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Claims. 

This invention relates to an automatic cab 
Signaling and train control System of the contin 
uOuS inductive type, and more particularly to a 
System of this type wherein the distance of an 
other train ahead within certain limits is at all 
times precisely indicated. 

Generally Speaking, not only in automatic train 
control and cab signaling systems, but also in 
railway signaling systems of the wayside signal 
type, the condition of traffic in advance has in 
the past been manifested or indicated in terms 
of the particular block in which such train ahead 
is located. For instance, a wayside railway sig 
na, in such signal systems as are in common use, 
indicates whether the first block in advance, the 
Second block in advance or neither of these blocks 
is Occupied. This is also true of cab signaling 
Systems in common use. It is readily understood 
that if track occupancy in advance of a signal or 
in advance of a train are expressed in terms of 
the block in which Such track occupancy exists, 
the exact distance of such train in advance is 
uncertain to an extent depending upon the length 
of the block. It is apparent from the foregoing 
discussion that if train presence is expressed in 
the term of the block in which such train is lo 
cated, trains cannot be spaced safely as closely 
as they can if the cab signal indicates precisely 
the distance that another train is in advance of 
the train in question. 
In accordance with the present invention it is 

proposed to at all times indicate in the cab, as 
in feet or meters, the distance to the next train 
in advance. More specifically, it is proposed to 
induce in the track rails, a momentary impulse 
of current, which impulse in accordance with 
usual Wave motion and propagation may flow 
down the track rails, and if this inapulse or cur 
rent Wave is not interfered with it Will be ab 
sorbed or dissipated by the usual attenuation due 
to resistance losses. If this wave, however, en 
counters the axles of another train in advance 
this wave Will paSS through these axles, so to 
speak, and Will return on the other rail, the same 
thing being true of a similar wave which is prop 
agated down the other rail, so that the current 
wave will be reflected back to the train which 
carries the transmitting apparatus. The reflect 
ed wave will however, be negative in character 
with respect to the transmitted wave, but since it 
moves in the opposite direction its effect on the 
receiving apparatus will be the same as the effect 
produced by the transmitted wave. Also, a wave 
reflected back from an open circuit, such as a 
broken rail, will be of reverse polarity with re 

(C. 246-63) 
spect to one reflected back from a short circuit. 
If now suitable apparatus is provided on the train 
to detect not only that this reflected wave has 
returned to the train but which also detects the 
time consumed for this wave to flow to the train. 5 
in advance and back again to the train from which 
it started, and bearing in mind that current flow 
ing in a suitable circuit flows at the same rate as 
the velocity of light, accurate information as to 
the distance of the train ahead is manifested. On 0 
the train carrying the transmitting and receiving 
equipment. Other objects, purposes and charac 
teristic features of the invention reside in the pro 
vision of means for controlling the air brakes of 
the train in accordance with the extent of un- 5 
occupied track in advance of the equipped train. 
Other objects, purposes and characteristic fea 

tures of the present invention will be understood 
from the following description when considered 
in connection with the drawings, in which:- 20 

Fig. illustrates conventionally a cab signaling 
system embodying the present invention; 

Fig. 2 illustrates graphically the Voltage wave 
of the alternating current car-carried Source, 
preferably of a frequency of about 200 cycles per 25 
second, together with the voltage applied to the 
grid of the sending tube; 

Fig. 3 shows conventionally apparatus for con 
trolling the air brakes of the train by apparatus 
similar to that shown in Fig. 1 of the drawings; 30 
and - 

Fig. 4 shows how a railway track divided into 
blocks for wayside signaling purposes may be 
modified to function properly with a cab signal 
ing system such as shown in Fig. Or Fig. 3. 35 

Referring to Fig. 1 of the drawings the numeral 
designates track rails of a railway track, which 

rails are preferably bonded together and which 
rails are preferably not divided into blocks by in 
sulating joints as is usually the case, such insu- 40 
lating joints only being employed. Where diverging 
tracks lead from the main track as by a track 
switch, such as shown in Fig. 4. These track rails 

preferably are provided with a distributed ca 
pacity by having small condensers c connected 45 
between the track rails. These condensers are 
preferably so small and are located correspond 
ingly close together, so that the least attenuation 
of the impulse for the particular frequency chosen 
occurs, that is, the capacity is distributed in Small 50 
enough units to prevent reflecting the impulse 
and to afford propagation of short impulse elec 
tric current waves through the track rails. In 
accordance with one preferred form of the pres 
ent invention there are provided, to define Cer- 55 
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2 
tain points along the track, suitable wayside cur 
rent reflecting devices WR, which will be more 
specifically described hereinafter. 
On this track illustrated by rails has been 

illustrated a train. T2 equipped with car-carried 
apparatus embodying one form of the present 
invention, in advance of which there is illustrated 
another train T1, traffic preferably being from 
left to right, as indicated by an arroW. 

