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United States Patent Office 3,202,816 
Patented Aug. 24, 1965 

3,202,826 
AUTOMATIC TRAiN 6°ERATION SYSTEM w 

Charles W. Gregg, Moharoevitie, Pa., assignior to Westi ag 
house Air Brake Coalpaisy, Winerding, Pa., a corpora 
tion of Pennsylvania 

Fied Apr. 10, 1962, Ser. No. 191,88. 
6 Caias. (C. 246-63) 

My invention relates to an automatic train operation 
system and particularly to a train operation system for 
automatically controlling the movements of trains in a 
single direction over a stretch of railway track, especially 
of the monorail type. 
There is shown and described in the copending applica 

tion, Serial No. 90,493, filed February 20, 1961, by 
Frank T. Pascoe and Leslie R. Allison, for Automatic 
Train Operation System, which application is assigned to 
the same assignee as the present application and has 
issued as Patent No. 3,041,448, dated June 26, 1962, a 
train operation system for operatorless trains traversing 
a stretch of railway track in which no track circuits are 
or can be provided. In the system of this prior patent, 
provisions are made for following train movements. 
Each following train is automatically controlled, in ac 
cordance with the distance between it and the immedi 
ately preceding train, by apparatus actuated over a plu 
raility of electrical signaling conductors extending from 
each of a series of locations in the track stretch to the 
next preceding location in said stretch. As is well known, 
the installation and maintenance of electrical conductors 
extending between locations relatively distant from each 
other is expensive and, if such conductors consist of line 
wires supported by poles, they constitute a source of 
trouble due to wind, snow, etc. 

It is accordingly the main object of my invention to 
provide an improved system similar to that covered by 
said prior patent but in which only a single electrical 
signaling conductor is required between each location in 
the track stretch over which the trains are to travel. 

It is a second object of my invention to provide an 
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automatic train operation system which requires a small 
er number of relays than the prior art systems. 

In accomplishing the foregoing objects of my inven 
tion, I employ apparatus at each of a series of locations 
along a railway track stretch for selectively supplying, 
in accordance with traffic conditions in advance of the 
respective location, one or more of a plurality of dis 
tinct signals to a block conductor extending between the 
respective location and the preceding location in the track 
stretch. In other words, the several distinct signals are 
transmitted from each location over the block conductor 
extending from that location toward the last prior loca 
tion which an approaching train passes, which is herein 
after designated as the preceding location. Signal re 
ceiving means are provided on each train which travels 
the stretch to receive from the block conductor, for the 
section or block of the track stretch over which the train 
is then traveling, selected ones of the signals supplied 
to that conductor to control the train in accordance with 
the received signal or signals. The signals supplied to 
the preceding block conductor at each location are also 
Supplied to signal receiving apparatus connected to that 
conductor at the preceding location. The signal re 
ceiving apparatus at each location operates to selectively 
Supply a similar plurality of distinct signals over the next 
block conductor to the next preceding location. I also 
provide on each train to travel the track stretch appara 
tus for transmitting to the block conductor for the track 
section over which the respective train is traveling, a sec 
ond plurality of distinct signals which are employed by 
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apparatus at the entrance end of the respective track 

drawing figures. 

2 
section to reflect the entrance of the train into that Sec 
tion and the occupancy of the track section by that train 
so long as such train remains in such section. 

Other objects and characteristic features of my inven 
tion will become apparent as the description proceeds. 

I shall first describe one embodiment of my invention, 
and shall then point out the novel features thereof in 
claims. 

In the accompanying drawings, FIGS. 1, 2 and 3 when 
arranged in that order from left to right comprise a 
diagrammatic view of a stretch of railway track provided 
with the signal control apparatus, and the signal trans 
mitting and receiving apparatus embodying my invention 
at each of a series of locations in the track stretch. 
FIG. 4 comprises a diagrammatic view of the train 

carried signal transmitting and receiving apparatus, and 
train control apparatus for automatically operating trains 
in accordance with received signals. 

FIG. 5 is a circuit drawing of a typical tone transmit 
ter which may be employed in my invention for trans 
mitting signals. 

FIG. 6 is a circuit drawing of a typical tone receiver 
which may be used for receiving the transmitted signals. 

In each of the drawings similar reference characters 
designate similar parts of the apparatus. 

Referring to FIGS. 1 through 3, arranged numerically 
in that order from left to right, there is illustrated a 
stretch of monorail railway track over which trains travel 
in a direction from west to east, or from left to right as 
shown in the drawings. While I have illustrated my 
invention as being employed in a monorail railway sys 
tem it is to be understood that the invention could just 
as well be employed in a conventional two-rail railway 
system or in any system in which vehicles move in a 
single direction over a trackway provided for the guidance 
of the vehicles along a predetermined route. In the 
stretch of monorail railway track illustrated in FIGS. 
1 through 3 there is shown a succession of locations 
designated, in the order from left to right, Loc. 1 through 
Loc. 5. This arrangement will be readily apparent from 
an inspection of the drawings. 
A plurality of signal blocks TS1 through TS5 is pro 

vided in the track stretch, not by insulated rail joints 
designating the ends of the signal blocks in the conven 
tional manner, but by sections of a sectionalized electrical 
block conductor. There is thus a succession of block 
conductors, one for each signal block, each of which 
conductors extends the length of and defines the ends 
of the respective signal block. Each block conductor 
or block conductor section is designated by the reference 
character BC followed by a numerical suffix correspond 
ing to the numerical suffix of the signal block, the limits 
of which are defined by the ends of the respective block 
conductor or conductor section. For example, in FIG. 
1 the limits of signal block TS are defined by the ends 
of block conductor or conductor section BC which ex 
tends between Locs. 1 and 2. Similarly, in FIGS. 1 and 
2 the limits of signal block TS2 are defined by the ends 
of block conductor BS2 which extends between Locs. 2 
and 3. The arrangement of the signal blocks and block 
conductors for the remainder of the track stretch shown 
in FGS. 1 through 3 will be readily apparent from the 
examples given and from a brief examination of such 

