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My invention relates to railway traffic control 
ling apparatus, and more particularly to train 
carried train control apparatus responsive to 
Coded energy. 
Train carried train control apparatus respon 

sive to coded energy is well known. The coded 
current is Supplied across the track rails of a 
track Section at the exit end of the section so 
that when a train occupies the section current 
flows along one rail through the wheels and axles 
of the train (train shunt) and back the other 
rail and consequently such current flows in Op 
posite directions in the rails at any given in 
stant. Two inductors are mounted on the train 
ahead of the leading pair of wheels with one in 
ductor over each rail and there is an electromo 
tive force induced in each inductor in response 
to each on period of the coded current. The two 
inductors have heretofore been connected to 
gether so that the electromotive forces induced 
therein due to current flowing in opposite di 
rections in the two rails at any given instant add 
their effects and the resultant electromotive 
force is applied to the input terminals of a train 
carried amplifier to operate a code following re 
lay connected to the output side of the ampli 
fier. The practice has been to use alternating 
current of the order of 100 cycles per second and 
to Code such current by periodically interrupting 
the current at the rates of 180, 120 and 75 times 
per minute according to clear, approach-medium 
and approach traffic conditions in advance of the 
track Section. In some Systems only tWO code 
rates of 180 and 75 interruptions per minute are 
used to reflect clear and approach traffic condi 
tions, respectively. 
The length of the track section is predeter 

mined in part according to the desired spacing 
of trains and according to the braking distance 
required for the trains operating over the sec 
tion. The braking distance required depends 
upon the maximum permissible speed and the 
nature of the equipment, Such as passenger or 
freight cars. The high Speeds prescribed for 
present day traffic in both freight and passenger 
train service, require relatively long braking dis 
tances and hence a relatively long track section 
if a train is to be brought from maximum speed 
to a stop in a single track section. It has been 
proposed to provide track sections of the order 
of 1,060 feet in length where high train speed 
prevails. Broken rail protection is also essen 
tial in Such railway signaling Systems. A single 
track circuit for a track section of 11,000 feet 
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tion when alternating current of 100 cycles per 
second is used. Consequently such 11,000 foot 
track Section may require that it be provided 
With one or more cut section locations to divide 
the Section into subsections each of which in 
cludes a track circuit. Such cut section loca 
tions add to the apparatus required and corre 
spondingly increase the cost. 

It has been proposed to use alternating cur 
rent of a low frequency and current of 20 cycles 
per second has been considered. Furthermore, 
coded direct current has been proposed. When 
alternating current of the frequency of the order 
of 20 cycles per second or when coded direct 
current is used then satisfactory broken rail pro 
tection may be obtained for track circuits of 
i1,000 feet in length. Operating difficulties have 
been experienced when coded low frequency al 
ternating current or coded direct current is used, 
because of the possible false energization of the 
train carried amplifier produced by the so-called 
'magnetized spots' in the track rails. Such 
magnetized spots occur at random and act to 
induce an electromotive force in the train car 
ried inductors as the train moves over the rails. 
Such induced electromotive force when amplified 
may adversely affect the operation of the code 
following relay. 
In view of the above cited conditions a feature 

of my invention is the provision of railway traf 
fic controlling apparatus incorporating novel 
and improved train carried train control appa 
ratus responsive to coded energy. 
Another feature of my invention is the provi 

sion of a novel and improved electron tube aim 
plifier for train carried train control apparatus. 
An additional feature of my invention is the 

provision of train carried train control apparatus 
which is effectively operated only when two in 
ductors, one over each rail, are excited by mag 
netic fields substantially in phase with each 
Other, and randon nagnetic fields, which excite 
one inductor only or which excite both inductors 
but at different times or which excite both induc 
tors at the same time but do not induce voltages 
which are in phase with each other, do not cause 
an effective operation of the apparatus. 

Still another feature of my invention is the 
provision of novel train carried train control ap 
paratus having tWO receiving channels through 
which energy is received for controlling the op 
eration of a code following relay and whereWith 
the energy received by one channel must bear a 

may not provide satisfactory broken rail protec- 55 predetermined relationship with the energy re 
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ceived by the other channel in order to cause an 
operation of the relay. 
Again, a feature of my invention is the provi 

sion of railway traffic controlling apparatus in 
corporating an electron tube amplifier wherewith 
operation of a code following relay coupled to 
the plate circuit of the electron tube is operated 
only when two control electromotive forces in 
phase with each other are simultaneously ap 
plied one to each of two different control grids of 
the tube. 
The above features of my invention, as well as 

