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UNFTED STATES

THOMAS BULLITT .DIXON,

OF HENDERSON,

PAaTENT OFFICE.

'KENTUCKY.

RAILWAY SIGNALING SYSTEM.

SP_ECIFICATION forming part of Letters Patent No. 543,591, dated July 30, 1895.
Applica,tion filed November 17, 1892, Serial No,452,358, - (No model.)

To all whom it may concern:

Beitknown thatI, THOMAS BULLITT DIXON,
acitizen of the Unlted States, residing at Hen-
derson, in the county of Hendelson a,nd State
of Kentucky, haveinvented ¢ertain new and
useful Improvements in Railway Signaling
Systems;and I do hereby declare the following
to bea full clear, and exact description of the
invention, such as will enable othersskilled in
theart to Whleh it appertainsto make and use
the same.

My invention relates, generally, to auto-
matic rallway signal systems, and particu-
larly to 1mprovements in automatic electri-
cally- -operated block-signal systems; and it
consists in the novel disposition and arrange-

. ment of the signals and in the novel and im-

2C

.25

proved arranwement of the circuits for ac-
compllshlnwthe results hereinafter specified.
In asystem of automatic block-signals it is

desirable that the arrangement of swndls be -

such that no possible tram movement can be
made in which the train-making it will not
be fully protected by signals, and also that
in certain situations the direction in which a
train enters a block shall be indicated by the
signals. It is also desirable to have the sig-
nals automatieally controlled-in such a man-
ner that station operators will have the power,
without interfering with the operation of the
automatic signal: COHtIOHan apparatus, to set
any of the signals to “danger,” 50 as to block
any desired section of road against trains

~which may be approaching or leaving their
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stations, and thereby retain such trains at
any desired point, the automatic feature of
the system remaining undisturbed, however,
so that, while an operator may have the powor
toset a swna,l or series of signals to “danger”
at any tlme, he can have no power to set them
to “safety” when atrain is under their protec-
tion. Itisfurtherdesirablethatan automatic
block system shall be continuous, not only
where the line of road is unbroken by branch
tracks, but whereitisbroken by branch tracks
of any kind whatsoever, and that its operation
shall'be snch that when a train passes from
a main track to a branch track or from one
main track to another by a erossover the main-
track signals will indicate “danger” until the
train shall have passed completelv from the
main- track and beyond their

protection,

and also that when a train shall be on a
branch track it must be held there by the
main-track block-signals being at “danger”
should it happen that another train is within
the block that the train standing on the
braneh track must enter when it shall pass
onto the main track. It isstill further desir-
able that when a ‘train shall pass from one
track to another, as from any branch track
onto the main track or from one main track
to another by a crosgover-track, it shall set the
main-track signals, under whose protection
it is to proceed, to “danger” before it shall
pass onto-the main track, thereby making it
impossible for a train ever to be on any por-
tion of track unprotected by signals.

In an automatic block system it is further
desirable that all of the .apparatus which
serves to-automatically control the signals
shall be automatically returned to its normal
position after the train operating it shall have
passed out of the block governed by it,
whether that train shall have passed out of

the block at the same end at which it entered

or at the opposite end.

The objects of my invention are, first, to
provide a system of sigpnals, and of electric
circuits for operating those signals, which
shall be ecapable of giving correct and unmis-
takable indication of the -condition of the
road with reference to the position of trains
atall times and under all conditions of traffic;
second, to arrange as far as possible the elec-

trical connections so that any aceident to the

circuits by which they are rendered inopera-
tive shall of itself caunse the signals to go to
“danger,” if at “safety,” or shall make it im-
possible to restore the signals to “safety,” if at
“danger,” until the circuits shall have been
placed in working order; third, to prevent

false indications due toecrossing of the wires;
fourth, to render the system economical in

the use of battery power and in the number
of wires required to operate it; fifth, to
render it impossible for asignal to bereturned

55

6o

65

Yo

75

8o

go

95

to “safety” until the train which firstset it to -

“danger” shall have passed completely beyond
its protection; sixth, to prevent confusion

and misunderstanding owing to trains which
aremovingin opposite directions entering the
same block from opposite ends at the same
instant; seventh, to so arrange all the signal-
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“cireuits that any signal or series of signals

may be operated by the station operator or
other qualified person for the purpose of stop-
ping or holding trains, but so that the auto-
matic operation of the signals can in no way
be interfered with thereby, thus making it
impossible for any mistake of the operator to
lead to the display of a false signal. These
objects are attained in the system of signals
herein described, and illustrated in the draw-
ings which accompany and. form a part of
this application, in which the same reference
letters and numerals indicate the same or cor-
responding parts, and in which—

Figure 1 shows my system of signals ap-
plied to a short section of a single-track rail-
way and provides for travel in both diree-
tions over this track. It also shows an ap-
plication of the system to a single-point sid-
ing.  Figs. 2 and 3, which are to be regarded
as one continuous drawing, the track and
wires at the top of Fig. 2 and the bottom of
TFig. 3 matching, show my system of signals
applied to a double-point siding which has a
great amount of traffic passing over it, the
sitnation being that common at stations. Fig.
4 shows my system of signals applied to a
section of a double-track railway, travel ordi-
narily being in only one direction on each
track. Figs. 5 and 6 show the arrangement
of signals and circuits for double-track cross-
overs, Fig. 5 being the arrangement best
adapted to crossover-tracks which are of suf-
ficient length to permit of placing the track-
instrument wholly between the two parallel
tracks, while Fig. 6 is the arrangement best
adapted to situations where the tracks are
too close together to permit of placing a track-
instrument on the crossover-track. Fig. 7is
an enlarged view of the central portion of Fig.
6. TFig. 8 shows a modified method of op-
erating the front relays and signals. Fig.9
shows an arrangement for controlling the
front relays and signals by means of circuits
analogous to those employed in the differen-
tialsystems of duplex telegraphy, twoline con-
ductors being by this means dispensed with,
Fig. 10 shows a modified arrangement for con-
trolling special siding-signals. Fig. 11 isa
diagram of a track with two sidings branch-
ingfromitvery near togetherandfacinginthe
same direction. Fig. 12 shows a siding pro-
vided with a crossover to the main track, the
crossover-track being too short to permit of
placing a track-instrument upon it. Fig. 13
shows a side track whieh is of such length
that it is desirable to have it provided with a
signal system of its own separate from the
main track. Fig. 14 shows a modified method
of operating the dotted-line or clearing cir-
cuits.

In the drawings I have indicated by dif-
ferent kinds of lines the different classes of
circuits used in my system. The full lines
represent local circuits, which lie entirely
within the signal-stations to which they be-
long and which directly control the home
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and distant signals. The dashed lines repre-
sent line-cirenits, which extend from signal-
station to signal-station and the funection of
which is to control the special front signals,
to be hereinafter mentioned, and to set sig-
nals in front of a train to protect it in front.
In other words, their funection is to control
the front signals. The dotted lines likewise
represent line-circuits extending from signal-
station to signal-station, their object being
to clear signals in rear of a train when the
train has passed under the protection of other
signalsin advance. -

1 have designed this system of signals to
be operated by a circuit-breaker or track-in-
strument of my inventicn, which forms the
subject-matter of an application for Letters
Patent filed November 17, 1892, Serial No.
452,356, I do not coufine myself, however,
to the use of any particular track-instrument,
my system being adapted to be operated by
any track-instrument which will operate sig-
nals differently, according to the direction in
which a train passes over the track-instru-
ment, which is eapable of operating, simulta-
neously, two or more circuits, either normally
open or normally closed, or both, and which
is adapted to close a normally-open circuit
for an instant only immediately after the pas-
sage of the train. The location of this track-
instrument at each signal-station I haveindi-
cated by two short parallel lines placed just
outside the rails, which represent the rail-le-
vers by which the track-instrument is oper-
ated. Near these two parallel linesT havedia-
grammatically represented the various con-
tact-points of the track-instrument in posi-
tions best adapted to permit of diagrammatic
illustration of their action, without regard to
their actnal positionsin the mechanism of the
track-instrument and without attempting to
show the means by which they are operated;
but in order to operate my system it is not es-
sential that the contact-points herein shown
as being a part of the track-instrument shall
be mechanieally a part of the track-instiu-
ment, since they might be located at a dis-
tance from the track-instrument and oper-
ated indirectly by it in any suitable manner.
For instance, they might be operated by an
electromagnet the cirenit of which is con-
trolled by the track-instrament, or by fluid-
pressure devices, or by compressed air, any
means of thissort being substantially, though
not actually, a part of the track-instrument;
and what has just been said in relation to
the track-instrument contact-points applies
with equal foree to the switch-instrument con-
taet-points, to be hereinafter mentioned.

The signals which I propose to use in this
system and which are indicated in the dia-
grams by electromagnets placed by the side
of the track, with their poles facing inthe di-
rections in which the signals which they rep-
resent should face, are of my invention and
form the subject-matter of an application
for Letters Patent filed July 28, 1892, Serial
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No.441,480. Inthesesignalsthesignal arm or
blade isarranged tobe moved into the “dan-
ger” position by a weight when the cireuit
around a controlling-magnet is broken, the

signal-arm being returned to position by smt-
able means when the controlling-magnet. is
‘again energized by the completlon of the cir-
cuit around it. Itis this controlling-magnet
which in the diagrams is used as a representa-

- tion of the swnal itself, and in the descrlp-

tion of the operatlon of the system it is to
be understood that when the cireuit of a sig-
nal-magnet is broken that signal is placed at
“danger” and that when the circuit is closed
the smnal is restored to “safety.”
1t is obvious that it is not essential to the
operation of my system that this particular
signal be used or that a signal which when
at “safety” is in a closed cireunit be used,
since, as will be seen hereinafter, the com-
pound relay or “governor,” as I prefer to
call it, which directly controls the circuits is
as easily adapted to close as to break a cir-
cuit by the fall or rise of its armature, since
all electrical signals are contrelled by a
breaking or completion of a circuit around
the eleetlomawnet
In the dlagrams I have shown the various
circuits controlled by a relay or governor
having, exeept in certain situations to be
bereinafter mentioned, a number of sets of
contact-points adapted to be operated by the
movements of the armature of the said relay
or governor, the different sets of contact-
points being insulated and adapted each to
control a different eircuit. This governoris of
my invention and forms the subject-matter of
an application for Letters Patent filed No-
vember 17, 1892, Serial No. 452,357, where it
is more fully described. As stated in the
specification of this relay, certain of the con-
tact-points are “ continuity-preserving ”con-
tact-points, so that separate adjustment of
the various sets of contact-points is possible
and so that it is possible to cause an arma-
ture contact-point when the armature falls or

. rises to make contact with one contact-point

before breaking contact with the other con-
tact-point. I do-not confine myself to the

quse of this particular relay or governor,since

the system will work equally well with other
instruments fulfilling the condition of having
the contact-points adjustable and capable of
preserving  the econtinuity in the manner
above stated; orl may use a number of sepa-

- rate relays plaeed in the same cireuit, some

60
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of them being provided with contmulty-pre-
serving contact-points. In the diagrams I
have likewise shown relays of the ordinary
type, whose funection is to control the front
signals of the system, and for this reason
these relays are termed “front relays.” Cer-
tain of these front relays are provided with
continuity-preserving contact-points, and in
the modification shown in Fig.- 8 the greater
number of the front relays have two sets of

continunity-preserving contact-points, in this-

case the construction of the front relays be-
ing the same as of the governors.
relays of Fig. 9 differ from those of the other
figures in bemg polarized relays. The func-
tion and operation of all of these relays will
be apparent hereinafter,

My signal system is of the class known as
“Dblock-signal systems,” in which the road is
divided into a number of sections known as-
“blocks,” within which, under ordinary cir-
cumstances,only one trainisallowed at a time.
If the road be a single-track, requiring pro-
vision for trains running in- both directions
over it, there are swnals at each end of every
block, fae_ing 50 as to be seen by the engineer
of a train approaching that block. If the
road be a double-track road, travel being ordi-
narily in one direction only over each track,
there is need for signals only at the end of
each bloek which a train will first approach
onenteringthatblock, On single-track roads
a train must be protected in front from trains
going in the opposite direction and in rear
from trains going in the same direction, while

-on double-track roads only the latter protee-

tion is required.

On a single-track road or on any section of
road Whege traffic is in both directions over
it blocks in front of a train are:termed
“front blocks” and blocks in rear of a train
are termed “rear blocks,” because of the man-
ner in which the signals of those blocks are
operated. On double-track roads there are
no front signals, except at crossovers, and
hence no front blocks.

Fig. 1 shows diagrammatically a section of
a single-track railway comprising three sig-
nal-stations A, B, and C, the track between
A and B and B and C constltutmw in each
case a block. In this figure, A is shown as
the beginning of the line, and traffic of the
kind and character to require protection and
control by block-signals is not supposed to
extend beyond it, the signal-circuits being
modified accordingly. The track is supposed
to extend indefinitely beyond station C, being
divided into blocks in the same manner that
the section of track from A to C is divided.

At C is shown a single-point siding with
suitable signal connections therefor, as will
be heremafter described.

Sidings, such as shown at C, will be located
at intervals along the track to permit of trains
passing. They will usually be located at the

point of division between two blocks, though-

not necessarily at every point of division be-
tween two blocks. Thesignalsof the system
must be so operated, however, that when a

‘The front .
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train enters the section of track intermediate .

between two consecutive sidings on the line
that section of track shall be closed to trains

going in the opposite direction, so that the

train first entering may be in no danger of

‘meeting another train at a point where they
Thus in Fig. 1 the signals of

cannot, pass.

136

the section of track between signal- stations -
A and C are so operated that a train entering
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the block A B at A sets signals at A to pro-
tect itself in rear from trains following, and
it likewise sets signals in front, not only at
B, but also at O, to protect itself from trains
moving in the opposite direction. A train
entering the block B C at C sets signals at
stations C, B,and A in a similar manner.. A
train entering at either end of the section of
track A C therefore closes that section of
track to trains going in the opposite direc-
tion until it shall have passed out of the said
section again.

If theonlysignal-stations within the section
of track between two sidings or passing-points
be at the ends of the section, then a train en-
tering at one end of this section must not only
close this section to trains going in the other
direetion, but also close the section to trains
going in the same direction and retain the sec-
tion so closed until the train shall havé passed
outof the section again. Itisnot convenient
or economical, however, under ordinary eir-
cumstances, to have sidings on the main track
at distances less than several miles apart,
while if suitable signal arrangements be pro-
vided trains may, and it is desirable that they
should, be permitted to follow each other at
much shorter distances than the usual dis-
tance between sidings on the main line.

On most roads it is necessary, in order to
inerease to a maximum the amount of traffic
possible, with due regard tosafety, and to ac-
commodate peculiar conditions of traffic, to
permit trains going in the same direction, as,
forinstance, two sections of the same train, to
follow each other at a much shorter distance
than the practicable length of that section of
track which must be closed to trains going in
the other direction. For this reason the sec-
tion of track between two sidings and passing-
points should usually be divided into two or
more blocks, except where sidings are quite
close together, each block having at its en-
trance signals which are set to “danger” as
the train passes them, while the signals at the
entrance of the rear block next behind are
returned to “safety” as soon as the train has
passed completely out of that block, thus per-
mitting a second train to follow the first at the
distanceof a block. Thisfeatureisillustrated
in Fig. 1 and the subsequent figures.

In Fig.1thesection of track from A to Cisdi-
vided,as previously stated, into two blocks—
viz., the block from A to B and the block from
B to C. As will be hereinafter described,
when a train has passed from block A B to
block B C the rear signals at B for the direc-
tion from A to Care set to “danger,” while the
rear signals at A, previously at “danger,” are
returned to “safety,” thus permitting a train
to enterthe block A B at A while the first train
is in the block B C, but,as will be hereinafter
explained, maintaining closed the front block
B C at C to all trains from C until all trains
from A have leftthe section of track A C; but
in order to permit reverse movements of

_trains at any point within the section of track

between A and Cit isessential that the front
signals at B set by a train at A for the direc-
tion from A to C'shall be restored to “safety”
after the train shall have passed entirely into
the block B C, and, consequently, beyond
their protection, and the same is true forall
other block-sections comprising a part of my
system for -a single track or for any track on
which trains ordinarily move in both direc-
tions, . Therefore when a train shall have
passed from block A B into block B C the
bloek A B will be clear for the train to again
enter it in the direction from B to A—i. e.,in
the direction opposite to the original direc-
tion—provided no second train shall have en-
tered the block A Bat A. In case a second
train shall have entered at A the frontsignals
at B willindicate “danger,” having beensetor
maintained at “danger” by the second train
which entered at A. :

The section of track from A to C and the
other similar sections of track may be termed
“signal-divisions.” A signal division-may be
defined as a section of track which, when a
train enters it at one end, is closed by signals
to trains going in the, direction opposite to
that of the train first named until the first
train shall have passed completely out of said
division. Such a signal-division may ineclude
only one block or it may include a number
of blocks, according to the arrangement of
the signal-circuits. It will usually have at
each end a siding.

In the drawings, contact-points, governors,
relays, and signals for the direetion from A
to C are on the right side of the track and for
the direction from C to A areon the left side
of the track.