It should be pointed out that each 
block conductor or section of block conductor extends 
parallel with the section of track included in the corre 
sponding signal block and in close proximity thereto so 
that closely spaced coupling may continuously be pro 
vided between each respective conductor and a signal 
receiving device provided on each of the trains to travel 
the track stretch. This arrangement will become more 
apparent later in this description. 
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It is expedient at this point in the description to point 
out that two channels are provided for communication 
or the transmission of control signals between each of 
Locs. 1 through 5, and the trains traversing the track 
stretch and to be controlled. These channels are shown 
in the accompanying drawings as each being a radio cir 
cuit with a distinct carrier current channel capable of 
carrying several voice frequency or other low frequency 
carrier tones, hereinafter often referred to as signals, but 
each may alternatively be an inductive carrier channel. 
Carrier transmitters CT and 2CT shown conventionally 
in FIGS. 3 and 4, respectively, provide first and second 
basic carrier currents, respectively, for the communica 
tion channels, and each transmitter is assumed to have a 
Self-contained power supply for supplying power for op 
eration of the respective transmitter. Two output ter 
minals a and b are provided on each transmitter, termi 
nal b of each transmitter being connected to ground. 
Terminal a of transmitter CT is connected to an elec 
trical conductor RFC which extends to each of the Locs. 
1 through 5 to supply to each location the basic carrier 
current for the first basic communication channel. Ter 
minal a of train-carried transmitter 2CT connects to a 
conductor 2RFC to supply to two train-carried tone 
transmitters 2CTT and 2C2TT, to be discussed, the basic 
carrier current for the second basic communication chan 
nel. For the purpose of the remainder of this descrip 
tion it will be assumed that the communication channels 
are space radio channels. However, it is to be under 
stood that the actual coupling is between the antennas on 
the train and the immediately adjacent portion of a block 
conductor. If as previously mentioned, inductive car 
riers are to be used as the communication channels, the 
carrier transmitters CT and 2CT would be ones suit 
able for such type of channel. The purpose of supply 
ing the carrier current from transmitter 1CT over con 
ductor RFC to each of Locs. 1 through 5 will be more 
fully explained later. It is to be understood that, for 
convenience and simplicity, only a single No. 1 carrier 
current transmitter has been shown, which supplies the 
basic carrier current of that frequency to all locations 
over line conductor RFC. In actual practice, an iden 
tical carrier current transmitter would preferably be pro 
vided at each location to supply locally the basic car 
rier for transmitting the tone signals over the block con 
ductor to the preceding location. 

It should be pointed out at this time that energy for the 
operation of direct current apparatus at each of Locs. 1 
through 5 is furnished by a suitable source of current, 
preferably a battery of proper voltage and capacity, pro 
vided at each of said locations. For the sake of sim 
plicity these power sources are not shown in the drawings 
but the positive and negative terminals of each source 
are identified by reference characters B and N, respec 
tively, followed by a suffix designating the location of 
each respective source. For examples, the positive and 
negative terminals of the power source at Loc. 1 are desig 
nated B1 and N1, respectively, and the positive and nega 
tive terminals of the source at Loc. 4 are designated 
B4 and N4, respectively. 
A train or vehicle designated V is shown occupying 

the track section in signal block TS4. As previously 
mentioned, this vehicle travels over the track stretch in 
a direction from west to east as indicated by the arrow 
on the vehicle and each end of the vehicle is provided 
with a signal coupling device, each such device being 
here shown as an antenna. The antenna on the front 
end of vehicle V is designated FANT and that on the rear 
end of the vehicle is designated RANT, and these antennas 
are, as previously mentioned, located on their respective 
ends of the vehicles so as to provide closely spaced 
coupling with the block conductors BC1 through BC5 
as the vehicle traverses the track stretch. Although I 
have chosen to show the signal coupling devices em 
ployed in my invention as conventional antennas, these 
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devices may in practice take the form of any suitable 
sort of signal coupling device such as loop antennas, 
pickup coils, or any other such device suitable for re 
ceiving the signals supplied to the block conductors and 
transmitting signals to such comuctors. It is to be 
understood that vehicle V is shown so that a complete 
operational example of the apparatus of my invention 
may be hereinafter given, and that in actuality all trains 
or vehicles to traverse the track stretch will be equipped 
similarly to vehicle V. 

Before proceeding further with the description it is 
desired to point out that a plurality of relays which will 
be hereinafter discussed are shown in the drawings in 
the conventional manner. The contacts of these relays 
are in most instances not disposed on the drawings direct 
ly below the geometric rectangles representing the respec 
tive relay windings but, where the contacts are not so 
disposed, the reference character designating the respec 
tive relay winding controlling each contact appears on 
the drawing directly above each contact. This arrange 
ment is apparent from a brief inspection of the drawings. 
There is provided at each of Locs. 1 through 5 a tone 

transmitter unit, each comprising a plurality of tone or 
signal transmitters. These transmitter units at Locs. 1 
through 5 are designated CTT1 through CTT5, respec 
tively. Transmitter unit CTT5 at Loc. 5 (FIG. 3) is 
the only unit that is shown in any detail, this unit com 
prising three tone or signal transmitters for producing 
tones designated No. 1 tone, No. 2 tone and No. 3 tone. 
The transmitter units at Locs. 1 through 4 are similar to 
unit 1CTT5 and, therefore, for purposes of simplicity 
only the internal arrangement of transmitter 1CTT5 is 
shown in any detail since the internal arrangement of tone 
transmitter units 1CTT1 through 1CTT4 will be readily 
understood from a description of unit 1CTT5. 

Referring to FIG. 3, each tone transmitter of transmit 
ter unit CTT5 produces, when energized, a different 
carrier current or tone of a frequency level that may be 
used to modulate the first basic carrier current previously 
discussed and supplied to conductor RFC from carrier 
transmitter CT (FIG. 3). It will be understood that 
the No. 1 tone or signal transmitters provided in each 
of the units CTT1 through CTT4 at Locs. 1 through 
4, respectively, produce tones or signals of the same fre 
quency level as the No. 1 tone transmitter at Loc. 5. 
Similarly, the No. 2 and No. 3 tone or signal transmit. 
ters provided in each of the units 1CTT through 
1CTT4 at Locs. 1 through 4, respectively, produce tones 
or signals of the same frequency level as the No. 2 and 
No. 3 tone transmitters, respectively, at Loc. 5. 
Each tone or signal transmitter comprises a simple 

transistor oscillator circuit with an output winding on 
the feedback transformer as shown in FIG. 5. The oscil 
lator circuit becomes active when a reiatively low volt 
age direct current source is connected across the posi 
tive (--) and negative (-) terminals shown in FIG. 5 
and also shown in FIG. 3 for each transmitter. Any 
other oscillator circuit arrangement which will provide 
similar results may also be used. The operation of 
such oscillator circuit arrangements is well known and no 
further description thereof is required. The output wind 
ings of the tone transmitters in unit CTT5 are con 
nected in Series across terminals a and b provided on 
that unit (FIG. 3), terminal a being connected to the car 
rier frequency conductor IRFC, and terminal b being con 
nected to signal block conductor BC4. By this arrange 
ment the basic carrier frequency supplied to terminal a 
of unit 1CTT5 from conductor 1RFC may be modulated 
by one or more of the carrier tones and supplied from 
terminal b of unit 1CTT5 to conductor BC4. Such modu 
lation of carrier currents by lower frequency carrier tones 
is Well known and, it is believed, may be fully under 
stood from this brief description. 
A plurality of additional terminals c, d, e and f are 

