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My invention relates to railway traffic con 
trolling apparatus, and more particularly to train 
controlling apparatus responsive to coded energy. 
Railway traffic controlling apparatus respon 

sive to coded energy is in general use. Also train 
carried train controlling apparatus responsive to 
coded alternating track circuit current is used. 
Such a track circuit customarily includes the 
track rails of a track section and the Source of 
alternating current is connected across the rails 
at the exit end of the section and the supply of 
current is coded by being periodically interrupted 
at a preselected code rate. Hence such track 
circuit current has alternate on and off periods, 
current flowing during each on period and no 
current flowing during each off period. The 
durations of the on and off periods of a given 
Code rate are ordinarily of equal intervals and 
are of durations determined by the code rate. 
The alternating current is of any convenient fre 
quency, such as, for example, 100 cycles per sec 
Ond and is usually coded at any one of Several 
different code rates according to different traffic 
conditions in advance of the track section. When 
a train occupies such a track section the track 
circuit current flows down one rail, through the 
train wheels and axle (train shunt) to the other 
rail and thence back the other rail. When the 
train is close to the entrance end of the Section 
the magnitude of the current flow may be rela 
tively low because the rails for the full length of 
the section are in circuit and the circuit im 
pedance is relatively high. Such rail impedance 
is shunted out as the train moves toward the exit 
end of the section with the result that the magni 
tude of the current may progressively increase to 
a relatively high value as the train moves to the 
exit end of the Section. s 
A train carried receiving circuit is mounted on 

the train ahead of the leading Wheels in induc 
tive relation to the track rails to inductively re 
ceive an electromotive force during each. On 
period of the rail current. Such electromotive 
force has the same frequency as that of the alter 
nating current, has on and off periods corres 
ponding to those of the code rate of the track 
circuit current and is of a magnitude propor 
tional to the magnitude of the track circuit cur 
rent. That is, the magnitude of such electromo 
tive force picked up by the train carried re 
ceiving circuit from the track rails may be rela 
tively low when the train is near the entrance 
end of the section and may increase to a relative 
ly high value when the train moves to the exit 
end of the section. The supply of alternating 
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current to the track circuit is such that the elec 
tromotive force picked up by the train carried 
receiving circuit when the train is at the en 
trance end of the section is sufficient to operate 
the associated apparatus and hence when the 
train is at the exit end of the section the electro 
motive force picked up by the train carried re 
ceiving circuit may be several times greater than 
that necessary to operate the associated appa 
ratuS. 
The electromotive force picked up from the 

track rails is amplified by means of electron tube 
amplifiers and is used to operate a code following 
relay, Such relay being operated at a rate corre 
Sponding to the code rate of the rail current. A 
Code following relay that is alternately picked 
up and released in step with a code rate is most 
Satisfactorily operated when its energization is 
Only Sufficient to assure proper operation of the 
relay. If the energization of the relay during any 
One on period of the code greatly exceeds that of 
the predetermined value at which the relay is 
adjusted, the relay is over energized and its re 
lease at the beginning of the next off period is 
delayed due to the longer interval required for 
the magnetization of the relay to fall away to the 
release Value With the result that code distortion 
is produced in the circuit governed by such code following relay. 
The code following relay in turn selectively 

governs train carried cab signal and brake con 
trol equipment through the medium of a decod 
ing means. Since several different code rates are 
used to reflect Several different traffic conditions 
the decoding means is provided with a distinctive 
condition for each of the different code rates 
and the train carried cab signals and brake con 
trol equipment are governed to a distinctive con 
dition according to the condition established for 
the decoding means. The decoding means 
usually includes different tuned circuits, each cir 
cuit being tuned for response to current of a fre 
Cuency corresponding to a respective code rate. 
Most satisfactory operation is obtained for such 
decoding means when the frequency of the cur 
rent Supplied thereto is free from code distortion. 
In other Words, the code following relay when 
Operated in Step with the code rate of the track 
rail current effects the most satisfactory and re 
liable control of the decoding means and in turn 
of the cab signal and brake control equipment. 
A 32 volt battery or direct current generator 

is commonly provided on railway trains as the 
Source of supply for the train lighting circuit, 
locomotive headlight circuit and similar equip 
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ment. Electron tubes of the type heretofore 
used for train controlling apparatus of the class 
here involved require a plate Voltage of the order 
of 300 volts and consequently a motor generator 
or dynamotor is required to convert the 32 volts 
of the standard train carried Source to 300 volts 
required by the electron tubes. As an alternative 
arrangement a separate and independent gen 
erator may be provided for Supplying the re 
quired voltage for the electron tubes. Such 
electron tubes also require a relatively low volt 
age source for the heater or filament circuit, and 
hence two different voltages are required. How 
ever, low voltage electron tubes of the capacity 
and character required by such train controlling 
apparatus are now available. - 
In view of the foregoing conditions, a feature 

of my invention is the provision of a novel and 
improved low voltage electron tube amplifier for 
railway traffic controlling apparatus. 
Another feature of my invention is the pro 

vision of a novel and improved electron tube 
amplifier operable by a single 32 volt source of 
direct current. Again a feature of my invention is the pro 
vision of novel and improved means to minimize 
code distortion arising from over energization 
of a code following relay due to higher than 
normal values of coded current flowing in a track 
circuit. 
Another feature of my invention is the pro 

vision of novel and improved means for varying 
the operating characteristics of a code follow 
ing relay according to the energy level of the 
output of the associated electron tube amplifier. 
To attain the above mentioned features, as well 

as other advantages of my invention which will 
become apparent as the specification progreSSes, 
I provide a low voltage type of electron tube with 
heater and plate circuits which give effective 
operation of the tube when each of Such cir 
cuits is connected to a 32 volt battery or direct 
current generator. A fixed and a variable grid 
biasing means are provided for the tube. The 
fixed grid bias voltage is derived from a resistor 
in the heater circuit and is of constant value 
while the variable grid bias voltage is derived 
from a biasing unit across which a voltage is 
developed that is proportional to the magnitude 
of the energy picked up above a normal value. 
The fixed grid bias voltage is made Such as to 
cause the tube to function as a class 'A' an 
plifier when coded current of a normal value 
such as that which flows in a track circuit When 
a train is at the entrance end of the track Sec 
tion is supplied. A circuit comprising a con 
denser and a resistor in multiple is used as the 
variable biasing unit. This biasing unit has a 
time constant of a period somewhat greater than 
the off period of the lowest code rate used and 
the unit is included in the grid circuit of the elec 
tron tube to develop and maintain a voltage 
across the terminals of the unit. When coded cur 
rent greater than the normal value is present 
in the track rails. This biasing unit is different 
from the grid leak condenser combination con 
monly used with electron tube amplifiers. In the 
case of the customary grid leak condenser com 
bination the voltage is retained for Substantially 
only one cycle of the alternating current trans 
mitted and hence is effective to control the tube 
only during the on period of coded alternating 
current. The biasing unit here provided main 
tains the voltage developed across its terminals 
at a substantially uniform value and exerts a 
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2,250,191 
continuous control on the tube as long as the 
coded current persists. Since the Voltage de 
veloped across the biasing unit during an on 
period of the coded current is retained With little 
loss during the next off period due to the time 
constant of the unit, the voltage developed across 
the unit is added to the fixed bias voltage and 
the resultant biaS voltage causes the tube to 
function as a class 'C' annplifier for coded cur 
rent of the higher magnitude. In other words, 
When a train is at the entrance end of a track 
section and coded current of normal value flows 
in the rails only the fixed bias voltage is present 
and the tube is caused to function as a class 'A' 
amplifier, and produces a desired response of 
the plate circuit current. When the train is at 
the exit end of the Section and coded current of 
a higher magnitude flows in the track rails then 
the fixed bias voltage is increased by an addi 
tional bias Voltage developed acroSs the Variable 
biasing unit and the tube is caused to function 
as a class. “C” amplifier and the response of the 
plate circuit current is substantially the same 
as before. Another resistor is preferably inter 
posed in the grid circuit in series with the pre 
viously mentioned biasing means. When the 
track circuit current is large the electromotive 
force picked up is of such magnitude that the 
higher values of its positive half cycles are 
greater than the fixed negative grid bias Voltage 
and drive the grid positive in potential with 
respect to the cathode of the tube and grid cur 
rent flows. This flow of grid current develops 
the additional bias Voltage a CrOSS the terminals 
of the biasing unit. The track circuit current 
may at times reach abnormally high values and 
the voltage developed acroSS the biasing unit 
may be great enough to prevent operation of 
the tube due to the tube becoming biased be 
yond cutoff. The voltage drop across such other 
resistor due to the grid current serves to reduce 
the voltage developed across the biasing unit 
and thus functions to aid in retaining uniform 
response of the plate circuit current. 
A code following relay is inductively coupled to 