Transmitting equipment 
In accordance with the embodiment of the in 

vention illustrated, the transmitting apparatus 
comprises a transmitting coil. TC, a discharge 
condenser DC, and a sending tube ST, together 
with suitable auxiliary apparatus associated 
therewith. In practice, this transmitting coil TC 
preferably comprises a substantially closed loop 
of square tubing preferably several inches on 
each side connected through the discharge con 
denser DC to the cathode and plate, respectively, 
of the sending tube ST, so coordinated that this 
circuit is as short as possible. In other words, 
the discharge condenser DC and the sending tube 
ST are preferably located just above the rails 
and in front of the locomotive and included in 
series with the transmitting coil TC. This send 
ing tube ST may be of any suitable construction 
to perform the desired result, but is preferably a 
tube of the gas filled type known in the trade as 
a grid controlled rectifier. A grid controlled rec 
tifier of this type acts to prevent flow of plate 
current until the gas in the tube is ruptured by 
the flow of current, as by a control voltage ap 
plied to the grid, and when plate current once 
flows it continues to flow until the plate circuit 
energy has been dissipated. Tubes of this kind 
are also known as electrostatically controlled 
gaseous arc discharge tubes. This sending tube 
ST has its flament f energized from a flament 
transformer secondary 9, which is a secondary 
winding of the main transformer MIT having a 
primary winding fo, the midpoint of this sec 
ondary winding 9 is connected to the negative 
terminal (-) of the plate source 2-f which 
has its positive terminal (--) connected to the 
plate p of this sending tube ST. This plate 
Source comprises a plate rectifer PR of the Flem 
ning valve type energized from the secondary 
coil f of the transformer MIT, the output leads 
being bridged by a resistance unit 2 to consti 
tute a potentiometer, this resistance 2 being 
shunted by condenser 3. The grid g of this 
sending tube ST is connected through the usual 
grid resistance 4, through the secondary wind 
ing of a peaking transformer PT, to a point on 
the potentiometer to bias the grid g slightly pos 
itive as compared with the flament f. This nor 
mal bias is, however, not sufficient to cause dis 
charge of the tube ST. 
The peaking transformer PT is employed to 

apply a sudden positive trigger voltage to the grid 
gy of the sending tube ST at the time when the 
voltage of the car-carried source, which is pref 
erably a 200 cycle alternating current source, one 
cycle of which is shown by the graph SD in Fig. 2, 
passes through zero in a particular direction, as 
illustrated by the short peak voltage curve. 183 
shown in Fig. 2 of the drawings. The voltages 
generated in the output of transformer PT are 
illustrated by curve 5 of Fig. 2. It will be noted 
that the discharge condenser DC is connected 
directly across the plate source 2-3 through a 
series resistance T. From this it is apparent 
that if the discharge condenser DC has just been 
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discharged, this condenser may be recharged by 
current flowing through this resistance , and 
that for this reason the re-charging of the con 
denser DC will take place rather slowly. This 
flow of re-charge current through the Series 
resistance 7 causes a negative potential to be 
applied to the grid g of the sending tube ST, and 
this negative grid potential varying in accordance 
With the flow of current to the condenser DC has 
been illustrated by the curve 8 in Fig. 2 of the 
drawings. The grid potential for the sending 
tube ST and shown by curve 8 in Fig. 2 is of 
saw-tooth shape. The vertical part 8 of this 
curve illustrates the building up of current flow 
ing to the discharge condenser DC, the inclined 
portion of this curve indicating that the charging 
current to the condenser DC gradually decreases, 
whereas the negative peak fle and the positive 
peak 83 illustrate the voltage generated in the 
secondary winding of the peaking transformer 
PT. If these various values are properly chosen 
the grid g of the sending tube ST will rise to a 
potential equal to the trigger-off value of this 
sending tube ST, at the time the grid potential 
is being raised by the peaking transformer. 
When this critical grid voltage is reached an 
electron discharge stream flowing from the fla 

