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To all whom it may concern: 
Be it known that we, HENRY W. MILLER, of 

Bloomington, and ALEXANDER. C. MILLER, of 
Aurora, Illinois, have invented certain new 
and useful Improvements in Electric Rail 
way-Signals, of which the following is a speci 
fication. 
Our invention relates to electric railway 

signals adapted to be used on moving trains, 
and is intended to be an improvement upon 
the inventions shown and described in Letters 
Patent No. 493,935 and No. 494,111, granted 
March 21, 1893. 
The object of our invention is to provide a 

simple, economical and efficient electric sig 
nal for railways adapted to be used on a mov 
ing train and give warning to the engineer or 
other train man that the system or section 
ahead of him is blocked, or a switch opened, 
and that the devices on the same block or sys 
ten to the rear have operated and are in con 
dition to give a following train the desired 
signal-or that it has failed to operate and that 
he must take all the necessary precautions. 
The invention consists in the features 

and combinations hereinafter described and 
claimed. 

In the accompanying drawings, Figure 1 
represents a diagrammatic view of our im 
provement arranged to give a signal as to the 
condition of the block ahead of a moving 
train, and Fig. 2 represents a diagrammatic 
view of our improvement arranged to show 
the condition of the system or mechanism to 
the rear of the train. 

Describing Fig. 1, A represents the ordinary 
or usual tracks of the railroad, and A' an 
auxiliary or supplementary contact rail laid 
adjacent to the ordinary rails in any desired 
position. This auxiliary rail may be con 
structed of any desired length of sections and 
arranged with regard to the ordinary rails of 
the track or system as desired-that is, the 
Sections may overlap the different systems or 
blocks as may seem desirable or necessary. 
For convenience in describing and illustrat 

ing our improvement, we have divided this 
diagram so as to show three sections, X, Y 
and Z, of a railroad system, with two trains, 
U and V, moving thereon. 

At any suitable point in the cab of a loco 
motive or other car, we place an electric light 
circuit, embracing-preferably-two incan 
descent lights, B, B, of different colors-B a 
white or clear light, and B preferably a red 
or danger light. The circuit further em 
braces a contact brush, C, which is attached 
to the engine or car at any suitable point to 
contact the auxiliary rail and complete a tem 
porary ground connection, and is arranged to 
vibrate between two contact posts, c, c', which 
are also embraced in the electric light circuit. 
This circuit embraces a suitable source of 
electric energy, which preferably consists in 
a dynamo, C, and two electro-magnetic cir 
cuit making and breaking mechanisms, which 
are hereinafter described. One magnet, D, 
is arranged at a suitable point in the circuit 
and connected preferably with the brush 
above referred to, and is provided with a 
make and break armature lever, D', which 
makes or breaks the electric light circuit, as 
hereinafter described. The opposite vibrat 
ing end of this lever vibrates between two 
contact posts, d, d, and is held normally in 
engagement with the contact post, d", by the 
action of a spiral spring, d, as shown in train 
V. To lock this make and break armature 
lever in the position shown in train V, a sec 
ond magnet, E, is provided, which also has a 
vibrating locking armature lever, e, whose 
spiral springs, e, serve to hold it in its open 
position and inside the armature end of the 
armature lever, D', and prevent such arma 
ture lever from vibrating to the position 
shown in train, U, and thus giving a wrong 
signal. One point of this circuit should be 
connected with ground, as at P', through the 
framework of the engine or in any convenient 

a 6. 
Describing the action of the signal mechan 

ism-which is located near the ground for 
making and breaking the ground connection. 
Suppose the train, U, to be moving in the di. 
rection indicated by the large arrow, its con 
tact brush C-which should normally rest in 
engagement with the post c-is pushed over 
to the contact post, c', and supposing the 
track, Y, to be clear, and its ground mechan 
ism, y, to be in its normal position, current 

55 

75 

go 

95 

IOO 

  