other advantages Which Will be apparent as the 
Specification progresses are attained according to 
my invention by providing two inductors 
mounted on the train in advance of the leading 
pair of wheels With one inductor over each rail 
and by applying the electromotive forces induced 
in the inductors to two different receiving chan 
nels. An electron tube having two grids is pro 
vided and one grid is excited by the electrono 
tive force applied to One receiving channel and 
the other grid is excited by the electromotive 
force applied to the other channel. A code foll 
lowing relay is coupled to the plate circuit of the 
tube and the tube is biased so that normally no 
plate current flows and the bias is high enough 
so that no current flows if only One grid is ex 
cited by the electromotive force applied to the 
respective receiving channel. Plate current flows 
only when the two electromotive forces are ap 
plied to the two grids of the tube simultaneously 
and in phase or at least plate current Sufficient 
to operate the code following relay flows only 
When both grids are thus excited. 
I shall describe One form of apparatus en 

bodying my invention, and shall then point Out 
the novel features thereof in claims. 
In the accompanying drawings Fig. 1 is a 

diagrammatic view showing One form of appara 
tus embodying my invention. When used With 
train carried train control apparatus. FigS. 2, 3, 
4 and 5 are diagrams illustrating operating char 
acteristics of the apparatus of Fig. 1. 

Referring to Fig. 1, the reference characters a 
and b designate the track rails of a stretch of 
railway over which traffic normally moves in the 
direction indicated by an arrow and which rails 
are formed by the usual insulated rail joints into 
a track section D-E, which may be Cne Section 
of a series of consecutive sections of a signal Sys 
ten. he track section D-E is provided With a 
track circuit comprising a source of coded cur 
rent connected across the rails at the exit end of 
the section and a code following relay connected 
across the rails at the entrance end of the Sec 
tion. The immediate Source of current for the 
track circuit of section D-E is a track trans 
former TD Whose Secondary Winding 2 is con 
nected across the rails at the exit end D over 
wires 3 and 4, a current limiting impedance 5 
being interposed in wire 4. A primary winding 6 
of transformer TD is connected to a suitable 
Source of alternating current, such as a genera 
tor, not shown, but whose terminals are indicated 
at BX and CX, over contacts of a code trans 
mitter CT and a contact of a control relay HD. 
The source of alternating current may be of any 
convenient frequency and may be for example of 
the order of 20 cycles per second. 
The code transmitter CT may be of any one of 

several forms and is shown as of the relay type 
whose operating winding is permanently con 
nected to the terminals BX and CX of the cur 
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2,293,307 
tWO code contact members 5 and 80, the ar 
rangement being such that contact member 75 is 
Operated to engage a contact 5a, at the rate of 
75 times per minute, and contact member 80 is 
Operated to engage a contact 80a at the rate of 
180 times per minute. The relay HD is con 
trolled by traffic conditions in advance of the 
Section D-E and such control apparatus is not 
shown since it would be in accordance with 
Standard practice and forms no part of my pres 
ent invention. It is sufficient to point out that 
relay HD is picked up when the section next in 
advance of Section D-E is unoccupied and is re 
leased when such section in advance is occupied. 
When relay HD is picked up closing front con 
tact , a circuit easily traced is completed by 
which current is supplied to primary winding 6 
of transformer Tid over code contact 83-89a 
of code transmitter CT, and when relay HD is 
released closing back contact 8, the primary 
Winding 6 of transformer D is connected to the 
Current Source Over code contact 5-5d of the 
Code transmitter. It follows that when the sec 
tion next in advance of section D-E is unoc 
cupied and relay HD is picked up, alternating 
Current coded at the code rate of 180 interrup 
tions per minute is supplied to the track rails of 
Section D-E, and when the section next in ad 
Vance is occupied and relay HD is released, al 
ternating current coded at the code rate of 75 in 
terruptions per minute is supplied to the track 
rails of Section D-E. 
A code following relay ETR is connected across 

the rails at the entrance end E of section D-E 
through a transformer rectifier shown conven 
tionally at ER and hence when the section D-E 
is uncCCupied, that is, when the train shown con 
ventionally at TV does not occupy the section, 
track relay ETR is operated at the code rate of 
the current supplied to the rails through track 
transformer TD in the manner explained above. 
The track relay ETR would be used to govern 
apparatus including a control relay for the sec 
tion next in the rear of section D-E and which 
relay Would be similar to relay HD governed by 
traffic in the section next in advance of section 
D-E. This apparatus governed by relay ETR is 
inct shown for the sake of simplicity, since as 
Stated hereinbefore such apparatus forms no 
part of my present invention and would be in 
accordance With standard practice. 