10 

15 

20 

25 

ment to the plate of the sending tube ST takes 
place, causing the resistance within this tube and 
between the flament f and the plate p to Sud 
denly fall substantially to zero, whereby the dis 
charge condenser DC is very suddenly discharged 
through the transmitting coil TC and the tube 
ST in series. Although the electron discharge has 
been stated as being from the filament to the 
plate in the tube, the discharge current itself 

30 

35 

actually flows from the plate p to the flament f. 
It may be pointed out that the constants of this 
discharge circuit are preferably such that this 
discharge takes place in the form of a single high 
frequency alternating current wave train of 
which each cycle of the alternating current con 
sumes one micro second (one millionth of a sec 
ond) or even less, and each of these trains pref 
erably continue for a period less than half of a 
cycle of the Supply voltage, that is a period of 
less than a four hundredth part of a second. In 
other words, the arc gap in the tube ST cor 
responds to the arc gap in the air of the old 
arc type oscillator. Although the resistance of 
the arc gap of the tube. ST is, in a broad sense, 
unidirectional, it actually allows this ultra-high 
frequency train of alternating current to flow, 
because this alternating current is superimposed 
On the direct current discharge resulting in a 
fluctuating direct current. Although this high 
frequency is periodic, it occurring repeatedly two 
hundred times per second, this current train re 
curs sufficiently quickly to be substantially con 
tinuously visible on the screen of the cathode ray 
Oscillograph CRO. The discharge circuit of con 
denser DC preferably contains sufficient resist 
ance to dissipate the energy of a wave train so 
that the wave train dies out in considerable less 
than the time of a half cycle of the impressed 
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voltage, so that of a series of such current wave 
trains an in-coming current wave train will not 
conflict with an out-going current wave train ex 
cept for very closely spaced trains. 
The peaking transformer PT generates the 

short Waves of potential and f (see Fig. 2) 
by reason of the fact that the iron of the peaking 
transformer PT is fully saturated substantially 
throughout the entire cycle of the 200 cycle alter 
nating current preferably applied thereto. Since 
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2,150,85? 
current is generated in a secondary winding of 
this transformer FT only when there is a change 
of flux in the magnetic circuit of this transformer 
PT, and since a change of flux in the magnetic 
circuit of this transformer PT takes place only 
momentarily as the magnetizing current passes 
through Zero, voltage is generated only for an in 
stant as this magnetizing current reverses and 
passes through Zero. It will be noted that one of 
these peaks 8-33 is in a negative direction and 
that the other peak, is in a positive direction. 
For this reason, among other reasons, the sending 
tube ST will fire, or discharge, only once for each 
cycle of the car-carried alternating current 
Source. Even though this alternating current 
Source is presumably of a fairly low frequency, 
such as 200 cycles per second, the frequency of the 
impulse applied to the transmitting coil TC com 
prises a Wave train of very high frequency cur 
rent. For instance, if a wave of this Wave train is 
present only for one micro second the frequency 
of the alternating current wave train would be in 
the neighborhood of 500,000 cycles per second. 

Receiving equipment 
In order to accurately indicate by Suitable cab 

signal indication the exact distance of a train or 
other obstruction ahead, the invention contem 
plates suitable time measuring means for measur 
ing and indicating the time elapsed between the 
transmission and reflection of an impulse of cur 

The preferred embodiment proposes to 
employ a cathode ray OScillograph to pictorially 
indicate precisely, not only the distance of another 
train in advance but also the speed of such train 
in advance, as well as the speed of the train SO 
equipped. A cathode ray Oscillograph CRO has 
been conventionally illustrated in Fig. 1 for this 
purpose. This cathode ray oscillograph comprises 
the usual indicating plate or fluoroscope including 
suitable fluorescent material 25, a filament or 
heater 26, a grid or focusing electrode 2, a plate 
or target 28, as well as sweep plates SP and con 
trol plates CP. 
The sweep plates SP are connected directly 

across the secondary winding 30 of the main 
transformer MT. The control plates CP are con 
nected directly across the secondary winding of 
the out-put transformer OT having its primary 
winding included in the plate circuit of the out 
put amplifier A3 of the receiving apparatus. It 
may be pointed out that the plate or target 28 
is supplied by plate circuit voltage from the plate 
circuit source 2-3, heretofore described, and 
that the sweep plates SP and the control plates 
CP have One of their plates connected to the com 
mon wire which in turn is connected to the plate 
or target 28. 
In addition to the plate source 2-3, here 