IO 

IS 

25 

35 

45 

55 

will flow immediately as the brush contacts 
the supplementary rail, A', from ground, P', 
through wire 9 to dynamo, through wire 1, 
magnet D, wire 2, contact brush C, auxiliary 
rail, wires 3, switch contact points, PP, wires 
3' and 4, contact post f, armature lever M, 
and wire 5 to ground. A portion of the cur 
rent divides on wire 1, flows through wire 6, 
magnet E, wire 7, contact post c', thence by 
contact brush, wires, &e., to the ground as 
above described. The completion of the 
ground circuit as above described energizes 
the above named magnets, so that the arma 
ture lever, e, is first pulled up against its mag 
net core, and the armature lever, D', is then 
permitted to be drawn over toward its mag 
net until it contacts the post d. As these 
magnets are of a high resistance, very little 
current flows through the same, or only suffi 
cient to energize them, and as the sections 
ahead of the moving train are clear, the body 
of the current will then flow from the dynamo, 
through wires 1, 6, through armature lever D', 
contact post d, wire S, clear lamp B, and wire 
9 back to the dynamo, thus giving a clear sig 
nal and denoting that the section, Y, ahead 
of the train is clear. As the train, U, has 
passed off of section Z-by means of mechan 
ism shown in Diagram 2, which will be herein 
after described-the electro circuit making 
and breaking mechanism, 2, is so operated that 
its magnets are energized and its armature le 
vers placed in the position shown in the dia 
gram. The train, V, following and passing on 
to contact the auxiliary rails in the sections Z, 
its brush is pushed over so as to contact post 
c', but as the ground connection of the aux 
iliary rails is broken between contact post f 
and armature lever, M, no current can flow 
to the ground. As no current can, therefore, 
flow through the magnets in the lamp circuit 
of the train to energize them, the armature 
levers in the light circuit of the train are left 
in their normal position, permitting the cur 
rent to flow from dynamo, through wires 1 
and 6, armature lever D', contact post d", 
wire 10, colored light B', branch wire 10', and 
back by wire 9 to the dynamo, thus igniting 
the red or danger lamp and showing that the 
section preceding is blocked or a train located 
thereon and warning the engineer to either 
stop or proceed cautiously until he obtains 
the white or clear signal. 
While the contact brush, C, in a measure 

controls the direction of the circuits, the 
lights will still retain the condition that ob 
tains when they were on the auxiliary tracks, 
even though the contact brush changed its 
relation with the contact posts after passing 
off of the auxiliary rails, so that if an engi 
neer has a red signal on passing off one of the 
sections of auxiliary rails, that signal cannot 
be changed until he comes on to the next 
auxiliary rail and a ground connection is 
made. This is a decided advantage, in that 
the engineer can always tell what was the con 
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dition of the block ahead of him when he left 
the auxiliary rail or station. 
Supposing the train lamp circuit to be in 

the position shown in train V, and the con 
tact brush in engagement with the post, c'. 
As it leaves this section of the auxiliary rail 
the contact brush will spring back and en 
gage the contact post, c.; but as there is no 
ground connection, the magnet E cannot be 
energized, and the armature lever, e, will be 
held in its normal position by spring e', thus 
preventing armature lever D' from breaking 
contact with post d", to close the white lamp 
circuit, and current flows from dynamo, 
through wires 1 and 6, armature lever D', con 
tact post d", wire 10, colored lamp B', wires 
10' and 9 to dynamo. 
Supposing the train U, with the sectious 

clear ahead of it, to pass off tither section of 
auxiliary rail, the contact brush, C, changes 
from post c' to postc. The current ceases to 
flow to the ground, but sufficient current con 
tinues to flow through wire 1, magnet D, con 
tact brush C, contact post c, and wires 11 and 9 
back to the dynamo, thus keeping the magnet 
D sufficiently energized, so that its armature 
lever is kept in the position shown in the train 
U, to allow the greater part of the current to 
flow, as heroin before stated, through wires 1 
and 6, armature lever D', contact postd, clear 
light B, and wire 9 back to dynamo, thus show 
ing that the track is clear ahead. It will 
thus be seen that it is not essentially the po 
sition of the contact brush that regulates the 
signal, but the condition of the electro-mag 
netic making and breaking devices in the 
track sections which make or break the ground 
connection. 