Taking up the diagrams in detail and be-
ginning at signal-station Ain Fig. I, x and y
are the track-rails; a, the track-instrument at
station A. «?is-the home-signal at the en-
trance of the block, and a? is a special front
signal in a ecircuit separate from that of sig-
nal a? the function of which cireuit will be
hereinafter deseribed. a’isthe governor,pre-
viously mentioned, which controls the various
circuits and from which they radiate. ca’are
normally-closed circuit contact-points of the
track-instrument ¢ for direction from A to C.
1 is a closed-circuit Dbattery, the cireuit of
which runs from the positive pole of the bat-
tery through the contact-points ca’ of track-in-
strument ¢ to 2, where it branches, one branch
going to the third contact-point of the gov-
ernor o/, thence through the coils of the gov-
ernor-magnet if the armature of the governor
be up to 3, and thence back to the negative
pole of the battery. The other branch from
2 goes to the coils of signal-magnet a? thence
through the contact-points of relay «’ and
through the second contact of governor ¢’ to
3, and so back to battery.

‘When a train passes over track-instrument
a in the direction from A to C the contact-
points ca’ are separated, breaking the full-
line circuit, and thereby causing the arma-
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ture of governor a’ to drop, at the same time,
as previously explained, setting signal a? to
“danger.” It will be noted, however, that at
station A both branches of the full-line eir-
cuit pass through the contact-points of .the
governor, the one through the third contact
of the governor and the other through .the
second contact, so that the full-line circuit
remains open when, after the passage of the
train, the contact-points ca’ are brought to-
The fuall-line cireuit can then .be
again completed only by the raising of the
armature of governor a’, which is the fune-
tion of the dotted-line circuits, but which is
not done until either afterthe train has passed
station B or has reversed its direction and
passed over track-instrument 4 in the direc-
tion from C to A. It will be noticed that at
station B and the other signal-stations where
there are signals for both directions the
branch of the full-line circuit which passes
through the coils of the governor-magnet is
broken in two places by the fall of the gov-
ernor-armature—viz., atthesecond and fourth
governor-contacts. 'This is necessary to, pre-
vent the completion of a false connection

- through the contact points of the governor on

30
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the opposite side of the track, which, if com-
pleted, would render the circuits inoperative,

Omitting for the present description of both
dotted-line and dashed-line circuits at sta-
tion A, and proceeding to station B, b is the
track-instrument. b’ and b® are respectively
distant and home signals for station B, and
1% the special front signal. - Signals ¥ and
b% are in the same fall-line circuit, and must
therefore indicate the same at all times.
They correspond exactly to the distant and
home signals now used almost universally in
signaling systems, antomatic and otherwise,
the funetion of the distant signal being to
caution the engineer of an approaching train

astothecondition of the home-signal,and thus’

give him an opportunity, should the distant
signal indieate “danger,” to bring his train
under control, so that he may not run by the
home-signal should it still 1ndlcate “danger”
when he reaches it.

The full-line cireuits of station B are the
same as at station A, except that the branch
which contains -the governor-magnet passes
through two contacts of the governor, as pre-

. viously stated. - There is also another branch
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of the full line circuit which runs from the

contact - points ¢b’ through ‘signal b/, and

thence to signal b2 where it connects with the
full-line circuit leading from 0? to relay b”’.

- This full-line branch has the effect of placing
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signals b’ and 0? in multiple; which is usually
the best method of conneeting the two sig-
nals. Under some circumstances, however,

it may be advisable to connect the home and
distant signals in series, and connections for
this purpose will be hereinafter described. =

“ob’ are'the normally-open contact-points of
track-instrument b, which are closed by the
passage of the train over the track-instru-

ment. These contact-points are connected to
the dotted-line circuit leading back to the
governor-maguet of station A, which circuit
is therefore normally open, and. their object
is to close this circuit when the train passes
over the track-instrament. Since these con-
tact-points are brought together by the pass-
ing of the first wheel of . the train over the
track-instrument, if nothing were interposed
to prevent, the dotted-line circuit would be
coimpleted when the first wheel passed over the
track-instrument and the signal ¢* would be
returned to “safety;” butat the time the first
wheel passes over the track-instrument the
main portion of the train is still in the block
A B, and it is desirable that the signal a®?shall

' not be restored to“safety” until the trainshall

have completely passed over the track-instru-
ment and out of the block A B, which the
signal a? protects.
line ¢irenit from being completed while the
train is passing over the track-instruoment, I
employ the normally-closed contact-points ¢b,
which are likewise part of the track-instru-
ment and are operated by the depression of
the rail-levers. They are separated by the
depression of the rail-levers an instant before
contact-points ob’ are brought together and
remain separated so long as the train is pass-
ing over the traek-instroment, being closed
again when the train has passed an instant
before contact ob’ is broken, thus closing for
aninstant the dotted-line cirenit. Themeans

by which the contact-points are operated to

effect this result is fully described in the
specification of my track instrument referred
to above.

Before following out the dotted-linecircuits
it is necessary to cons1der one peculiarity in
the adjustment of the set of contact-points
next to the magnet in each of the governors,
this set of contaet-p’oints being the one to
which the dotted-line circuit is connected.

‘The armature contact-point is adapted to

make contact with two contact-points—with
one. when the armature is attracted to the
magnet and with theother when the armature
is down or away from the polesof the magnet.
These contact-points are continuity-preserv-
ing contact-points and follow the movements
of the armature to some extent, and the ad-

Jjustment is such that contact is made with

one contact-point before contact with. the
other is broken.

Taking now the dotted-line-cireunit connec-
tions, remembermw that the armaturesof gov-
ernors ¢’ and b’ are down, and beginning at
the open-circnit battery 5 ‘at station B, the
cireuit runs from the negative pole of the bat-
tery through contact-points ¢b and ob’ to 6,
which is at one end of an insulated section of
the left-hand rail, the purpose of which will

.be hereinafter described, through the rail to
‘7,thence to 8, to 9, to 10 at station A, through
‘the magnet-coils of the governor to 11, to a
dotted-cirenit return-wire at 12,over the re-

turn-wire to 13, thence to 14 at one end of an
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insulated section of the right - hand rail,
through the rail to 15, and thence to the posi-
tive pole of the battery. 'When the circuit is
completed through the coils of the magnet of
governor o’ the armature is attracted and
rises, thereby closing the full-line circuits and
restoring signal a?to “safety.” Thecomple-
tion of the full-line circuits re-establishes the
flow of the electric current from battery 1
through the coils of governor a’ and keeps
the magnet energized after the dotted-line
citeuit is broken, this cireuit being complete
for only a very short time.

In making connections for the full-line and
dotted-line batteries the poles of the batteries
should be so connected with their cirenits that
during the instant when currents from both
batteries are flowing through the coils of the
governor-iragnet both currents will flow in
the same direction, so as not to neutralize
each other.

As has been seen, certain sections of the
track-rails are insulated from the rest of the
track, the insulation being indicated in the
diagrams Ly breaks in the line of rails, and
these insulated sections of track form a por-
tion of the system of electrical circuits. T'he
left-hand rail has two of these insulated sec-
tions, one on each side of the track-instru-
ment, with a central section containing the
track-instrument. The right-hand rail has
oneinsulated section, the ends of which match
the extreme ends of the insulated sections of
the left-hand rail. The purpose of these in-
sulated sections is to prevent the clearing of
signals in rear of a train when its stops over
the track-instrument with the rail-levers be-
tween two trucks—i. e., with no wheel on them.
Under these circumstances the effect on the
track-instrument contact-points is the same
as though the train has completely passed,
and, without special means to prevent, the sig-
nals would be returned to “safety” by the
completion of the dotted circuif through the
contact- points ¢b and ob’, or their corre-
sponding contact-points at other statious.
The insulated sections of track prevent this
by short-ecirzuiting the dotted-line eircuit
through the wheels and axles of a car. For
instance, supposing a train from A at sta-
tion B to stop over the track-instrument b in
such a position as to permit the rail-levers
to rise between the wheels, then the con-
tact-points are operated as though the train
had left the block A B and the dotted-line
circuit is for an instant completed, since the
contact-points ¢b are brought together an in-
stant before contact-poinst ob’ are separated;
but some car of the train will then be on the
insulated section of track between A and B,
which insulated section is somewhat longer
than a ear and is placed as close as possible

to the track-instrument, and the dotted-line

circuit will be short-circuited between the
points 7 and 14, thus preventing the magnet
of governor ¢’ from being energized so long
as the car stands on the insulated section.
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Where it is desired to arrange the system to-

work under what is known as the ‘ permis-
sive block system,” these insulated sections
may be united into one insulated section ex-
tending throughout the block, as shown in
TFigs. 2 and 3, in the block lying between the
points of the double-point siding.

Ihavedescribed thus fullythe object and op-
eration of the insulated sections of track in
order that their funetion in the operation of
the system may be apparent.
ever, properly a part of the track-instrument
and have been so described in the deseription
of my track-instrument. Intbaapplication for
my track-instrument I have also described a
purely mechanical arrangement for accom-
plishing substantially the same result that
the said insulated rail-sections accomplish,
and which may be employed in this system;
but in general I prefer the insulated rail-
sections, and have therefore confined myself
thereto in the drawings which form a part of
this application.

Passing on to station C, the full-line-cir-
cuit connections for the direction from A to C
are the same as at station B. The dotted-
line cirenit is slightly changed to provide for
the clearing of signals when a train passes
from the main line to thesiding. Since when
a train passes onto ithe siding the effect on
the signal-circuits, so far as the setting of
signals to “safety” is concerned,should bethe
same as if the train had passed on into the
block beyond C, it is sufficient to place a
track-instrument d on the siding beyond the
fouling-point and connect its contact-points
¢d and od’ in multiple with the contact-points
oc’, 8o that the effect on the signals is the
same whether contact oc’or od" is closed. In-
sulated sections of track are used on thesid-
ing to prevent the clearing of the signals in
case the train does not pass completely over
the track-instroment.

It should be noted that the insulated sec-
tions of track may serve the same purpose as
the dotted-line - circuit normally - closed con-
tact-points—such as ¢b or ce—Dby short-cir-
cuiting the battery through the wheels of a
car instead of breaking the cireuit. Short-
circuiting the battery, however, has a very
deleterious effect on it, and for this reason the
contaet-points ¢b’, &c., are employed to re-
duce so far as possible the necessity of short-
circuiting the battery.

For the direction from C to A the full-line
circuits-at C are the same ason the right side
of the track, except that the normally-closed
contact-points ¢d’’ of track-instrument d are
placed in series with the contact-points cc’”
of track-instrument ¢, so that the same sig-
nals are set to “danger” in the division A C
whether a train enters the division from be-
yond C or from the siding at C; but, as will
be seen, a train entering the division from
the siding sets the signals to “danger” when
the first wheelsof the train passover the sid-
ing track-instrument, and, cousequently, be-
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fore it reaches the main‘traek. The dotted-

line circuitsare the same as at B on the right-.

hand side of the track. At B the connections
are the same on both sides of the track.
A, since it is the terminus of the line and

Abere are no signals to set to “danger,” the
only circuits necessary are the dotted line

“clearing-circuits.”

The dashed line circuits, which include the
special front signals, as.a® b3, &c., are two in
number, one for each direction. They have
two objeets: first, to set signalsin front of a
train to protect it from trains moving in the
opposite direetion, and, second, to operate the
special front swnals

The object of provxdmv the special front

signals will be seen from the following con-

" siderations: Suppose thattwo trains enter the

O

division A C, one at A and the other at C, at
thesameinstant. Then thetrainat A, passing
over the track-instrument g, sets the signal ¢?
to “danger” as. a rear signal, and at the same
time, by means of the dashed-line circuits, in
a manner to be hereinafter described, sets to
“danger” signals ¢* and ¢® at C, also beand b
at B.. The train at C will hkerse set to
“danger ”signals ¢t and ¢® at C; b’ and b* at B,
and o? at A; but if the trains enter the di-
vision simultaneously, or nearly so, the en-
gineer of each train will see the home-signal
of that station at which he then is set to
“danger,” and will yet suppose that it is his
own train which has sét the signal as a rear
signal, whereas the signal may have been set
as a front signal by the train at the other end
of the division. ' In this way, if there were
no intermediate signal-station B, the trains
might come into col]ision. This confusion of
signals I avoid by the use.of the special front
signals, which are set only by trains moving
in the direction opposite to-that of thetrains
which theyare to warn. Thus a.train enter-

 ing the division at A sets to“danger” signal

%4

a3, ;does not change the condxtlon of signal o,
and sets to “danver” signals ¢4, ¢%, and ¢f at
C and b4 b5 and W atB. In like manner a
train entermd at C sets to “danger” only
signals ¢t and 68 at C, while it sets s10'ndls a?
and f at A and b, b% and b at B. Therefore
if the engineer of a train entering the divis-
jon ACat A should see not only signal a?
butalsosignal a®go to“ danger” he is thereby
warned that at the same instant a train is
also entering the division at C, and confusion
is thereby rendered impossible.

Signals a® and ¢? and theothers like them,
are really separate signals, butsince they are
always together they may be mounted as
separate signal-blades in the same signal-box
or on the same signal-pole, and in my appli-
cation for Letters Patent for electric railway-
signals, Serial No. 441,480, T have shown how
these two signals may be combined:in this
manner., It will be evident that it is not es-
sential in order to avoid confusion that the

regular home-signals, as well as the special
front signals, shonld be set as front signals;

At

but, as will be seen,no objection exists to op-
erating the home-signals as frontsignals, and
in my signal above referred to, in which both
blades are within one case, it is essential that
both blades be operated as front signals,and I
have therefore shown the circuits so arranged
that both signals are setas front signals; but
if it should be found desirable aslight change
in the connections is all that is required to
have only the special frontsignal operated as
a front signal. This may beaccomplished by
making the front relay break the cireuit of
only the distant or caution signal, as 0’,with-
out affecting the circuit of the home-signal,
since it is evident that the same distant sig-
nal answers equally well for both rear and
front signals. In my description of the sig-
nal referred to I have described how the
front relays may be combined with the gov-
erning-magnets of the special front signalsby
providing the armatures of those magnets
with contact-points. Where mysignal isused
in connection with this system I considerthis

‘double use of the governing-magnet very de-

sirable, since it reduces the number of elec-
tromagnets required.

.The three most important classes of signals
used in my system-—viz., distant, home, and.
special front—should be distinguished insome
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way from each other by the color, position, or -

form of the blade, so that they may not be
mistaken for each other. The funection of
the distant signal is purely cautionary, while
homse and special front signals are properly

‘““danger” signals, except where trains are
run underwhat is known as the “ permissive- -

block ” system, where these signals likewise
become cautionary, but indicate the neces-

sity of great eaution; but even in the per-

missive-block system the special front sig-
nals should be held to indicate “danger ”
some special locations.

I have shown in my diagrams other signals
besides those belonoqmT to the three classes
just named. These signals, however, are of
infrequent occurrence, ‘being used only in
special localities, and may receive any proper
designation.

The dashed-line circuits are as follows:
Taking first the circuit which controls the

signals set by a train entering the division A
C at A the line runs from bdttery 16 at A

-through the first contact of the governor a’

to swnal_bﬁ thence through the magnet of
1’elay b"’"to the first armature-contaet of

governor b’, throngh thatcontactif the arma-’

ture be up to signal-magnet ¢f thence to the
magnet of relay ¢’’”/,and thence by return-
wire to battery 16. The lower contact-point
of the first contact of govelnor U’ is likewise
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connected to the return-wireat17. It willbe

seen that when a train passes over track-in-
strumenta inthe direction from A to C, break-
ing contact ¢ ¢’ and causing the armature
of governor ¢’ to fall, this dashed-line circuit

is broken, setting to “ danger” signals0® and c%,

and allowing the armatures of relays b’’’ and
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and ¢’’’ to fall, thereby breaking the signal-
cirecuits which pass through their contact-
points, and setting to “danger” signals b%, b5, ¢*,
and ¢’ hut not affecting the governors. When
the train has passed on to B, 1hus causing the
armature of governor?’ tofall, and has rajsed
the armature of governor a’, a dashed -line
cireuit is completed from battery 16, through
the first contact of governor a’ to signal b5
through the magnet - coils of relay 0",
through the first contact of governor b’ to 17,
and thence by return-wire back to battery.
The other dashed-line circuit runs from bat-
tery 18 at station C through the first contact
of governor ¢’’’ to signal % thence through
the magnet-coils of relay b’/ through the first
contaet of governor 0’’’ to signal ¢’ through
the magnet-coils of relay a’’ to a return-wire,
and thence back to battery 18. The lower
first-contact point of governer b’ is con-
nected to the return-wire at 19. The opera-
tion of this eircuit is the sameas that of the
cireuit of battery 16. ‘

At station C there is still another dashed-
line cireuit-battery 20, the cireuit of which
passes through the first contaet of governor¢’.
Another dashed-line circuit passes through
signal ¢?, signal d’, and  relay - magnet ¢’
Both of these circuits properly belong to the
block beyond C and correspond exactly to the
dashed-line cireuits at station A. The signal
d’ is a special siding-signal, the object of
which is to warn the engineer of a train on
the siding if there is a train on the block be-
yond C and coming toward C.