the plate circuit and is energized by energy trans 
ferred thereto due to the variations of the plate 
circuit current caused by the variations of the 
grid voltage during an on period of the rail cur 
rent. That is, the code following relay is Sup 
plied. With a current impulse and picked up dur 
ing each on period of the code and then is de 
energized and released during each off period of 
the code. The code following relay is provided 
With a Substantially uniform energization irre 
Spective of the magnitude of the track circuit 
current, Within limits of course, due to the bias 
ing means provided for the electron tube. With 
uniform energization of the code following re 
lay, code. distortion is avoided, whereas, if the 
energization of the relay varied in magnitude 
in proportion to the magnitude of the coded rail 
current, the release of the relay at the start of 
each off code period, would be delayed at the 
higher level of energization with the result that 
the off period of the relay would be shortened 
and the on period made correspondingly long 
and code distortion would result when the rail 
current is of a high value. 

In one form of my invention the operating 
characteristics of the code following relay are 
automatically altered by means of a second Wind 
ing of the relay interposed in the plate circuit. 
Control of decoding means of the standard 

type may be improved by the use of a code fol 
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lowing repeater relay, as disclosed in One form 
of my invention. When a repeater relay is pro 
Wided the master code following relay is re 
quired to control at its contact Only current Suf 
ficient for operation of the repeater relay where 
as the repeater relay, which would be energized 
by the local Supply of current, is used to control 
the current required to operate the standard 
decoding means. In place of using a repeater 
relay, a second stage low voltage amplifier may 
be used as is disclosed in one form of the inven 
tion. Such repeater relay or the additional 
stage of amplification may not be needed. 
I shall describe Several forms of apparatus 

embodying my invention and shall then point 
out the novel features thereof in claims. 

In the accompanying drawings Fig. 1 is a dia 
grammatic view showing one form of apparatus 
embodying my invention. When used With train 
carried train controlling apparatus and wherein 
a code following repeater relay is provided. Fig. 
2 is a diagrammatic view showing another form 
of apparatus embodying my invention when used 
With train carried train controlling apparatus 
and wherein a second stage tube is provided. 
Figs. 3, 4 and 5 are diagrammatic views show 
ing other forms of apparatus each of which 
also embodies my invention. When used with train 
carried train controlling apparatus. Figs. 6 to 
11, inclusive, are diagrams illustrating operating 
characteristics of the apparatus of Figs. 1 to 5, 
inclusive. 

In each of the Several views like reference 
characters designate similar parts. 

Referring first to Fig. 6, the reference charac 
ters d and b designate the track rails of a 
stretch of railway over which traffic normally 
moves in the direction indicated by an arrow. 
The rails a and b are formed of the usual 
insulated rail joints with a track section W-X 
Which may be one section of a series of consecu 
tive sections of a signal System. The track Sec 
tion W-X is provided with a track circuit in 
cluding a Source of current connected acroSS 
the rails at the exit end of the Section and a 
track relay Connected acroSS the rails at the 
entrance end of the section. The immediate 
source of current for the track circuit of section 
W-X is a track transformer TF Whose second 
ary Winding 3 is connected across the rails at the 
exit end of the section. The primary winding 
4 of transformer TF is connected with a con 
venient source of alternating current, such as a 
generator not shown, but whose terminals are 
indicated at BX and CX. The current Sup 
plied to primary Winding 4 is coded or periodi 
cally interrupted by a coder CT at a rate selected 
according to the position of a traffic controlled 
contact member 5. Coder CT is of the Well 
known type and is provided with three code con 
tact members 80, 20 and 75 which are op 
erated at the code rate of 180, 120 and 75 times 
per minute, respectively. When contact mem 
ber 5 engages a contact 6 due to a first or clear 
traffic condition in advance, the connection of 
primary Winding 4 to the current source includes 
code contact member 88 of coder CT and the 
current is coded or interrupted at the rate of 
180 times per minute. When contact member 
5 engages a contact member due to a Second 
or approach-medium traffic condition in advance, 
the connection to primary winding 4 is completed 
at contact member 20 of coder CT and the cur 
rent is coded or interrupted at the rate of 120 
times per minute. 
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3 
set to engage a contact 8 due to a third or ap 
proach traffic condition, the code contact mem 
ber 75 of coder CT is interposed in the connec 
tion of primary Winding 4 and the current is 
coded or interrupted at the rate of 75 times per 
minute. The apparatus for selectively govern 
ing the position of contact member 5 according 
to different traffic conditions in advance may be 
of any one of the Well-known forms and is not 
shown since its Specific structure forms no part 
of my invention. It is to be understood of course 
that my invention is not limited to these specific 
code rates, but such code rates are used for ill 
lustration since they are in general use. 
A track relay TR is connected across the rails 

at the entrance end of Section W-X and is 
operated when the section is unoccupied at a 
rate corresponding to the code rate of the Cur 
rent supplied to the rails of the exit end of the 
section. Track relay TR, is used to control the 
supply of coded current to the section next in 
the rear but such apparatus as explained here 
inbefore forms no part of my invention and fur 
ther reference to relay TR, and the apparatus 
controlled thereby is not necessary. 
When a train, shown conventionally at WT in 