It is often desirable to know whether a 
switch is open improperly or otherwise-as, 
for instance, that a train is ahead and in the 
same block. We have, therefore, devised 
means whereby the fact that such switch is 
open will be signaled to the engineer as fol 
lows-see section Y, Diagram l: P P repre 
sent contact points interposed between wires 
3 and 3. R. R. represent switch points of 
switch rails, and S the rod which connects 
them. One switch is provided with a contact 
point or plug, S, adapted to be inserted be 
tween the contact points, PP, as shown in the 
diagram. In their normal position, the switch 
is set for the main track, so that a train will 
keep to such track and the contacts will be 
closed-as shown in Fig. 1-ut when the 
switch is moved over to set it for the siding, 
the plug, S, will be disengaged from the con 
tact points, so that the circuit between the 
auxiliary rail, A, to the right, will be broken 
between it and the ground; and, no current 
flowing from the dynamo to the ground, the 
red or danger signal will be given the engi 
neer, as above described. 
In order to actuate the electromagnetic cir 

cuit making and breaking mechanism on the 
track sections near the ground, and notify the 
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engineer that such contacts have been made 
or broken to the rear of his train so as to give 
the desired signal to an engineer following, 
each cab or train is provided with a second 
light circuit-see diagrammatic view of Fig. 
2-of exactly the same general structure as 
described in trainsU and V of diagram 1, with 
the exception of course that the lights should 
be of different colors. Inside of the usual rails, 
A, which form the track proper, is a second 
auxiliary contact rail, A, which is connected 
with the ground electric circuit hereinater de 
scribed. For convenience also in describing 
this diagram, the track is divided into three 
sections, X, Y and Z, of a railroad system, 
with two trains-identically the same as in 
diagram 1-U and V, moving thereon. The 
light circuit in the cab embraces as before two 
incandescent lights of suitable colors, G, rep 
resenting the clear light, and G' the colored 
or danger light. 
Fig. 1, embraces also a contact brush, H, which 
vibrates between two contact posts, h. and h', 
but is normally in contact with the posth. I 
represents the source of electric energy-pref 
erably a dynamo. K is the magnet which 
makes and breaks the electric circuit of the 
white light through its armature lever K, 
whose opposite free, vibrating end vibrates 
between the two contact posts, k and k', and 
whose spring, k, serves to keep it normally in 
contact with the contact post k". L. repre 
sents the locking magnet, and l its armature 
lever; l', the spiral tension spring which serves 
to keep such locking lever in its open posi 
tion, as shown in train W. 

Describing the action of these signals, and 
the circuits which control them-we will sup 
pose that the train, U, is moving in the di 
rection indicated by the large arrow, which 
has been to the right of the second auxil 
iary rail in the track section, 2', its contact 
brush striking the auxiliary rail is moved 

Sup 
posing the mechanism, 2', in such section to 
be in its normal position-as shown at y'- 
and that the apparatus in the section to the 
rear has worked all right, so that there is a 
ground connection with the auxiliary rail, 
current will flow from ground p, through 
wire 23, dynamo I, wire 12, magnet K, wire 
13 to contact brush H. In flowing through 
wire 12 from the dynamo, a portion of the 
current divides and flows in parallel through 
wires 14 and 15, magnet L, wire 16 to contact 
post, h, and brush II. Current then flows 
from the brush through the auxiliary rail, A, 
wires i7 and 18, magnet M, wire 19 to ground. 
Such current then energizes magnet M, to 
bring its armature lever, M', toward it, so that 
the spring contact m, which is insulated 
from the lever, engages with the contact post 
m, when the current will continue to flow 
through wire 17, spring contact m, post m', 
and wire 20 to the ground through the con 
nection at the rear, which is instantly closed, 
as hereinafter described. 

This electric circuit, as in 

8 

The second magnet, N, as hereinafter de 
scribed, is arranged adjacent to a magnet, M, 
so that when magnet m draws its armature 
lever down, the armature lever, N', of the 
magnet N-by the action of its spiral springs, 
n-is vibrated outward into the position 
shown in electro magnetic mechanism 2', to 
lock the first named armature lever in its 
own position, and prevent it from becoming 
disengaged until the train reaches the next 
block, as hereinafter described. 
The current in flowing from the dynamo, 