tofore mentioned, there is provided a similar grid 
60 

85 
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source 32-33 including a grid rectifier G.R. This 
grid source Supplies current of negative poten 
tial to grid 2, with respect to the flament or 
heater 26 of the oscillograph CRO, this in order 
to permit a higher voltage to be applied between 
the filament 26 and the plate 28, thereby caus 
ing the electron velocity to be increased. In ad 
dition to the plate source 2-3 and the grid 
source 32-33, there is also provided a plate source 
PS for the amplifiers A, A2 and A3. This plate 
source PS comprises a double-wave rectifier DWR 
of well known thermionic tube construction, and 
having its filament if heated from a secondary 
winding 35 and having its plates p supplied with 
energy from a central tap secondary winding 36. 
Associated with this plate source PS is also a filter 

V 

3 
including condensers 3 and 38 and an inductance 
39 comprising the usual elements for excluding 
the alternating current ripples which would 
otherwise be supplied to the plate circuits of the 
amplifiers A, A2 and A3. 
Each of these amplifiers has its heater h. ener 

gized from the secondary winding 4 of the main 
transformer MIT, which secondary winding 40 
also supplies energy to the filament or heater 26 
of the cathode ray oscillograph CRO. Each of 
the amplifiers A2 and A3 is provided with the 
usual grid condenser 42 and grid resistance 3 the 
grid g of the amplifiers A2 and A3 being fed re 
spectively from the plates p of the amplifiers. A 
and A2. The amplifier A is fed from the Sec 
ondary winding of an impedance matching trans 
former IMT. This impedance matching trans 
former IMT preferably has its primary and Sec 
ondary windings tuned as by condensers 44 to ap 
proximately resonate with the frequency of the 
electric impulse wave transmitted down the track 
and reflected back to the train, as heretofore 
pointed out. This tuning not only aids the en 
trance of the reflected waves into the receiving 
equipment but also serves as a band pass filter 
which keeps waves of other frequencies Sup 
pressed. The primary side of the impedance 
matching transformer IMT is connected to two 
receivers R connected in series. These receivers 
R, one located over each of the track rails, are 
preferably designed to most efficiently receive the 
reflected impulse returned from the train ahead, 
and for this reason preferably have their mag 
netic cores constructed of powdered iron or other 
suitable material of low reluctance which has low 
hysteresis and low eddy current losses. 

Referring to the fluorescent portion 25 of the 
cathode ray oscillograph CRO, it will be noted 
that a scale has been shown thereon illustrating 
the distance of a train or other impulse reflecting 
device in advance of the equipped train in thou 
sands of feet. The numeral 4, for instance, indi 
cates that that point signifies 4000 feet in ad 
vance of the train. The horizontal portion of the 
curve shown thereon is due to the Sweep voltage 
applied to the sweep plates SP, whereas the por 
tion of any part of the curve above or below 
this line is due to the voltage applied to the con 
trol plates CP. It is of course understood that 
electrons are emitted by the heater 26 moving in 
a direction toward the plate 28. 2y reason of the 
small hole, constituting a target, in this plate a 
very narrow stream of electrons strikes the screen 
25. Were it not for the sweep plates SP and the 
control plates CP these electrons would hit near 
the zero part of the scale. The sweep plates, how 
ever, cause this electron stream to pass from left 
to right way beyond the end of the scale and 
back again. The control plates CP of course cause 
vertical vibration of the electron stream in ac 
cordance with the potential applied to the plates 
CP. 
By looking at this graph 45 it will be noted 

that near the zero point on the scale this graph 
45 raises abruptly making a peak 45 and then 
falls back to normal. This is due to the impulse 
induced in the receivers R by the transmitting 
coil. TC either directly or indirectly through the 
medium of the track rails . The peak portion 
452 in this graph illustrates a reflected impulse, 
which was reflected back from the train T in 
advance of the equipped train T, whereas the 
next peak 453 which is negative illustrates an 
impulse ... that was reflected from the Wayside 
reflector WR located between the trains T and 
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4 
T. Although this wayside reflector WR is lo 
cated nearer the train T. than is the train, T, 
nevertheless, the impulse 452 reflected back from 

