator. By the
electriccurrent thus passing through the mag-
nets 75 and 76 these magnets are energized and
each of them attracts one of the radial arma-
tures 74, mounted upon the shaft 69, whereby
a partial rotation is given to suchshaft, suffi-
cientin extenttobring one tooth of disk 71 in
contactwithbrush72andonetoothof disk70in
contactwith brush73. Thenextimpulsefrom
the translator will be in the reversed diree-
tion. Itwill therefore proceed overconductor

51 to magnet 76, brush 73, disk 70, shaft 69,

conductor 62, to the strauight-current motor 6,
and from said motor by conductor 63 to the
section of shaft 69 to which disk 71 is secured,
then to brush 72, electro-magnet 75, and by
switch-arm 53 and conductor 26 back to the
translator. It will be noticed that this sec-
ond impulse, although procecding from the
translator in an inverse direction, still passes
in the same direction as the first through the
straight-current motor 6. It will also be clear
that this second impulse, energizing the two
electro-magnets, will cause the latter to again
rotate the shaft 69 to the extent of one tooth

*of the ecompound disk 70 71, whereby the

brushes 72 73 will be restored to their original
relation to said eompound disk, so that the
next impulse will traverse the apparatus in
precisely the same path as the first. The elec-
tro-magnets 75 76 and the system of radial
armatures 74 have here the function of an
electromotor timed to the spaces occupied
by the teeth of the compound disk 70 71.
This apparatus therefore is an alternating-
electric-current motor, which is here shown
as applied for the purpose of straightening
out the alternating currents furnished by the
translator, but which may be used, if made
of proper size, as the propelling-motor, as
hereinbefore stated.

It will be anderstood that any other appa-
ratus. adapted to perform the function here
assigned to the alternating-current motor may
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operating the commutator or to the particular
construction of the commufator itself. This
part of my invention, however, I do not claim
herein,since the same has been made the sub-
ject of a separate divisional application, Se-
rial No. 368,195, filed October 15, 1890.

In the remaining figures of drawings, T'igs.
28 to 33, the general arrangement of the line
conductor or conductors in relation to the
track or tracks is diagrammatically indicated.

In Fig. 28 the line conductors 2 3 form a
round metallig cireuit, one of the wires being
between the rails of one track and the other
wire between the rails of another track par-
allel to the first, or, if so desired, at any an-
gle to the first and at any distance from the
same. The line conductors are here supposed
to be under ground, in the manner indicated
in Fig. 19 or in Fig. 3, the transformer being
in this case attached to the bottom of the.car.

Fig. 29 shows a single conductor placed be-
tween two parallel tracks, the conductor be-
ing grounded at each end, and issupposed to
be carried overhead in the manner shown in
Figs. 12 and 13, the translator being in this
case carried on the roof of the car. Thus a
single line conductor is made to act induct-
ively upon two translators or two series of
trauslators, each series being upon a car or
cars on one of the tracks. This same ar-
rangement may also be used in connection
with the sewmi-tubular translator shown in
Fig. 11, or also with the tubular translator
shown in Figs. 8, 9, and 10, as will be readily
understood.

In Fig. 80 two line conductors are shown in
a round metallic cirenit, each being between
two lines of tracks. It will be apparentthat
this arrangement is adapted to the same use
for which the arrangement in Fig. 29 is par-
ticularly designed, and it will be used in all
cases where the grounding of currents of
such high tension as are used in my system
is objectionable. ‘

InFig. 31 thetwoline conduetorsin a round
metallie cireuit are placed between the rails
of onetrack and are intended to operate apon
cars provided with two translators each, one
on each side of the car, as described with
reference to Ifig. 18; but it may also and will
be used in the system deseribed with refer-
ence to Tig. 2, and also in the system de-
seribed with reference to Figs. 15,16, and 17,

In Fig. 32 two line conductors in a round
metallic cireuit are shown. One of them, the
conductor 2, is placed between two parallel
fracks and is designed to operate upon trans-
lators in the same manner as the line con-
ductorsin Fig.29. Thesecondline-conductor
3, serving asthe return,is placed at some con-
siderable distance from the tracks, so as not
to act inductively upon the translatorson the
cars, but to act upon aseries of translators 77,

-arranged along the lineof said conductorand

in induetive proximity thereto. These trans-
lators may furnish currentfor electric lights,
as indicated, or for other purposes.

In Fig. 33 1 have iundicated two line con-
duetors in a round metalliccireuit applied to
two lines of track, with branch tracks pro-
ceeding therefrom. It scemns unnecessary to
particularly deseribe the arrangement of the
line conductors since the drawings speak for
themselves.

In my system of electric locomotion which
I have thus deseribed numerous modifiea-
tions may be made both in the gensral ar-
rangement of ecircuitsand in the specific con-
struction of the devices without departing
from the spirit of my invention, and I wish
it to be understood that so long as the funda-
mental principle npon which this invention
is based is adhered to a system of locomotion
involving said principle will come within the
scope of my invention. ‘

I make no claim herein to the system of
electric railway comprising two sectional
translators mounted on a car in inductive
proximity to a line conductor carrying alter-
nating current, with a motor for propelling
the car, fed by the translators, and switches
for varying the number of active sections of
each translator and for variously connecting
the two translators; nor doI claim herein the
combination of an electric locomotor, a cur-
rent-rectifier upon said locomotor, a source
of alternating electric currents, and means
for connecting said source with said rectifier;
nor do I herein claim the combination of an
electric motor, a vehicle carrying the same, a
source of alternating electric currents, and a
vectifying - commutator through which cur-
rents are delivered from said source to said
motor, since all these features,although shown
and described herein, have been made the
subject of a divisional application, Serial No.
368,195, filed October 15, 1890. Neither do I
claim herein a system of electrical conversion
and distribution comprising a rectilinear in-
ducing conduector or conductors charged with
maintained and practically uniform alternat-