Fig. 6, occupies Section W-X current flows down 
One rail through the wheels and axles of the 
train and back the other rail. When train WT is 
at the entrance end of the section, the rails a 
and b for the full length of the section are in 
circuit and the circuit impedance is relatively 
large, but with the train near the exit end of 
the Section the rail impedance is shunted out and 
the circuit impedance is correspondingly reduced. 
Hence the magnitude of the current flowing in 
the track rails progressively increases as the 
train moves from the entrance end of the sec 
tion to the exit end of the section. In Fig. 7 
this progressive increase in the rail current is ill 
lustrated by the curve C. 
A pair of inductors 2d. and 2b are mounted on 

the train VT ahead of the leading wheels and 
in inductive relation to the track rails a, and b, 
respectively. Inductors 2d and 2b are connected 
together in a train carried receiving circuit in 
Such a manner that the electromotive forces in 
duced therein by current flowing in the rails in 
Opposite directions at any given instant are ad 
ditive. This train carried receiving circuit also 
includes a condenser 9 and a primary winding 
f0 of a transformer . A condenser 23 is con 
nected across the secondary winding 2 of trans 
former and the receiving circuit together With 
the transformer form a filter which is tuned 
to resonance at the frequency of the alternating 
current used in the track circuit. That is to say 
this filter is tuned to resonance a 100 cycles per 
Second when 100 cycle alternating current is 
used. It follows that an electronotive force is 
induced in the Secondary winding 2 of trans 
former which is of the same frequency and 
code rate as the track rail current, and the mag 
nitude of which is proportional to the magnitude 
of the track rail current. The electromotive force 
thus developed across secondary winding 2 is 
used to control train carried train controlling 
apparatus as will shortly appear. 
Referring to Fig. 1, a train carried electron 

tube Ti is provided. Electron tube iT may be 
any one of several types and may be a tetrode 
having an anode or plate 3, a cathode 4, a con 
trol grid 5, another grid 6 and a filament 7. 
The reference character TB designates a train 

When contact member 5 is 75 carried source of current such as a 32 volt bat 



4. 
tery. This current source TB may be the stand 
ard train carried battery or generator which Sup 
plies current to the usual train lighting circuit, 
headlight circuit and similar equipment. 
A heater circuit is provided for tube TT, the 

circuit extending from positive terminal B32 of 
the current source TB over a first resistor 8, 
filament of tube TT and a current limiting 
resistor 9 to negative terminal C of battery TB. 
This heater circuit is arranged so as to create the 
desired heating of filament it and to develop a 
predetermined voltage drop across current lim 
iting resistor 9. It is... clear that a single re 
sistor such as the current limiting resistor 9 only 
may be needed for this heater circuit. Cathode 
4 is connected to the negative end of filament fil 
and hence the current limiting resistor 9 is dis 
posed in the lead from cathode 4. to the negative 
terminal C of the current source. The grid. 6 is 
preferably connected to the positive terminal of 
filament 7 and functions...in the usual manner 
for tubes of this type. The plate circuit for tube 
TT extends from positive terminal B32 of the 
current source over primary winding 20 of a 
transformer TP, plate 3, intervening tube space 
to Cathode 4, resistor 3 and to the negative ter 
minal C of the current source. A control or 
grid circuit for tube TT is coupled to the receiv 
ing circuit and can be traced from control grid 
5 over a resistor 22, a biasing unit BU, winding 
2 of transformer and condenser 23 in nul 

tiple, current limiting resistor 9 and cathode 4 
of tube TT. The biasing unit BU consists of a 
condenser 24 and a resistor 25 in multiple. 
The voltage drop across resistor 9 provides a 

fixed negative grid bias voltage for tube T". The 
circuit comprising condenser 24 and resistor 25 
of biasing unit BU has a time constant to effect 
a substantially constant direct voltage across its 
terminals. When such direct voltage is developed 
by current flowing in the grid circuit of the tube 
due to the coded electromotive force induced 
in winding 2. That is, the time constant of this 
circuit formed by condenser 24 and resistor 25 
is such that the voltage developed across the 
unit BU due to a grid current flowing during an 
on code period is but little decreased during ai), 
off period for the code rates here contemplated, 
but an absence of coded current causes the unit 
BU to be shortly discharged. It is clear there.- : 
fore that When a Voltage is developed across. the 
unit BU it is added to the voltage derived from 
resistor 9 to form a resultant negative grid bias 
voltage for tube TT. The manner by which these 
biasing devices as Well as the resistor 22 of the 
grid circuit function to control the operation of 
the tube will be described when the operation of 
the apparatus of Fig. 1 is pointed out. 
A first or master code following relay IVR is 

Coupled to the plate circuit, Winding 26 of relay 
MR, being connected across secondary Winding 2. 
of transformer TP, thirough a full wave rectifier 
23. Consequently electromotive forces induced 
in secondary Winding 2 of transformer TP due 
to Variations of the plate circuit current of tube 
TT are rectified and supplied to Winding 26 of 
relay MR, as unidirectional current for energiza 
tion of that relay. 
A code following repeater relay MRP is con 

trolled by the master code following relay MR, 
through a transformer T2. When relay liR is 
picked up closing its front contact 23, direct cur 
rent flows from positive terminal B32 of the cur 
rent source over front contact 29, at least a por 
tion of winding 33 of transformer T2 and to neg 
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2,250,19i 
ative terminal C of the cirrent source. Wind 
ing 3 of repeater relay MRP is connected across 
a Secondary Winding 32 of transformer T2. 
Hence when relay MR is operated to periodically 
interrupt the current supplied to winding 30 of 
transformer T2, electromotive forces are induced 
in Winding 32 and applied to the repeater relay 
MRP. Relay MRP is a polar relay and the con 
nections are so arranged that when front contact 
29 of relay MR is closed and current builds up in 
Winding 30 of transformer T2 an electromotive 
force of One polarity is induced in winding 32 and 
relay MRP is energized as required to operate its 
polar contact member 33 to: a left-hand or nor 
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paratus. 

mal position to engage a normal contact 34, and 
When master relay MR releases to open front 
contact 29 and the current flowing in winding 30 
dies away an electromotive force of opposite po 
larity is induced in winding 32 and relay MRP 
is energized as required to operate its contact 
member 33 to a right-hand or reverse position 
to engage a reverse contact 35. A condenser 36 
is Connected in shunt with front contact 29 to 
Suppress Sparking at the contact, and a con 
denser 37 is connected across winding 39 of 
transformer T2 to improve the operation. Con 
Sequently Operation of master code following re 
lay MR at a particular code rate causes opera 
tion of the repeater relay MRP at a correspond 
ing code rate. 

Repeater relay MRP controls the supply of cur 
rent to a decoding means DM, the arrangement 
being Such that when contact member 33 is made 
to alternately engage normal contact 34 and re 
verse contact 35, direct curent is alternately sup 
plied to two portions of primary winding 78 of a 
decoding transformer DT and an electromotive 
force is induced in secondary winding 79 of that 
transformer having a frequency corresponding to 
the rate at Which repeater relay MRP is operated. 
Secondary Winding 79 of transformer DT is con 
nected to the input side of decoding means DM. 
The decoding means DM may take any one 

of Several Weil-known forms and preferably 
Would be of the standard type which includes 
tuned circuits similar to those described and 
claimed in Letters Patent of the United States 
No. 1,773,515, granted August 19, 1930, to C. C. 
Buchanan, for Railway traffic controlling ap 