also provided on transmitter unit 1CTT5 and these ter 
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minals are connected internally in the unit to the tone 
transmitters to provide for modulation control. Ter 
minal c is connected in multiple to the negative terminal 
(-) of each of the tone transmitters in unit CTT5 
and externally is connected to negative terminal N5 of 
the battery at Loc. 5. Terminals d, e and f connect to 
the positive (--) terminals of the No. 1, No. 2 and No. 3 
tone transmitters, respectively, and, as outlined above, 
the carrier current is modulated by the respective carrier 
tones according as energy from positive terminal B5 of 
the battery at Loc. 5 is supplied to said terminals d, e and 
f. In a similar manner, terminal c of each other tone 
transmitter unit is connected to the negative terminal of 
the battery at the respective location while terminals d, 
e and f of these units are selectively connected to the 
positive terminal of the corresponding battery. The cir 
cuits for selectively supplying energy to terminals d, e 
and f of these transmitter units will be discussed later. 
There is provided at each of the locations 1 through 

5 a plurality of relays, carrier receivers and tone receivers, 
the corresponding apparatus at each such location hav 
ing similar functions as hereinafter described. Corre 
sponding apparatus at each of Locs. through 5 are 
designated by similar reference characters except that 
the numerical suffixes of the reference characters are 
changed at each location to agree with the numerical 
designation of that location. 

Since the apparatus and circuits at each location, ex 
cept as heretofore and hereinafter pointed out, is sub 
stantially identical, Loc. 2 has been selected as a typical 
location and the apparatus and circuits at that location 
will be described in detail. 

These is illustrated conventionally in FIG. 1 in con 
nection with location 2 first and second carrier re 
ceivers RC2 and R2C2, respectively, and an inputter 
minal a on each receiver is shown connected to block 
conductor BC2. A second terminal b on each receiver 
is shown connected to ground in the usual manner. These 
carrier, receivers RC2 and R2C2 are capable of receiv 
ing the first and second basic carrier currents, respec 
tively, supplied as hereinafter described to the previously 
discussed block conductor BC2, and each is capable of 
providing an output which includes any of the associated 
modulating tones which is supplied to conductor BC2. It 
is to be understood that receiver R1C2 and receiver R2C2 
receive carrier current of the respective frequency from 
block conductor BC2 only. Terminals. B2 and N2 of 
the power source of Loc. 2 are connected to terminals 
d and c, respectively, of receivers R1C2 and R2C2 to 
provide energy for operation of the receivers. 

Output terminals e and f on receiver. RC2 are con 
nected in multiple to input terminals a and b, respec 
tively, on No. 1 and No. 2 tone receivers designated 
RECT2 and R1C2T2, respectively. Similarly, output 
terminals e and f on receiver R2C2 are connected in 
multiple to input terminals a and b, respectively, on No. 1 
and No. 2 tone receivers designated R2CT2 and R2C2T2, 
respectively. Each tone receiver is provided with out 
put terminals c and d across which the winding of a 
relay is connected. The relay connected to terminals 
c and d of the No. 1 carrier-No. 1 tone receiver RCT2 
is designated 1CiTR2, the relay connected to terminals 
c and d of the No. 1 carrier-No. 2 tone receiver R1C2T2 
is designated C2TR2, and the relays connected to ter 
minals c and d of the No. 2 carrier-Nos. and 2 tone 
receivers R2CET2 and R2C2T2, respectively, are desig 
nated 2CTR2 and 2C2TR2, respectively. 
A typical circuit for a tone receiver that may be em 

ployed is shown in FIG. 6. This receiver is provided 
with input terminals a and b and output terminals c 
and d the input terminals corresponding with the input 
terminals a and b on each of the receivers shown at Loc. 
2 in FIG. 1. The receiver shown in FIG. 6 includes 
filter circuits, and each of the receivers shown at Loc. 2 
in FIG. 1 is to be understood to include similar filter 
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6 
circuits that select only the signal or tone frequency of 
the respective receiver. Output terminals c and d on 
the receiver shown in FIG. 6 correspond to the output 
terminals c and d of each tone receiver shown at Loc. 
2 in FIG. 1. Therefore, the output from the transformer 
Winding included in each tone receiver at Loc. 2 in 
F.G. 1 is rectified and supplied to the corresponding 
output terminals c and d. Relays 1CTR2, C2TR2, 
CATR2 and 2C2TR2 are, therefore, energized only 
when current of the correct carrier and tone frequency, 
that is, No. carrier-No. 1 tone; No. 1 carrier-No. 2 
tone; No. 2 carrier-No. 1 tone; and No. 2 carrier-No. 
2 tone, respectively, is received at that location. Op 
eration of the receiver circuit shown in F.G. 6 is well 
known and it is to be understood that other well known 
receiver circuits may be used. It is considered suf 
ficient for purposes of this description to point out that 
when one or more tone frequencies are transmitted over 
one of the carrier current communication channels, they 
are selectively received only by the corresponding car 
rier and tone receivers, and the corresponding relays, 
such as relay CTR2, C2TR2, 2CTR2 or 2C2TR2 
at Loc. 2, are thereby energized. 

There is also provided at Loc. 2 a stick relay desig 
nated 2SR. This relay has a pickup circuit which may 
be traced from terminal B2 of the battery at Loc. 2 
over back contact b of relay 2C2TR2, back contact 
b of relay 2CTR2, front contact a of relay C2TR2 
and through the winding of relay 2SR to battery ter 
minal N2. Relay 2SR is provided with a stick circuit 
which extends from terminal B2 of the battery over 
back contact b of relay 2C2TR2, back contact b of relay 
2CiTR2, front contact a of relay 2SR and through the 
winding of the relay to battery terminal N2. Relay 
2SR therefore becomes picked up whenever relays 
2C2TR2 and 2CTR2 are released and relay 1C2TR2 
is picked up, and once picked up, remains picked up 
so long as relays 2C2TR2 and 2CATR2 remain released. 
From the above detailed description of the control cir 
cuits for the relays at Loc. 2, it is apparent that the 
SR relay at each location is provided with control cir 
cuits which are operated by the C2TR, 2CTR and 
2C2TR relays at the respective location. 
The circuits for controlling the signal or tone trans 

mitter units ECTT1 through CTT5 to transmit their vari 
ous carrier tones or signals will now be described. AS 
previously outlined, transmitter unit CTTS (FIG. 3) is 
capable of transmitting first, second and third tones or sig 