as above described, through the magnets 
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which are set in multiple, through succeeding 
wires and contact brushes, has not developed 
sufficient magnetic force in magnets, K and 
L, to overcome the force of the armature 
springs. The moment, however, that magnet 
M draws its armature lever down, so that its 
spring is in contact with contact post im', a 
direct current is set up between it, and the 
ground by means of the electro magnetic 
closing devices hereinafter described, with 
only the resistance of the wires interposed, 
so that sufficient current flows through the 
magnets to draw the armature levers in the 
light circuit up against their cores. The 
armature lever, L', is then drawn up against 
its magnet, allowing the lever, K, to be drawn 
over until its opposite end contacts the post, le. 
The current then divides as follows: From 
dynamo, through wires 12 and 14, through 
armature lever K, contact post lic, wire 21, 
clear light G, and wires 22 and 23 to dynamo, 
thus showing that the mechanism in such 
section has operated. As the train passes off 
of such section, it is still necessary to show 
the white light, in order that the engineer may 
be notified of the fact that the section be 
hind him has operated properly. The contact 
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brush will then return to its normal position, 
as shown in train U, so that current will flow 
from dynamo I, through wire 12, magnet K, 
wire 13, brush H, contact posth, wires 24 and 
23 to dynamo, sufficiently energizing the mag 
net K to keep its armature lever in the posi 
tion shown. The current dividing, and run 
ning partially parallel, will leave wire 12, flow 
through wire 14, armature lever K, contact 
post k, wire 21, clear light G and wires 22 and 

O 

II5 

23 to dynamo, thus indicating that everything 
so far is blocked behind. 
The electromagnetic make and break mech 

anism at ground-to the right-is left in the 
position above described, and as shown at 2", 
would indicate to a train following-see de 
scription of Diagram i relating to section 2 
that there was a train ahead, and that it would 
be dangerous to proceed unless extreme cau 
tion was used. Supposing the train follow 
ing, as in V, which had passed off of the aux 
iliary rail A in a section Z° to the right of 
Diagram 2, and no circuit has been formed be 
tween such auxiliary rail and the ground, the 
electro-magnetic make and break mechanism 
in the lamp circuit would be left in its nor 
mal position, and the contact brush, H, in 
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contact with post h. Current would then 
flow from the dynamo, and having no ground 
connection would flow through wires 12 and 14, 
armature lever K, contact post c', wire 25, 
danger light G', and wires 26 and 23 to dynamo, 
thus indicating that the mechanism behind 
had not worked to give the succeeding train 
the danger signal, so that if such train-which 
is in the lead-should stop at any time, it 
would be necessary to send back the train 
man with a danger signal. This danger sig 
nal would still continue, no matter what rela 
tion the contact brush, H, had with regard to 
its contact posts. As the train, U", advances 
so that its contact brush, H, comes into con 
tact with the auxiliary rail, A, in section Y 
current will flow from the dynamo through 
wire 12, and dividing flow in parallel, as above 
described. It will thus reach contact brush 
H, where it will flow through auxiliary rail, 
A, in section. Y', wires 17 and 18, magnet M 
and wire 19 to ground. A current will then 
energize the magnet M to such an extent that 
it will draw the armature lever, M', down un 
til its spring contact, m, contacts the posts, m'. 
The larger portion of the current will then 
continue to flow through wire 17, spring con 
tact m, post m', back by wire 20, to magnet 
N, where it will flow through magnet, N, and 
wire 27 to ground. This current energizes 
magnet N' to such an extent that it pulls for 
ward itsarmature lever, N, against the action 
of its spiral spring, n, until its opposite free vi 
brating end contacts post, n', when it will find 
a short circuit through wire 28, armature le 
ver,N', contact post, n', and wire 29 to ground. 
This action releases the armature lever, M', so 
that its spiral spring, n, will vibrate it and its 
spring contact, away from contact post m', 
thereby breaking that circuit, and, as above 
described, give a clear light in the lamp cir 
cuit U. Should the current be insufficient 
to energize the electro-magnetic mechanism 
in either of the mechanism boxes, Y or 2, in 
sufficient current will flow to the ground; 
and, as stated in relation to the lamp circuit 
V, the danger light would be ignited, thereby 
notifying the engineer or train-man that the 
mechanism to the rear had not operated prop. 
erly. 