It is sufficient for this application to 
point out that when the current applied to the 
input Side of the decoding means DM is of a fre 
quency Corresponding to the 180 code rate, con 
trol relays A and L, connected to the output side 
of the decoding means are effectively energized 
and picked up. When the current applied to 
the input Side of the decoding means is of a fre 
quency corresponding to the 120 code rate, then 
relays R and I connected to the output side of 
the decoding means are effectively energized and 
picked up and relay A is released. When the 
Current applied to the input side of the decoding 
means is of a frequency corresponding to the 75 
Code rate relay I is effectively energized and 
picked up and relays: A and R are released. Also 
When relay MRP is inactive then all three of the 
relaySA, R, and I are released. 
The control relaySA, R. and L are used to con 

trol the Operating circuits of a train controlling 
means which as here shown is a cab, signal CS, 
Signal CS being a four-indication color light sig 
inal. The Operating circuits are preferably simi 
lar to those commonly employed and it is suf 
ficient to point out that when relay A is picked 
up to close front contact 38, a circuit is formed 
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for lamp 39 of signal CS and that lamp is illumi 
nated to display a first or clear signal indication. 
When relay A is released closing back contact 40 
and relay R is picked up closing front contact 4, 
a circuit is formed for lamp 42 of signal CS and 
that lamp is illuminated to display a Second Or 
approach medium Signal indication. When re 
lays A and R are released, closing back contacts 
40 and 43, respectively, and relay L is picked up 
closing front contact 44, a circuit is formed for 
lamp 45 of signal CS and that lamp is illuni 
nated to display a third or approach signal indi 
cation. Also when relays A, R and L are re 
leased closing the respective back contacts 40, 43 
and 46, a circuit is formed for lamp 47 of signal 
CS and that lamp is illuminated to display a 
fourth or SIOW Signal indication. 
In describing the operation of the apparatus of 

Fig. 1, I shall assume that the apparatus is 
mounted on train VT of Fig. 6 and the train 
moves through section W-X under clear traffic 
conditions and contact member 5 is set to engage 
contact, 6 So that current of the 180 code rate is 
applied to the track rails. When the train WT is 
at the entrance end of the section, the magnitude 
of the rail current is of normal value. That is, 
the rail current has a value just sufficient to as 
sure effective operation of the apparatus With 
proper working limits when the train is at the 
entrance end of the section. As the train moves, 
through the section the rail current increases 
in a manner illustrated by the curve C of Fig. 7. 
As set forth hereinbefore, the heater circuit of 

tube TT is such that the voltage drop across cur 
rent limiting resistor 9 provides a fixed negative 
grid bias voltage for the tube. This fixed grid bias 
voltage is represented by the line FW of Fig. 8 
and is such as to cause a steady plate current of 
the value indicated at point PA on the plate cur 
rent grid voltage characteristic curve PC of Fig. 
8. It is to be seen, therefore, that tube TT is 
normalily conditioned to function as a class 'A' 
amplifier. When the train WT is at the entrance 
end of the Section and the rail current is of nor 
mal value, the magnitude of the electromotive 
force induced in the train carried receiving cir 
cuit and in turn applied to the grid circuit of tube 
TT is of a corresponding normal value. As ill 
lustrated in Fig. 8, this alternating electromotive 
force thus applied to the grid circuit of tube TT 
is less than the fixed negative grid bias Voltage 
derived from resistor 9 and grid 5 is not driven 
positive in potential with respect to the cathode 
f4 and no grid current flows. Consequently, bi 
asing unit BU and resistor 22 do not function 
and the plate current is varied in step With the 
alternating grid voltage. This variation of the 
plate current is also illustrated in Fig. 8. Such 
variations of the plate circuit current induce 
corresponding electromotive forces in Secondary 
Winding 27 of transformer TP and unidirectional 
current is supplied through rectifier 28 to master 
code following relay MR to operate that relay. 
As illustrated in Fig. 10 the energization effected 
for relay MR by the rectified current supplied 
thereto in response to a normal value of rail cur 
rent produces an energization for that relay 
which causes the relay to be picked up and re 
leased substantially in step With the on and off 
periods of the rail current. Thus code following 
repeater relay MRP is operated in step with relay 
MR in the manner described hereinbefore, caus 
ing current of a frequency corresponding to the 
i80 code rate to be supplied to the decoding 
means DM so that control relay A is picked up 
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completing the operating circuit for lamp 39 of 
signal CS, and causing the display of a clear sig 
nal indication. Since the energization of relay 
MR is just sufficient to provide the desired oper 
ation of the relay and the relay is operated sub 
stantially in step with the on and off periods 
of the coded rail current code distortion is Sub 
stantially avoided and satisfactory operation of 
the decoding means is effected. 
As explained hereinbefore, the rail current may 

increase in magnitude due to the shunting out of 
the rail impedance as the train moves toward 
the exit end of the section so that the magnitude 
of the current when the train reaches the exit 
end of the section may be several times that flow 
ing in the rails. When the train first enters the 
Section. Such increase of rail current causes a 
corresponding increase in the magnitude of the 
electromotive force picked up by the receiving 
circuit and applied to the grid circuit of tube TT. 
When the rail current increases to a value where 
the electromotive force applied to tube ex 
ceeds the fixed negative grid gias voltage derived 
from resistor 9 and the grid is driven positive 
in potential with respect to the cathode 4 during 
the higher values of the positive half cycle of 
such electromotive force, grid current flows and 
a Voltage is developed across the biasing unit 
BU. This voltage developed across biasing unit 
BU is retained with little loss during the off code 
period due to the time constant of the circuit 
formed by condenser 24 and resistor 25. When 
the train reaches the exit end of the section and 
the rail current is of its highest value, the elec 
tromotive force picked up by the receiving cir 
cuit is of its highest value and the voltage de 
veloped across biasing unit BU is correspondingly 
high. This condition of the apparatus when the 
train reaches the exit end of the section is illus 
trated in Fig. 9 in which the additional bias volt 
age applied by unit BU is indicated. The result 
ant grid bias voltage derived from resistor f9 and 
unit BU is indicated by line RT and conditions 
the tube for operation as a class 'C' amplifier 
and plate current flows only during the positive 
half cycle of the electromotive force picked up 
by the receiving circuit. Again, the variations 
of plate current caused by the variations of the 
grid voltage under this condition of maximum 
rail current, induce electromotive forces in the 
Secondary Winding 27 of transformer TF which 
are in turn rectified and used to energize the 
master code following relay MR. Due to this 
change in the grid bias voltage the variations 
effected in the plate circuit current cause the 
current impulse supplied to master code follow 
ing relay MR, to be substantially the same as 
that effected under normal value of rail current 
With the result that energization of the master 
code following relay MR is not greatly increased 
due to the increase in the rail current with the 
result that the relay MR is still operated sub 
stantially in step with the on and off periods 
of the track circuit current and the code following 
repeater relay is operated with little or no code 
distortion. This is illustrated in Fig. 11. 

It is to be observed that as long as the voltage 
of grid 5 remains negative and no grid current 
flows, the resistor 22 interposed in the grid cir 
cuit exerts no effect upon the operation of the 
tube. When the Voltage of grid 5 is caused to 
Swing positive for a portion of each positive half 
cycle of the electromotive force picked up by the 
receiving circuit, grid current flows and such 
flow of Current through resistor 22 causes a volt 
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age drop with the result that the positive grid 
voltage is reduced. When the rail. Current is 
of an abnormally high value and a relatively 
large grid current flows, the drop in resistor 22 
is correspondingly large With the result that 
resistor 22-serves to limit the voltage developed 
across unit BU and aids in effecting a Substan 
tially uniform variation of the plate circuit cur 
rent. It is clear resistor 22 may not be needed. 