These signals represent a low speed control signal, 
a stick relay control signal and a high speed control sig 

inal, respectively. 
The circuit for supplying energy from battery terminal 

B5 to terminald of transmitter unit CTT5 and thereby 
energizing the No. 5 tone transmitter to transmit a low 
speed signal, extends from said battery terminal over the 
front point of contact b of relay 5SR to terminal d of unit 
1CTT5. The circuit for supplying energy to terminal e 
of unit CTT5 and thereby causing the No. 2 tone to be 
transmitted extends over the back point of contact b of 
relay 5SR, front contact a of relay. 2CATR5, and front 
contact a of relay 202TR5 to said terminale. Energy is 
supplied to terminal f of unit CTT5 over a circuit ex 
tending from battery terminal B5 over the front point of 
contact b of relay SSR and front contact a of relay 
ACTRS to said terminal f. The No. 3 tone transmitter 
in unit CTT5 is, therefore, energized under this condi 
tion to transmit the high speed signal. 
Output terminals a and b of transmitter unit CTT5 

are connected to conductors. RFC and BC4, respectively, 
and when relay 5SR is energized, the No. 1 tone trans 
mitter in unit CTT5 modulates the carrier current from 
conductor 1RFC and supplies a first or low speed signal 
to conductor BC4. When relays SSR and CETR5 are 
both energized, No. 1 and No. 3 tone transmitters both 
modulate the carrier current from conductor RFC and 
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Supply low and high speed signals to conductor BC4. 
Similarly, when relay SSR is released and relays 2CTR5 
and 2C2TR5 are energized, the No. 2 tone transmitter in 
unit iCTT5 modulates the carrier current from conductor 
iRFC and supplies a second or stick relay control signal 
to conductor BC4. 
At Locs. 1 through 4 terminals b of transmitter units 
CTTE through CTT4 are connected to block conduc 

tors BC), BC, BC2, and BC3, respectively, and terminals 
a of said transmitters are connected to conductor RFC. 
However, as previously indicated, terminal a of each loca 
tion tone transmitter CTT will normally in practice be 
connected to terminal a of a local No. 1 carrier trans 
mitter, similar to unit CT, rather than the conventionally 
shown conductor RFC. In view of the above descrip 
tion of the control circuits to unit CTT5, the control 
circuits to terminals d, e and f of units 1CTT1 through 
ECTT4 need not be described in detail since these circuits 
are similar to those described for unit CTT5. 

Referring to FIG. 1, it is pointed out that conductors 
RFC and BC0 are intended to extend to the next preced 

ing location to the west of FIG. 1 to supply carrier trans 
mitter energy from transmitter 1CT (FIG. 3) and control 
signals, respectively, to that westward location, and that 
these conductors are shown so extending merely to in 
dicate that the system of my invention is applicable to a 
stretch of railway track of indefinite length and is not con 
fined to the stretch of track shown in FIGS. 1 through 3. 
Similarly, at Loc. 5 conductors RFC and BCS are shown 
extending east from Loc. 5 to the next succeeding location 
to the east of Loc. 5 in order that energy from transmitter 
1CT may be supplied to the eastward locations not shown 
in the drawings, and in order that control signals may be 
received over conductor BC5 from the next eastward loca 
tion. If, for some reason, there is difficulty experienced 
in understanding the system as shown, the track stretch 
shown may be assumed to comprise a circular railway 
and the conductors extending west from Loc. may be 
assumed to connect to the corresponding conductors ex 
tending east from Loc. 5. The system will then be readily 
understood. 
Having thus described the trackside apparatus of my 

invention, I will now describe the apparatus carried on 
each vehicle or train which traverses the track stretch 
shown in FIGS. 1 through 3. However, it should first be 
pointed out that the details of the train brake control 
apparatus and speed control apparatus shown in FIG. 4 
form no part of my present invention, but are shown and 
described only to the extent necessary to make the speci 
fication complete. 
A source of direct current such as a battery of proper 

voltage and capacity is required on each train for Supply 
ing energy for the operation of the train-carried apparatus. 
For purposes of simplicity, however, such source is not 
shown in FIG. 4 but its positive and negative terminals are 
designated by references VB and VN, respectively. 
There is illustrated conventionally in FIG. 4 a carrier 

receiver RACV and its associated antenna FANT con 
nected to an input terminal a on the receiver. A second 
terminal b on the receiver is connected to ground in the 
usual manner. This carrier receiver is similar to carrier 
receivers RC through REC5 shown in FIGS. 1, 2 and 3, 
and is capable of receiving the basic No. 1 carrier current 
supplied to block conductors BC1 through BC5 (FIGS. 
1, 2 and 3) and of providing an output which includes the 
first and third tones modulating the No. 1 carrier fre 
quency supplied to said conductors. It will be readily 
understood that the receiver RECV receives only such sig 
nals or tones supplied to the block conductor with which 
antenna. FANT is at any one time closely coupled. In 
this connection it should be pointed out that antenna 
FANT corresponds to antenna FANT on vehicle V shown 
in FIG. 2. Terminal VN and terminal VB of the vehicle 
carried power source are connected to terminals c and d 
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3 
of the receiver R1CV to provide energy for operation 
of the receiver. 

Output terminals e and f on receiver R1CV are con 
nected in multiple to input terminals a and b, respectively, 
‘on two tone or signal receivers designated No. 1 carrier 
No. 2 tone receiver and No. 1 carrier-No. 3 tone receiver. 
Each such tone receiver is provided with output terminals 
c and d across which the winding of a relay is con 
nected. The relay connected to terminals c and d of the 
No. 1 carrier-No. 1 tone receiver is a low speed control 
Irelay designated LSR, and the relay connected to terminals 
c and d of the No. 1 carrier-No. 3 tone receiver is a high 
speed control relay HSR. Each of the tone receivers 
shown in FIG. 4 is similar to the tone receivers R1C1T2 
and R1C2T2 shown and described at Loc. 2 in FIG. 1 
and each includes filter circuits that select only the signal 
or tone frequency of the respective receiver. Relays LSR 
and HSR are, therefore, energized only when their re 
spective tone receiver receives current from carrier re 
ceiver R1CV of the correct tone frequency, that is, No. 1 
tone and No. 3 tone, respectively. It is considered suffi 
cient for purposes of this part of the description to point 
out that when one or both of such tone frequencies are 
transmitted over the first carrier current communication 
channel and are received by carrier receiver R1CV (FIG. 
4), they are selectively received only by the correspond 
ing tone receiver and the corresponding relay becomes 
energized. - 