It is to be understood of course that my in 
vention is not limited to the code rates of 180 
and 75 interruptions per minute of the track cir 
cuit current, but such code rates are used for ill 
lustration since they are in general use. Also 
that While a low frequency alternating current of 
the Order of 20 cycles per second may be pre 
ferred the alternating current may be of a high 
er frequency such as, for example, 100 cycles 
per Second as is commonly used in railway signal 
ing Systems of the type here contemplated, or 
the alternating current may be of a frequency 
even lower than 20 cycles per second, or the cur 
rent may be coded direct current. 
The train shown conventionally at TV is pro 

Vided With train carried train control apparatus 
embodying my invention and which apparatus 
Comprises inductors 9 and 0, two receiving chan 
nels to be shortly described, a first and a second 
amplifier tube VT and WT3, a code following 
relay MR, a decoding unit DU and a cab signal 
CS together With Suitable sources of current. 
The inductors 9 and are preferably alike 

rent source, and energized to cause operation of 75 and are mounted on the train ahead of the lead 

, 
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ing pair of wheels and in inductive relation to 
rails, fa, and b, respectively. It follows that 
When train TW occupies section D-E and there is 
no other train between it and the exit end D of 
the section, an electromotive force is induced in 
each inductor 9 and O during each on period of 
the coded track circuit current and Such electro 
motive forces have the same frequency and code 
rate as the rail current. Since at any given in 
stant the current flows along rail a through the 
train shunt and back rail b the current in each 
of the two rails is of Substantially the same mag 
nitude so that the electromotive forces induced 
in inductors 9 and 0 are of substantially the 
same magnitude and are in phase with each 
other. The inductors 9 and 0 are connected 
to a first and a second receiving channel, re 
spectively. The first receiving channel comprises 
a transformer T and a first grid circuit for elec 
tron tube WT, while the second receiving chan 
nel comprises a transformer T2, another electron 
tube WT2, another transformer T3 and a sec 
ond grid circuit for the tube WT. To be explicit, 
inductor 9 is connected to a primary Winding f 
of transformer T of the first receiving channel 
through a condenser 2. A condenser 3 is con 
nected across a secondary winding 4 of trans 
former T and secondary winding 4 and con 
denser 3 in multiple are interposed in a first 
grid circuit for electron tube WT, which circuit 
can be traced from control grid 5 of the tube 
over secondary winding 4 and condenser 3 
in multiple, a biasing battery f6 and to a cathode 

of tube WT. Transformer T together with 
condensers 2 and 3, are tuned to resonance 
at the frequency of the track circuit current and 
in this instance are tuned to resonance at the 
frequency of 20 cycles per second. It is clear 
that when an electromotive force is picked up by 
inductor 9 a corresponding electromotive force 
is made to appear across secondary winding 4 
of transformer Ti and this latter electromotive 
force is applied across grid 5 and cathode 7 of 
the electron tube WT. 
Tube WT may take different forms, and in 4. 

Fig. 1 is shown as an indirect heater type tube 
having a plate 8, a first or control grid 5, a 
cathode 7, a second or screen grid 9 and a 
filament 20. 
Inductor i0 is connected to primary Winding 

2 of transformer T2 of the second receiving 
channel through a condenser 22. A condenser 
23 is connected across a secondary winding 24 
of transformer T2 and secondary winding 24 and 
condenser 23 in multiple are interposed in a grid 5 
circuit of tube WT2 which grid circuit can be 
traced from a control grid 25 of tube WT2, over 
secondary winding 24 and condenser 23 in mul 
tiple, a biasing unit 26 and to a cathode 27 of 
tube VT2. Transformer T2 and condensers 22 
and 23 are tuned to resonance at the frequency 
of the coded track circuit current and hence 
when inductor O picks up an electromotive force 
a corresponding electromotive force is made to 
appear across Winding 24 of transformer T2 and 
this latter electromotive force is applied across 
grid 25 and cathode 27 of tube WT2. Electron 
tube WT2 is an indirect heater type tube having 
a plate 28, grid 25, cathode 27 and a filament 29. 
The train TW is provided with a suitable source 

of current which may be the usual 32 volt gen 
erator or battery, not shown, but Whose positive 
and negative terminals are indicated at B32 and 
N32, respectively. The 32 direct volts of the train 
carried source is converted into a convenient 
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higher Voltage as required for the plate circuit 
of the tubes through a motor generator MG, the 
motor element 3 of which is connected across 
terminals B32 and N32 of the train carried Source 
and the positive and negative terminals of the 
generator element 32 of which are designated 
B309 and N309 as will be apparent by an inspec 
tion of Fig. 1. The filaments 20 and 29 of tubes 
WT and WT2 are connected across terminals B32 
and N32 over parallel circuits easily traced, cur 
rent limiting resistors 30 and 7 being preferably 
interposed in the circuits of filaments 20 and 29, respectively. 
A plate circuit, for tube WT2 is formed from 