, the train, Treaches the receiver, R. before the 
negative impulse. 453 reflected back from the 
Wayside reflector WR reaches the receiver R. 
The reason for this apparent discrepancy is due 
to the fact that the wayside reflectors WER1 and 
WR are so constructed that the time consumed 
for a wave to enter this reflector WR or WR2 
and again leave the same consumes substantially 

20 

25 

30 

the same amount of time that would be required 
for an impulse to travel a distance of 5000 feet 
down the track rails and back again. From this 
it is readily apparent that the negative peaks in 
the graph 45 due to wayside reflectors WR1 or 
WR can never reach a lower part of the scale. 
on the cathode ray oscillograph than the 5000 
feet point illustrated. These reflectors have been 
provided to avoid confusion between a reflected 
impulse reflected back from a wayside reflector 
WR, and a similar impulse reflected back from a 
broken rail in advance which would also reflect 
a negative Wave. Should a broken rail develop 
or exist ahead of the equipped train and within 
a distance ahead of the train indicated on the 
OScillograph field 25 the graph 45 would be de-, i. 
pressed below the horizontal sweep line. This 
negative Wave is due to the fact that reflection 
back from an open circuit produces the opposite 
effect from that of the reflection back from a 
Short circuit. : Since the track rails, due to a 
broken rail, are not continuous, the energy in 
the out-going impulse is not wholly dissipated 
when it, reaches the broken portion of the rail 
and the remaining energy, through a reflecting 
or condenser effect, possibly with the other rail, 

s 

: ... returns in a manner, similar to that occurring 
With the Wayside reflectors WR. It can be con 
sidered that the high frequency inpuses are re 
flected much in the same manner that occurs 
With sound and with light, that is when such a 
Wave meets a changed medium such as a short 
circuit or an open circuit, the wave is reflected 
much as is light and sound when they encounter 
a different medium, Such as a denser medium. 
The Wayside reflectors WR are preferably 

Spaced apart such a distance that there will al 
Ways be indicated upon the scree of the cathode 
ray oscillograph at least one impulse reflected 
from a wayside reflector. This feature of appli 
Cant's System affords a continuous check upon 
the Operativeness of his transmitting and re 
ceiving apparatus. Furthermore, these impulses 
reflected from the wayside reflectors WR afford 
a means of showing by their movement on the 
Screen the actual speed of the train SO equipped, 
and by comparing the rate of movement between 
Such reflected impulses as 45 and 453 a direct 
indication of the speed of the train in advance 
is also indicated. Stating this more specifically, 
since impulses 451, 45 and 45 on the screen 25 
show the relative locations of the trains , , 
and wayside reflector WR at any and every in 
stance, then it follows that the speed of each 
of the trains is directly proportional to the Speed 
at which wayside reflected impulse 45 approaches 
the impulse representative of that particular 
train. That is, the rate of approach of impulse 
453 toward impulse 45 on the screen 25 is pro 
portional to the speed of train Ti, and the rate 
of approach of the impulse 45 on the screen 
25 toward the impulse 45 is proportional to the 
speed of train T. 

Referring now to Fig. 3 of the drawings, it is 

ate relays connected to these amplifiers. 
amplifiers are provided with the usual filament 

circuit of the amplifier. A52 a check relay CK. 

fore caution traffic limitations are now imposed 

2,150,857 
desired to point out that the modified device 
CRO shown therein comprises a cathode ray 
Oscillograph, such as illustrated in Fig. 1, ex cept that the inside of this oscillograph has been 
provided with Faraday collecting plates 50, 5 
and 52. These plates 50, 5 and i? 52 are re 
Spectively connected with the cathodes of an 
plifiers A0, A5, and A52 to illustrate how the 
cathode ray which pictorially, indicates the posi 

0 tion of a train in advance may be used to oper 
These 

battery a, plate battery band grid bias battery 
cc. As illustrated there is included in the plate 

This relay CK preferably controls through its 
front contact. 53 a suitable normally energized 
brake control device BW on the train, so that 
deenergization of this check relay. CK causes . . . . . 