It will be remembered that No. 2 carrier transmitter 
2CT in FIG. 4 supplies No. 2 carrier frequency to con 
ductor 2RFC. This carrier frequency is supplied from 
conductor 2RFC to input terminals a on No. 2 carrier 
Nos. 1 and 2 tone transmitters designated 2C1TT and 
2C2TT, respectively. Each of these transmitters may be 
similar to the No. 1 carrier tone transmitter CTT5 
shown in FIG. 3 to increase apparatus interchangeability. 
However, since transmitter 2CTT transmits only a No. 1 
tone over carrier channel No. 2 and transmitter 2G2TT 
transmits only a No. 2 tone over carrier channel No. 2, 
these transmitters need not necessarily be similar to trans 
mitter 1CTT5 but each may include only the required 
single tone transmitter. Output terminal b on transmitter 
2CTT is connected to antenna FANT on the vehicle and 
output terminal b on transmitter 202TT is connected to an 
antenna RANT on the vehicle. It will be understood that 
antenna RANT shown in FIG. 4 corresponds to antenna 
RANT on vehicle V shown in FIG. 2. Since, as stated 
above, transmitter 2CATT transmits only No. 1 tone and 
transmits this tone continuously, terminal VB of the ve 
hicle carried battery is connected only to a terminald on 
the transmitter, such terminal corresponding to terminald 
on transmitter 1CTT5 at Loc. 5. Similarly, since trans 
mitter 2C2TT transmits only No. 2 tone and transmits this 
tone continuously, terminal VB of the battery is connected 
only to a terminal e on the transmitter, such terminal 
corresponding to terminale on transmitter 1CTT5 at Loc. 
5. Terminal VN of the vehicle carried battery is con 
nected to a terminal c on each of the transmitters 2C1TT 
and 2C2TT, these terminals corresponding to terminal c 
on transmitter CTTS, 
A brake valve control magnet BVM and an engine 

throttle control mechanism TCM are shown in FIG. 4 in 
block diagram form. As noted on the drawing, magnet 
valve BVM controls the release and application of the 
train brakes. That is, magnet BVM releases the train 
brakes when energized and applies the brakes when de 
energized. Magnet valve BVM has a control circuit 
which extends from battery terminal VB over the front 
point of contact b of relay LSR and through the winding 
of the magnet valve to battery terminal VN. Magnet 
valve BVM is therefore energized and the train brakes be 
come released whenever relay LSR is energized. 

Throttle control mechanism TCM comprises two relays 
T1 and T2 which, when energized, actuate the throttle of 
the train to control the speed of the train to low and high 
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Speeds respectively. One side of the control windings of 
relays T1 and T2 are connected in multiple to a terminal c 
on mechanism TCM, and the other side of the control 
windings of relays T1 and T2 connect to terminals a and 
b, respectively, on mechanism TCM. Terminal c of mech 
anism TCM is connected to battery terminal VN. The 
control circuit for relay Ti, extends from terminal VB of 
the battery over front contact a of low speed relay LSR, 
the back point of contact a of high speed relay HSR, ter 
minal a on mechanism TCM, the winding of relay T1, 
and terminal c on mechanism TCM to terminal VN of 
the battery. The control circuit for relay T2 extends 
from battery terminal VB over front contact a of low 
speed relayLSR, the front point of contact a of high speed 
relay HSR, terminal b on mechanism TCM, the winding 
of relay T2 and terminal con mechanism TCM to ter 
minal VN of the battery. Thus the speed of the train is 
controlled to a low speed when relays LSR and HSR are 
energized and deemergized, respectively, and to a high 
speed when both such relays are energized. 

O 

15 

The train-carried apparatus of FIG. 4 is shown in the . 
condition it assumes - when the train on, which it is pro 
vided is traveling at a high speed, that is, as if the appara 
tus shown was located on the train or vehicle V shown in 
-FIG. 2 traveling through signal block TS4. For this rea 
son relays LSR and HSR are both shown energized, and 
magnet valve BVM and relay T2 in mechanism TCM are 
also energized. Thus the train brakes are released and 
propulsion power is supplied to the train engine or motors 
by throttle control mechanism TCM to control the train 
to its high speed range. The controls for energizing relays 
LSR and HSR at this time will be covered hereinafter in 
"operational examples of the apparatus of my invention. 
As previously mentioned, each of the trains or vehicles 
traversing the track stretch shown in FIGS. 1, 2 and 3 is 
provided with apparatus identical to that shown in FIG. 4. 

I will now describe several operational examples of the 
apparatus of my invention. The apparatus at each of the 
Locs., 1 through 5 is shown under the conditions existing 
when vehicle V, occupying signal block TS4, is the only 
train in the track stretch shown, and there is no train in 
signal block TS5 (FIG. 3) nor in the next signal block to 
the east of block TS5. Under such conditions, relays 
-1CTR5 and SSR at Loc. 5 are energized, and relays 
1C2TR5, 2CTR5 and 2C2TR5 at that location are re 
leased. The reason for these positions of the relays will 
become apparent as the description proceeds. S. 

Since, as pointed out above, relays 1CTR5 and 5SR 
at Loc. 5 are energized, energy from battery terminal B5 
is supplied to terminals d and f of transmitter CTTS, and 
that transmitter is supplying to block conductor BC4, No. 
a carrier-Nos.1 and 3 tone signals. These signals are 
received by receiver R1C4 at Loc. 4, directly from con 
ductor BC4, and the No. 1 carrier-No. 1 tone receiver 
R1C1T4 at Loc. 4 is energized to in turn energize relay 
1C1TR4 at that location. However, the energization of 
relay 1C1TR4 performs no function at this time. The 
transmission of the No. 1 carrier-No. 3 tone does not 
at any time affect any apparatus at any of the Locs. 
through 5, as will become apparent. The No. 1 and No.3 
tone signals are also received by antenna FANT and in 
turn receiver RCV on vehicle V, and the No. 1 carrier 
Nos.1 and 3 tone receivers on the vehicle are energized to 
in turn energize relays LSR and HSR, respectively, as 
shown, train-carried transmitters 2CTT and 2C2TT 
therefore, controlled to travel through signal block TS4 
at its high speed range. 