fie first set of auxiliary contact rails are 
located preferably in pairs, so that the last 
one is at the station, as indicated; while the 
second auxiliary rail is beyond the station, so 
that a succeeding train does not get a clear 
signal until the preceding train has proceeded 
at least half a mile from a station, though 
this arrangement may be modified to suit cir 
cumstanceS. 
From the foregoing description, it will be 

evident that when the white or clear lights 
are burning, the devices are in order and no 
danger ahead to be indicated by this mech 
anism; and that the devices to the rear of the 
train have operated satisfactorily; but, when 
either of the clear lights go out and the col 
ored light or lights burn, it is evident to the 
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train man or engineer that the system ahead 
is blocked, or a switch opened, and that the 
devices to the rear-which form the ground 
connections- have not operated Satisfac 
torily. Further, should all of the lights go 
out, it is evident that the source of electric 
energy has dissipated. . 
Although we have described our improve 

ments with more or less minuteness, and as 
being embodied in precise forms, we do not 
desire to be limited thereto unduly. On the 
contrary, we contemplate all proper changes 
in form, construction and arrangement, the 
omission of immaterial parts and the substi 
tution of equivalents, as circumstances may 
suggest or necessity render expedient. 
We claim 
1. A railway signal comprising a source of 

electric energy, an electro-magnet connected 
there with, a make and break armature lever 
for such magnet connected with the source of 
electric energy and vibrating between two 
contact posts, a clear light electrically con 
nected with one of such posts and the source 
of electric energy, a colored or danger light 
connected with the other post and source of 
electric energy, a vibrating movable ground 
contact piece electrically connected with the 
magnet and arranged to move between two 
contact posts, both of which are connected 
with the source of electric energy so that when 
the movable piece is in contact with one of 
such contact posts a circuit may be formed 
between the source of electric energy and the 
ground and when it is in contact with the 
other post an electric circuit may be formed 
from the source of electric energy to the mag 
net and by a return wire to the source of en 
ergy, substantially as described. 

2. A railway signal comprising a source of 
electric energy, an electro-magnet connected 
there with, a make and break armature lever 
for such magnet connected with the source of 
electric energy and vibrating between two con 
tact posts and normally in engagement with 
one, a clear light connected with one of such 
posts and the source of electricity, a danger 
light connected with the other post and source 
of electricity, a movable ground contact piece 
electrically connected with the source of elec 
tricity through the magnet and arranged be. 
tween two contact posts, both of which are 
connected with the source of electric energy 
so that when the movable piece is in contact 
with one of such contact posts a circuit may 
be formed from the source of electric energy 
through the magnet to the ground, and when 
it is in contact with the other post an electric 
circuit is formed from the source of energy, 
through the magnet, and by a return wire to 
the source of energy, and a second electro 
magnet electrically arranged in multiple to 
the first named electro-magnet between the 
source of electric energy and the ground, with 
a locking lever arranged to lock the make and 
break armature lever in its normal position 
when such magnets are de-energized and to 
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release such make and break lever when the 
magnets are electrically energized, substan 
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tially as described. 
3. In electrically actuated railway signal 

Systems, a ground connection adapted to be 
used in connection with an electrically actu 
ated signal and comprising an auxiliary con 
tact rail, an electro-magnet interposed be 
tween it and “ground,” a make and breakar 
mature lever for such magnet provided with 
an insulated contact portion, the lever or its 
insulated portion being electrically connected 
with the auxiliary rail, two contact posts be 
tween which the make and break armature 
lever vibrates, one of which is adapted to be 
electrically connected with the ground when 
contacted by the make and break, armature 
lever, the whole so constructed and arranged 
that when current flows from the auxiliary 
rail to the ground the magnet is energized to 
draw down its make and break armature le 
ver to form a ground connection of low resist 
ance, Substantially as described. 

4. In electrically actuated railway signal 
Systems, a ground connection adapted to be 
used in connection with an electrically actu 
ated signal, comprising an auxiliary contact 
rail, an electro-magnet interposed between it 
and “ground,’ a make and break armature 
lever for such magnet provided with an insu 
lated contact piece which is electrically con 
nected with the auxiliary rail, two contact 
posts between which the make and break le 
ver with its contact piece vibrates, one of 
which is adapted to be electrically connected 
with the ground when contacted by the make 
and break armature lever, so constructed and 
arranged that when current flows from the 
auxiliary rail through the magnet to the 
ground, the make and break armature lever 
with its contact piece is vibrated to close a 
ground connection of low resistance, and 
means for locking such make and break le 
ver in its down position, substantially as de 
scribed. 