In Figs. 2 and 3, which, as previously ex-
plained, are to be regarded as one continuous
diagram, I have shown an application of my
system to a double-point siding of such length
and importance as to require the most com-
plete signal system. Thesiding isof medium
length and is provided with an arrangement
of signals designed to fully provide for every
possible train movement; but, as will be
hereinafter described, the arrangement of
signals here shown may be modified, as re-
quired, in order to accord better with the

‘length of the siding, the traffic of the road,

and other conditions that will be mentioned,
where these conditions differ from those pre-
supposed here. In these figures « and y are
the rails of the main track, 2’ and ¢’ the rails
of the siding, F and I signal-stations at the
two ends of the siding, and E and K advance-
signal stations at either end, the purpose of
which is to stop switching between stations
I and I when a train reaches either of the
advance-stations or to stop an approaching
train at the advance-station should a train be
approaching it from the siding-stations. The
sections of track between stations E and F
and I and K constitute each a division for
the direction approaching the siding, but
only a block for the other direction, leaving
between them a division F I. The circuits at

E and K do not depart from the ordinary ex-

cept for a change in the signal-cirenits at sta-
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tion E, which does not affect the operation of
the signals, and which will be hereinafter de-
seribed. At stations T and I and in the
block between F and I there are some differ-
ences in the eircuits, due to the peculiar con-
ditions there existing, which will be now con-
sidered. 'These differences are principally in
the full-line circuits, which here are not local
cireaits, but connect stations F and I, though
there are one or two- slight changes in the
dotted-line cirenits.

Censidering, first, the full-line circuits and
beginning at station F on the right-hand side
of the track, onecircuit begins at the positive
pole of battery 30, runs through the normally-
closed contact-points ¢f” 1o the fifth contact
of governor f’, thence, if the governor-arma-
ture be up, through the coils of the governor-
magnet to 31, thence through the third gov-
ernor-contact to the negative pole-of battery
30. This eireuit, it will be seen, is the or-
dinary loeal full-line circuit without the
branches for the signals f” and f* of station
F, which are in a circuit, the battery of which
is at station I, but which passes through the
fourth contact of governor f/, so that these
signals are set to “danger” by the fall of the
armature of 1. “Teaving for the moment this
last ¢irenit and taking up the full-line cireunit
on the left side of the track at station T, it
runs from the positive pole of battery 30
through normally-closed contact-points ¢f”’’
of track-instrument f, through normally-
closed contact-points cg’’ of the siding-track
instrument ¢ to 32, where it divides, one
branch going to the fourth contact of gover-
nor f'/’, thence through the coils of the gov-
ernor-magnet to 33, and through the second
governor-contact to 34, The other branch
runs from 32 to 35, where it again divides, one
branch going through signal f% to 36. The
other braunch from 35 runs to 37, thence, in
Fig. 3, to 38, where it divides, one branch go-
ing through signal{ which, though nperated
by a full-line cireuit,isreally a special front
signal, thence to 39, where it again joins the
other branch from 38, which branch will be
hereinafter deseribed, thence to 40, to 41, in
Fig. 2, and thence through the second contact
of governor f’ to 86. Thetwo branches at 36
unite over a common return-wire, which runs
through the contact of relay '/’ and through
the third contact of governor f*// to 34, where
it unites with the first-mentioned branch of
the full-line eireuit over a common return-
wire to the negative pole of battery 30. The
remaining branch of this eireuit runs from 38,
in Fig. 8, to 42, where it divides, one branch
containing signal %% the otherbranch contain-
ing signal 4%, the two branches uniting at 43,
thus placing signals<* and % in multiple, and
running through the fourth contact of gover-
nor 4"’/ to 39, where it unites with the other
branch from 38, as'previously mentioned. 8o
far as the actual connections are concerned,
these circuits just described are in effect the

ordinary signal-circuits, such as the circuits
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.. shown atstation K, but with three distant'sig-
- nals 44 7°; and 45, instead of one, all connected

10

in multiple, and with special means for set-
ting to “danger” signals ¢ and 4% and 7, 5,
and <%, which thus become capable of a double
use. Signal 4° is not to be regarded as the or-
dinary home-signal, which usually indicates
“danger.” In localities such as this it will
generally be impossible to adhere strictly to
the absolute block-system, and signal 4° and
its mate f* should be regarded rather as sig:
nals indicating the need of especial caution.

~ Signals f2and®also indicate “ great caution”

‘rq

rather than absolute “danger.”
The full-line circuits of station I are simi-
lar to those of station F, that circuit of sta-

“tion F previously mentioned as running
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" track between the points of the siding.

through the second contact of governor f’,
which, being part of a circuit corresponding
exactly to the circuit just described, as start-
ing on the left side of the track at station F.
Signals f7, 2, 1'%, 4 and 4 correspond, respect-
ively, tosignals 4%, ¢, 45, f% and f% Signalsg’
and h' are special siding-signals, placed each
at one end of the siding and differing in no
respect in function from signal d’ at station
C, in Fig. 1, the only difference in their con-

nections being that both ¢’ and A’ are each

in a separate circuit haviug its own battery
and passing through a contact of a governor
at the opposite end of the siding from the
signal which it econtrols, a plan which, if de:
sired, may be adopted for signal d’.

The dotted-line cirenits at stations F and I
are only slightly different from those at sta-
tion C, the differences being caused by the
factthattheentire length of therails between
stations Fand I constitute insulated sections
of track and form a part of the dotted-line
circuits. Taking the circuit at station F, it
runs from battery 44 throungh the normally-

closed contact-pointscf’ to 45, thence to 46 at’

one end of an insulated section of theleft-
bhand rail, thence to 47,to 48,to 49, at station
I, to 50, to the third contact of governor ¢,
through that contact, if the armature be down,
to the governor-magnet coils;thénce to 51, to
52,atstation F,to 53 at one end of an insulated
sectionof the right-hand rail, to 54, tothe nor-
mally-open contact-points of, to 55 and back to
battery.  Abranch runsfrom contact-pointscf
to 56 on the left-hand siding-rail, the part to
which this wireis.connected beingin electrical
connection with theright-hand rail of the main

other braneh runs from the negative pole of
the battery to the normally-open contact
points of " and then to the magnet of governor
f’, being also connected at 60 with the left-
hand rail of themain track between the points
of the siding. Should a train pass out of the
block F I from station F while there are still
other cars on the block between F and I, or

“Should the train stop over the track-instru-

ment f, battery 44 will be short-circuited be-

_ tween the rails  of that portion of the main

track between the siding-points at the instant

An--

its circuit is completed through the closing
of contact ¢f an instant before contact of " is-
broken, and clearing of the signals will thus
be prevented. = Contact - points og’ of the
track-instrument ¢ are placed in multiple
with contact-points of’ of track-instrument
f by a wire leading from 55 through contact
og’ to 57, through the siding-rail to 58, and
thence to 59. . ' ,

The dotted-line cireuit-connections of sta-
tion T are the same as those of station F.

At station E is shown a modification of the
signal-circnits by which the homeand distant
signals are placed in series instead of in mul-

.tiple, as is the case at -the other stations, an

9

70

arrangement that may be of advantage un- -

der some circumstances. The cireunit runs
from battery 21 through the normally-closed
contact-points ce’ of track-instrumente, to the -
third contact of governor e, thence through
the coils of the magnet of governor ¢’ to 22,
whereitdivides,one branch going tosignals ¢’
and ¢® and to the upper contact-point of relay
e’’,thence through the armature contact-point
tothe second contact of the governor and back
to battery. The other branch from 22 goes
to the lower contact-point of relay ¢’’. This
relay e’/ has two continuity-preserving con-
tact-points engaging with one armature con-
tact- point, the adjustment being such that
when the armature rises or falls contact is
made with one contact-point before contact
with the other is broken. The operation of
this circuit is the same as that of the other
full-line circuits where the signals are in -
multiple. The branch from 22 to the lower.
contact-point of relay e’’ is to prevent the
magnet - circait of governor ¢’ from being
broken by the fall of the armature of relay
¢”’, which would make it impossible for the
signals tobe returned to “safety ” by the com-
pletion of the ecircuit through the magnet-
coils of relay e’’.

Before referring to Figs. 4,5,6,and 7, which
show my system of signals applied to a double-
track railway, I will deseribe -the operation

of the system when applied to a single-track
‘railway.

(Shown in the figures already de-
seribed.) The operation of the double-track
signals will be deseribed separately.

The operation of my system of signals, as
applied to & single-track railway, is as fol-
lows: Taking first Fig. 1, and supposing a
train to enter the division A C from A when
the rail-levers of the track-instrument are de-
pressed, the contact-points ca’ are separated,
breakingthe full-linecireuit,thusallowing the
armature of governor a’ to drop and setting
to “danger” signal a? as a rear signal to pro-
tect the rear of the train from any other train
which may desire to follow. The fall of the

armature of the governor breaks the dashed-
line circuit of battery 16, setting to““danger”
signal 3¢, causing the armature of relay 6’'”’
‘to drop, thereby breaking the signal-circuits
passing-through the contact-points of that re-
lay and setting to “danger” signals b* and b5,
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setting to “danger” signal ¢® and causing the

"armature of relay ¢’’’/ to fall, thereby setting

to“danger” signalsc¢! and ¢%. The division is
thus completely closed to trains desiring to
enter it at either C or A. Should the train,
after entering at A, desire to back out at A
again, when in its backward movement it
passes over track-instrument a, the dotted-
line open-circuit contact-points oa’” will be
closed and the contact-points ca separated,
and when the train has passed completely
over the track-instriment the contact ca is
closed an instant before the cortact da’’ is

 broken, thus completing momentarily a cir-
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cuit from the dotted-line cireyit-batteryat A
through contacts ca and ca’’, and through
an insulated section of rail to the magnet-
coils of governor o’, and thence through the
third contact of governor'a’ to 11, and by re-
tuin-wire to battery: Should the train stop
over the track-instrument with the wheels
in such a position as to allow the rail-levers
to rise and by operating the contact-points
complete the circuit momentarily, the bat-
tery will be short-circuited by current pass-
ing through the wheels and axles from thein-
sulated section on one side of the track to the
insulated section on the other side of the
track, thus preventing the raising of the ar-
mature of governor a’ until the train has
passed completely out of the block A B. The
raising of the armature of governor a’ com-
pletes the dashed-line cirenit of battery 16
and restores to *“safety” signals b5, 8% U4, 5, ¢%,
and ¢t The raising of the armature likewise
completesthe full-linesignal-circuit at station
A, thus restoring to “satety ”” signal % Sup-
posing the train to again enter the division A
C at A, setting to “danger,” as before, signals
a?, bs, U3, b4, ¢ ¢’ and ¢, and then to pass on
over the division, when it reaches signal-sta-
tion B, it operates track-instrument b, break-
ing contacts ¢b and. ¢b’ and closing contact
ob’. The breaking of contact ¢b” breaks the
fall-line cirenit, setting to “danger” signals
b’ and b® and causing the armatures of gover-
nor b to fall.
over the track-instrument the contact ¢b is
closed an instant before contact ob’ is broken,
thus completing the dotted-line circuit as fol-
lows: from the negative pole of battery 5
through contacts ¢b and 0b’ to 6, through the
rail to 7, thence to 8, to 9, to 10 in station A,
through the magnet-coils of goverumor o',
through the third governor-contact to 11, to
12, and over a return-wire to 13, to 14,thence
through the rail to 15,and to the positive pole
of battery 5. The completion of this cireuit
raises the armature of governor a’, thus re-
establishing the full-line eireuit through the
coilsof thegovernor-magnetandretaining the
armature up after the dotted-line circuit is
broken at contact ob’. The raising of the ar-
mature completes the circuit of the signal a3
also the dashed-linecireuit from the negative
pole of battery 16, through the first contact
-of governor a', to signal b5 through the mag-

.

When the train has passed
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net-coils of relay b’’’/ to the first armatarve-

contact of governor b’, thence through the
lower first contact-point to 17, and thenece by
return-wire back to battery. The eompletion
of this eireunit restores to “safety” signal b°
and raises the armature of relay b’””/, thereby
completing the signal-cireuit passing through
that relay and restoring to “safety ” signals b*
and bt The train is thus free to back again
after passing station B withount having to dis-
regard any danger-signal. Should the train
stop at station B with part of the train still
in the bloek A B, and with the wheels in such
a position that the rail-levers of track-instru-
ment b may rise, thereby operating the con-
tact-points of the track-instrument,and,since
contact ¢b is closed an instant before contact
ob! is broken, completing the dotted-line cir-
cnit momentarily, the battery 5 will be short-
circuited between points 7 and 14, the current
passing across the track through the wheels
and axlesof a ear, thus preventing the raising
of the armature of governora’. TPassing onto
station C, when the train passes over track-in-
strument ¢, it sets to “‘danger” signals ¢’ and
¢, and eauses the armature of governor ¢’ to
fall, thereby breaking the circuit of battery 20
and setting to “danger” the front signals in

-the division beyond C and completes the dot-

ted-line cireuit, thus raising the armature of
governor b’ and restoring to “safety” signals
b, 0% ¢, % and ¢4, thus leaving the division
A C open from end to end. Should thetrain,
instead of passing outof the division at C, en-
ter the siding there, it will pass over siding-
track instrument d, separating contact-points
ed and closing contaet od’, and when the train
has passed completely over the track-instru-
ment d and so has left the main track clear
the contact cd isclosed an instant before con-
tact od’ is broken, completing the dotted-line
circuit through the coils of the governor-mag-
net of governor b” as follows: from open cir-
cuit-battery at C through contact-points cc,
ed,and od’, through the right-hand rail-section
of the siding and the left-hand rail-section of
the main track, and through the dotted ecir-
cuit-conductor to station B, through the mag-
net of governor b’, and through the fourth
contact of governor &', the armature of which
is down, to the return-conductor, and thence
back to battery, thus restoring to “safety”
all signals in the division A C yet at “danger.”

When the train passes from the sidiug to the.

main track, it will break the contact cd”,
which is in series with the contact c¢’’, caus-
ing the armature of governor ¢’’’ to fall and
setting to “*danger” signals ¢!, ¢5, b3, 03, b7, o,
and a2 '

The operation of the signals for trains go-
ing from C to A is inall respects the samne as
for trains going from A to C.

The necessity for the special front signals.

will now be seen. When a train enters the
division A C at A, it sets to “danger” signal
a? thereby protecting its rearand assuring the
engineer that the signal-cirenits are in work-
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ing order.
at the other end -of the division signals c4 ¢,
and ¢5% In like manner a train entermw the
division A C at C sets to “danger?” swnals ct
and ¢® as rear signalsand at the other end of
the division swnals o? and a®. If there were
no special front signals theengineerat A, see-

. ing signal a® go to *“danger,” might suppose
. that his own train had set it, while in reality
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it was set by the trainentering at . Inlike
manner an engineer at C, seeing signal ¢® go
to “danger,” might suppose that his own train
had set it, whereas it was set by a train enter-
ing the block at A. Confusion, misunder-
slandmtr of signals, and accldent might thus
result; but by use of the special front swnals
set from a distantstation in front,I av01d this
ambiguity. An engineer at A, seeing both

signals a? and a® go to “ danger,” knows that

a train is entering at C. In like manner an
engineer at C, seeing both signals ¢® and <% go
to “danger,” knows that a train is entering
at A. The special siding-signal d’ at station
C is in series with signal ¢® and is set by a

train entering the block beyond C and com--

ing toward C. It therefore acts to hold a
train con the siding solong as a train is on the
block beyond C and coming toward C, or at
least to warn the train on the siding of the
approaching train, according as the signal &’
be made “cautionary” or“danger.” Thesig-
nal d’ isnot,however, toberemrded asaneces-
sary element of my system since on most sid-
ings the engineer of a train on the siding and
about to come onto the main track could,
by tarning around in his seat, see signals ¢*
and ¢, which would.show" the condition of

the block beyond C as plainly as signal d’.-

In particular localities, however, especially
where the road has many curves and the sig-
nals are therefore likely to be hidden, the
signal d’ is of value. If desired it may be

-placed in a separate circuit having a battery

of its own and passing through contact-
points in the governor at the sta'rlon beyond
C, so that it w111 not be set to “danger ” until
the train is very near to C.