While vehicle V is traversing signal block TS4 as 
shown, train-carried transmitters 2CETT and 2C2TT 
(FIG. 4) and antennas FANT and RANT are transmit 
ting to block conductor BC4 the No. 2 carrier-Nos. 1 
and 2 tones, respectively. These signals are received at 
Loc. 4 by carrier receiver R2C4, and tone receivers 
R2C1T4 and R2C2T4 are energized to in turn energize re 
lays 2CTR4 and 2C2TR4, respectively. As is apparent 
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relay 4SR is released under these conditions and energy 
from terminal B4 of the battery at Loc. 4 is being sup 
plied to terminale of No. 1 carrier tone transmitter 
ECTT4. Transmitter CTT4 is thereby energized to trans 
mit only No. 1 carrier-No. 2 tone to block conductor BC3. 
At Loc. 3, since there is no vehicle in signal block TS3, 

relays 2CTR3 and 2C2TR3 are released. The No. 1 car 
rier-No. 2 tone signal is being received at Loc. 3 by receiver 
RiC3, from conductor BC3, and receiver REC2T3 and 
relay 102TR3 are energized. Relay 3SR at Loc. 3 is, 
therefore, in its picked up position and energy from ter 
minal B3 of the battery at Loc. 3 is supplied to terminal 
ld of No. 1 carrier tone transmitter CTT3 at Loc. 3. 
Transmitter 1CTT3 is thereby energized to transmit to 
block conductor. BC2 the No. 1 carrier-No. 1 tone low 
speed signal only. It will be noted that should a second 
following vehicle pass Loc. 3 and enter signal block 
TS3 at this time, it will receive neither No. 1 nor No. 
3 tone signal from block conductor BC3. Relays HSR 
and LSR on such vehicle will thus both be in a released 
position and the brakes of the vehicle will be applied. 
At Loc. 2, at this time, relay 2SR is maintained 

picked up over its stick circuit and relay 1C1TR2 is 
energized due to the No. 1 carrier-No. 1 tone signal 
supplied to Loc. 3 to conductor BC2 and received at 
Loc. 2 by receivers R1C2 and R1C1T2. Energy from 
terminal B2 of the battery at Loc. 2 is, therefore, being 
supplied to terminals d and f of No. 1 carrier tone trans 
mitter 1CTT2 at Loc. 2, and that transmitter is supplying 
the No. 1 carrier-Nos.1 and 3 tones to block conductor 
BC1. It will be noted that should a vehicle enter signal 
block TS2 at this time, it will receive only No. 1 carrier 
No. 1 tone speed signal from block conductor BC2 and 
the speed of such vehicle will then be controlled to its 
low speed range. . m 
At Loc. i the apparatus is in the same condition as 

that described for Loc. 5 and no detailed description of 
the conditions of the apparatus at that location is neces 
sary. However, it should be pointed out that should a 
vehicle, following vehicle V illustrated in FIG. 2, enter 
signal block TS1 at this time it will receive both the No. 1 
carrier-Nos. and 3 tone signals from conductor BC 
and will proceed through signal block TS1 at its high 
speed range. Upon entering signal block TS2, Such ve 
hicle would receive only the low speed signal, as pointed 
out above, and the speed of the vehicle would be reduced 
to its low speed range. As also previously pointed out, if 
such a vehicle continues into signal block TS3 at this 
time with no other condition change, it would receive 
no speed signal and its brakes would be applied to bring 
the vehicle to a stop. It is thus apparent that a "buffer” 
Zone, approximately a signal blockinlength, is maintained 
behind vehicle V shown in FIG. 2, as well as any other 
vehicle to travel the trackstretch. 
.The operation of the apparatus when vehicle V enters 

signal block TS5 will now be described. Upon the en 
trance of the front end of vehicle V and consequently 
antenna FANT into signal block TS5, the No. 2 carrier 
No. 1 tone transmitter 2G1.TT on vehicle V transmits 
that signal to block conductor BC5. This signal is re 
ceived at Loc. 5 by receivers: R2C5 and R2CAT5, and 
relay 2C1TR5 becomes energized. The energization of 
relay 2CTR5 opens the stick circuit for relay SSR and 
that relay releases and opens the energizing circuits to 
terminals d and f of transmitter 1CTT5. The transmis 
sion of signals to block conductor BC4 from transmitter 
CTT5 is thereby interrupted and relay 10TR4 at Loc. 
4 is released. However, the release of relay CTR4 at 
this time performs no function since the energizing cir 
cuit to terminal f of transmitter CTT4 (Loc. 4) is open 
at the front point of contact b of relay 4SR. It will be 
noted that the exit of the front end of vehicle, V and 
consequently antenna FANT from signal block TS4 in 
terrupts the transmission of No. 2 carrier-No. 1 tone, to 
block conductor BC4 and relay 2CTR4 at Loc. 4 is also 
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released. The release of relay 2CTR4 comprises a first 
of three steps in the closing of the pickup circuit for 
relay 4SR. The release of relay 2CTR4 also opens the 
energizing circuit to terminal e of transmitter CTT4 
(Loc. 4) and relay C2TR3 at Loc. 3 is released. The 
pickup circuit for relay 3SR at Loc. 3 is thus interrupted 
and, as is the normal condition, relay 3SR is now held 
energized only by its stick circuit. 
When the front end of vehicle V enters signal block 

TS5, as set forth above, the receipt of speed control 
signals by antenna FANT from block conductor BC4 is, 
of course, terminated. However, antenna FANT im 
mediately receives speed control signals from block con 
ductor BC5 and relays LSR and HSR on the vehicle are 
maintained energized and the vehicle proceeds through 
signal block TS5 at its high speed range. The energiza 
tion of relay 2C1TR5 and subsequent release of relay 
5SR, described above upon the vehicle entering signal 
block, TS5, prepares an energizing circuit to terminal e 
of transmitter 1CTT5 which circuit is completed as de 
scribed below. 

It will now be assumed that the rear end of vehicle V 
and consequently antenna RANT exit from signal block 
TS4 and, of course, enter signal block TS5. The follow 
ing operation of the apparatus then takes place. 
The exit of antenna RANT from signal block TS4 ter 

minates the transmission to conductor BC4 of No. 2 
carrier-No. 2 tone signal and relay 2C2TR4 at Loc. 4 
releases. The second of the aforesaid three steps in clos 
ing the pickup circuit for relay 4SR is completed by the 
closing of back contact b of relay 2C2TR4. The en 
trance of antenna RANT into signal block TS5 permits 
the transmission of No. 2 carrier-No. 2 tone signal to 
block conductor BC5 and relay 2C2TR5 (Loc. 5) be 
comes energized. The energization of relay 2C2TR5 
completes the circuit for supplying energy to terminal e 
of transmitter 1CTT5, and No. 1 carrier-No. 2 tone is 
supplied to block conductor BC4. Relay C2TR4 at 
Loc. 4 is thereby energized and performs the third and 
last step in the closing of the pickup circuit for relay 
4SR. Relay 4SR thereby becomes picked up and closes 
the energizing circuit to terminal d of transmitter CTT4 
at Loc. 4. Transmitter 1CTT4 then supplies No. 1 car 
rier-No. 1 tone to block conductor BC3. 
At Loc. 3, the No. 1 carrier-No. 1 tone signal received 