It is to be seen, therefore, that I have provided 
a single low voltage electron tube amplifier which 
is effectively operated from a single 32 volt source 
of supply, and which operates to cause a substan 
tially uniform variation of the plate circuit cur 
rent over a relatively large range of track cir 
cuit current so that the code following relay con 
trolled by such plate circuit is operated without 
code distortion. 
The operation of the apparatus of Fig. 1 when 

the rail current is of either the 120 or 75 code 
rate, is substantially the same as that described 
for the 180 code rate, except relays MR, and MRP 
are operated at the corresponding code rate to 
select relays R or L, as the case may be, and 
establish a corresponding signal indication. 

Referring to Fig. 2, the train carried apparatus 
includes a receiving circuit and an electron tube 
TT, the same as in Fig. 1, and a description 
thereof need not be repeated. In Fig. 2, second 
ary winding 27 of transformer TP is included in 
the grid circuit of a second tube TT. Tube TT 
is preferably similar to tube TT and is provided 
with a heater circuit that receives power from 
battery TB and includes a current limiting re 
sistor 48 interposed in the lead between cathode : 
49 of tube TT and the negative terminal of bat 
tery T.B. The plate circuit of tube TTE includes 
terminal B32 of the current source, primary 
winding 5 of transformer TPA, plate 5 and tube 
space to cathode 49 of tube TT, and resistor 43 
to the negative terminal C. The current limit 
ing resistor 48 causes a negative bias voltage to 
be applied to control grid 52 of a value Such that 
tube TTE is characterized as a detector-class 
“C' amplifier. A condenser 53 is connected 
across primary winding 50 to by-pass the alter 
nating current component of the plate circuit 
current. Secondary winding 54 of transformer 
TP is connected to winding 55 of a polar code 
following relay MRf. It follows that when the 
average value of the plate current flowing in pri 
mary winding 50 of the transformer TP during 
each on code period is increased an electrono 
tive force is induced in secondary winding 54 of 
one polarity and relay MR is operated as re- i. 
guired to move its polar contact member 56 to a 
left-hand position to engage a normal polar con 
tact 5, and when the average value of the plate 
current decreases during each off code period 
an electromotive force of the opposite polarity is 
induced in secondary winding 54 and relay MRf 
is energized as required to operate its contact 
member 56 to the right-hand position to engage 
reverse polar contact 58. Code following relay 
MRf is used to control the decoding means DM 
in the same manner as the code following re 
peater relay MRP of Fig. 1 controls the corre 
sponding decoding means and hence relays A, R. 
and L of Fig.2 are selectively governed according 
to the code rate of the rail current to selectively , 
control the operating circuits of the cab signal 
'CS in the same manner as in Fig. i. 
Tube TT of Fig. 2 and its associated biasing 

devices are substantially the same as in Fig. 1, 

5 

0 

5 

30 

40 

2,250,191 
energy transferred through transformer TP to 
the grid circuit of tube TT is substantially of 
uniform Value for all values of the track circuit 
Current. Since tube TT functions as a detector 
-class 'C' amplifier, it follows that the uni 
form variation of the grid voltage of tube TT 
causes a Substantially uniform transfer of energy 
from the plate circuit of tube TT through trans 
former TP to the code following relay MR, and 
relay MR, f is provided with substantially uni 
form energization irrespective of the magnitude 
of the track circuit current. It is to be seen, 
therefore, that with the apparatus of Fig. 2 
mounted on the train WT of Fig. 6, the operation 
of the apparatus in the control of the decoding 
means and the associated cab signal is substan 
tially the same as that described for the appa 
ratus of Fig. 1. 
In the form of the invention disclosed in Fig. 

3, the variable voltage for biasing the electron 
tube is obtained from the output of the tube. 
Looking at Fig. 3, a receiving circuit is mounted 
On the train the same as in Fig. 1. Tube TT2 
of Fig. 3 is a low voltage tube of the tetrode type 
and is provided with a heater circuit which in 
cludes filament 59 and a current limiting re 
Sistor 60, and which circuit is supplied with cur 
rent from a 32 volt battery TB. The plate cir 
cuit involves terminal B32, primary winding 6 
of a transformer TP2, plate 62 and tube space 
to Cathode 63 of tube TT2, a biasing unit BU 
and resistor 60 to the negative terminal of the 
Current Source. The grid circuit can be traced 
from control grid 64, through condenser 23 and 
Winding 2 of transformer in multiple, resistor 
69, biasing unit BU, and to cathode 63. Code 
following relay MR is connected to a secondary 
Winding 65 of transformer TP2 through rectifier 
28 and is energized in response to the energy 
transferred to winding 65 due to the variations 
of the plate circuit current created during each 
on code period. Another secondary winding 66 
of transformer TP2 is connected across biasing 
unit BU through a full wave rectifier 67. Hence 
the electromotive forces induced in the secondary 
Winding 66 due to variations of plate circuit cur 
rent of tube TT2 are rectified and applied to the 
biasing unit BUf. The rectifier 67 is so poled 
that the polarity of the terminals of the unit BU 
is that indicated by the plus and minus signs in 
Fig. 3. Again, the circuit comprising condenser 
69 and resistor 68 of unit BU has a time con 
stant sufficiently large to bridge the off period of 
the code rates here used. It is to be seen, there 
fore, that the voltage developed across biasing 
unit BU due to the output of the tube TT2 dur 
ing an on code period is maintained during the 
next off code period and is added to the fixed 
grid bias Voltage derived from the current limit 
ing resistor 60. Code following relay MR of 
Fig. 3 governs the current supplied to decoding 
means DM and in turn controls the control re 
lays A, R and E, according to the code rate at 
which relay MR is operated, relays A, R, and I, 
being used to control the operating circuit of 
signal CS the same as in Fig. 1. 
The voltage drop across resistor 60 effects a 

fixed negative grid bias voltage which condi 
tions tube TT2 to function as a class 'A' ampli 
fier. Because of the time constant of unit BU, 
the voltage developed across its terminals during 
an on period of the coded current is retained with 
little or no loss during the following off code 
period, and the voltage thus created across the 

and function in the same manner, and hence the 15 biasing unit BU serves as an additional negative 
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grid bias voltage for the tube. The magnitude of 
this voltage created across unit BU is propor 
tional to the magnitude of the output of the tube, 
Which in turn is governed by the magnitude of 
the rail current. Consequently, the unit BU 
serves to cause a substantially uniform output for 
the tube irrespective of the magnitude of the rail 
current. 

It is to be seen therefore that the apparatus 
of Fig. 3, when mounted on train WT of Fig. 6, 
Will operate in a manner substantially the same 
as the apparatus of Fig. 1. 