terminal B390 over wire 33, primary winding 34 
of transformer T3, plate 28 and intervening tube 
space to cathode 2 of tube WT2, biasing unit 26 
and wire 35 to the negative terminal N30. A 
secondary winding 36 of transformer T3 is con 
nected across grid 9 and cathode 7 of tube 
WT over wires 37 and 33 to complete the sec 
Ond receiving channel. It is to be seen there 
fore that the electromotive force picked up by 
inductor f is applied to tube WT2 and is am 
plified in the plate circuit of that tube and a 
corresponding electromotive force is then applied 
from the secondary winding 36 of transformer 
T3 to the Screen grid 9 and cathode 7 of tube 
WT. The electron tube WT is provided with 
a plate circuit which extends from terminal 
B30) over wires 33 and 39, a primary winding 
40 of a coupling transformer T4, plate 8 and 
intervening tube space to cathode 7 of tube 
WT, and wires 38, 4 and 35 to negative termi 
nal N30. . 
The battery 6 which is interposed in the first 

grid circuit of tube VT? provides a negative 
grid bias voltage for that tube of such a degree 
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75 

that normally no current flows in the plate cir 
cuit of tube WT?. Furthermore, the bias effected 
by battery 6 for tube WT is high enough that 
no plate current flows even if the grid 9 is ex 
cited by the electromotive force induced in in 
ductor 0 and applied to the tube through the 
Second receiving channel unless the control grid 
5 is also excited and driven in the positive 

direction to some extent. Again, if control grid 
5 is excited by the electromotive force induced 

in inductor 9 and applied to the first receiving 
channel and grid 9 is not excited at the same 
time no effective plate current flows. When 
grids 5 and 9 are excited and both driven in 
the positive direction by the electromotive force 
applied through the respective receiving chan 
nel then plate current flows and energy is trans 
ferred to the secondary winding 42 of coupling 
transformer T4. A condenser 43 is connected 
across secondary winding 42 of transformer T4 
and the two in multiple are interposed in the 
grid circuit for the second amplifying tube WT3, 
the circuit including a grid 44 of tube WT2, Sec 
ondary winding 42 and condenser 43 in multi 
ple, a resistor 45 and a cathode 46 of the tube. 

Electron tube WT3 is of the indirect heater 
type having a plate 47, grid 44, Cathode 46 and 
a filament 48, the latter of which is heated over 
a simple circuit connected to the B32-N32 cur 
rent source. The plate circuit for tube WT3 in 
cludes terminal B300, a primary winding 49 of 
an output transformer T5, plate 47 and inter 
vening tube space to cathode 46 of tube WT3, 
resistor 45, wires 4 and 35, and terminal N300. 
Tube WT3 is biased to have a given normal value 
of plate circuit current and hence energy trans 
ferred through transformer T4 to the grid cir 
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cuit of tube WT3 is amplified and reproduced 
in the plate circuit of the tube and Such varia 
tions in the plate circuit current in turn cause 
an electronotive force to be induced in a Sec 
ondary winding 58 of the output transformer T5. 
Code following relay MR is a polar relay of 

the type whose contact member 5 remains in 
the position to which it was last moved When 
the relay is deenergized. Relay MR is con 
nected to Secondary Winding 58 of transformer 
T5 and the arrangenilent is such that the electro 
motive force induced in secondary Winding 50 
due to an increase in the average value of the 
plate circuit current for tube WT3 energizes re 
lay MR, at a polarity such that contact men 
ber 5 is operated to the left-hand position aS 
viewed in Fig. 1 to engage a normal contact 
52, and the electromotive force induced in Sec 
Ondary winding 5 due to a decrease in the aver 
age value of the plate circuit current of tube 
WTS energizes relay MR, as required to operate 
its contact member 5i to the right-hand posi 
tion to engage reverse contact 53. When relay 
MR is operated to cause its contact member 5 
to alternately engage contacts 52 and 53, direct 
Current is alternately supplied to two portions 
of a primary winding 54 of a decoding trans 
former AT and an alternating electromotive force 
is induced in secondary winding 55 of trans 
former Ali having a frequency corresponding to 
the rate at which relay MR is operated. Sec 
Ondary winding 55 of transformer AT is con 
nected to the input terminals of decoding unit 
DU to whose output side two control relays A 
and L are connected. 
The decoding unit DU may be any one of 