20 deenergization of device BW and an application 
of the brakes of the train. In accordance with 

15 

this embodiment of applicant's invention the . . ; 
wayside reflectors WR are located sufficiently 
close together, so that at least, one of these re- . . . . 
flectors refects an impulse to throw the beam 25 
of the oscillograph on the Faraday collector plate 
52. In other Words, the check relay. CK is de-, . . . 

energized in the event of failure of any portion 
of the car-carried or wayside apparatus. The 
Faraday collector plates 5 are so located in the 

relay, CA, controlled thereby, is energized when. 
there is a train ahead within less than braking 

30. 
cathode ray oscillograph CRO that the caution . . . . . 

distance of the equipped train. As illustrated, ; : ; 
the caution relay CA is now energized, there 

on the train in question. The stop relay S, on 
the other hand, is only energized in the event 
that the traini in advance is Within a dangerously 

40 close distance in advance of the equipped train, 
and as illustrated this stop relay S. is deerer 
gized because the path of electron emission 45 
does not strike one of the plates 50 which con 
trol the energization of the stop relay S. This 
stop relay has a back contact 54 included in 
series in the energizing circuit of the brake COn 
tro device BV. ar 
The various lines connecting to the elements of 

the cathode ray tube of Fig. 3, have been given 
reference characters corresponding to Fig. 1, to 
indicate that the tube in Fig. 3 is operated simi 
lar to the tube in Fig. 1. Wire 96 is added and is 
the common return for the Faraday plate Cir 
cits. 
In Fig. 4 of the drawings has been illustrated 

a track of the usual construction including track 
rails 60 divided by insulating joints 6 into blocks 
in the usual manner, for the purpose of con 
trolling wayside signals. In this figure of the 
drawings one way has been illustrated in which 
a railway System of the insulated block type may 
be modified to adapt it for use in conjunction 
with the car-carried apparatus shown in Fig. , 
without interfering with the track circuits and 
Wayside signal control already installed. This 
may be accomplished by bridging rather large 
condensers C across the insulating joints 6f, as 
illustrated, so that the electric short wave or 
high frequency impulse heretofore mentioned 
may pass from one block into the next block in 
advance without materially changing its shape 
or its propagating time. However, these con 
densers are not made large enough to affect the 
low frequency track circuit current when alter 
nating current track circuits are used for way 
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side signaling purposes. Fig. 4 also illustrates 
how the bonding wires may be connected through 
Switch box contacts 63 at a point where a track 
diverges into two tracks. It Will be noted that if 
the Switch box contacts 63 assume their normal 
position, as illustrated, the propagated wave will 
flow into the tracks of the main track beyond the 
track switch TS, whereas if the switch box con 
tacts assume their dotted position this propa 
gated wave will pass into the rails of the diverg 
ing route. 
As pointed out above the wayside reflectors 

WR, WR, etc., are preferably so constructed 
that the same time will be consumed from the 
time that an impulse enters such reflector until 
it again leaves the same as would be required for 
an impulse to move down the track rails 5000 
feet and again return. These wayside reflectors 
or repeat-back stations are preferably located 
not over 2000 ft. apart, so that there will at all 
times be at least one of these reflectors indicated 
On the Screen of the cathode ray oscillograph. 
These wayside reflectors comprise a composite 
filter composed of a number of sections of par 
allel condensers or capacities 3 and series in 
ductances 4 connected between successive con 
densers 3. These condensers and inductances 
preferably have Such time constants that sub 
stantially five micro seconds are required for a 
Wave to penetrate to the end of the filter and 
five micro Seconds are required for it to be 
reflected back. This consumption of 10 micro 
Seconds of time is substantially the equivalent 
of the time required for a wave of current to flow 
down the track 5000 feet and back again. 

the Series resistance limits the amount of 
energy taken from the impulse as it passes down 
the tracks and attenuates the out-going repeat 
back impulse to correspond to track and shunt 
ing conditions which would cause the greatest at 
tenuation of the impulse. A non-linear resistor 
75 may be connected across the first condenser 73 
so that when the locomotive is directly above 
the Wayside reflector the feed back or reflected 
impulse signal will be reduced in strength to ap 
proach more closely the relatively weaker signals 
received when the locomotive is 2000 feet away. 
The non-linear resistor 75, above mentioned, is 
a resistance unit in which the ohmic resistance 
falls very rapidly as current passing therethrough 
Ce3SeS. 