Passing now to Figs. 2 and 3, when a train
going in the direction from E to F passes
station I it sets signals ¢" and ¢ to “danger,”
causes the armature of governor ¢’ to fall,
thereby setting to “danger” signal f®and caus-

‘ing the armature of relay f’!’” to fall, thereby

settlnvto“danwer” signals f5, 15, 45, and #*and
warning tlams at station I to proceed with
caution. When the train reaches station F,
should it pass on over the main track it Will
cause the armature of governor f’ to fall,
setting to “danger ” signals 77, /%, and siding-
signal 2/, but not affecting signals f% and 42
When the train has passed completely over
track-instrument f, the circuit through eon-

-tacts ¢f and of’ is completed for an instant

and the armature of governor ¢’ raised, there-
by restoring to “safety” signals e’, €% and

f% and raising the armature of relay f’/’/,

thereby restoring to “safety ” signal f°. The

It will likewise set to “danger”.

i

raising ‘of the armature of relay f’//’, how-
ever, has . no effect on signals 4f % and 1%
since .their-circuir passes through a contaet

‘of the governor f/ between points 41 and 36,
-and asthe armature of this governor is down

the .contact is broken. When the train
reaches station I, it breaks contact ¢i’, caus-
ing the armature of governor ¢’ to fall, and
thereby setting to “danoel 7signals f3,4%, k" k3,

and &% When it has passed completely over
the track-instrument, a dotted circuit through
contact-points o¢’ is completed for an instant,
asfollows: from the positive pole of battery 61
through contact-points c¢ to 62, through the
rail to 63, to 64, to 65, through the main-track
rail to 56 at station F, to 45, to 46, through the
rail to 47, to 48, to 67, through the magnet-coils
of governor f’ to 60, through the track-rail to
68 at station I, through contact 0¢’; and back
to battery. The raising of the armature of
governor f’ restores to “safety” signals 45 4%
and 4. 'When the train reaches K, signals
%’ and k* and the front signals in the block
beyond aresetto* danger,” and when the train
has passed station K the armature of the
governor 4’ is raised, restoring to “safety ” sig-
nals 7/, £2 13, & k5 kP and k% Should the
train go on to the siding at station F instead.

of continuing on over the main track, then

when the train has passed off from the insu-
lated section of track on the siding the dot-
ted-line circuit, whieh is completed through
contact-pointsog’, but which isshort- cucmted
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so long as wheels are on the insulated see- :

‘tions, enerdlzesvthe magnet. of governor e,

raising the armatareand restoring to“safety”
signals ¢’, %, f5, 75 45 &% and 4%, When the

train passes off from the siding at station I,
the contact ch’ is bxoken setting to “danger”
signals £/, £, 3 4% k5, k° and it,

The functlon of swnal f3 whieh has not
been heretofore apparent is to protect a train
on the siding and about to pass on to the main
track from another train on the main track
and going in the same direction. Suppose,
for instance, that a train ison-the siding and
is about to pass on to the main track at sta-
tion I. Suppose, also, that there is another
train between stations K and F going toward
F. When the first train passes on to the main
track it sets to “danger,” as rear signals, sig-
nals 17/, % f3,and ¢* When the second train
reaches station If the engineer first seés signal
f’at “danger” and checks the speed of his
train. When he reaches signal f* and finds
that also at “danger” he checks the speed of
his train still further, and the same is true
with respect to signal /3, and he must either
stop or proceed very slowly when he passes
either or both uf these signals at“danger,”
beeause these signals being at “danger” in-
dicate that a- train is within the bloek F I
or else the bleck I K; but suppose that when
he reaches signal f’ he finds this at ¢ ‘safety”
and proceeds at full speed, and finding sig-
nal 77 also at “safety ” still proceeds, he will
see signal f* go to “danger” when the train
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passes over the track-instrument f and will
Iknow that the signal has been set by his train,
but signal /7 will not be set by his train, and
should he see that signal go to “danger’ he
will know that a train has passed on to track-
instrument /v at the other end of the siding

‘and perhaps on to the main track, or that a
train has entered the block I K at If, and in

either case e must bring his train under con-
trol at onee and stop beforereaching home-
signal 4. When the second train passed sta-
tion F it set to “danger” siding-signal /', and
this would act to hold the first train on the
siding if the engineer of that train had not
passed beyond the siding-signal; but in no
case can accident occur, since the second train
will move so slowly that if it ecomes up with
the first train as it isleaving the siding it can
be stopped at once.

The operation of the signals for trains go-
ing in the direction from K to E is precisely
the same as that just described, the signals
and cireuits on the left side of the track cor-

responding in every respect with the signals:

and circuits oo the right side of the track.
There are evidently many possible train
movements which have not heen desecribed
which may take place when two or more trains
are between stations E and K and going in
the same or different directions, or changing

show correctly the condition of the track for
every movement of the trains without con-
fusion. ‘

-Itis usnally impracticable at situations like
that which has been here considered to ad-
here strictly to the absolute bLlock-system,
since in switehing it may be necessary for
traing going in opposite directions to ap-
proach each other quite closely; but sincethe
trains must always move very slowly and
carefully under such circumstances no acci-
dent can result so long as each train is kept
aware of the presence of the other.

As T have said, the arrangement of signals

"shown in Figs.2and 3 may, under certain cir-

cumstances, be modified in order to better ac-
cord with the conditions affecting their loea-
tion and operation.

sidings, the traffic of the road, and from
whether its switech-signals are interlocking or
The illustration given in Figs. 2 and 3
supposes a double-point siding of about half
a mile in length, which is not equipped with
Inapplying my system
to a-double-point siding equipped with inter-
locking signals it is obvious that the signals
g’ and b’ may be dispensed with, if desired,
and that the signals 2® and f% which are spe-
cial front signals, may be placed in the cir-
cuits in which signals ¢’ and " are shown in-
stead of in the same circuit with the signals
f%and * The signals 7° and /3 in this case
may beeither danger or cautionary signals, as
desired. It is further obvious that the sig-

‘in the figures.

The desirability of sueh:
“modifications arises from the length of the
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nals ¢’ and A’ may be retained in this arrange-
ment, if desired,so thatsignals ¢’ and f2and
A’ and ¢° will be in the circuits respectively
within which the signals ¢” and %" are shown
in Figs. 2 and 3.

It is obvious that in the case of a very short
double-point siding the signals 2 and f* may
be omitted, and likewise the signals ¢° and f%
and that the circuits shown in the figures in
which the signals g’ and b/ are may be broken
by the front relays f/’’/ and ¢’’, respectively.
Tt is likewise obvious that where the siding is
vary long the signals ¢ and &° can be placed
in a branch cirenit from the closed-cirenit
battery at station I,instead of being, asshown,
in-a branch cireuit from the closed-circuit-
battery atstation I, and that their mates, sig-
nais /' and f?, may be in a branch circuit
from battery 30 at station F, instead of being,
as shown, in a branch eircuit from the closed-
circuit battery at station I, in which case the
signals ¢t and ¢° will not be corresponding cau-
tionary or distant signals of signal % and the
same is true of their mates f” and f*relatively
to signal 74 In this case the signals ¢!, 45 and
¢ will not be operated as front signals by the
circuit-operating signals ¢ and f° as front
signals, and the same is true for their mates
for the opposite direction, but will be oper-
ated as front signals solely by circuits corre-
sponding to those operating signals ¢’ and 1/
The home-signals 7% and ¢*
may in this case be equipped in the usual
manner with corresponding cautionary sig-
nals. )

Where a single-point siding is provided
with interlocking signals, the special siding-

signal may be dispensed with, if desired.

Referring now to Figs. 4, 5, 6, and 7, which,
as before stated, show my signal system ap-
plied to a double-track railway, Fig. 4 shows
the simple case of a double-track railway un-
complicated by sidings, crossovers, &ec. It
shows threesignal-stations L, M,and N. zand
7/ are the rails of the right track, traffic over
whichisinthedirection fromLtoN. a’andy’
are the rails of the left track, traffic over
which is in the direction from N to L. Each
track has its own signals, track-instruments,
governors, and cireuits, which are in no way
connected with each other, except at cross-
overs, as will be hereinafter seen. Since
travel is in one direction only over each track,
it is not necessary to provide front signals or
to divide the track into “signal divisions,” all
of the signals being rear signals, except at
the crossovers. There is, therefore, no oc-
casion for the use of the dashed-line circunits
of the single-track system and of the relays
which they coatrol, nor for the special front
signals. The ecircuits which are necessary

are the full-line local eircuits and the dotted-
line or elearing circuits, and all of these cir-
“cuits are much simplified. Since, however,
it will sometimes happen that a train, after
passing a signal-station and setting the sig- -
nalsthere to“danger,” willberequired toback
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. again, it is necessary to provide the-track-

10

15

20"

25

30

instrument with contact-points for returhing
the signals to “safety” when the train backs
past them and to connect the dotted-line eir-
cuits with these contact-points, as in the sin-
gle-track system.- Considering, first, the sig-
nals and circuits of the right track and be-
ginningat station I, I, and ? are respectively

‘distant and home signals for this station, and

I’ is the governor. [ is the track-instrument,

and cl’ is a normally-closed contact of the

track-instrument, which controls the signal-

ircuit. 70istheclosed-circuit battery, which
supplies current to the signal-magnets. The
full-line circuit runs from the positive pole
of battery 70 through contact-points ¢l’ to the
magnet-coils of governor I, thence through
the .upper armature-contact of the governor
to signal P, thence to signal I/, and thence
back tothe negative pole of thebattery. This
cireuit, it will be seen, will be broken when
the contact-points ¢l are separated by the
passage of a train over the track-instrument,
thus setting to “ danger” signalsl” and 2~ It
will be noted-that signals I’ and I’ are con-
nected in series. Under some circumstances
thig may be desirable, and for that reason I
have shown such a method of connection for
the signals. In general, however, I prefer to
connect the signals in multiple, and this
method of connection ig shown at signal-sta-
tions M and N and in the succeeding figures.
Passing now to station M, m” and m? are re-

- spectively distant and home signals, and m’

35

' from the positive pole of battery 71 through.

40

is the governor. ¢m’is the normally-closed

contaet of the track-instrument, which eon-

trols the signal-cirenits. 71 is the signal-
battery.. The full-line circuit runs as follows:

contact em’ to 72, where the circuit divides,
one branch'going through the magnet-coils of

" the governor m/ and thence through the sec-
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ond upper armature-contact of the governor
to 74, and thence back to the negative pole
of the battery.
goes through the first armature-contact of
the governor and thence to 73, where it di-
vides, one branch going through signal m? to
74 and thence back to battery 71. The other
branch from 73 goes through signal-magnet
m! and thence back to 74 and to the battery
71, thus placing the two signals in multiple.
The full-line circuits of station N are the
same as those of station M. Considering
now the dotted-line. circuits, and beginning
at station M, om’ and om'’ are normally-open
contacts of the track-instrument, om’ being
closed by a train’ going from M to N, while
om’’ is closed by a train going from N to M.
cm, is a normally-eclosed contact in series

- with the normally-open contacts just men-

65

tioned, its function being the same as that of
the eorresponding contacts in the single-track
system—viz., to prevent the closing of the

dotted-line eircuits when the train first passes’

upon the track-instrument and-antil the train

has passed completely over the track-instru-

‘ger-signals.

The other branch from 72

ment. 75 is an open-cireuit battery in cireuit
with the dotted-line circunits. The circuit

_runs from the positive pole of the battery 75
“through contact om’ to an insulated-section.

of the left rail at 76, through the rail to 77,

thence to 78 at station L, through the mag--

net-eoils of governor !’ and through the lower
armature-contact of the governor if the arma-
ture be down to 79, thence by return-wire to
80, to 81, through an insulated section of the
right rail to 82, and thence through contact
cm, to.the negative pole of the battery. An-
other eircuit runs from the positive pole of
battery 75 through eontact-points om’’ to an
insulated section of the left rail at 83, through

-the rail to 84, thence through the magnet-

coils of governor m’ and through the second
lower armature-contact of the governor if the
armature be down, to 81, through the rail to
82, and thence through contact em’ to-the
negative pole of the battery. The dotted-

13
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line circuits at stations L and N are the same .

as those at station M. The operation of the
circuits shown in this figure is as follows:
Suppose a train on the right track to pass
signal:station L. When the first wheel passes
over track-instrument [, contact ¢/’ is broken,
causing the armature of governor!’ to fall and
setting to “danger” signals I' and * as dan-
Contaet ¢l; is. also broken, and
an instant after contact ol’ closed. When the
train has completely passed over the track-
instrament, contact ¢, is closed for an instant
before contact ol’ is broken, and a dotted-line
circuit is completed for clearing the signals
at the signal-station next behind L. Contact
cl’ is also closed; but, sinece the armature of
governor [’ is down, the signals ' and P re-
main at “danger.” When the train reaches
station M signals m! and m? are set to “ dan-
ger” and the armature of governor m' falls.
When the train has completely passed over
the track-instrument, contaet ¢m is closed an
instant before contact om’ is broken, thus

go
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completing a cirenit from battery 75 through

contact-points om’ to 76, to 77, to 78, through
the magnet-coils of governor I to 79, to 80, to
81, to 82, and through contact cm, back to bat-
tery. - The armature of governor I’ is there-
fore raised, re-establishing the full-line cir-

“safety ” signals I’ and [
ner when the train reaches N signals n' and n®

_will be set to “danger” and signals m! and m?

restored to “safety.” Should the train, after
passing M, back past it again, then when the
train has completely passed over the track-
instrument, a circuit will be completed from
battery 75 through contact-points om'” to 83,
to 84, through the.magnet-coils of governor
m! to 81, to82,and through contact cm, to bat-
tery again.
are restored to “safety.” ;

It will be seen, as heretofore stated, that the
circuits of the double-track system of signals
aro in effect the ecircuits of the single-track
system simplified by the removal of all the

By this means signals m!and m? .
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-cuit through its magnet-coils and restoring to
In the same man- .
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14

" the negative pole of battery 90.

cireunits which have to do with the operation
of the front signals. The circuits of the left
track dre exactly the same as those of the
right track, and their operation is the same
and need not be described. ’ :
Tigs. 5, 6, and 7, as previously stated, show
my system of signals applied to double-track
erossovers. Fig.5 shows the case of a cross-
over where the two parallel tracks which it
connects are so far apart that it is possible to
place a track-instrument with its insulated
sections of track onthe crossover-track, while
Figs. 6 and 7 show the ease where the two
parallel tracks are placed too close together

to permit of placinga track-instrument onthe

crossover-track.

Taking first the first-mentioned crossover
{shown in Fig. 5) P and R are signal-stations
on the right and left tracks, respectively, at
the beginning and end of the crossover-track,
Signal-station O of the right track is an ad-
vance signal-station, as is S of the left track,
while O of the left track and 8 of the right

track are signal-stations of the ordinary char- |

acter. - The full-line circuits at station O of
the right track are similar to those of the or-
dinary double-track signal-station, except
that since trains coming from the crossover

are frequently liable to be on the block O P,

it becomes necessary to provide means for
setting signals o' and o® to “danger” as front
signals for the train from the crossover,and
hence the relay o’/ is provided and the signal-
circuit is passed through the armature-con-
tact of this relay. The dotted-line cireunits
are the sameas usual. A dashed-line circuit

passes through the armature-contact of gov--

ernor o', and this cirenit will be considered
hereinafter. At station P the full-linecircuits
are as follows: Taking first the right side of
the track the circuit runs from the positive
pole of battery 90 through the normally-closed
contact-points ¢p” to 91, where the circuit di-
vides, one branch going through the first ar-
mature-contact of the governor p”, through the
magnet-coils of the governor, and through the
third upper armature-contact of the governor
to 92, and thence back to the negative pole of
the battery. The other branch from 91 goes
through the second armature-contact of the
governorto 93, whereitdivides,abranchgoing
through each of the signals p! and p? the two
branches uniting with the battery return-wire
at 92. On the left side of the track the cir-
cuit goes from the positive pole of battery 90
through contact ¢p’’ of track-instrument p,
through contact cq’’ of track-instrument g, on
the crossover-track, and thence through the
second armature-contact of governor p’’ to 94,
through the magnet-coils of the governor, and
through the fourth upper armature-contact to
The dotted-
line circnits at P are as follows: Taking first
the cireuit on the right side of the track, the
circuit runs from the positive pole of open cir-
cuit-battery 95 to the normally-open contact-
points op’ of the track-instrument, thence on
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ihe left side of the track to 96, to an insu-
lated section of the left rail at 97, through
the rail to 98, theuece to 99, where the cireuit
branches, one branch going to 100, thence {o
101 at station O, thence through the magnet-
coils of governor o, and through the third
lower armature-contact, if the armature be
down to 102, and thence over a return-wire to
103 to an insulated section of the right rail

‘at 104 to 105, and through the contact ep of

the track-instrument to the negative pole of
battery 95. The other branch from 99 goes
to 94, thence through the magnet-coils of the
governor p’’ and through the fourth lower ar-
mature-contact, if the armature be down, to
the return-wireat 107, and so back to battery.
Another circuit goes from the positive pole
of battery 95 to 107, where it divides,’one
branch going to the normally-open contact-
points oq” of track-instrument g, thenece to
an insulated section of the left crossover-rail
at 108, through the rail to 109, and thence to
96, thus placing contagt-points op” and og’ in
mualtiple. The other branch from 107 goes to
the normally-open contact op’’, thence to an
insulated section of theleft rail at 110 through
the rail to 111, to 112, and thence through
the magnet-coils of governor p’ and through
the third lower armatare-contact, if the ar-
mature be down, to the return-wire at 100.
The right crossover-rail has an insulated sec-
tion, and this is connected at 113 with a wire
leading to eontact ¢p and thence 1o the nega-
tive pole of battery 95. A dashed-line circuit
begins at the positive pole of battery 113, sta-
tion O, goes through the first armature con-
tact of governor o’ to 114, one branch going
throngh signal p% the other through signal p!
and through the third armature-contact of
governor p’/, the two branches uniting at 115,
thus placing the signals in multiple and go-
ing back to the negative pole of battery 113
at station O. It will be seen that while both
signalsp*and p° will bé set to ““ danger” by the
fall of the armature of governor o, the fall
of the armature of governor p’” affects only
signal p*. - Another cireunit begins at the posi-
tive pole of battery 116, station I, goes
through the first contact of governor " to
signal o® and through the magnet-coils of re-
lay o'’ to the negativé pole of battery 116,
The cireuits of the left track are in all re-
spects the same as those described for the
right track, and need not be further deseribed.
In the circuits of the right track T haveshown
no insulated sections of rails nor any electri-
cal connections therefor,though they are sup-
posed to be and must be there. My reason
for this is to make clear the distinction be-
tween thecireuits which properly belong tothe
signaling system itself,and the circuits which
belong to and form a part of the track-instru-
ment. It basbeen econvenientin the deserip-

- tion of the system to describe and show fully

the insulated sections of track and their op-
eration in order to make it clear that there
are no possible train movements which can
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_ signals p* and p5.
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the distinction clear.
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cause an incorrect operation of the signals,
though the insulated sections of track and
their electrical connections by which they are
enabled to short-circuit the batteéry when the
train is standing over the track-instrument
are properly a part of .the track- instrumnent.
On the left track in this figure, therefore, I
have shown only the circuits which properly
are elements of the system, in order to make
The operation of these
crossover-circuits is as follows: Suppose a
train on the right track and going in the
direction O P to pass station 0. When it
passesover track-instrument o it sets to* dan-
ger” signals o' and 0% and by the falling of
the armature of governor o’ sets to “danger”
It likewise clears the sig-
nals.at the signal- station next behind O.