several well-known forms, and it is Sifficient for 
the present application to point Cui, that relay 
A is energized and picked up when the electro 
nactive force applied to decoding unit DU is of a 
frequency produced by operaticn of relay MR at 
the rate corresponding to the 80 code rate for 
the track circuit current, and relay L. is effective 
ly energized and picked up and relay A is re 
leased when the electromotive force applied to 
decoding unit DU is cf the frequency produced 
by Gperation of relay MR at the rate correspond 
ing to the 75 code rate for the track circuit cur 
rent. Relays A and I, are used to govern the 
operating circuit of signal CS. These operating 
circuits would be of standard practice and it is 
sufficient to point out that when relay A is picked 
up closing front contact 56, an operating circuit 
is formed for a lamp 5 and that lamp is illum 
inated to cause signal CS to display a clear signal 
indication. When relay A is released closing back 
contact 58 and relay I is picked up closing front 
contact 59, an operating circuit is formed for a 
lamp 6 and that, lamp is illuminated causing 
signal CS to display an approach signal indica 
tion, and when relays A and L are released clos 
ing back contacts 53 and G, respectively, an 
operating circuit is formed for a lamp 62, and 
that lamp is illuininated to cause signal CS to 
display a slow speed signal indication. 
In describing the operation of the apparatus 

of Fig. 1, I shall assume the train TV on which 
the apparatus is mounted occupies Section D-E. 
It is to be recalled that norinally the electron 
tube WT is provided with a predetermined neg 
ative grid bias voltage through the battery 6, 
and which voltage is Sich that Zero current flows 
in the plate circuit of the tube. The bias Voltage 
applied to tubes WT3 and WT3 is such in each case 
that a predeterminad value of current flows in 
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the respective plate circuit. When the normal 
value of plate circuit current flows for tube WT3 
no energy is transferred at transformer T5 and 
master code following relay MR is active so that 
relays A and L are released and lamp 62 is il 
luminated to display a slow speed cab signal. i. 
shall next assume that relay HD is picked up and 
alternating current coded at the 180 code rate 
is applied to the track rails of section D-E. 
During each on period of the coded rail current 
electronotive forces are induced in inductor's 9 
and 6 which electromotive forces are of Sub 
stantially the same magnitude since the value 
of current flowing in each rail is the same and 
furthermore, these electronotive forces are in 
phase With each other. This condition is illus 
trated in Fig. 2 where the solid line EM repre 
sents the electromotive force picked up by in 
ductor 9 and applied to the first receiving chan 
nel of the train carried apparatus and the dash 
line EM2 represents the electromotive force 
picked up by inductor and applied to the sec 
Ond receiving channel. During the positive half 
cycle of the electromotive force applied to the 
first receiving channel, the grid 5 of tube WTi is 
diiven in the positive direction with the result 
that the potential of the grid 5 with respect to 
cathode 7 is less negative. The electromotive 
force applied to the Second channel is amplified 
at tube WT2 and the resultant electromotive force 
induced in Secondary winding 36 of transformer 
T3 is applied to grid 9 of tube Wi? and during 
a positive half cycle of the electromotive force 
grid 9 is driven positive in potential with re 
Spect to cathode . Since these two electrono 
tive forces are in phase with each other grids 5 
and 9 are simultaneously driven positive and 
current flows in the plate circuit of the WT. 
During the negative half cycle of each of the 
electromotive forces, grids 5 and 9 are both 
more negative and no plate current flows. The 
current flowing in the plate circuit of tube VT 
under these conditions is illustrated in Fig. 3 
which shows that during the positive half cycle 
of the electromotive forces plate current flows 
and during the negative half cycle of the electro 
motive forces no current flows. This results in a 
series of half cycle pulses of current which in 
duce an electromotive force in secondary winding 
42 of coupling transformer T4. The circuit made 
up of condenser 43 and secondary winding 42 
Snooths out the electronotive force induced in 
Secondary winding 42 to form a reasonably 
Smooth sine wave voltage. The electronotive 
force transferred by transformer T4 is amplified 
by tube WT3 in the usual manner to cause corre 
sponding variations of the plate circuit current 
of that tube with the result that there is an in 
crease in the average value of the plate circuit 
current at the start of each on period of the coded 
current and a corresponding decrease in the 
average value of the plate circuit current, at the 
Start of each off period of the coded current. 
Such variations in the plate current for tube WT3 
induce electromotive forces in secondary winding 
50 of transformer T5 to cause operation of relay 
MR in the Well-known manner. Since the track 
circuit current is of the 180 code rate, relay MR 
is Operated at a corresponding code rate so that, 
relay A is picked up and lamp 5 is illuminatid to 
display a clear signal indication. 

In the case relay HD is released and the rail 
current is coded at the 75 code rate, the operation 
of the apparatus is the same except for the rate 
at which code following relay MR is operated 
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and with relay MR operated at the rate corre 
sponding with the 75 code rate of the track cir 
cuit current, relay L is picked up and relay A 
is released causing lamp 60 to be illuminated to 
display an approach signal indication. 
As pointed out hereinbefore when relay MR is 

inactive as in the case when no coded current is 
supplied to the track circuit then relays A and L. 
are both released and signal lamp 62 is illu 
minated to display a slow speed signal indication. 