5. In electrically actuated railway signal 
Systems, a ground connection adapted to be 
used in connection with an electrically actu 
ated signal, comprising an auxiliary contact 
rail, an electro magnet interposed between it 
and “ground,’ a make and break armature 
lever for such magnet provided with an insu 
lated contact piece which is electrically con 
nected with the auxiliary rail, two contact 
posts between which the make and break le 
yer with its contact piece vibrates, one of 
which is adapted to be electrically connected 
with the “ground” when connected by the 
make and break armature lever, so con 
structed and arranged that when current flows 
from the auxiliary rail through the magnet 
to the ground, the make and break armature 
lever with its contact piece is vibrated to close 
a ground connection of lower resistance, and 
a second electro-magnet provided with a vi 

5 

brating armature lever for locking the make 
and break armature lever when such magnet 
is de-energized and release the make and 
break armature lever when such magnet is 
energized, substantially as described. 

6. A railway signal system, comprising a 
source of electric energy and a primary set of 
electrically actuated signals arranged on a 
movable car and provided with a contact piece 
to close the electric circuit or circuits, a pri 
mary auxiliary contact rail arranged to be con 
tacted by the primary contact on a movable 
car, a make and breakarmature lever provided 
with an insulated contact portion, the lever or 
its insulated portion being directly connected 
with “ground,’ a contact post electrically con 
nected with the auxiliary rail and arranged 
to be contacted by one part of the make and 
break armature lever to form a circuit be 
tween the auxiliary rail and ground, so ar 
ranged that when such armature lever is rest 
ing in contact with its contact post a circuit 
is formed from the primary signal mechan 
ism to the ground to actuate its clear signal, 
and when such ground connection is broken 
and the contact piece of the car is in engage 
ment with the auxiliary rail current ceases to 
flow to the ground and the danger signal in the 
car is actuated, a second set of electrically act 
uated signals provided with a source of electric 
energy arranged adjacent to the primary Set 
and provided with a second contact piece ar 
ranged to contact an auxiliary rail and close 
their circuits, a second auxiliary contact rail 
arranged to be contacted by the second con 
tact piece, an electro-magnet interposed be 
tween such second auxiliary rail and ground 
to actuate the make and break armature le 
ver, a wire connecting the second auxiliary 
rail and the portion of the make and breakar 
mature lever which is connected with ground, 
a second contact post arranged adjacent to 
the make and break armature lever and 
adapted to be electrically connected with the 
ground when contacted by the make and 
break armature lever to form a ground cir 
cuit of low resistance between the auxiliary 
rail and ground, so that when current flows 
from the second set of signals in the car to 
the ground the clear signal is actuated to 
indicate that the make and break armature 
lever has operated, and when such connec 
tion is broken current ceases to flow in suffi 
cient volume to the ground and the danger 
signal in the car is operated, and a Second 
electro-magnet provided with an armature le 
ver to lock the make and break armature le 
ver in its closed position when such magnet 
is de-energized and release it when such mag 
net is energized, substantially as described. 

HENRY W. MILLER. 
ALEXANDER. C. MILLER. 

Witnesses: 
CHAS. ONGLE, 
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It is hereby certified that in Letters Patent No. 539,529, granted May 21, 1895, 
upon the application of Henry W. Miller, of Bloomington, and Alexander C. Miller, 
of Aurora, Illinois, for an improvement in “Electric Railway-Signals,” errors appear 
in the printed specification requiring correction, as follows: In line 76, page 3, the 
word “own' should read down, and in line 58, page 5, the word “connected’ should 
read contacted; and that the said Letters Patent should be read with these corrections 
therein that the same may conform to the record of the case in the Patent Office. 

Signed, countersigned, and sealed this 11th day of June, A. D. 1895. 
SEAL. JNO. M. REYNOLDS, Assistant Secretary of the Interior, 

Countersigned: 
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Commissioner of Patents. 