The applicant has thus shown a rather unique 
System of cab signaling and automatic train con 
trol which permits closer spacing of trains and 
affords facilities not afforded by wayside signal 
ing, cab signaling and train control systems of 
the former type in which the track is divided into 
blocks, and although a rather detailed embodi 
ment of this invention has been illustrated it is 
to be understood that the applicant is not limited 
to the particular apparatus shown to exemplify 
his invention. It is further desired to be under 
stood that many other adaptations and expedi 
ents well known in the art of cab signaling and 
automatic train control, such as the enforcement 
of acknowledgment by an engineer, the require 
ment to make a manual brake application and 
other restrictions imposed upon the engineer to 
stimulate his vigilance may be applied to a sys 
ten embodying the present invention without de 
parting from the spirit of this invention, and that 
various other additions, modifications and sub 
stitutions may be made without departing from 
the spirit or scope of the present invention ex 

5 
Cept as demanded by the Scope of the following 
claims. 
What claim is:- 
1. In a train control System of the continuous 

inductive type, the combination with a railway 
track and a railway vehicle thereon, of another 
vehicle in advance of said first vehicle, means 
On the first vehicle for transmitting a current 
Wave down the track rails, stationary reflecting 
means on the track for reflecting an image of the 
Wave back to said first mentioned vehicle an 
other image of said wave being reflected back 
to said first mentioned vehicle from the axles of 
Said another vehicle in advance, means on said 
first mentioned vehicle for receiving said reflect 
ed waves, and means in the cab of said first men 
tioned vehicle for visually measuring the lapse of 
time between the transmission of said wave and 
the reception of the two reflected waves, whereby 
the relative locations of said stationary reflect 
ing means and Said another vehicle may be defi 
nitely ascertained. 

2. In a train control system of the continuous 
inductive type, the combination with a railway 
track and a railway vehicle moving thereon, of 
means on the vehicle for intermittently trans 
mitting current waves down the track rails, sta 
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tionary reflecting means on the track for reflect 
ing a portion of the waves back to said vehicle 
another portion of Said waves being reflected. 
back to said vehicle from the axles of another 
moving vehicle in advance, receiving means on 
said vehicle for receiving said first mentioned re 
flected waves, indicating means in the cab of said 
first mentioned vehicle for continuously visually 
indicating the time elapsed between the trans- . 
mission of successive waves and the reception of 
portions thereof reflected back from said sta 
tionary reflecting means and from said another 
vehicle, whereby the position and motion of said 
another vehicle With respect to said stationary 
reflecting means is continuously indicated in the 
cab of the first mentioned Vehicle, and means 
Controlled by Said receiving means for applying 
the brakes of Said first mentioned Vehicle when 
it too closely approaches said another vehicle. 

3. In combination, a railway vehicle, a cathode 
ray oscillograph on said vehicle having SWeep 
plates and control plates for Sweeping an elec 
tron stream over a screen, means for impressing 
potentials on said sweep plates in accordance with 
electric waves transmitted from the vehicle to 
the trackway on which said vehicle moves, means 
in the trackway in advance of the vehicle for 
reflecting said waves back to said vehicle, and 
means for impressing potentials on said control 
plates in accordance with the waves reflected 
back from said means in the trackway. 

4. In combination, a railway vehicle, a cathode 
ray oscillograph on said vehicle having sweep 
plates and control plates for sweeping an elec 
tron stream over a screen, another vehicle in ad 
vance of said vehicle, means for transmitting 
current waves down the track rails ahead of the 
first mentioned vehicle which will be reflected 
back from the axles of said vehicle in advance, 
means for impressing potentials on said Sweep 
plates in accordance with the electric Waves 
transmitted from the first mentioned vehicle to 
the trackway, and means for impressing poten 
tials on said control plates in accordance with 
the waves reflected back from said vehicle in ad 
vance, whereby the image on said screen will 
indicate the distance from said first mentioned 
vehicle to said vehicle in advance. 
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5. In combination, a railway vehicle, a cathode 
ray Oscillograph on Said vehicle having Sweep 
plates and control plates for Sweeping an elec 
tron stream over a screen, another vehicle in 
advance of Said vehicle, means for transmitting 
current Waves down the track rails ahead of the 
first mentioned vehicle which will be reflected 
back from the axles of Said vehicle in advance, 
means for impressing potentials on Said Sweep 
plates in accordance with the electric waves trans 
mitted from the first mentioned vehicle to the 
trackway, means for impressing potentials on said 
control plates in accordance with the Waves re 
flected back from said vehicle in advance, and 
means responsive to said electron stream to ap 
ply the brakes of the vehicle if the time elapsed 
between the transmission of a wave to the track 
rails and the reception of its reflected wave is 
less than a predetermined time. 