In Fig. 4 the apparatus of Fig. 1 is modified by 
a two winding polar code following relay MR2 
replacing the code following relay MR, by omit 
ting resistor 8 and code following repeater relay 
MR, and by a condenser 70 being connected be 
tween cathode 4 of tube TT and the positive ter 
minal of winding 20 of transformer TF. A first or 
operating winding 7 of relay MR2 is connected 
to secondary winding 27 of transformer TP 
through rectifier 28 and is energized by the ener 
gy transferred to Winding 27 due to variations 
of the plate circuit current. A Second Or con 
trol Winding 72 of relay MR2 is interposed in 
the plate circuit, the plate circuit for tube TT 
including positive terminal of battery TB, Wind 
ing 72 of relay MR2, primary winding 20 of trans 
former TP, plate 3 and tube space to cathode f4 
and current limiting resistor 9 to the negative 
terminal of battery TB. The plate circuit cur 
rent flows through Winding 2 in Such a direction 
as to produce a flux that aids the permanent 
magnetic flux of the relay. With normal rail 
Current the average value of the plate circuit 
Current is a maximum and hence the net Op 
posing flux (permanent magnetic flux plus the 
auxiliary winding flux) is a maximum. Con 
versely when the rail circuit current is a maxi 
mum, the average value of the plate circuit cur 
rent is a minimum and the net opposing flux 
of the permanent magnet and auxiliary winding 
is a minimum. This change in the net opposing 
fiux of the relay with change of rail current pro 
duces a high pick-up and release current with 
an increase in rail current, and relatively low 
pick-up and release current with a decrease of 
rail current. Such changes in the operating 
characteristics of the code following relay aid 
in producing less code distortion with varying 
rail current. - 
Relay MR2 of Fig. 4 controls at its contacts 73 

and 4 the current supplied to decoding trans 
former DT and in turn the current supplied to 
decoding means DM and hence controls relays 
A, R, and L, in accordance with the code rate 
at which the relay is operated, relaySA, R and L. 
governing the operating circuits of the signal CS 
the same as in the previous cases. 

It is clear therefore that the apparatus of Fig. 4 
will operate in a manner similar to that of the 
apparatus of Fig. 1 with the auxiliary winding 72 
of relay MR2 aiding in minimizing code distor 
tion and as an aid in control of standard type 
decoding means in response to the energy output 
of a single low voltage amplifier tube. 
In the form of the invention disclosed in Fig. 5, 

the apparatus of Fig. 1 is modified by including 
a second condenser 76 in the grid circuit of tube 
TT, by providing a grid leak resistor TT, and by 
omitting repeater code following relay MRP. 
Condenser 76 serves as a blocking condenser 

through which the alternating current energy 
derived from the track rail flows to the grid cir 
cuit. Resistor 77 is a grid leak which provides the 
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7 
return path for the grid circuit, and such resistor 

is connected to a tap or mid terminal of re 
sistor 25 of biasing unit BU, so that instead of 
the total voltage developed across unit BU being 
added to the voltage derived from the current 
limiting resistor f for providing a negative grid 
bias voltage for the tube, only a portion of the 
total voltage developed across the unit BU is ap 
plied thereto. By adjustment of the connection 
of the resistor 77 to resistor 25, the degree of 
the grid bias control can be varied. 

It is clear that the Operation of the apparatuS 
of Fig. 5 is substantially the Same as that of 
the apparatus of Fig. 1, except as to modification 
in the control of the grid bias voltage as effected 
by condenser 6 and resistor 77. 
Although I have herein shown and described 

only a few forms of apparatus embodying my 
invention, it is understood that various changes 
and modifications may be made therein within 
the scope of the appended claims Without depart 
ing from the spirit and scope of my invention. 
Having thus described my invention, what I 

claim is: 
1. In railway traffic controlling apparatus for 

use with a track section whose track rails are 
supplied at its exit end with alternating current 
coded at a preselected code rate and a receiving 
circuit mounted on a train to receive during each 
on period of Such coded current an electromotive 
force the magnitude of which may progressively 
increase as the train moves from the entrance 
end to the exit end of the section due to the rail 
current increasing in magnitude, the combination 
comprising; an electron tube having a plate, a 
cathode and a control grid; a single train car 
ried source of current, a heater circuit including 
said current source and a current limiting re 
sistor to heat the tube and connected with said 
resistor interposed in the lead between the cath 
ode and the negative terminal of the current 
source to provide a fixed predetermined bias volt 
age across such resistor, a condenser and a 
resistor connected to form a biasing unit with a 
time constant longer than the off period of said 
code rate; a grid circuit including a winding 
coupled to said receiving circuit, said biasing 
unit and said current limiting resistor and con 
nected across said control grid and cathode to 
apply to said tube a control electromotive force 
derived from said track rail current and modified 
by only the bias Voltage of said current limiting 
resistor when the train is at the entrance end 
of the section and the rail current is of relatively 
loW magnitude and modified by both the bias 
voltage of said current limiting resistor and the 
Voltage developed across said biasing unit. When 
the train is at the exit end of the section and 
the rail current is of relatively high magnitude, 
a plate circuit including said current source and 
a Winding and connected to said plate and cath 
ode, and a code following relay controlled by 
Said Winding in response to the variations of the 
plate circuit current as effected by the electro 
motive forces applied to the tube by said grid 
circuit. - 

2. In railway traffic controlling apparatus for 
use with a track section whose track rails are sup 
plied at its exit end with alternating current 
coded at a preselected code rate and a receiv 
ing circuit mounted on a train to receive during 
each on period of such coded current an electro 
motive force the magnitude of which may 
progressively increase as the train moves from 
the entrance end to the exit end of the section 
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due to the rail current increasing in magnitude, 
the combination comprising; an electron tube 
having a plate, a cathode and a control grid; a 
Single train carried source of current, a heater 
circuit including Said current Source and a cur 
rent limiting resistor to heat the tube and con 
nected with said resistor interposed in the lead 
between the cathode and the negative terminal of 
the current source to provide a fixed predeter 
mined bias voltage across such resistor, a con 
denser and a resistor connected to form a bias 
ing unit with a time constant longer than the off 
period of said code rate; a grid circuit including 
a winding coupled to said receiving circuit and 
connected across said control grid and cathode 
to apply to said tube a control electromotive force 
derived from said track rail current, Said cur 
rent limiting resistor interposed in said grid cir 
cuit to provide a fixed negative grid bias Woltage 
effective to condition the tube for operation as a 
class 'A' amplifier When the train is at the en 
trance end of the Section and the rail current is 
of relatively low magnitude, said biasing unit in 
terposed in said grid circuit to provide an addi 
tional negative grid bias voltage effective to con 
dition the tube for operation as a class 'C' ampli 
fier when the train is at the exit end of the sec 
tion and the rail current is of relatively high 
magnitude, a plate circuit including said current 
Source and a Winding and connected across said 
plate and cathode, and a code following relay 
coupled to said Winding and controlled in re 
sponse to the variations of the plate circuit cur 
rent as effected by the electromotive forces ap 
plied to the tube through said grid circuit. 