‘When the train passeson tothe signal-station.

P, if it passes on over the maln track it sets
to ““danger” signals p!and p3% and by com-
pleting the dotted line mrcmt through con-
tact-points op’, raises the armature of gover-

nlor o, .thereby returning to “safety” signals_
25 0

0% p%, and p’. If, however, the train goes
on to the crossover-track, it breaks contact
cq’ of crossover track-instrument g, causing
the armature of governor 7’/ to fall and set-
ting -to “danger” signals 7' s% and through

30 the fall of the armature of relay 8’’/, signals

35

40

45

‘st and s,

Should the engineer, before pass-
ing over track-instrument g, (see signal 7))
already at “danger,” he must either stop or

else proceed with great caution; but should |

he see signal 7* also at “danger” he must

stop, since speecial front signal 72 indicates

that a train is approaching from 8, while 7!
only being at “danger” indicates that a train
haspassed beyond+! toward 8. Shouldsignal
rtbheat “safety ”” untilthe passage of his train
over track-instrument gsets it to “danger,”’he
isassured by the settingto “ danger” of signal
rtthat heis protected in front by front signals
at station S, and since signal 7° is not set to
“danger” by the fall of the armaturs of gover-
nor '’ he may proceed on over the left traek.

When the train has. passed completely over.

track-instrument g, the cireunit through con-
tact-points og’ is completed for an instant,

and as this circuit is in multiple with eon-

tact-points op’ the effect on the signalsisthe
same as though contact-points op” had been
closed, and the armature of governor o’ is
raised, restoring to “safety ” signals o', 0% p°,
and pL.- When the train has passed over

_ either of track-instruments s orsin its move-

6o

ment on the left track, signals 7%, s% s° and
st will be restored to “safety.” Signals p*
and 7! should be so located that they may be
seen by the engineer of a train passing over
the crossover-track before he has passed over
track-instrament g, so that should he find the

- signal ahead of him alreadyat® danger” he

65

will be warned that another train is only a
short distance ahead of him, and he will then
proceed, if at all, with great caution.

The operation of the signals for trains go-

15

ing from the left track to the right track is
exactly the same as that just described and
needs no further description.

‘Where the crossover-track is of consider-

1¢

able length there may be two track-instru-

ments on it, one near each end, and a train
passing over the crossover will clear the rear
signals when it has passed completely over
the first track-instrument, but willnot set any
signals to “danger” until it has reached the
seeond track- mstrument

75

‘When the crossover-track is of very g great

length and is much hidden by curves, tlees,
or the like, it may be provided with a single-
track system of signals of its own, quite inde-
pendent of the swnals of the main tracks.
Figs. 6 and 7,as previouslystated,show the
signal arrangements for a very short cross-
over. - Fig. 7 is an enlarged detail of Fig. 6,
showing on]y the two swnal stations U and
V'at the end of the crossover-track. T of the
right track and W of the left. track, corre-
spondingto O and S of Tig. 5, respectively,
are advance signal-stations, and their circuits
do not differ from those of stations O and 8.
Signal-station T of the left track and W of the
right track are the ordinary double-tmek sig-

: nal stations.

Since Fig.7 shows most clearly the connec-
tions at staflons U and V, which stations are

8¢

85 -

90

95

the ones most to be considered, most of the -

description of the circuits will refer to that
figure alone. The signals of this erossover
are similar in function and are similarly lo-
cated to those of the crossover shown in Fig.
5; but since there is no track-instrament on
the crossover it is necessary to have at each
end of the crossover and operated by the
switch which closes and opens the crossover-
track a switch-instrument of any approved
pattern, these switch-instruments being dia-
grammatieally shown in Figs. 6 and 7 and
lettered u, and v,, Taking up first the full-

circuit runs from the positive pole of battery
120 to 121, where it divides,one branch going
through the normally-closed: contact cu’ of
track-instrument » to 122, where it again di-
vides, one branch going through the first ar-
mature-contact of governor u’, throungh the
magnet-coils of the governor, then through
the third upper armature-contact to 123, and
then to the negative pole of battery120. An-
other branch from 122 goes through the sec-
ond armature-contact of governor v’ to 124,
where it divides, a branch going through each
of the signals u! and u? the two branches
uniting at 125, thus placing the signals in
multiple and going to 123, and thence to the
negative poleof battery120. A third branch-
from 122 goes to the contact 126 of switch-
instrument u;, which contact is broken when
the erossover-switch is closed, and through
that to the conductor from battery 120, thus

100

105

‘line circuits and beginning at station U, the
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serving to short-cireuit the contact ew’ when -~

‘the crossover-track isopen. The otherbranch

from 121 goes through normally-closed con-

»




tact cu’’ to 127, where it divides, one branch
going through the second armature-contact
of governor v, through the magnet-coils of
the governor to the fourth upper armature-

5 contact, and through that to 128 at station 'V,
thence through the normally-closed contact
cv’” of track-instrament » to129, where it di-
vides,one branch going to the negative pole of
battery 120 at station U, the other branch go-

to ing through contact 130 of switch-instrument
2y to 128, thus short-cireuiting the contact-
points cv’”’ when the contact 130 is closed,
which is always the case when the left track is
clear and the crossover is closed to trains on

15 thattrack., Theotherbranch from 127 station
U, goes 1o the contact 131 of switech-instru-
ment %, which is normally open, and through
that to the conductor from the positive pole

of battery 120, thus serving to short-cirenit
20 contact ecw’” when the crossover-switch is
thrown open.  The full-line circuit running
through contaet cu’’’ of track-instrument u
corresponds to the circuit just described as
running from the fourth armature-contact of

25 governor '/ through contact c¢v’”” of track-
instrument v and back to battery 120, and
need not be further described. The dotted-
line ¢ircuits are as follows: Commencing at
the positive pole of battery 132, one cireuit
30 runs through contact 133 of switeh-instru-
ment u,, and through track-instrument con-
tact cu,, where the circuit divides, one branch
going through normally-open track-instru-
ment contact-points ou’ to 134, where the eir-

35 cuit again divides, one branch going to an
insulated section of the left rail at 135,
through the rail to 136, to 148 at station T,
(see Fig. 6,) through the magnet coils of gov-
ernort’,and through the third lower armature-

40 contact of the governor, if the armature be
down, to 137, and back by return-wire to 138,
Fig. 7, to 139, through -an insulated section

of the right rail to 140,and back to the nega-

43 from 134 goes through the contact 141 of
switch-instrument v,, which contact is broken
normally, and through the track-instrument
contacts cv, and ov’’’ to an insulated section
of the right rail of the left track at 142,

so through the rail to 143, and thence to the
positive pole of battery 132, the object of this
branch being to permit a train when passing
from the crossover to the left track to raise
the armature of governor t’,and so to clear its

55 rear signals. Another branch of the dotted-
line circuit goes from the negative pole of
battery 132, and through the normally-open
contact 144 of the switch-instrument », and
the normally-open econtact ov’”’ of the track-

6o instrument v to an insulated section of the
Jeft rail at 145, thus short-circuiting the bat-
tery through the wheels of the train, should

u the train stop over the track-instrument, and
thus by operating the track-instrument con-

65 tact-points should cause the dotted-line eir-
cuit to be closed momentarily. The other
branch from contact cu; goes through nor-

tive pole of the battery. The other branch
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mally-open {rack-instrument contact ou’” to
149, thence through the contact 150 of switeh-
instrument «, to 151, thence through the mag-
net-coils of governor«’ and through the third
lower armature-contact, if the armature be
down, to the return-wire at 152, and so back
to battery. A branch circuit from 151 leads
to the track-instrument contacts ow’ at sta-
tion W, and serves to raise the armature of
governor ©’ when a train passes station W.
All of the dotted-line cireuits of station Vare
mates of corresponding circuits of station U,
already described, and need no further men-
tion. Allthedashed-line circuits of this cross-
over are the same as those of the crossover
sliown in Fig. 5, and need not be again de-
seribed. It will be observed that the track-
instruments at stations U'and V have many
more contact-points than the track-instra-
ments at the ordinary signal-stations. Tak-
ing the track-instrument at station U as an
example, on the right side of the track it has,
besides the usual normally-closed contaet cu/,
another normally-closed contact cu’’’, which
is, however, cut oat by a branch cirenit pass-
ing through the switch-instrument, unless the
switch is thrown to allow a train to go on to
the erossover-track,in which case contact cu’
is short-circuited by the switch-instrument,
so that contact cu’ is effective to break its

circuit only when the train is to pass on over

the main track, while contact cu’/” is effect-
ive only when the train is to pass on over the
crossover-track., - On'the left side of the track
there are,besides the usual normally-open con-
tact ou’’, two other normally-open contacts
ou!”" and ou'’’’, the contact-points of which
are preferably carried by the same contact-
levers, since the same circuit passes through
both contaets, and it is very important that
they act exactly simultaneously. The track-
instrument has dlso two normnally-closed con-
tacts cu, and cu, in circuit with the dotted-
line circuits, where the ordinary track-instru-
ment has only one, These contacts are oper-
ated by the same means, however, and act si-
multaneously. The operation of these cross-
over-circuits is as follows: Suppose a train on
the right track to pass station T. When it

.passes over the track-instrument ¢, it sets to

“danger” as rear signals; signals {! and ?and
as front signals, signals u* and »% - When the
train reaches station U, if it passes on over
the main track, it cavses contact-point cu’ to
separate, setting to “danger” signals »! and
1% and causing the armature of governor ' to
fall. Contact-points cu’’" are also separated;
but since they are short-cirenited through a
contact of theswiteh-instrument #, theirsepa-
ration has no effect. - When the train has
passed completely over the track-instrument,
the dodted-line eircuit is elosed for an instant
through contact-points cu, and ou’, and the
armature of governor " at station T is there-
by raised, restoring to “safety " signals# and ¢
and u'and v%.. When the train passes station
W, the contact 0w’ is closed, raising the arma-
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ture of governor«’ and restoring to “safety”
- signalg w'and 2

If instead of going on over
the main track the train goes on to the Cross-
over at U, then switch- mstruments u, and v,

‘are operated by the throwing of the switches

to permit the train to enter and leave the
crossover-track. Operatingtheswitch-instru-

- ment u, breaks the contact through which

10

C1g

20

track-instrument contaect cu'’’ is shmt -cir-
cuited and short-circuits contact cu’ through
contaet 126 and contact cu’’ through contact
131, thus rendering both ineffective to break

‘their cireuits, so long as the erossover-track is

open. The breaking of contact cu’”’ now
breaks the circuit of governor v/, causing the
armature to fall and settmtr to “danver” sig-
nal ' and the signals w?, 105 and wdat station
W. The dotted line cncmb through contact
ouw’ of the track-instrument, for clearing the
signals at station T, is now broken. at contact
133 of switch-instrument u;, and therefore the

" closing of contact ou’ does not operaté to clear

.
30
35
4G
85
50
55

60

65

the signals at station 7. When a train has
passed over the track-instrument v, contact
¢V, is closed and the dotted-line ¢ireuit from
battery 132 through eontacts cv, and ov’"’’ to

134 and governor ¢’ is completed for an in-

stant, thus raising the armature of governor

#and restoring to & safety 7’ signals ! t2 utand

5. Should the engineer find signal ot at~“dan-
ger” before he reaches it, he is warned that a
train going toward W has passed the signal
ahead of him, and he will then stop or pro-
ceed with great caution; but in no case will
he proceed if he finds signal v? also at “dan-
ger.” Should the signal v! be at “safety” un-
til it is set to “danger” by his own train, he

is assured by the setting to “danger” of sig-
‘nal ¢ that the signals are in workm(r ordeér

and that his front. signals are set, and. he can
then proceed over the left track to station W
or can go back to station V and beyond over
the main track, in either case signals ¢! and
the front signals at station W being returned
to “safety” when the train passes over the
track -instrument at either of the stations
named. Supposing now that a train has
passed from station T to station U on the
right track and has passed beyond station U,
setting to “danger” signals «!' and «? and
causing the armature of governor «’ to fall,
and that a train comes from the left track
over the crossover-track to the right track,
this second train sets to “danger” signals u?,
4 % and 3, and when it has passed over the
track-instrument w4 restores to “safety” sig-
nals v%, v% w4 and w® which it set to “dan-
ger” when it passed station W, through the
simultaneous closing of contacts ou'”’, ouw’’”’,
and cu, The simultaneous closing of con-
tacts cu, and ou’” will not result in “the rais-
ing of the armature of governor «’ and the
restox'ing‘ to “safety” of signals w!and v? how-
ever, as would be‘the case had the train come
from.beyond U on the right track, since the
circuit of contact cu, passes through contact
350 of the switch-instrument «, and this con-

17

tact was broken when the switch was thrown

to'admit the train to the right track.

At double-track crossovers, as at sidings,
it may sometimes, for the reasons already
given, be desirable to arrange the_ signals
somewhat differently from the way in which
I have shown them arranged. When the
crossover-tracks face opp051tely from those
which I have shown in the drawings, so that
a train passing from one track to the other
will enter the second track in the direction in
which traffic ordinarily proceeds over that
track, but will leave the first track in the di-
rection opposite to that in which traffic ordi-
narily proceeds, the signals will have to be ar-
ranged analogously tothe arrangement shown
in Figs. 2 and 3, at a double-point siding, or

' to the arrangement shown in Fig. 1 for a sin-.

gle-point siding, since the conditions are sub-
stantially the same, as will be apparent if we
assume for the moment that the main track,
which the train is leaving, is merely a siding
branching from. the main track which the
train is enfering; but it will be observed that
the arraugements of the governors shown in
the drawings will be the same in either case,
and that it is such that any number of signals

.required may be operated by them.in any

order required, so as to accord with the con-
ditions of traffie, whatever these may be.

In cases where the blocks composing a sig-
nal-division are very long, or where a signal-
division is composed of a large number of
blocks, it may be desirable, in order to re-
duce line-leakage as far as possible, and
thereby save a useless waste of battery power,’
to have a separate dashed-line-circuit battery
for each direction in every block, in place of
having one battery for each direction for
several blocks, or for every signal-division.
A slight modification of the dashed-line cir-
cuits is all that is necessary to accomplish
this result. This modification I have illus-
trated in Fig. 8, in which A B is a block cor-
responding to the block A B in Fig.1; a and
b, the track-instruments; a’, ', and b’’’, the
governors; o'/, b/, and b""”/, the front relays,
which, with the exception of the terminal re-
lay a’’,are provided with two sets of contact-
points. 160,161,and 162are the dashed-line-
circuit battemes, and a3, b8, and b® are the
special front signals.-

circuits are unaffected by the change made
in the dashed-line.circuits. The circuit from
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Only the dashed-line
| circuits are shown in this figure, as the other
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battery 160 passes through the first contact

of governor o’ through the magnet-coils of
relay b”/"/, thence through signal 0% and back

125

tobattery. Thecircuitfrom battery 162 passes . .

through the second contact of relay b/'”,
thence through the first contactof governor ¥/,
and thence throurrh the front rela,v and speexal
front signal in the block beyond B and back
to battery The circuit of battery 161 passes
through the first contact of governor b’’’ and
throu@h the second contact or relay b’/ to the
macrnet coils of relay a”/,and thence through
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" one is the return-wire.
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the speciél front signal a* back to battery.

It will be seen that the effect on the circuit

of battery 162 is the same, whether the arma-
ture of governorV’ or relay 4’’* is down, so
that the front signals are set throughout the
division just as they are with the arrange-
ment of circuits shown in Fig. 1. The full-
line-signal cireunit passes through the first
contact of the front relay at each station, as
in Fig. 1.