from block conductor BC3 energizes relay (CTR3 and 
energy is supplied to terminal f of transmitter CTT3. 
This transmitter then supplies No. 1 carrier-No. 3 tone 
signal to conductor BC2, as well as the No. 1 carrier-No. 
1 tone signal previously being supplied to that conductor, 
and any vehicle following vehicle V and entering signal 
block TS2 would then be controlled to its high speed, 
whereas previously such following vehicle would have 
received a low speed signal only. No operation of the 
apparatus at Loc. 2 takes place at this time, however, 
since that apparatus was in its normal condition while 
vehicle V was traversing signal block TS4. 
From the above description the manner in which the 

apparatus at each of the Locs. through 5 operates, when 
a vehicle or vehicles provided with the train-carried ap 
paratus of my invention travel over the track stretch, is 
believed readily apparent since each such set of apparatus 
operates in a similar manner, depending on the location 
of the vehicle or vehicles in the track stretch. 
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I have shown my invention as employing only two 
speed signals (No. and No. 3 tones) but it is to be under 
stood that additional higher speed ranges may be pro 
vided by employing an additional tone frequency and 
associated apparatus for each additional speed range. 

Although I have herein shown and described only one 
form of apparatus embodying my invention, it should be 
understood that various changes and modifications may 
be made therein within the scope of the appended claims 
without departing from the spirit and scope of my inven 
tion. 
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2 
Having thus described my invention, what I claim is: 
1. An automatic train operation system for a stretch 

of railway track over which trains travel in a single direc 
tion and including a series of locations in the stretch, 
each location defining the exit and entrance ends of pre 
ceding and succeeding signal blocks respectively, said sys 
tem comprising, a signaling conductor for each said sig 
nal block extending the length of and parallel with the 
track of its respective signal block, signal transmitting 
means at each location for transmitting a plurality of dis 
tinct train control signals to the signaling conductor for 
the signal block preceding that location when a similar 
plurality of succeeding blocks are unoccupied by trains, 
signal receiving means on each train traveling said track 
stretch for receiving the train control signals transmitted 
to the signaling conductor for the signal block then occu 
pied by the front end of the train, means on each train 
controlled by the signal receiving means on that train for 
controlling the speed of the train to a higher speed range 
in accordance with each additional train control signal 
received and for applying the brakes of the train when 
the receipt of such signals is interrupted, means at each 
location responsive to the occupancy of the succeeding 
signal block by the front end of a train for controlling 
the signal transmitting means at that location to interrupt 
the transmission of train control signals to the signaling 
conductor for the signal block preceding such location, 
means at each location responsive to the occupancy of 
the succeeding signal block by the rear end of a train 
for controlling the signal transmitting means at that loca 
tion to transmit another distinct signal to the signaling 
conductor for the signal block preceding such location, 
signal receiving means at each location for selectively 
receiving the signals transmitted over the signaling con 
ductor for the succeeding signal block, means at each 
location responsive to the receipt of said other distinct 
signal by the signal receiving means at that location for 
controlling the signal transmitting means at Such loca 
tion to interrupt the transmission of said other distinct 
signal and to transmit one of said train control signals 
to the signaling conductor for the signal block preceding 
such location, and means at each location responsive to 
the receipt of said one train control signal by the signal 
receiving means at that location for controlling the sig 
nal transmitting means at such location to transmit to the 
signaling conductor for the preceding signal block an 
other of said train control signals in addition to said one 
train control signal. 

2. An automatic train operation system for a stretch 
of railway track over which trains travel in a single direc 
tion, said system comprising, a plurality of locations in 
said track stretch each such location defining the exit and 
entrance ends of preceding and succeeding signal blocks 
respectively, an electrical block conductor for each said 
signal block each conductor extending parallel with and 
in close proximity to the track of said stretch, means at 
each said location for normally continuously supplying 
to the block conductor for the signal block for which 
such location is the exit end first and second distinct sig 
nals, first and second signal coupling devices on the front 
and rear ends respectively of each train to travel Said 
track stretch each such device being so located on its 
respective end of its train as to be continuously in close 
proximity with the block conductor for the signal block 
through which that end of the train is then traveling, 
signal receiving means on each said train connected to 
said first signal coupling device on that train, means on 
each said train responsive to the receipt by said signal 
receiving means on that train of said first and second dis 
tinct signals for controlling the speed of the train and 
for applying the train brakes when the receipt of said 
first signal is interrupted, signal transmitting apparatus 
on each said train for Supplying third and fourth distinct 
signals to said first and second signal coupling devices re 
Spectively, means at each said location in the track stretch 
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for receiving from the block conductor for the signal 
block for which such location is the entrance end said 
third distinct signal when the front end of a train occu 
pies that block and said fourth distinct signal when the 
rear end of a train occupies the block, means at each said 
location responsive to the receipt of said third signal by 
the signal receiving means at that location for interrupting 
the supply of said first and second signals to the block 
conductor for the signal block for which such location 
is the exit end, means at each said location responsive to 
the receipt of said third and fourth signals by the signal 
receiving means at that location for supplying a fifth dis 
tinct signal to the block conductor for the signal block 
for which such location is the exit end, means at each 
said location for receiving from the block conductor for: 
the signal block for which such location is the entrance 
end said fifth distinct signal when that signal is supplied 
to such block conductor, means at each said location 
responsive to the receipt of said fifth signal by said fifth 
signal receiving means at that location for again supply 
ing said first signal to the block conductor for the signal 
block for which such location is the exit end, means at 
each said location for receiving from the block conductor 
for the signal block for which such location is the entrance 
end said first distinct signal when that signal is supplied 
to such block conductor, and means at each location 
responsive to the receipt of said first signal by said first 
signal receiving means at that location for again Supply 
ing said first and second signals to the block conductor 
for the signal block for which such location is the exit 
end. 