3. In railway traffic controlling apparatus for 
use with a track section whose track rails are 
supplied at its exit end with alternating current 
coded at a preselected code rate and a receiving 
circuit mounted on a train to receive during each 
on period of such coded current an electromotive 
force the magnitude of which may progres 
sively increase as the train moves from the en 
trance end to the exit end of the Section due to 
the rail current increasing in magnitude, the 
combination comprising; an electron tube hav 
ing a plate, a cathode and a control grid; a single 
train carried source of current, a heater circuit 
including said current source and a current innit 
ing resistor to heat the tube and connected with 
said resistor interposed in the lead between the 
cathode and the negative terminal of the current 
source to provide a fixed predetermined negative 
bias Voltage a CrOSS Such resistor, a condenser and 
a resistor connected to form a biasing unit with a 
time constant longer than the off period of said 
code rate; another resistor, a grid circuit includ 
ing a winding coupled to said receiving circuit, 
said biasing unit, said other resistor and said 
current limiting resistor and connected - across 
said control grid and cathode to apply to said 
tube a control electromotive force derived from 
said track rail current and modified by the bias 
voltage of said current limiting resistor only when 
the train is at the entrance end of a section and 
the rail current is of relatively low magnitude 
and modified by both the bias voltage of said 
current limiting resistor and the Voltage de 
veloped across said biasing unit when limited by 
said other resistor when the train is at the exit 
end of the section and the rail current is of rela 
tively high magnitude, a plate circuit including 
said current Source and a first winding of a trans 
former and connected to said plate and cathode 
of the tube, and a code following relay connected 
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to a second winding of said transformer effec 
tively operated in response to the variations of 
the plate circuit current caused each on code 
period by said electromotive force picked up by 
the receiving circuit. 

4. In railway traffic controlling apparatus for 
uSe With a track Section whose track rails are 
Supplied at its exit end with alternating current 
coded at a preselected code rate and a receiving 
circuit mounted on a train to receive during each 
On period of Such coded current an electromotive 
force the magnitude of which may progressively 
increase as the train moves from the entrance 
end to the exit end of the section due to the rail 
Cul'rent increasing in magnitude, and which train 
carries a 32 volt source of direct current, the 
combination comprising; a low voltage electron 
tube having a plate, a cathode and a control grid; 
a heater circuit for said tube connected across 
said current source and having a current limiting 
resistor interpOSed in the lead between said cath 
Ode and the negative terminal of the current 
Source, a condenser and a resistor connected in 
multiple to form a biasing unit with a time con 
Stant longer than the off period of said code 
rate, a grid circuit including a winding coupled 
to said receiving circuit, said biasing unit and said 
Current limiting resistor and connected across 
Said control grid and cathode to apply to the 
tube a control electromotive force derived from 
Said rail current, said current limiting resistor 
effective to provide a fixed negative grid bias 
Woltage which is slightly greater than the normal 
Value of electronotive force picked up by the 
receiving circuit when the train is at the en 
trance end of the Section and the rail current 
is low due to the rail impedance in circuit, said 
biasing unit effective to provide an additional 
negative grid bias voltage which is proportional 
to the electromotive force picked up by the re 
ceiving circuit above such normal value to main 
tain the grid negative in potential with respect 
to the Cathode when the train is at the exit end 
of the Section and the rail current is high due 
to the rail impedance being shunted out of the 
circuit, a plate circuit including a winding for 
Said tube connected across said current source, 
and a code following relay coupled to said plate 
circuit Winding and operated in response to the 
variation of the plate circuit current caused by 
the electromotive forces applied to the grid of 
the tube. 

5. In railway traffic controlling apparatus for 
use with a track section whose track rails are 
Supplied at its exit end with alternating current 
coded at a preselected code rate and a receiving 
circuit mounted on a train to receive during each 
on period of such coded current an electromo 
tive force the inagnitude of which may progres 
sively increase as the train moves from the en 
trance end to the exit end of the section due to 
the rail current increasing in magnitude, and 
Which train carries a 32 volt source of direct 
current, the combination comprising; a low volt 
age electron tube having a plate, a cathode and 
a control grid; a heater circuit for said tube con 
nected acroSS Said 32 volt current source and 
having a current limiting resistor interposed in 
the lead between the cathode and negative ter 
minal of the current source, a biasing unit in 
cluding a condenser and a resistor in multiple 
and effective to retain during the off period of 
Said code rate a voltage developed across its ter 
minals during an on period of the code rate; 
a grid circuit connected across the control grid 
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and cathode of said tube and including said cur 
rent limiting resistor, said biasing unit and a 
winding coupled to said receiving circuit; said 
current limiting resistor effective to provide a 
predetermined fixed negative grid bias voltage, 
said biasing unit effective to provide an additional 
negative grid bias voltage equal to the voltage 
developed across such unit when the electro 
motive force picked up by the receiving circuit 
is greater than said fixed bias voltage, a plate cir 
cuit for Said tube connected across said 32 volt 
current source, and a code following relay con 
trolled by the variation of the plate circuit cur 
rent due to the electromotive forces applied to 
the grid of the tube. 

6. In railway traffic controlling apparatus for 
use. With a track Section whose track rails are 
Supplied at its exit end with alternating current 
coded at a preselected code rate and a receiving 
circuit mounted on a train to receive during each 
On period of Such coded current an electromo 
tive force the magnitude of which may progres 
Sively, increase as the train moves from the en 
trance end to the exit end of the section due to 
the rail current increasing in magnitude, the 
combination comprising; an electron tube hav 
ing a plate, a cathode and a control grid; a 
train carried source of current, a heater cir 
cuit including said current source and a current 
limiting resistor to heat the tube and connected 
with Said resistor interposed in the lead between 
the cathode and the negative terminal of the 
current Source to provide a fixed predetermined 
bias voltage across such resistor, a condenser and 
a resistor connected to form a biasing unit with 
a time constant longer than the off period of 
Said code rate; another resistor, a grid circuit 
including a winding coupled to said receiving 
circuit, said current limiting resistor, said biasing 
unit and said other resistor and connected to 
said control grid and said cathode, said grid cir 
cuit effective to apply a fixed negative grid bias 
Voltage due to Said current limiting resistor and 
to apply an additional variable negative grid 
bias voltage due to said biasing unit when the 
electromotive force picked up by said receiving 
circuit exceeds Said fixed bias voltage because 
of an increased rail current brought about by the 
train moving toward the exit end of the section 
and which variable voltage is modified by the 
Voltage drop across said other resistor due to 
the grid current flowing therethrough, a plate 
circuit including a current source and a winding 
for said tube, and a code following relay cou 
pled to Said plate circuit winding effectively op 
erated by the variations of the plate circuit cur 
rent caused by the electromotive forces applied 
to the tube by said grid circuit. 

7. In railway traffic controlling apparatus for 
use With a track section, whose track rails are 
Supplied at its exit end with alternating current 
coded at a preselected code rate and a receiving 
circuit mounted on a train to receive during 
each on period of such coded current an elec 
tromotive force the magnitude of which may 
progressively increase as the train moves from 
the entrance end to the exit end of the section 
due to the rail current increasing in magnitude, 
the combination comprising; an electron tube 
having a plate, a cathode and a control grid; a 
single train carried source of current, a heater 
circuit including said current source and a Cur 
rent limiting resistor to heat the tube and con 
nected with said resistor interposed in the lead 
between the cathode and the negative terminal 
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9 
of the current source to provide a fixed predeter 
mined negative grid bias Voltage, a condenser and 
a resistor connected to form a biasing unit with 
a time constant longer than the off period of 
said code rate; a grid circuit including a winding 
coupled to said receiving circuit, said biasing 
unit and said current limiting resistor and con 
nected across Said control grid and cathode to 
apply to said tube a control electromotive force 
derived from said track rail current and modified 
by the bias Voltage of said current limiting 
resistor only when the train is at the entrance 
end of a Section and the rail current is of rela 
tively low magnitude and modified by both the 
bias voltage of said current limiting resistor and 
the Voltage developed across said biasing unit 
when the train is at the exit end of the Section 
and the rail current is of relatively high magni 
tude, a plate circuit including said current 
Source and a first Winding of a transformer and 
connected to the plate and cathode of said tube, 
a master code following relay connected to a 
second winding of said transformer through a 
rectifier to operate said relay in response to the 
electromotive forces induced in Said Second 
transformer winding, a code following repeater 
relay, and circuit means including said current 
source and a front contact of said master code 
following relay to control said repeater relay. 