The operation of the arrangement of " cir-
cuits shown in Ifig. 8 is as follows: A train
inoving from A toward B passes over the
track-instrument a and causes the armature
of governor a’ to fall, thus breaking the cir-
cnit of battery 160, and thereby setting to
“danger” signal U% and causing the armature
of relay b/’ to fall. The fallof the armature
of relay 4"’ breaks the circuit of battery 162,
thereby causing the armature of the front
relay corresponding to b’’’ at the station
nextbeyond B to fall, and setting to “ danger ”
the special front signal at that station also.
In this manner the armatures of all of the
front relays in the division on the left sideof
the track are caused to fall, and all of the
front signals on the left side of the track are
set to “danger.”
station B and passes over track-instrument b,
the armature of governor b’ is lowered and
the cirenit of battery 162 broken in a second
place by the breaking of the first contact of
the governor, thus maintaining at “ danger”
the signals in front of the train. When the
Jast wheel of the train haspassed over track-
instrument b, the armature of governor o’ is
restored to normal, completing the circuit of

battery 160, thereby restoring to “safety”.

signal b%, and raising the armature of relay
0", The cireuits of the remaining dashed-
line-circuit batteries are completed in a simi-
lar manneras the train passes on overthe di-
vision.

For economic and other reasons it is desir-
able to reduce the number of line-wires. re-
quired in my system to a minimum, and I
have therefore provided for the dashed-line
circuits a modification utilizing some of the
principles of duplex telegraphy, by means of
which I am able to reduce the number of
dashed:line-cirenit line-wires to two, of which
This modification is
illustrated in Fig. 9, which shows only the
dasled-line circnits, except at station A,
where the full-line cireunits are shown in or-

- der to make clear aslight modification, which

is necessary where the dashed-line circuitsare
modified in the manner now to be deseribed.

Inemploying the principles of duplex teleg-
raphy in an automatic railway-signal system
it is necessary that the apparatus should be
so arranged that in case of leakage from the
line-circuits, the signals, if affected at all by
suchleakage, will be set to “danger.” On ac-
count of danger of leakage, I prefer not to
employ the duplex arrangement except where
the blocks are comparatively short or where

When the train reaches"

543,591

very good insulation can be obtained. Un-
der these circumstances 1 regard it as pref-
erable, since it reduces the number of line-
wires ordinarily required from six to four,
and reduces thentumber to two wherethe rails
are used as conductors of the dotted-line eir-
cuits from station to station, as in my per-
missive block-system, hereinbefore deseribed.
It is further necessary, in order to make the
safety-factor as high as possible, that the ap-
paratus be so arranged that the breaking of
the line-wire at any point within the block,
or a great increase in its resistance,; due to a
faulty joint or other cause, will cause the sig-
nalsat each end of the block to go to “danger,”
and that the failure of the apparatus to work
properly shall cause the signals to indicate
“danger.” The arrangement here shown is
designed to meet these requirements.
Referring now to Fig. 9, A B is a block cor-
responding to the block A Bof Fig. 1. o/, ¥,
and &'’ are the governors, o and b the track
instruments at stations A and B, respectively,
and a’/, b, and b’ are the front relays,
which in this case are differentially-wound
polar relays.. a*and a® are relaysof the ordi-
nary type,which I will term “special” safety-
relays, the function of which ig to set the sig-
nals at each end of the block to “danger,” in
case of breakage of the line-wire or great in-
crease in its resistance. «?and ¢® are respect-
ively the home and special front signal at sta-
tion Ajeca’,the normally-closed contact-points
of track-instrument a. 163 isthe full-line eir-
cuit-battery at station A. 164, 165, and 166
are dashed-line-circuit batteries, and 167, 168,
and 169 are resistance-coils. At station A, I
have shown how the signals are connected
where this modification is used, the special
front signal being in a branch eircuit from the
local closed circuit-battery 163, an arrange-
ment which may be employed in the other
methods of operating the signals, if desired.
I have not shown the local signal-circuits at
the other end of the block, since they are pre-
cisely the same, except for the addition of
branch circuits for operating the distant sig-
nals, as in Fig, 1. The cireuit of battery 163
runs from the positive pole of the battery to
170, where it divides, one branch going to sig-
nala®and thenceto 171, through the contact of
relaysa? anda’’ to 172, and so back to battery.
The other branch from 170 goes through the
contact ca’ to 173, where it divides, one branch
going through signal ¢? and the third contact
of governor a’ to 171, and so back to battery.
The other branch from 173 goes through the
magnet-coils of governor ¢’ and through the
fourth contact of the governor to 172, and so
back to battery. It will beseen that the com-
mon return-wire of the two signals passes
through the contacts of relays «*and o’’, so
that when the armature of either of these re-
lays is down both signals will be set to “ dan-
ger.” The fall of the armature of the gov-

ernor o, however, only affects signal a? at sta-.

tion A. The dashed-line circuits are as fol=
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“lows: Beginning at battery 164 the circuit

runs from the positive pole of: the battery
through the first contact of the governor; if
the governor-armature be up, to the second
contact-point earried by the armature of the
governor, where It divides, one branch going
through ‘the upper coil of relay o'/, thence

~ through the coils of relay a*to 175 at station

B, thence through the coils of relay ¢ thence
through the upper coil of relay b'’”’, through
the second contact of governor b’’’, thence
throngh the lower coil of relay b’’’/ through
resistance-coil 168 to the return-wire at 176,
and so back to battery. The other branch
from the second contact carried by the arma-
ture of governor a’ passes through the upper
second contact of the governor through the

“lower coil of relay a’/,thence through the re- |

sistance-coil167 to 177, and so back to battery.
Considering.now the circuits of battery 165
at station B, the circnit rans. from the pesi-
tive pole of the battery through the second
contact of the relay b/, if the armature of the
relay be up, thence through the first contact
of governor b/, if the armature of the gov-
ernor be up, to the second contact-point car-
ried by the armature of the governor, where
it divides, one branch going through the up-
per coil of relay b”’”’, thence through the coils
of relay a° to 175, thence through the ceils of
relay a* at station A, thepce through the up-
per coil of relay a’’, through the second con-

“tact of governor ¢’,thence through the lower

coil of relay @'/, through the resistance-coil
167 t0.177, thence to 176, and so back to bat-
tery. The other branch from the second con-
tact carried by the armature of governor b’’’
passes through the upper second contact of
the governor through the lower ¢oil of relay
b"’"’, thence through. the resistance-coil 168,
and back tobattery. It will be observed that
the batteries 164 and 165 are of unequal
strength, the object of this being to maintain
a current through the coils of relays a*and
a® and so energize the magnets of the relays
when the cireuits of both batteries are closed
and are conseguently opposed to each other,
since, were their strength equal, no current
would flow through relays a* and o’ and con-
sequently their armatures would drop so as
to set the signals at both ends of the block
to “danger.” Thepermanent polarity of each

* front relay is such that current coming in

from the line passing through its coils tends
1o cause the armature to be repulsed from the

Jower pole of the magnet and to be attracted

to the upper pole. The adjustment is suech,
however,as shown in the drawings, thatif no
carrent at all passes through the relay-coils,
or if two currénts passing in opposite direc-
tions through the coils neutralize each other,
the armature will be nearer the lower pole
than the upper pole of the magnet, thereby
being attracted by the lower pole and break-
ing the contacts of the relay, which are closed
when the armature is up. A small spring

or weight may be provided to aid in causing-

the armature to fall to the lower pole, if de-
sired. Likewise,ifthe outgoingcurrent pass-
ing through the upper relay-coil is greater
than the current passing through the lower
coil the armature will be repulsed by the up-

9L
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per and attracted by the lower pole with the -

same result; but it will be seen that if the
current passing through the lower coil is
greater than that passing through the upper
it willtend to cause, and if sufficiently great,
will cause, the armature to be repulsed from
the lower and attracted to the upper pole. It
will be apparent that with this arrangement
any decrease in the normal line-resistance
will tend to cause the armature to approach
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the lower and any increase in the line-resist- -

ance will tend to cause it to approach the up-
per pole of the relay,since in the former case
more current from the home battery will pass
through the upper coil than through the lower
and in the latter more will pass through the
lower than through the upper. Each resist-
ance-coil has a resistance which, added to the
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resistance of the lower coil of the relay to -

which it is connected, is equal to the sum of
the resistances of the other branch of the cir-
cuit when the governor-armature at the other

end of the block is down, and consequently-

95 -

cuts out of circuit it corresponding resist- -

-ance-coil and the lower coil of the front re-

lay. Thus the resistance-coil 167 has a re-
sistance which, added to the resistance of the
lower coil of the relay o'/, is equal to the re-
sistance of the upper coil of therelay o’/ plus
the resistance of therelays a¢* and a®, plus the
resistance of the line-wire leading from the
upper coil of relay a’’/ to the upper coil of re-
lay b’’”’, plus the resistance of the upper coil
of relay b’'”’, plus theresistance of the return-
wire leading from the second lower contact
of governord’”’, (the armature of the governor

I00 -

rcs -

being down,) to 177 at station A. The ar- .

rangement of circuits controlled by the gov-
ernor b’ is the same as that of the circuits
controlled by governor b’’/, except that here
the special safety-relays and the cut-out con-
tact for' the lower relay-coil and resistance-
coil are omitted. This arrangement may be
employed, if desired; but I prefer the ar-
rangement comprising the speeial safety-re-
lays and cut-out, since it insures that no ac-
cident caun result from failure of the appara-
tus. It will be seen that the front relays. at

'station B, as with all stations where this du-

I10
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plex method is used, except terminal stations -

like A, are provided with two sets of contact-

points. - Oneset of these contact-points serve -

to control the local signal-circuits, while the
otherset controls the circuit of the front relay

12;

of the station next ahead,asshown,in substan- .

" tially the same manner that the governor does,

sothat any number of front blocks may have
their signals operated by a single governor-

-armature being down. - Ior instance, the ar-
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mature of relay b’’’ being down has the same -

effect on the front relay-circuitsat and beyond

station B-that the armature of governord’ has -




when down. Itwill beapparentthalthefront
relays may, if desired, be provided with con-
tacts for controlling the circuits.of the line-
batteries exactly like those operated by the
5 governors, so that the dropping of the arma-
- ture of one of the frout relays will cut out the
lower relay-coil and resistance-coil instead of
merely short-circuiting them, as'shown; but
usually this will not be necessary.
Before proceeding further it will be neces-
sary to describe the action of the polarized
relays as here arranged in circuit in case of
line-leakage and of the special safety-relays
and cut-out in case of a break in the line or
a great increase in its resistance. Consider-
ing first the action of the polarized relays in
case of line-leakage, we will suppose the arma-
ture of governor b’/ to be down. The line-
current from batterv164 willnow passthrough
the upper coil of relay b’’/’, through the sec-
ond lower contact of governor b’ to 179,
thence to 176, and back to battery. Suppos-
ing now that the leakage of the line is such
as to cause considerably more current from
battery 164 to pass through the upper coil of
relay o'’ than passes through the lower coil,
it is apparent that with an ordinary differen-
tial relay that is not polarized the excess of
current passing through the upper coil will
maintain the maguet energized, so that the
armature will be attracted. Such is not the
case with the arrangement here shown, how-
ever. The excess of current passing through
the upper coil of the magnet eauses the up-
per pole to repulse and the lower pole to at-
traet the armature, and hence it drops to the
“danger” position. If the line-leakage is
sufficiently great, so that when the armature
of governor b’’’ is up the excess of current
passing from battery 164 through the upper
coil of relay ¢’/ overbalances the current from
battery 165 and induces a stronger opposing
polarity than the polarity induced by the
combined effect of the current from battery
165 and that from battery 164, which passes
through the lower coil, then the armature of
the relay will drop into the “danger” posi-
tion, and the same is troe of relay b’’’ and its
corresponding connections, It will be seen,
5o therefore, that theonly effect of line-leakage,

- should it become of sufficient magnitude to
affect the operatlion of the system, is to set
thesignalsto*danger.” Consideringnow the
case of a break in theline and supposing the
line to be broken at any point, it will be evi-
dent that no current can pass through the
magnets of relays of and a°. Hence their ar-
matures will drop and separate their contact-
points, thereby setting the signals at each end
of the block to “danger,” since the signal-cir-
cuits, as has been described, pass through the
contact-points of these relays; but it will be
apparent that should a break occur in the
line the front signals, upon the entrance of a
train into a bloek, would be set to “ danger”
independently of these relays. Supposing
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the line should be broken, then the entire
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current. from battery 164 will pass through
the lower coil of relay '/, causing the arma-
ture to remain up, thereby holding the signals
to “safety,” if we suppose, for the moment,
that the relays o! and o are not in the sys-
tem. ‘Then,uponatrainenfering theé block—
for instance, A BB at A—it would lower the
armature of governor ¢’, and thereby cut out
the lower coil of relay a™ from the circuit of
battery 164, so that the armature would be
attracted to thelower pole of the magnet, and
thereby set the signals ¢* and ¢®to “danger,”
and thus stop the train. It will be evident
that should another train enter at B at the
same moment it would have the same effect
on relay b”'*’,-and henece on the signals, so that
ordinarily the signals would be set to “dan-
ger,” s0 as to prevent trains passing beyond
them into the block independently of the re-
lays ¢* and ¢®; but if we suppose a train to
first enter the block A B at B, with the line-
wire unbroken when it enters, so that the sig-
nals operate properly, the front signals at I3
remaining at “safety ” and the front signals
at A going to “danger,” and then the line
should break after the train has passed the
front signal at B, it will be evident that with-
out the relays ! and ¢® the signals at A would,
upon the breaking of the line, return to
“safety,” so that a second train might enter
at A at thesame moment thatthetrain within
the bloek arrived at A, so that the two would
come into collision. At the entrance of a
bloek from a siding a collision resulting from
a similar cause would be still more likely to
oceur, because in the case supposed the train
approaching station A would probably be
moving very slowly, since it would be very
close to the terminal, and likewise the train

“entering at A waould probably be moving slow-

ly,sinee it is just starting out; butin the case
of a train entering from a siding the train
within the block may besupposed to be mov-
ing with full speed and to arrive at the end
of it at practically the same time that the
train on the siding enters it, so that a collision
would inevitably result.. The necessity of re-
lays a! and o® will now-be apparent, since by
means of these the signalsat both endsof the
block must go to “danger” the instant the
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break in the line occurs. T have soarranged -

the connections that the lower coil of the front
relay and the resistance-coil are cut out by
the dropping of the home-governor armature
instead of being merely short-circuited, as in
systems of duplex telegraphy, and as shownon
the right at station B.  The object of thisisas
follows: Should electrical connection not be
made between the second armature contact-
point and its corresponding lower contact-
point were the connections so that the lower
coil of the relay and the resistance-coil would
be merely short-circuited, as with .the ar-
rangement shown at the right, station I3, then
the armature of the governor, say at station
A, being down, the resistance of the line-

branéh of the circnit of battery 165 at station.

120

130
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B would be so great that since its current
must pass in that ease not only over the line
but through both coils of the relay o'’ -at sta-
tion A and through the resistance-coil 167
the far greater portion of the eurrent would
pass through the lower coil of the relay and
the resistance-coil at station B, so that the
armature of relay 0’’’/ would be held up
thereby and the train lowering the governor-
armature at A would not set signals at the
other end of the block to “danger;” but with
the arrangement shown, if electrical contact

- is not made orif a bad contact is made, which

5

greatlyincreases the resistance when the gov-
ernor-armature falls; then this is equivalent
to.a break in the lme, so that the signals at

_both ends of the block will be'set to ¢ danael »

- a* and @’
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by the current being cut out from the rela,jq
The opexatlon of these circuits is
as follows: A train entering the block A B at
A lowers the armature of governor o/, there-
by breaking the circuit of battery 164 through
the separation of the first upper contact-point,
from the first armature contaet-point, cutting
out the lower coil of the relay a’/ and the re-
sistance-coil 167 through the separation of
the contaet between the second armature
contact-point and second upper eontact-point,
and elosing contact between the lower sec-
ond contact-point of the governor and the
second armature contact-point.  Since the
current which now passes through the upper
coil of the relay @'’ is the inecoming line-cur-
rent its armature is held ‘in the normal or
“safety” position; but since the.current from
battery 165 divides and passes in- opposite

. directions through the coils of relay 6’’”/, the
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currents passing through the coils of the mag-
net neufralize each other and the armature
of the relay falls, The circuits (not shown
in the figure) of the signals on the left side
of the track at station B are thereby broken
and thesignalssetto “danger.” Theecircuitof
Dattery 166 is likewise broken, thereby short-
circuiting the lower coil of relay b’’ and the
resistance-coil 169, thus setting to “danger”
the front signals at the station next beyond
B, and causing the armature of the front relay
there to fall, and soon throughout the division.
When the train reaches station B and has en-
tirely cleared the track-instrument, the arma-

_ tureofgovernora’israised through the action
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of the dotted-line circunits. (Not shown in the
drawings.) Thecircuitof battery 164isthere-
by completed, thus causing the armature of re-
lay b’"'" to rise and restore to “safety ” the sig-
nals on the left side of the track at station B,
which wereset to “danger” when the armatuare
of the relay dropped. . Since the armature of
governor ' is now down, however, the front
signals at the remaining signal-stations with-
in the division are still retained at “ danger,”
the signals at each station being returned to
“safety” as the train clears the track-instru-
ment at that station. The operation of the

~eircuits for the direction from B to A is the

same in all respects as for the direction from
A to B, and need not be described.