_ing currents, and oneor more elongated trans-

lator-coils in inductive relation thereto and
electrical translating devices requiring for
their operation maintained and practically
uniform currents in the external cireuit of the
translators; nor do I herein claim any of the
modifications of which such system is capable,
since all this, although shown and desecribed
herein, has been made by me the subject of a
divisional application, Serial No. 368,194, filed
October15,1890. NeitherdoIclaim hereinthe
method of propelling vehicles by the ageney
of electricity by feeding one or more electric
motors mounted upon the vehicle or vehicles
and arranged topropel the same with electric
currents of alternating polarity; nor do I
claim herein the various modifications of
which this method is capable, since all this,
although shown and described herein, has
been made by me the subject of a separate
divisional application, Serial No. 859,231, filed
June 5, 1891. \

Having now fully deseribed my invention, I
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claim and desire to secure by Letters Pat-
ent—

1. The method of pxopelhno vehicles by
the ageney of electricity by causing alternat-
ing or intermittent currentson a 1ine or lines
of conductors extending along a railway to
induce alternating currents in a circuit or eir-
cuits feeding one or more propelling electric
motors.

2. The method of propelling vehicles by the
ageney of electricity by causing alternating
or intermittent currents on a line or lines of
conductors extending along a railway to in-
duce alternating currents in a cireuit or cir-
cuits carried upon the vehicle orvehicles and
feeding one or more propelling electric mo-
tors, substantially as described.

3. The method of propelling vehicles by
the agency of electrieity, which consists in
charging the circuits of alternating-current
electric motors mounted upon and geared to
vehicles with alternating currents by dyna-
mo-electric induction, substantially as de-
scribed. :

4. The art of electric locomotion, which
consists in generating in the circuit or cir-
cuits of traveling electriec motors by induec-
tion from one or more stationary conductors
carrying alternating or intermittent current
of a given tension an induced current or cur-
rentshaving a different tension and operating
the said motors by means of the currents so
induced or a portion thereof, substantially as
deseribed.

5. The art of electric locomotion, which
consists in charging the circuits of traveling
electric motors with low-tension electric cur
rents by induction from one or more station-
ary line conductors carrying alternating or
intermittent currents of higher tension and
in causing the induced currents to propel the
motors, substantially as described.

6. The improvement in the art of electric
locomotion, whieh consists in establishing in
one or more closed coils carried by a moving
vehicle by induction from one or more sta-
tionary conductors along the line of way in-
duced currents differing in electro-motive
force from that of the current or currents car-
ried by the stationary conductors and in feed-
ing said induced currentsto the motor or mo-
tors, substantially as described.

7. The improvement in the art of electric
locomotion, which consists in establishing in
one or more closed coils carried by a moving
vehicle by induction from one or more sta-
tionary conductors along the line of way in-
duced currents differing in electro-motive
force from that of the current or currents car-
ried by the stationary eonductors and in op-
erating the vehiele by means of such induced
currents, substantially as described. .

8. The art of electric locomotion, consisting
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in charging the c1rcu1ts of electric motors .

travehno upon adjacent parallel tracks with

electric cmrents by dynamo-electric induc-
tion from a single line, substantially as de-
seribed.

9. An eleetric railway consisting of one or
more lines of insulated conductors extending
along the track of railways andcharged with
alternating or intermittent currents from a
stationary source, and electric motors mount-
ed upon vehicles upon the track or tracksand
having their external circuits or other por-
tions thereof in inductive proximity to the
line orlines of insulated conductors, substan-
tially as described.

10. An electric railway consisting of oneor
more lines of insulated conductors extendmo
along the track or tracks of railways and
charged with alternating orintermittent cur-
rents froma stationary source,and electric mo-
torsmounted uponvehicles upon the track and
having their external circuits entirelycarried
upon the vehicles and in induective proximity
to the line conductors, substantially as de-
seribed.

11. An eleetric railway consisting of a line
conductor or conductors charged with alter-
nating currents and extending along a rail-
way track or tracks, and alternating-current
motors mounted upon vehiclesupon thetrack
and fed with acutating-currents by electro-
dynamic induetion from the.charged line con-
ductor or conductors, substantially as de-
seribed.

12. In a system of electric locomotion, the
combination of a line or lines of conductors
extending along a railway-track in alternate
underground and overhead sections electri-
cally connected together and charged with in-
termittent or alternating currents with a
translator coil or coils mounted upon the ve-
hicle, with one side in inductive proximity to
theline of the underground sections and with
the other side in inductive proximity to the
line of the overhead sections of the line
conductor, and an electric motor fed by the
translator - coils and geared to the vehicle,
whereby the latter is propelled from section
to section without interruption, substantially
as described.

13. An underground line conductor consti-
tuting the primary or inducing circuit of a
transformer, having a magnetic shield toward
the earth and a free inductive fleld toward
the translator or induced eireunit of the trans-
former, substantially as described.

In testlmony whereof Taffix my signaturein
presence of two witnesses.

ELIAS E. RIES.

Witnesses:
GEO. H. TICHENOR,
E. .. WHITE.
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