8. In combination; an electron tube having a 
plate, a cathode and a control grid; a heater cir 
cuit for said tube, a grid circuit connected to said 
control grid and cathode of the tube, means effec 
tive at times to supply to said grid circuit an al 
ternating electromotive force of a preselected 
code rate, a plate circuit including a current 
source and a first winding of a transformer and 
connected to the plate and cathode of said tube, 
a master code following relay connected to a 
second Winding of said transformer through a 
rectifier to pick up the relay in response to each 
on period ... of said coded electromotive force, 
another transformer having a first Winding con 
nected to a current source over a front contact 
of said master code following relay, and a polar 
code following repeater relay connected to a 
Second Winding of said other transformer to 
operate such repeater relay to its normal and 
reverse positions in response to operation of 
Said master code following relay. 
- 9. In railway traffic controlling apparatus for 
use with a track Section whose track rails are 
Supplied at its exit end with alternating current 
coded at a preselected code rate and a receiving 
circuit mounted on a train to receive during 
each on period of such coded current an elec 
tromotive force the magnitude of which may 
progressively increase as the train moves from 
the entrance end to the exit end of the section 
due to the rail current increasing in magnitude, 
the combination comprising; a first and a second 
electron tube each having a plate, a cathode and 
a control grid; a single train carried 32 volt . 
source of current, a heater circuit for each tube 
each of which circuits includes said current 
source and a current limiting resistor inter 
posed in the circuit between the cathode of the 
respective tube and the negative terminal of 
the current source, a condenser and a resistor 
connected to form a biasing unit having a time 
constant longer than the off period of said code 
rate; a first grid circuit including a Winding 
coupled to said receiving circuit and said biasing 
unit and connected across the control grid and 
cathode of said first tube with the current limit 
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ing resistor of the first tube heater circuit inter 
posed therein, a first plate circuit including said 
current source and a first winding of a first 
transformer and connected to the plate and 
cathode of the first tube, a second grid circuit 
including a second winding of said first trans 
former and connected across the control grid 
and cathode of the second tube with the current 
limiting resistor of the second tube heater cir 
cuit interposed therein, a second plate circuit 
including said current source and a first Winding 
of a second transformer connected to the plate 
and cathode of said second tube, and a code 
following relay controlled by a second Winding 
of said second transformer. 10. In railway traffic controlling apparatus for 
use with a track section whose track rails are 
supplied at its exit end with alternating current 
coded at a preselected code rate and a receiving 
circuit mounted on a train to receive during each 
on period of such coded current an electrongtiye 
force the magnitude of which may progressively 
increase as the train moves from the entrance 
end to the exit end of the section due to the rail 
current increasing in magnitude, the combination 
comprising; an electron tube having a plate, a 
cathode and a control grid; a single train carried 
source of current, a heater circuit including said 
current source and a current limiting resistor 
to heat the tube and connected with Said resistor 
interposed in the lead between the cathode and 
the negative terminal of the current Source to 
provide a fixed predetermined negative grid bias 
voltage, a condenser and a resistor connected to 
form a biasing unit with a time constant longer 
than the off period of said code rate; a grid 
circuit including a winding coupled to Said re 
ceiving circuit, said biasing unit and Said current 
limiting resistor and connected across the control 
grid and cathode of said tube to apply to said 
tube a control electromotive force derived from 
said track rail current and modified by the voltage 
drop across said current limiting resistor, a plate 
circuit including a current source and a primary 
winding of a transformer connected across the 
plate and cathode of said tube, means including 
a first secondary winding of said transformer 
and a rectifier connected across said biasing unit 
to develop a direct voltage across the unit to 
modify the control of the track rail current on 
the tube, and a code following relay connected to 
a second secondary winding of said transformer 
to operate said relay in response to the varia 
tions of the plate circuit current effected each on 
period of said coded current. 11. In railway traffic controlling apparatus for 
use with a track section whose track rails are 
supplied at its exit end with alternating current 
coded at a preselected code rate and a receiving 
circuit mounted on a train. to receive during each 
on period of such coded current an electromotive 
force the magnitude of which may progressively 
increase as the train moves from the entrance 
end to the exit end of the section due to the rail 
current increasing in magnitude, the combina 
tion comprising; an electron tube having a plate, 
a cathode and a control grid; a single train 
carried source of current, a heater circuit in 
cluding said current source and a current limit 
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ing resistor to heat the tube and connected with 
said resistor interposed in the lead between the 
cathode and the negative terminal of the cur 
rent source to provide a fixed predetermined 
regative grid bias Voltage, a condenser and a re 
sistor connected to form a biasing unit with a 
time constant longer than the off period of said 
code rate; a grid circuit including a winding 
coupled to said receiving circuit, said biasing unit 
and said current limiting resistor and connected 
across said control grid and cathode to apply 
to said tube a control electromotive force de 
rived from said track rail current and modified 
by the bias voltage of said current limiting re 
sistor only when the train is at the entrance end 
of a section and the rail current is of relatively 
low magnitude and modified by both the bias 
voltage of said current limiting resistor and the 
voltage developed across said biasing unit when 
the train is at the exit end of the section and 
the rail current is of relatively high magnitude, 
a code following relay having a first and a second 
Winding, a plate circuit including said current 
Source, a first Winding of said relay and a first 
Winding of a transformer and connected across 
the plate and cathode of said tube, and means 
including a rectifier to connect the second Wind 
ing of Said relay to a Second winding of said 
transformer to operate the relay in response to 
said coded current. 

12. In railway traffic controlling apparatus for 
use with a track section whose track rails are 
supplied at its exit end with alternating current 
coded at a preselected code rate and a receiving 
circuit mounted. On a train to receive during each 
on period of such coded current an electromotive 
force the magnitude of which may progressively 
increase as the train moves from the entrance 
end to the exit end of the Section due to the rail 
current increasing in magnitude, the combina 
tion comprising; an electron tube having a plate, 
a cathode and a control grid; a single train car 
ried source of current, a heater circuit including 
Said current source and a current limiting re 
sistor to heat the tube and connected with said 
resistor interposed in the lead between the cath 
Ode and the negative terminal of the current 
Source to provide a fixed predetermined negative 
grid bias voltage, a condenser and a resistor con 
nected to form a biasing unit with a time con 
stant longer than the off period of said code rate; 
a. blocking condenser; a grid circuit including a 
winding coupled to said receiving circuit, said 
blocking condenser, said biasing unit and said 
Current limiting resistor and connected across 
the control grid and cathode of said tube; a 
grid leak resistor connected between a selected 
point of the biasing unit resistor and the negative 
terminal of said current source to modify the 
electromotive force applied to said control grid 
by Said grid circuit, a plate circuit including 
Said current source and a first winding of a 
transformer connected across the plate and cath 
Ode of said tube, and a code following relay con 
nected to a second winding of said transformer 
through a rectifier to operate the relay due to the 
variations of the plate circuit current during each 
on period of said coded current. 
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