It w111 be seen that when the armatures of
both governors a’ and b’”’ are up the relays
at and a’ are energized, so as fo attract their
armatures and maintain the signal-circuits
compieted "by the current from battery 1635;
which is stronger than that of battery 164,and
consequently sends sufficient eurrent through
the relays to energize them. When the ar-
mature of goverrora’ falls, the current from
battery 165 still serves to energize these re-
lays, and when the armature of governor b’’’
falls then the current from battexy 164 ener-
gizes them, since it will then not be overbal-
anced by the current from battery 165, so
that the armatures of these relays remain at-
tracted so long as either or both batteries are
sending a current over the line. In case,how-
ever, the armatures of both governors a” and
b’ are down at the same time, then no cur-
rent. will be passing over the line and the
armatures of these relays will be released, so
as to separate their contact-points until one
or both of the -governor-armatures are re-
turned to normal. Since when both gov-
ernor-armatures are down the signals at each
end of the block are set to “danger,” it will be
apparent that the separation of the contact-
points of these relays when both governor-
armatures are down can have no eﬁfect on the
signal-cireuits by breaking them, since they

.are independently broken by the front relays

at each end of the block.

It will be seen that if a train should enter
the distant end of the division at the same
moment.that a train enters the division at A
each train will set to “danger” all the front
signals that it would set 1t it entered alone,
since when two trains enter the division at
the same moment all of the dashed-line cir-
cuit-batteries are cut ont,which has the same
effect on-the armatures of the front relays as
in the ecase where only one train enters when
the circuits of the batteries for one direction
are cut out and the circuits of the batteries
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for the other direction made to neutralize -

each other.

It will be seen that the system of duplex
telegraphy which Thave modified and adapted
to operate the front signals of my-system, as
herein described, is what is known as the
“differential” duplex. It will,
apparent to those skilied in the art that what

i3 known as the “bridge” system of duplex

telegraphy may bo . adapted to operate the
front signals of my system with equal faecility
and in substantially thé same manner that I
have shown them operated by my adaptation
of the differential system, the governors in
both cases merely taking the place of the
“transmitters” employed in these systems of
telegraphy. In case the bridge method be
employed it will be necessary, in order to
make the safety-factor as high as in the dif-
ferential, to place one of the special safety-

however, be.
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relays in each of the two arms of the bridge
which are between the cross-wire and hattery,
as well as one at each end of the block in the
line-arm; and the front relay, which is placed
in the cross-wire,should be polarized, so that
the outgoing current from the home battery,
if it affects it at all, will tend to cause itto
assume the “danger” position, the signal-cir-
cuits passing in series through the contact-
points of all the special safety-relays and the
front relay at each end of the block in the
same manner that the signal-circuits at sta-
tion A pass through therelaysa* and o”’. It
will be obvious that in case of line-leakage,
a break in the line, or a great increase in its
resistance, the action of the apparatus will
be substantially the same in the case of the
bridge arrangement as with the differential.

In describing the operation of the appara-
tus illustrated in Fig. 9 I have stated that the
resistance of the resistance-coils and the lower
coils of the polarized relays should be equal
tothat of the line plus that of the line-instrn:
ments, (the governor-armature at the distant
end of the block being down;) but'it will be
seen that the system will be operative, even
though the resistance of the line and its con-
nections be very much less than that of the
resistance-coil and lower relay-coil or “artifi-
cial” line. The efficiency of the system in
the use of battery-power will, however, be
greatest when the resistances of the two
branches are equal. Itmayin practice prove
desirable to have the resistance of the artifi-
cial line somewhat greater than that of the
line, so that in case of any swall increase of
resistance in the line the resistance of the
coils will always at least equal it—as, for in-
stance, the increased resistance of the line re-
salting from a faulty contact.

In Fig. 10, as before stated, I have shown
a modified method for operating the special
siding-signals at sidings. In Figs. 1, 2, and
3 I have shown the special siding-signals op-
erated only by the regular governors of the
system; but it will be evident that in some
cases where the length of the block, at the
end of which the siding is placed, is great
and the governor at the distant end of the
block from the siding is made to set the spe-
cialsiding-signal to “danger,” atrainstanding
on the siding might be unnecessarily held
back by the entrance of a following train
into-the block at the distant end of the block
before the train on the siding had passed on
to the main track. Hence, it is sometimes
desirable to have the siding-signal operated
by a special track-instrument and governor
of its own, located within the bloek at any
desired distance fromthesiding,thereby caus-
ing the siding-signal to go to “danger” only
when a train approaching the siding shall
have gotten within a short distance of it.
Likewise, where a double-point siding is very
short it will be desirable, and indeed, neces-
sary, to have the special siding-signal set to
“danger” before the siding is reached, and
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maintained at “danger” until the siding is
passed or until the train shall have passed
onto the siding. Circuits meeting these re-
quirements are illustrated in Fig. 10, one of
the special siding-signals of the double-point
siding there shown being provided with spe-
cial means for causing it to be set to “danger”
only when a train is near the siding. T and
I are signal-stations: at the ends of the sid-
ing, as in Figs. 2 and 3, and between thenn is
the double-point siding-block previously-de-
scribed. E, is a point intermediate between
station F and the distant signal-station E
(not shown) preceding it. e, is the track-in-
strument at E,; ce,’, its normally-closed con-
tact-points; oe,”’, its normally-open contact-
points; e/, the governor for the special siding-
signal A/, and e, is a special relay in circuit
with the regular dotted-line circuit between
stations E and F. Only those circuits are
shown which are necessary for the compre-
hension of the manner in which the signal
I/ is operated. 180 is a closed-circuit battery
at station E,, which operates signal ’. - Nor-
mally, the circuit of this battery passes
through the line-wire from the positive pole
of the battery to 181, thence through signal
I/ to the first contact of governor f’, through
that contaet, if the armature of the governor
be up, to the magnet-coils of governor ¢/,
thence to 182, through the contact of the gov-
ernor to 183, to 184, and through contact-
points ce,” to the negative pole of battery 180.
If the armature of governor f is down the
circuit of ‘battery 180 is short-circaited
through a wire leading from the lower first
contact-point of the governor to 181, the sig-
nal 7/ being thereby cut out and =set to
“danger.” Branch circuits lead from 182
through eontact-points oe,”’ to 183, and from
182 through the contact of relay e’" (this
contact being normally broken since the re-
lay is in a normally-open circuit) to 184, The
operation of these circuitsis as follows: A train
passing over track-instrument ¢, in the direc-
tion from E, to I'separates the contact-points
ce,” of track-instrument ¢;, thereby breaking
thecircuitof battery180,causing the armature
of governor ¢,’ to fall and setting to “danger”
signal 2. When the armature of governor
e,” falls its contact-points are separated and
the armature remains down until raised by
the completion of a circuit through the coils
of the governor-magnet independent of the
contact-points of the governor. Should the
train reverse its direction of movement and
pass over the track-instrument in the direc-
tion from F to E, it will close the contact
oe,”’, which will complete a cirenit as follows:
from the positive pole of battery 180, through
signal 7’ the first contact of governor f* and
the magnet-coils of governor e,” to 182, thence
through contact - points oe/”’ to 183 to 184,
through contact ce’, and back to battery:
Should the train instead of reversing con-
tinue on, when it reaches station I it will
cause the armature of governor f” to fall,
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thereby breaking the upper first contact of

the governor and closing the lower first con--

tact and leaving the signal A’ cut out of eir-
cuit when the circuit of battery 180 is com-
pleted. 'When the dotted-linecircuit through
contact of’ iscompleted the armature of relay

~ e’ is raised, completing a circuit from the

0
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positive pole of battery 180 to 181, thence
through the lower first contact of governor f’

and through the magnet-coils of governor e,”

and through the contact of the relay e’ to
184, thence through the contact ce,” to the
negative pole of the battery. “When the ar-
mature of .governor f” is raised the signal A’
will be restored to “safety,” and since the con-
tact-paints of the governor are of the conti-
nuity-preserving variety there will be no mo-
mentary breaking of the circuit of battery
180 when the armature rises. :
In a system of automatic block-signals all
the apparatus the function of which is to
control the positions of the signals should be
so arranged that it will have a normal or
“safety” position when the track is clearand a
“danger” position when a train is on the sec-
tion of track governed by it; and since trains
frequently reverse the direction of their move-
ments and leave the block at the same end
at which they entered it, it follows that the
signal-controlling apparatus set to “danger”
by a train when entering a block should be re-
stored to normal in the same manner no mat-
ter which end of the block the train passes
out of; and, further, the' controlling appa-
ratus must be so arranged that either of two

or moretrains can operate it in such.a manner |-

- as to interfere with the independent opera-
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ion by the other trains of such controlling
apparatus as is essential to maintain complete
signal-protection. These resultsT am ableto
accomplish by the use of the governors and
the devices I have shown for operating thern,
and by themanner in which I locatethe track-
‘instruments. For instance, in the situations
shown, where two or more track-instruments
operate’a-single governor, these track-instru-
ments are so located and arranged relatively
to each other that no conflicting connections
can ever result. In order to distinguish be-
tween that partof my system the funection of
which is to control the signals and the signal
system perse,thesection of track between two
stations eachof which is provided with a gov-

- ernorortwogovernorsand a track-instrument
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or more than one track-instrument, as at sid-
ings,Iterm a “governor-block;” and it will be
seen that the orderof succession in which the
governors are operated is in every case uni-
form, whereas the arrangement of signals con-
trolled by the governors may be widely varied.
At dounble-track crossovers it might perhaps
seem that this remark would not apply, but
it must be considered when the points of the
crossover-track are set for a movement from
one main track to the otherthat the twomain
tracks become for the time being one track
on which the regular order of sueccession in

.the siding there shown. ¢’’’

23

the operation of the governorsis maintained.
Likewise when a train leaves the main track
and passes onto a siding, the governors are
returned to normal just asthey would be had
the train passed out of the block and into
another block of the main track. The only
exceptions to the regular order of succession
in the operation of the governors are at those
situations where a train leaving a block is
not required to set succeeding signals to
“danger,” nor to maintain at “danger ” signals
previously set to “ danger,” and hence is not
required to cause the armatures of succeed-
ing governors to fall, as at (he terminal

stations, such as A in Fig. 1, and at sidings’

and other . auxiliary tracks which have no
block system of their own. Therefore in iny
system the road may be said to be divided
into signal-blocks and governor-blocks, the
two being in geneéral the same, though notal-
ways. I have already described the signal-
blocks. Every space between two governor-
stations constitutes a governor-block, and the
connections between the governors and the
order of operation of the governors are uni-
form, whereas that of the signals may be
varied to suit the requirements of special
situations. ‘Where, as in Fig. 11, two sid-
ings join the main track at substantially the
beginning of the same block there is.no ne-
cessity for block-signals for more than one
block, yet the necessity exists for two pairs

of governors and the same connections be-

tween them as if the space between them
were a mile or more. . ,
Tig. 11 shows the arrangement of signals I
prefer to employ where two sidings join the
main track at nearly the same point and fac-
ing in the same direction,; and it also serves
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to make clear the distinction between what

I termthe“governor-blocks” and the “signal-
blocks.” The arrarigement of the signals is
here exactly the same that it is in Fig. 1 at
and ¢’ corre-

I1O

spond with the governors so lettered in Fig. -

1 and all their connections correspond like:-
wise. The only difference is that thesignal-
circuits which in Fig. 1 pass through the con-
tact-points -of governor ¢’ here also pass

115

through corresponding contact-points of gov- -

ernor 2/, and those signal-eircuits which in-

Fig. 1 pass only through the contact-points
of governor ¢/’ here also pass .through cor-
responding contact-points of governor z'’.
Hence a train entering or leaving siding D

will have exactly the same effect on the sig-

nals that will be had by a train entering or
leaving siding: D’. - The dotted-line circuit
connections between track-instrumentscand
z are, however, just the samethat theywould
be were the distance between them a mile or
more, in which case the space between them
would necessarily constitute a signal-block
and would have signals of its own.
rangement here presupposes- two sidings
branchin g from a single-track road. The
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4

force to a double-track road and the arrange-
ment of signals required may be modified to
correspond where the traffic over the road is
ordinarily in but one direction.

Fig. 12 shows the application of a switch-
instrament to a quite important situation—
viz., that of a siding connected to the main
track by a crossover-track. It will be appar-
ent that a train passing from the upper part
of the siding to the lower part over the traclk-
instrument 185 should not set the signals on
the main track to “danger,” and likewise
when passing from the lower partof thesiding
to the upper part should not set the signalsof
the maintrack to “safety” in case they should
be at “danger;” but when a train passes from

- the main track over the crossover-track to

the upper portion of the siding or when it
passes from the siding over the crossover-
track to themain track the signals of the main

track should be operated exactly as at an or--

dinary siding. Theswiteh-instrament, there-
fore, is arranged to complete the full-line cir-
cuit and break the dotted-line ecireunit inde-
pendently of the track-instrument, when the
points of the crossover-track areset to permit
the train to move fromone partof the siding
to the other, so that the governors and signals
will not be operated, but puts all of the con-
nectionsin their normal state when the points

. of the crossover are set to permit a train: to

pass from the siding to the main trackor vice
versa, so0 that the governors and signals will
be operated. Inasmuch as I have in Figs. 6
and 7 fully illustrated the method of using
the switch-instrument, I have not thought it
necessary in this figure toshow the actual con-
nections, but have merelyindicated by the de-
seription how these connections may be made.

The application of switch-instruments to
another very common situation—uviz., that of

amain track provided with an auxiliary track,

which is simply a long doable-point siding
equipped with a block system independent of
the main track—isshownin Fig.13. FandI
are signal-stations-on the main track at the
ends of the auxiliary track. G and H are
signal-stations on the auxiliary track. 7, g,
hi, and 7 are track-instruments, and 187 and
188switeh-instruments. Thegovernor-blocks
between I and G and between H and I cor-
respond exactly with the governor-block be-
tween U and V in Figs. 6 and 7. Any de-
sired arrangement of signals may be made,
since the governors supply the means for per-
fectly controlling the signals in the required
order. The main track hererepresented may
be either the track of a single-track road or
one of the main tracksof a double-track road,
in either case the arrangement of the govern-
ors and their controlling-instruments being
exactly the same, the arrangeinent of signals,
however, depending on the character and
amount of traffie. Itwill be seen thata train

passing from the main track to the auxiliary
track will set the signals on the auxiliary
track to “danger” when it passes over the
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main-track track-instrument and before it

reaches the anxiliary-track track-instrument,
and likewise will maintain the main-track sig-
nals at “danger” until it has passed entirely
onto 'the anxiliary track, just as described in
detail in the description of the circuils of
Figs..6 and 7.

In Figs. 6 and 7,1 have shown in detail the
manner of controlling track-instrument con-
nections by means of -cireunit - controlling
switch-instrauments. - There are many other
situations than the double-track crossover
and the situations shown in Tigs. 12 and 13
where it will be found desirable or necessary
to use the switch-instruments for controlling
track-instrument connections; bat Figs. 6, 7,
12, and 13 fully illastrate all the principles
involved in the application of the switch-in-
struments to any situation which may arise.

It is sometimes desirable in automatic block
systems that thesignal circuits be soarranged
that the rear signals of a block set to “dan-
ger” by a train when entering the bloek shall
not only not be set to “safety” again until
the train has passed entirely out of the block
and into the next succeeding block, but not
until the train shall have gotten a consider-
able distance within the succeeding block.
In my system this may be accomplished by
having special c¢learing track-instruments lo-
cated within the blocks on either side of the
regular track-instruments, the clearing-cir-
cuit or normally-open contacts of the regular
track - instrument being transferred, as it
were, to the clearing track-instruments. Iig.
14 shows a plan of this sort. In this figured
is the regular track-instrument, which is pro-
vided with the regular normally-closed full-
line contact-points, but from the mechanism
of which the normally-open dotted-line eir-
cuit-contact points are omitted. 189.and 190
are special clearing-circuit relays operating
contact-points which correspond to the usual
clearing-cireuit contact-points of the track-
instrumments and which are therefore so let-
tered. D, andb,are distant track-instruinents
whieh control the relays 189 and 190;¢b, and cb,
their normally-closed contact-points, and ob,"”
and ob,”” their normally-open contact-points,
191 and 192 are special open-circuit batteries,
the function of which is to energize the mag-
nets of the special relays 189 and 190 when
the contact-points of the distant track-instru-
ments are closed. If desired, the cireuits of
batteries 191 and 192 may be passod through
insulated sections of track, as shown, so that
the eireunits of the batteries will be short-cir-
cuited through the wheels of the train if com-
pleted before the train has entirely cleared
the clearing track-instrument.

The operation is as follows: A train pass-
ing over track-instrument b, toward track-
instrament b does not operate the contact-
points of track - instrument b,.  Reaching
track-instrument b, it breaks contaect ¢b’ and
sets the signals at that station to “danger”
in the manner already described. When it
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reaches track-instrinient b, it closes contacts

‘oby’,and after the last wheel of the train has

passed over the track-instrument closes cb,,
thus completing the circuit of battery 191
through contacts cb, and ob,’ and through the
coils of the magnet of relay 190, thus closing
contact ob’ and completing the dotted-line
clearing-cireuit.