Figs. 4 and 5 illustrate the action when the 
electromotive forces induced in inductor's 9 and 
O are shifted by as much as 90 degrees Out of 

phase. Since plate current can flow for tube WT 
only when both grids 5 and 9 are driven posi 
tive by a predetermined amount, then. When the 
electromotive forces are shifted 90 degrees out of 
phase, both grids 5 and 9 are driven positive 
for Only a quarter cycle and even then their prod 
lucts are quite small. The resultant plate circuit 
is illustrated in Fig. 5. These pulses of plate cir 
cuit current are effective to induce electromotive 
forces in secondary winding 42 of coupling trans 
former T, but such electronotive forces even 
when amplified by tube WT3 are not sufficient to 
cause operation of code following relay MR. It 
is to be observed that if the electromotive forces 
induced in inductors 9 and 0 are out of phase 
more than 90 degrees practically no plate cur 
rent would flow for tube WT and no energy 
would be applied to the code following relay MR. 
In the event so-called magnetized spots exist 

in either rail a and b, that is, there are spots 
which in effect appear to be permanently mag 
netized, an electromotive force may be induced in 
inductor 9 when Such a magnetized spot existS in 
rail a and may be induced in inductor 0 when 
such a spot occurs in rail b. When the Corre 
sponding inductors pass over the magnetized 
spots in the respective rail. In the event Such 
an electromotive force is induced in inductor 9 
and applied to grid 5 of tube WT and this Stray 
electromotive force is such as to drive grid 5 in 
the positive direction no plate current foWS in 
the tube due to the high negative bias voltage 
effected by battery 6 because grid 9 is not at 
the same time excited. If the stray electromo 
tive force is induced in inductor () and applied 
to grid 9 to drive that grid in the positive di 
rection no plate current flows for tube WT due 
to the bias of battery 6 because grid 5 is not 
at the same time excited. For such magnetized 
spots in the track rails to cause a flow of plate 
current, such spots must occur opposite each 
other and of a polarity that the stray electro 
motive forces induced in inductors 9 and it drive 
both grids 5 and 9 in the positive direction 
simultaneously. These magnetized rail spots are 
random and the possibility of the last cited con 
dition occurring is very remote. 
Again stray electromotive forces induced in in 

ductors 9 and f from an adjacent power line 
Would be 180 degrees out of phase and for the 
reasons pointed out hereinbefore would produce 
no flow of plate current in tube WT and hence 
no operation of relay MR. 

If one track rail is broken current night flow 
in the other rail at about the usual magnitude 
due to the ballast leakage, but the current in the 
broken rail would be considerably leSS, and hence 
while one grid 5 or 9 might be excited in the 
usual manner, the excitation of the other grid 
would be absent or very small and sufficient plate 
current to cause operation of relay MR would 
not be effected, 
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5 
While indirect heater type tubes are shown in 

Fig. 1, it is clear that other types of tubes may 
be used. Also tubes VT and WT2 may be com 
bined in One tube structure such as a petrode 
triode tube. If further amplification is needed 
a stage of amplification could be included in the 
receiving channels in advance of tubes WT? and 
WT2. Furthermore the final state of amplifica 
tion including tube WT3 may not be required. 

It is clear that I have provided railway traf 
fic controlling apparatus incorporating a novel 
and improved electron, tube amplifier whereWith 
the electromotive force picked up from one rail of 
a track circuit is applied through one receiving 
channel to a first control grid of the amplifier 
tube, and the electromotive force picked up from 
the other rail of the track circuit is applied 
through another receiving channel to a second 
control grid and plate current flows for the tube 
only when these two electromotive forces are 
simultaneously applied to the respective grids 
and the electromotive forces are substantially in 
phase With each other. 
Although I have herein shown and described 

only one form of railway traffic controlling ap 
paratus embodying my invention, it is 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 invention. 
Having thus described my invention, what I 

claim is: 
1. In combination, a track Section, means to 

Supply coded alternating current from a prese 
lected Source acroSS the rails of the Section to 
cause Such current to flow in the rails in Series, 
a train to travel Said section; a train carried 
electron tube having a plate, a cathode and a first 
and a Second grid; a first circuit means on the 
train coupled to one of the track rails only and 
connected across the first grid and cathode of 
Said tube to create an alternating electromotive 
force between the first grid and cathode each on 
period of Such coded current, a second circuit 
means on the train coupled to the other track 
rail only and including a transformer Whose Sec 
Ondary Winding is connected across the second 
grid and cathode of Said tube to create an alter 
nating electromotive force between the second 
grid and cathode each on period of Such coded 
current, a plate circuit including a current Source 
connected acroSS the plate and cathode of Said 
tube, means including a Source of direct Voltage 
connected to said first grid and cathode to cre 
ate a predetermined negative grid bias Woltage 
which is ineffective to prevent a flow of current 
in Said plate circuit. Only when said electro 
motive forces are created between the respective 
grids and cathodes simultaneously and in phase 
with each other, said first and second circuit 
means disposed to create said alternating elec 
tromotive forces in phase to cause plate current 
to flow in response to rail current Supplied by 
said preselected Source only, and a train carried 
train control means coupled to Said plate circuit 
effectively governed by the current thus caused 
to flow in the plate circuit. 