6. In an automatic train brake control SyS 
tem, the combination with a railway vehicle, 
brake control means on the vehicle, means On 
the vehicle for sending out over the track rails 
in advance of said vehicle trains of current Waves 
time spaced so that a particular train of waves 
may be reflected from the axles of a vehicle in 
advance greater than braking distance before a 
following train of waves is transmitted into the 
track rails, said trains of waves being transmit 
ted for measuring the distance of travel of in 
duced waves and the distance from the first men 
tioned vehicle to such vehicle in advance from the 
axles of which they are reflected, and detecting 
means on said first mentioned vehicle for de 
tecting the reflected waves and actuating Said 
brake control means When the reflected WaveS 
from said vehicle in advance by their time of ar 
rival indicate that said vehicle in advance is less 
than a predetermined distance in advance of 
Said first mentioned vehicle. 

7. In an automatic train control system, the 
combination of means for transmitting trains of 
current waves from a first vehicle down the track 
rails and time Spaced so that a particular wave 
train may be reflected back from another ve 
hicle more than braking distance ahead of the 
first vehicle and this same Wave train received 
back on the first vehicle before a second wave 
train is transmitted down the track rails, de 
tecting means on the first vehicle for detecting 
on the first vehicle the reception of a reflected 
wave train, and indicating means controlled by 
Said detecting means. 

8. In an automatic train control system, the 
combination of means for transmitting succes 
sive series of current waves from a train down 
the track rails, said. series of waves being time 
Spaced so .that a particular series may be re 
flected back from another train more than brak 
ing distance ahead of the equipped train and 
this same series received back on the first men 
tioned train before a second series is transmitted 
down the track rails, and means for detecting on 
the first mentioned train the reception of a re 
flected Series each series being so short that 
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there is no over-lap between out-going and in 
coming Series for the most closely spaced trains 
of which said another train is to be indicated 
On Said first mentioned train, whereby out-going 
and in-coming Series of Waves cannot Conflict 
With each other. 

9. In Combination, a railway track, a railway 
vehicle, another vehicle in advance of said ve 
hicle, apparatus on said first mentioned vehicle 
for transmitting an electric current wave train 
down the rails which same wave train is of Such 
short duration that when reflected back from 
the short circuit from rail to rail produced by 
Said another vehicle more than braking distance 
in advance of said first mentioned vehicle the 
front end of such wave train will be reflected 
back to . the first mentioned vehicle after the 
rear end of Such wave train has been transmit 
ted into the track rails, receiving apparatus on 
said first mentioned vehicle for manifesting the 
reception of this same reflected wave train on 
said first mentioned vehicle, means on the first 
mentioned vehicle for measuring the time elapsed 
between the transmission and the reception of 
this said wave train, and visual indicating means 
on the first mentioned vehicle for indicating this 
time. 

10. In an automatic train control System, the 
combination of means for transmitting trains of 
current waves from a vehicle down the track rails 
and time spaced so that a particular wave train 
may be reflected back from stationary reflect 
ing means more than braking distance ahead of 
the vehicle and this Same wave train received 
back on the vehicle before a Second Wave train 
is transmitted down the track rails, detecting 
means on the vehicle for detecting on the vehicle 
the reception of a reflected wave train, and indi 
cating means controlled by said detecting means 
for indicating on the vehicle the distance to the 
reflecting means and the Speed at which said 
train is moving toward Such reflecting means. 

11. In combination, a railway track, a railway 
vehicle, another vehicle in advance of said ve 
hicle, apparatus on said first mentioned vehicle 
for transmitting an electric current wave train 
down the rails which same wave train is of such 
short duration that when reflected back from 
the short circuit from rail to rail produced by 
said another vehicle more than braking distance 
in advance of said first mentioned vehicle the 
front end of such wave train will be reflected 
back to the first mentioned vehicle after the rear 
end of Such wave train has been transmitted into 
the track rails, receiving" apparatus on said first 
mentioned vehicle for manifesting the reception 
of this same reflected wave train on said first 
mentioned vehicle, means on the first mentioned 
vehicle for measuring the time elapsed between 
the transmission and the reception of this Said 
wave train, and visual indicating means on the 
first mentioned vehicle for indicating this time 
On a Scale calibrated to directly indicate the dis 
tance to Such another vehicle. 
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