“moving in the opposite direction is exactly

10

3

20

25

the same.

For a double-track road it will be apparent
that the only change required will be to omit
one of the distant track-instruments and cor-
responding relays, the regular track-instru-
ment being provided with the ordinary re-
verse clearing contact-points shown in Fig. 4.
In applying thisarrangement of track-instru-
ments tothe modification of the system here-
inbefore mentioned, where the permissive
block system is used and in which the insu-
lated sections of track extend-throughout the
block, the track-instruments b, and b,, since
they put the two rails in electrical connection

with each other, must be placed within ashort |

section of track which is insulated from the
track on each side, in order that the clearing-

* cirenit may not be short-circuited by the

30

35

40

15

5o

55

60

63

track-instrument and thereby cause the sys-
tem to be inoperative. The two rail-sections
on each side of the track-instrument will in
this case be connected by wires.  If desired,
there may also be a short rail-section insu-
lated in the same way from the section ex-
tending belween the regular and special
clearing track-instruments (the resulting sub-
sections being again connected by wires as
in the case of the track-instrument just men-
tioned) for the purpose of short-cireniting the
circuits of the special clearing-batteriés in
case these circuits are completed before the
last wheels of the train have passed over the
clearing track-instrument. - It will usually be
desirablé to provide these insulated sections,
since they reduce the required distance be-
tween the regular and special clearing track-
instruments to a degree equivalent to the
length of the longest train, and hence reduce

‘the length of thecircuit of the special clearing

circuit-battery. ;

If desirable, the space between two passing
points on the road, such as stations F and I,
Figs. 2 and 3, may be divided into two or more
blocks, and the front signals may be con-
nected so that the space will constitute two or
more front blocks, or one or more signal di-

‘visions, if desired.

In my system, where the distance from the
caution or distant signal to the home-signal
is sufficiently great, its controlling-magnet
may be placed in the circuit of a separate
local battery instead of being in a branch cir-
cuit of the main local battery,as shown, and
several distant signals may be placed in the
same cireuit, which, in some cases, is very de-
sirable.- The distant signals for one block
may be placed side by side with the home-

“signalsof the preceding block, if desired, this

The operation for a train-

25

arrangement in regard tolocating them being
especially desirable where the blocks are very
short, inasmuch as both may then be operated
by branches from the same battery.

It will be seen that any of the signal or
front relay-circuits may be broken by a-hand
circuit-breaker in the circuit, if desired, with-
out affecting the governor-cireuits. Hence
the signals may be operated by hand by sim-
ply placing a suitable circuit-breaker in any of
the signal-circuits desired to be operated in
this way. - It will be also apparent that the
closing of the signal-cirenits through such
hand-operated cireuit - breaker will merely
have the effect of putting the signal-circuits
into thecondition shown in the drawings, and
therefore can in no way affect the automatic
setting to“ danger ” of the signals. Where the
governors and signal-magnets are in series, as
shown at station E, Fig. 2, and station I, Fig.
4, the hand circuit-breaker must be provided
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with continuity-preserving contact-points, the

action of which in relation to the signal and
governor circuits issimilartothatof the front
relays ¢’ and ¢’’’ at station E, Fig. 2.

Where the duplex arrangement for operat-
ing the signals is used, as shown in Fig. 9, it
is evident that the sigunals may be operated
by hand by simply placing in their eircuits
hand-instruments making connections like
ordinary telegraphic transmitters. .

I have described and illustrated in this ap-
plication the method in which my signaling
system may be applied tothe general cases of
single-track and double-track roads, and to
all the fundamental situations likely to be
met—as,; for instance, terminals, sidings, both
double-point and single-point, and double-
track crossovers—but it is evident that there
are an endless number of other situations re-
quiring special signal arrangements differing
more or less from each other and to which my
system may be applied, but all of which it
would beimpossible to show. For instance,
sidings frequently have other sidings branch-
ing from them, and again, on double-track
roads, sidings have crossovers at their ends
so as to make thesidings accessible from both
tracks. Other situations of astill more com-
plicated character mightbe mentioned. These
‘situations, however, are all modifications, ag-
gregations, extensions, or combinations of the
fundamental situations shown in this appli-
cation, and my system of signals may- be
adapted to any of these situations, and inake
a eontinuousblock system between any num-
ber of tracks branching from each other by
following out the principles which have gov-
erned the extension of this system from the
general case of the lineuncomplicated in any
way to the fundamental situations shown,
which principles are as follows:

First. Any of the circuits may be broken
or closed when necessary by more than one
track-instrument, .

Second. Any of said eircuits may be closed,
broken, or controlled by insulated closed or
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open contact-points of switch-instruments
operated by the switch-throwing mechanism,
any number of contact-points may be oper-
ated Ly the switch-instrument, and any num-
ber of such contact-points may be continuity-
preserving contact-points,

Third. Any required nummber of contact-
points,normally open ornormally closed, may
be included in the mechanism of any track-
instrument and operated thereby.

Tourth. Governors and relays may be pro-
vided with any number and arrapgement of
contact-points, and two or morerelays or gov-
ernors may be connected either in multiple
or series. :

Fifth. As many separate batteries or other
sources of eleetrical energy may be provided
as may be required. ‘

Sixth. The insulated rail-sectionsand corre-
sponding connections for short-circuiting
clearing-circuits when a train is standing over
the track-instrument may be modified in any
Tequired manner. :

Seventh. Any required number of govern-’

ors may be controlled by one track-instru-
ment, any number of track-instruments may
control one governor, and any number of gov-
ernors may control one or a series of signals,

provided that the connections be such as not

to interfere with each other.

'Eighth. Any normally-open eircuit may be
normally broken in two or more than two
places, so that to closeit requires that all the
breaks shall be closed simultaneously. Any
normally-closed circuit may be closed and
completed separately by more than one pair
of contaet-points, so that all of these points
must be separated simultaneously in order
to break the circuit, and any of the breaks
and closures may be made by the same or
different instruments belonging to the system.

Ninth. Relayscontrolling local batteries to
operate any of the magnets of thesystem may
be provided where on account of the high re-
sistance of the line or for any other reason
this is necessary or desirable.

Tenth. Any numberof governor-blocks may
be included within one signal-block, asshown
in Fig. 11, and the governors may be made to
control any one or more than one signal.

Eleventh. Any section of road may be di-
vided into any desired number of blocks and
signal-divisions. )

In describing the operation of my system,
I have only described the principal. train-
movements, sich as are usually made, since
the number of possible train-movements are
endless; but it will be seen that no matter
how.intricate these movements may be the
signal-controlling apparatus of my system,
and hence the signals, must always respond,
sothat the signals are always set to *“danger”
and “safety” in the order required.

It will be observed that in my system all
the circuits the function of which is to set
signalsto“danger” are circuits which are nor-

mally closed, and which, when closed, hold the:
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signals at “safety,” the breaking of a circuit
inany wayresulting in thesetting to “danger”
of the signals which it controls, so that any
aceident to the circuits by which they are
rendered inoperative results in thesetting to
“danger” of the signals. Also, it will be ob-
served that all of the circuits the funection of
which is to restore signals to “safety” are
normally-open eircuits, and any accident by
which one of them is rendered inoperative
makes it impossible to restore to “safety” the
signals which the circuit controls. Therefore,
no accident can result from the breaking of
a clearing-circuit.

In order to avoid derangement of circuits
and false operation of signals due to erossing
of signal-wires I have provided each circuit
with a return-wire, and have in every case
avoided grounding acircuit, so thatthe cross-
ing of two wires cannot result in the passage
of current from one wire to the other.

I do not limit myself to the use of batteries
to supply current to the cireunits. In many
localities it may be more convenient and
economical to use other sources of electricity;
and the batteries shown in the drawings of
this application are to be regarded as merely
typical representations of electrical generat-
ing devices in general.

In some situations it will be desirable to
have the dotted line, or clearing-cireunits, of
my system operated by relays similar to re-
lays 189 and 190, Fig. 14, which are operated
by the regular track-instrument that is placed
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at the point of division between two blocks,

and the relays may be in branch-cirenits from
the same battery. Also, relays correspond-
ing to 189 and 190 may be provided with as
many contact-points as required. This ar-
rangement will be especially desirable for
those locations where good insulation of the
rail-sections cannot be obtained, as in such
situations the leakage in wet weather might
be sufficient to seriously interfere with the
working of the clearing-circuits where the
clearing-circuits were made to pass directly
through the insulated sections. These auxil-
iary clearing-circuits will also prove of es-
pecial value in the application of my system
to very complicated situations.

Ilaving thus completely desecribed my im-
proved system of railway-signaling and its op-
eration, what I claim, and desire to secure by
Letters Patent, is— '

1. Inan electrical railway signaling system,
the combination, with two or more blocks or
sections of track forming a signal division,
track-instruments at the ends of said blocks,
and a signal at each end of each block con-
trolling the entrance of trains to said block
at the end at which said signal is located, of
a circuit for each signal controlled by the cor-
responding track-instrnment and adapted to
set said signal to danger when a train passes
over said track-instrument and into the block

to which said signal belongs, two front signal-

circuits for the division,each controlled by a
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track-iustriment-at one end of the division
and controlling the signals of the division
which control trains within the division mov-
ing toward that track-instrument; and adapt-

; ed to set said signals to danger when a train

passes over said track-instrument and into
said division, clearing circuits for the signals
of each block operated by the track-instru-
ments at the ends of said block and adapted
to clear said signals when a train has passed
out of said block, and means for clearing all
of the signals of the division yet uncleared
when the train passes out of the division, sub-
stantially as described.

2. In an electrical railway signaling system,
the combination, with a block or section of
track, of a track instrument, governor, and a
loeal closed circuit battery at one end of said
block, and a governor closed circuit passing
through the governor magnet and normally
closed contact points of the governor and
track instrument, substantially as described.

3. In an electrical railway signaling system,
the combination, with a block or section of
track, a track instrument at each end of said
block, a governor and a local closed circuit
battery at one end of said block, and a gov-
ernor closed circuit passing through the gov-

ernor magnet and normally closed contaet

points of the governorand local track instru-

ment, of a governor open circuit battery at the

distant end of the block from the governor,and
a clearing cireunit from said battery passing
through the governor magnet and normally
open contact points of the governor and dis-
tant track instrument, substantially as de-
scribed.

4. Inanelectrical railway signaling system,
the combination, with a block or section of
track, a track instrument at each end of said
block, a governor and a loeal closed circuit
battery at one end of said block, and a gov-
ernor closed cireuit passing through the gov-

.ernor magnet and normally closed contact

points of the governor and track instrument,
of a governor open circuit battery at the dis-
tant end of the block from the governor, a
clearing circuit from said battery passing
through the governor magnet and normally
open contact points of the governor and dis-
tant track instrument, and a signal circuit
passing through the contact points of said
governor, substantially as described.

5. In anelectricalrailway signaling system,
the combination, with a block, as B. C, gov-
ernors, as b’ and ¢’’/, one at each end of the
bloek, track instruments as b and ¢, one at
each end of the block, the full-line batteries
at B and C and the full-line branches of these
passing through the track instrumentcontact
points, the governor magnet, and the governor
contact points, as on the right at station B
and on the left at station C, of the dotted-
line open circuit batteries at B and C and the
clearing cirenits branching from these and
passing through the track instrument contact
points, the governor magnets and governor

7

‘contact points, and the dotted line cireuit ex-

tending throughout the block and connecting
electrically the governors at each end of the
block together; the track instrument at each
end of the block being adapted to break the
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corresponding full-line circuit upon the en-

trance of a train at either end of -the block,
whereby the armature of the governor at the
end of the block at which the train enters
drops to the danger position; and adapted to
complete one of the dotted line circuits when
the train passes-out of the block at either end,
whereby the armature of the governor, or of
both governors if both be down, is restored
to the normal position, substantially as de-
seribed. :

6. Inan electrical railway signaling system,
the combination, with a block as B C, a track
instrument, governors, and a closed circuit
battery at each signal station, and branch
circnits from said battery passing through
the governor magnets and through the con-
tact points of the governors and track instru-
ment, of signals at each signsdl station, local
signal circuits controlled by said governors
for controlling said signals, and clearing cir-
cuits for restoring to safety the governors,
and the signals in rear of a train, substan-
tially as described. S

7. In an electrical railway signaling system,
the combination, with a block or section of
track, a home signal at each end of the block,
and means for setting both of said home sig-
nals to danger when a train enters said bloek,
of a special front signal at each end of the
block, a eircuit therefor, and a track-instru-
ment controlling said cirenit and sitnated at
the distant end of said block from said spe-
cial front signal, and adapted to set said spe-
cial frontsignal todanger when a train passes
over said track-instrument into said block,
substantially as described.

8. In an electrieal railway signaling system,
the combination, with a section of road as A
C, divided into blocks, as A B and B C, and
track instruments and governors controlled
therebyat theentrance of every block, of front
relays for each direction of movement at each
signal station, a front signal battery, as 16
for each direction, and a circuit therefor pass-
ing through contact points of the governors
for one direction of movement of trains, as
governors ¢’ and b’, and through the magnets
of the frontrelays controlling the signals gov-
erning the other direction of movement of
trains, as b’’’ and ¢’’’’, signals at each signal
station and local signal circuits therefor pass-
ing through contact points of the loeal gov-
ernors and front relays, substantially as. de-

_scribed.

9. Inan electrical railway signaling system,
the combination, with a bloek or section of
track, as B C, provided with a side or auxil-
iary track,and signals for said block, of a
main track instrument ¢ provided with eon-
tact points cc”” and a circuit passing through
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nals within the block B C when said contact
points are operated, and other contact points
oc"and a circuit passing through said contact
points for clearing signals in the block B C
when sald contact points oc¢’ are operated, of
a siding track instrument d provided with
contact points cd’’ operated by a train in
passing from the siding over said siding track
instrument and connections for said con-
tact points cd’” whereby the same signals
are set to danger in the block B C when said
contact points are operated as are set when
contact points e¢’’ are operated, and likewise
provided with other contact points od’ oper-
ated when a train passes from the main track
over said track instrument d onto the siding
and connections for said contact points od’
whereby the same signals are cleared by the
operation of said contact points as are cleared
by the operation of contact points oc’ of track
dnstrument ¢, substantially as described.

10. In an electrical railway signaling sys-
tem, the combination, with a section of track
T I provided with a dovble point siding, a
governor f’, track instrument f; and a gover-
nor cireuit passing through the magnet of
said governor and through contact points of
the said track instrument and governor, of
insulated sections of the main track rails ex-
tending throughout the distance between the
points of the siding, a frack instrument <, a
clearing cireuit battery 62, and a circuit
therefor passing through contact points of
the track instrument ¢, through the magnet
of governor f/ and through the above men-
tioned insulated sections of track, substan-
tially as described.

11. In an electrical railway signaling sys-
tem, the combination, with a section of track
I' I, a governor f’/, a track instrnment f, and
a governor circuit passing through the mag-
net of said governor and through the contact
points of said track instrument and gover-
nor, of insulated sections of track extending
throughout the block, a track instrument ¢,a
clearingcircuit battery 62,and a cireuit there-
forpassing through contact points of the track
instrument <, through the magnet of governor
f’;and through the above mentioned insulated
sections of track, substantially as deseribed.

12. In an electrical railway signaling sys-
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tem for crossovers, the combination, with
track instruments u and v at the ends of the
crossover track and signal operating ecircuits
controlled by the contact points of said track
instruments, of the switch instruments «, and
o, operated. by the movement of the switeh
throwing mechanism of the crossover track,
and circuits passing through contact points of
said track instruments and switch instru-
ments, whereby when a train passes from one

‘main track over the crossover track to the

other main track front and rear signals on
the track which the train enters are sef to
danger when the train passes over the track
instrument at the entrance of the crossover
track and the front and rear signals on the
track which the train leaves are returned to
safety when said train passes over the track
instrument at the end of the crossover track,
substantially as deseribed.

13. In an electrical railway signaling sys-
tem, the combination, with a block or section
of track as A B, Fig. 9, of two batteries of un-
equal strength, as 164and 165,and the dashed
line eircuits branching from them, governor
contact points as the first and second contaet
points of governorsa” and b'/’,adapted to cut
out one of the batteries and one of the coils
of the front relay and the rheostat when the
armature of the governor is in the danger
position, and to connect theline and the other
relay coil with the return conduector of the eir-
cuit, of twodifferentially wound polar relays,
one at each end of the block, as a’” and V',
adapted to control the front signals and front
relays of the system and to cause the signals
controlled to go to danger in case of great
line leakage, of two rheostats as 167 and 168
adapted to balance the resistance of the line,
and of two relays as a* and o’ placed in the
line cireuit, one at each end of the block, and
adapted to set the signals at each end of the
block to danger upon the breaking,or a great
increase in the resistance, of the line wire,
substantially as deseribed.

In testimony whereof I affix my signature
in presence of two witnesses.

THOMAS BULLITT DIXON.

Witnesses:

JAS, CHRISTOPHER,
HARRY LYNE.
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