2. In combination, a track Section, means to 
Supply coded alternating current from a prese 
lected Source across the rails of the Section to 
cause Such current to flow in the rails in Series, 
a train to travel the Section; a train carried 
electron tube having a plate, a cathode, a con 
trol grid and another grid; a first circuit means 
on the train including a winding coupled to one 
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of the track rails only and connected across the 
control grid and cathode of the tube to impress 
on the control grid an alternating electromotive 
force in response to said coded current flowing 
in said one rail, a second circuit means on the 5 
train including a winding coupled to the other 
One of the track rails only and another electron 
tube amplifier and a transformer having a Wind 
ing connected across the other grid and cathode 
of the first mentioned tube to impress on said 0 
Other grid an amplified alternating electronotive 
force in response to Said coded current flowing 
in Said other rail, a plate circuit including a 
Winding and a current Source connected across 
Said plate and cathode of said first mentioned l3 
tube, means including a Source of direct voltage 
connected across said control grid and cathode 
of the first mentioned tube to provide a pre 
determined negtaive grid bias voltage for that 
tube to permit current to flow in Said plate cir- 20 
cuit only When Said electromotive forces are im 
preSSed. On the respective grids of Said first men 
tioned tube simultaneously and in phase with 
each other, said first and second circuit means 
disposed to impress said alternating electrono 
tive forces in phase on the respective grids to 
create a plate current only in response to said 
coded current Supplied by said preselected source, 
and a code following relay coupled to said plate 
circuit Winding to operate the relay by the cur- 20 
rent thus caused to flow in said plate circuit. 

3. In railway traffic controlling apparatus for 
use With a track section whose track rails are 
Supplied With coded alternating current which 
flows in the rails in series, the combination com- 3.5 
prising; an electron tube having a plate, a cath 
Ode and a first and a Second grid; a first receiv 
ing channel electrically coupled to one rail only 
of the Section and connected across said first grid 
and cathode of Said tube to impress upon said 40 
first grid an alternating electromotive force in 
response to each on period of said coded cur 
rent flowing in Said one rail, a second receiving 
channel electrically coupled to the other rail 
only of the section and connected across said 45 
Second grid and cathode of said tube to impress 
upOn Said Second grid an alternating electro 
motive force in response to each on period of 
Said coded current flowing in said other rail, a 
plate circuit including a winding and a current 50 
Source Connected to said plate and cathode of 
the tube, means including a source of direct 
Voltage connected across said first grid and 
Cathode of the tube to provide a preselected 
negative grid bias voltage for the tube to cause 55 
no current to normally flow in said plate cir 
cuit and to permit plate current to flow only 
When Said electromotive forces are applied to the 
respectlve grids simultaneously and in phase with 
each other, Said first and second receiving chan 
nels poled to impreSS Said alternating electromo 
tive forces on the respective grids in phase to 
provide a plate current only during an on code 
period of the current supplied by said prese 
lected Source, and a code following relay coupled 65 
to Said plate circuit winding effectively operated 
by the plate current thus caused to flow in said 
plate circuit. 

4. In railway tracffic controlling apparatus for 
use with a track section whose rails are sup- 70 
plied With coded alternating current, the combi 
nation comprising, two inductors mounted one 
for inductive relation to one rail of the track 
Section and the other for inductive relation to 
the other rail; an electron tube having a plate, 75 
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a cathode and a first and a second grid; means 
to couple a first One of Said inductors to the 
first grid and cathode of Said tube to apply 
across said first grid and cathode the alternating 
electromotive force induced in Said one inductor 
each on period of such coded current, means in 
cluding a transformer having a Winding connect 
ed directly acroSS Said Second grid and cathode 
to couple the Second one of Said inductors to 
the Second grid and cathode of Said tube to 
apply acroSS Said Second grid and cathode the 
alternating electromotive force induced in said 
Second inductor each on period of the coded cur 
rent, a plate circuit for Said tube and including 
a winding and a current Source, means connected 
to at least one of said grids and the cathode to 
provide a predetermined negtaive bias voltage 
for the tube that causes no current to normally 
flow in Said plate circuit and permits plate cur 
rent to fioW only when said electromotive forces 
are applied to the respective grids in phase to 
drive the grids in the positive direction simul 
taneously, Said inductor's poled to apply said 
electromotive forces to the respective grids in 
phase, and a code following relay coupled to said 
plate circuit winding to operate the relay in re 
Sponse to the plate current thus caused to flow. 