3. An automatic train operation system for a stretch 
of railway track over which trains travel in a single di 
rection and including a series of locations in the track 
stretch each location defining the entrance and exit ends 
of succeeding and preceding signal blocks respectively, 
said system comprising, an electrical block conductor for 
each signal block each conductor extending the length of 
and parallel with the track of its respective block, signal 
transmitting means at each location each for transmitting 
signals to the block conductor for the preceding signal 
block, signal receiving means at each location for receiv 
ing from the block conductor for the succeeding signal 
block selected signals transmitted to that conductor, 
means carried on each train for separately transmitting 
over the block conductor to the first preceding location 
signals indicating the occupancy of the signal block by 
the front end and the rear end of that train, means at 
each location responsive to the occupancy by the front 
end of a train of the succeeding signal block for control 
ling the signal transmitting means at that location to inter 
rupt transmission of signals to the block conductor for 
the preceding signal block, means at each location re 
sponsive to the occupancy by the rear end of a train of 
the succeeding signal block for controlling the signal 
transmitting means at that location to transmit a first sig 
nal to the block conductor for the preceding signal block, 
means at each location responsive to the receipt of Said 
first signal by the signal receiving means at that location 
for controlling the signal transmitting means at Such lo 
cation to interrupt transmission of said first signal and to 
transmit at least one other different signal to the block 
conductor for the preceding signal block, means at each 
location responsive to the receipt of said other signal by 
the signal receiving means at that location for controlling 
the signal transmitting means at Such location to trans 
mit to the block conductor for the preceding signal block 
the quantity of signals received at the location and an 
other signal in addition, signal receiving means on each 
train traveling said track stretch for receiving Said other 70 
signals transmitted to the block conductor for the signal 
block then occupied by the front end of Such train, and 
means on each train actuated by the signal receiving 
means on that train for controlling the speed of the train 
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4. 
other signal received and for applying the brakes of the 
train when the receipt of such signals is interrupted. 

4. A system for automatically controlling the move 
ments of vehicles traveling a predetermined route, said 
route including a series of locations each location defin 
iing exit and entrance ends of preceding and succeeding 
route sections respectively, said system comprising, an 
electrical conductor extending between each location and 
the next succeeding location, signal transmitting means 
at each location, signal receiving means at each location 
connected to the electrical conductor extending to the 
next succeeding location for selectively receiving distinct 
signals from the conductor; means at each location con 
trolled by the signal receiving means at such location for 
actuating the signal transmitting means at that location 
to transmit to the electrical conductor extending from the 
preceding location a first distinct signal when fourth and 
fifth distinct signals are received by such signal receiving 
means, a second distinct signal when said first distinct 
signal only, is received by the signal receiving means, and 
said second and a third distinct signal when said second 
distinct signal is received by the signal receiving means 
following the receipt by such means of the first distinct 
signal; a signal receiving means on each vehicle to travel 
said route for receiving from the electrical conductor for 
the route section then being traveled by the vehicle said 
second and third distinct signals; means on each said 
vehicle controlled by said signal receiving means on such 
vehicle for controlling the speed of the vehicle to first 
and second speed ranges according as such signal receiv 
ing means receives only said second signal, or both said 
second and third signals, respectively, and for applying 
the brakes of the vehicle when the receipt of said second 
signal is interrupted; and means on each said vehicle for 
transmitting from the front and rear ends of such vehicle 
to the electrical conductor for the route. Section then be 
ing traveled by the vehicle said fourth and fifth signals, 
respectively. 

5. A system for automatically controlling the move 
ments of vehicles traveling a predetermined route, said 
route including a series of locations each location defin 
ing exit and entrance ends of preceding and succeeding 
route sections respectively, said system comprising, a sig 
naling conductor extending between each location and 
the next succeeding location, first and Second means on 
each vehicle to travel said route for transmitting first and 
second distinct signals respectively from the front and 
rear ends respectively of said vehicle to the signaling 
conductor for the route section in which each respective 
end of the vehicle is then traveling, signal receiving means 
at each said location for receiving signals from the sig 
maling conductor extending to the next succeeding loca 
tion; means controlled by the signal receiving means at 
each location for supplying to the signaling conductor 
extending from the next preceding location a third distinct 
signal when such signal receiving means receives both 
said first and second signals, a fourth distinct signal when 
such signal receiving means receives said third distinct 
signal, and said fourth and a fifth distinct signal when 
such signal receiving means receives a fourth distinct 
signal following the receipt of said third distinct signal; 
means on each said vehicle to travel said route for re 
ceiving from the signaling conductor for the route section 
in which the front end of such vehicle is then traveling 
said fourth and fifth distinct signals, and means controlled 
by the signal receiving means on each vehicle for con 
trolling the speed of that vehicle to first and Second 
speeds in accordance with the receipt of only said fourth 
signal and both said fourth and fifth signals, respectively, 
and for applying the brakes of the vehicle when the re 
ceipt of the fourth signal is interrupted. 

6. An automatic train operation system for controlling 
the movements of trains traveling in a single direction 
over a stretch of railway track including a series of loca 

to a higher speed range in accordance with each said 75 tions in the stretch each location defining the exit and 
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entrance ends of preceding and succeeding signal blocks 
respectively, said system comprising, an electrical block 
conductor for each signal block each such conductor. ex 
tending parallel with and in close proximity to the track 
of its respective block; first, second, third and fourth 
relays at each location; signal receiving means at each 
location connected to the block conductor extending to 
the next succeeding location; means controlled by said 
signal receiving means at each location for energizing 
said first, second, third and fourth relays at that location 
according as that signal receiving means receives first, sec 
ond, third and fourth signals respectively; signal transmit 
ting means at each location each such means having its 
signal output connected to the block conductor extend 
ing to the next preceding location, a stick relay at each 
location; means controlled by the second, third and fourth 
relays at each location for energizing the stick relay at 
that location when the third and fourth relays are re 
leased and the second relay is energized; means controlled 
by the third and fourth relays at each location for main 
taining the stick relay at that location energized when 
once energized and so long as the third and fourth relays 
remain released; means controlled by the stick relay at 
each location for actuating the signal transmitting means 
at that location to transmit said first signal when the 
stick relay is energized, means controlled by the stick 
relay and the first relay at each location for actuating the 
signal transmitting means at that location to transmit a 
fifth signal when the stick relay and the first relay are 
energized, means controlled by the stick relay and the 
third and fourth relays at each location for actuating 
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the signal transmitting means at that location to trans 
mit said second signal when the stick relay is released 
and the third and fourth relays are energized, first and 
second antennas so located on the front and rear ends 
respectively of each train traveling said track stretch that 
each antenna is continuously coupled to the block con 
ductor for the signal block which each respective end of 
each respective train is then traversing, a signal receiver 
on each said train connected to the antenna on the front 
end, means on each said train for continuously supplying 
to the first and second antennas on the train said third 
and fourth signals respectively, and means on each said 
train controlled by the signal receiver on the train for 
controlling the train to a low speed when said first signal 
only is received, to a high speed when both said first and 
fifth signals are received, and for applying the brakes of 
the train when the receipt of said first signal is inter 
rupted. 
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