5. Iih railway traffic controlling apparatus for 
uSe With a track Section whose rails are supplied 
With coded current from a preselected source of 
alternating current, the combination comprising, 
tWO inductors mounted one for inductive rela 
tion to One rail of the track section and the other 
for inductive relation to the other rail; an elec 
tron tube having a plate, a cathode and a first 
and a Second grid; means to couple a first 
One of Said inductOIS to the first grid and cathode 
of Said tube to apply across said first grid and 
Cathode the alternating electromotive force in 
duced in Said one inductor each on period of 
Such coded current, means including a trans 
former having a winding connected directly 
acroSS Said Second grid and cathode to couple 
the Second One of Said inductors to the second 
grid and cathode of said tube to apply across 
Said Second grid and cathode the alternating 
electromotive force induced in said second in 
ductor each on period of the coded current, a 
plate circuit for said tube and including a Wind 
ing and a current Source, means connected to a 
Selected one of said grids and the cathode to pro 
vide a predetermined negative bias voltage for 
the tube to normally cause zero plate current 
and to permit plate current to flow only when 
Said electromotive forces are applied to the re 
Spective grids simultaneously and in phase with 
each other, said inductors poled to apply the 
respective electromotive forces to the respective 
grids in phase with each other to cause plate 
Current to flow due to current supplied by said 
preSelected source, and a code following relay 
coupled to Said plate circuit winding to operate 
the relay in response to the plate current thus 
caused to flow. 

6. In railway traffic controlling apparatus for 
use with a track Section whose track rails are 
Supplied with coded current from a preselected 
Source of alternating current, the combination 
comprising, two inductors mounted one for in 
ductive relation to one of the track rails of 
the Section and the other for inductive relation 
to the other track rail; a first electron tube hav 
ing a plate, a cathode, a control grid and a screen 
grid; a first receiving channel to couple a se 
lected one of Said inductors to the control grid 
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and cathode of said tube to apply across the 
control grid and cathode the alternating electro 
notive force induced in Said first inductor each 
on period of Such coded current, a second elec 
tron tube, a transformer provided with a pri 
mary winding included in the plate circuit of said 
second tube and a secondary winding connected 
directly across Said Screen grid and cathode of 
said first tube, a second receiving channel in 
cluding said Second electron tube and said trans 
former to couple the other inductor to the screen 
grid and cathode of said first tube to apply 
across the Screen grid and cathode of the first 
tube the alternating electromotive force induced 
in said other inductor by each on period of the 
coded current when amplified by said second 
tube, a plate circuit for said first tube including 
a winding and a current source, and a code foll 
lowing relay coupled to said plate circuit winding 
to operate said relay in response to the varia 
tions in the plate current of said first tube ef 
fected only when the electromotive forces ap 
plied to the control grid and screen grid of the 
first tube are in phase with each other. 

7. In combination, a track section, means to 
Supply alternating current from a preselected 
Source across the rails at the exit end of the Sec 
tion to cause such current to flow in the rails 
in series, a train to travel the Section; a train 
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7 
channel on the train including a winding cou 
pled to one of the rails only of the section and 
Connected across the first grid and cathode of 
said tube to impress between the first grid and 
cathode an alternating electromotive force in 
response to said alternating current flowing in 
said one rail, a second receiving channel on the 
train including a winding coupled to the other 
rail only of the Section and a transformer pro 
vided with a secondary winding connected di 
rectly across the Second grid and cathode of Said 
tube and Said Second channel effective to impress 
etween the second grid and cathode an alter 

nating electromotive force in response to said 
alternating current flowing in said other rail, 
a plate circuit including a current Source con 
nected across the plate and cathode of said tube, 
means including a Source of direct voltage con 
nected across the first grid and cathode of the 
tube to create a predetermined negative grid bias 
voltage for the tube, said receiving channels poled 
to impress said electromotive forces in phase on 
the respective grids to overcome said negative 
bias Woltage each positive half cycle of said 
electromotive forces to cause plate current to flow 
only in response to current supplied by said pre 
Selected Source, and a train carried train control 
means governed by said plate circuit and effec 
tively energized in response to the current thus 

carried electron tube having a plate, a cathode 30 caused to flow in the plate circuit. 
and a first and a second grid; a first receiving WILLARD P, PLACE, 


