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24 Claims. 

My invention relates to signal systems, and 
more Specifically to signal systems for railways. 

I shall describe several forms of apparatus em 
bodying my invention, and shall then point out 
the novel features thereof in claims. 
A feature of my invention is the provision in 

signal Systems of the type here involved of novel 
and improved means selectively responsive to 
Code current impulses. Another feature of my 
invention is the provision in signal systems of the 
type here contemplated of novel and improved 
means for prolonging the effects of a current 
impulse so that a relay or other electromag 
netic device, which requires a relatively long 
interval for the building up of proper energiza 
tion, is effectively energized in response to a cur 
rent impulse of relatively short duration. When 
apparatus embodying my invention is used for 
l'ailway signal Systems, another feature of the 
invention is the provision of novel and improved 
means to provide substantially the same average 
energization of a track relay under all weather 
conditions, to increase the shunting sensitivity 
of a track circuit, and to provide when a track 
circuit is occupied by a train current surges of 
relatively high amperage as an aid in energy 
transfer between the track rails and train car 
ried signal apparatus. Other features and ad 
vantages of my invention will appear as the 
specification progresses. . 

In the accompanying drawings, Figs. 1 and 2 
when taken together are diagrammatic views of 
one form of apparatus embodying my invention 
when used with a railway signal system, Fig. 1 
being the trackway portion of the apparatus and 
Fig. 2 being the train carried portion of the ap 
paratus. Fig. 3 is a diagrammatic view of a 
modified form of the train carried apparatus of 
Fig. 2 which also embodies my invention. Figs. 
4 and 5 when taken together are diagrammatic 
views of another form of apparatus embodying 
my invention when applied to a railway signal 
system, Fig. 4 being the trackway portion of the 
apparatus and Fig. 5 being the train carried por 
tion of the apparatus. Fig.6 is a diagrammatic 
view of a modification of the train carried appa 
ratus of Fig. 5 which also embodies the inven 
tion. Figs. 7 and 8 are diagrams illustrating 
operating characteristics of the trackway appa 
ratus of Fig. 1 and Fig. 4. Figs. 9 and 10 are 
diagrams illustrating operating characteristics 
of the train carried apparatus of Fig. 2. Figs. 
li and 12 are diagrams illustrating operating 
characteristics of the train carried apparatus of 
Figs, 5 and 6. 

(C. 246-63) 
Similar parts are identified by like reference 

characters in each of the several ViewS. 
It is to be understood that I do not wish to 

limit my invention to signal systems for railways, 
and this one use will serve as an illustration of 
the many places where the apparatus is useful. 

Referring to Fig. 1, the reference characters 
fa, and b designate the traffic rails of a railway 
over which traffic normally moves in the direction 
indicated by an arrow and which is formed by 
the usual insulated rail joints into consecutive 
track sections for signaling, a single section W-X 
and the adjoining ends of the two sections ad 
jacent thereto only being shown for the sake of 
simplicity. Each track section is provided with 
a track circuit which comprises a Source of coded 
current connected across the track rails at the 
exit end of the section and a receiving and de 
coding relay means connected across the rails 
at the entrance of the section. Looking at sec 
tion W-X, the source of coded current comprises 
a battery 2, a code transmitter C50 and a re 
actance device RX. The connections of battery 
2 are controlled by a control relay XH to be later 
described, the contact fingers 3 and 4 of relay 
XH serving to pole change the connections of 
battery 2 as will be readily understood by an in 
spection of Fig. 1. 
The code transmitter C50 may be any one of 

several well-known types, and as here shown is 
of the relay type, the operating winding of which 
is permanently connected across a source of cur 
rent whose terminals are B and C. Hence the 
code transmitter C50 is continuously energized 
to operate a code contact member 50 at a se 
lected rate which may be, for example, 50 oper 
ations per minute. That is to say, the code 
transmitter C50 divides time into successive oper 
ation cycles of a Selected interval each, the con 
tact member 50 being operated once each cycle 
to break engagement with a Stationary contact 
50a. 
The reactance device RX includes an inductor 

or transformer Winding 5 and a condenser 6. 
The condenser 6 is connected across the winding 
5 and the two in multiple are connected across 
the battery 2 Over code contact member 50 and 
the pole changing contactfingers 3 and 4 of relay 
XH. The winding 5 is provided with taps and a 
selected portion of the winding is connected 
across the track rails Over wires and 8. The 
condenser 6 is preferably of relatively large capac 
ity, and the parts are so proportioned that the 
circuit thus formed by the track rails and the 
reactance device is an oscillatory circuit, the 
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frequency or oscillation period of which is largely 
determined by the condenser 6 and inductor 5 
and is determined to a small degree by the ballast 
resistance. 
When relay XH is energized in a manner to 

appear later, current of one polarity is Supplied 
to the reactance device during the period the 
code contact member 50 engages contact 50d, 
and energy is stored in the magnetic circuit of 
winding 5 and condenser 6 is charged. The parts 
are preferably so designed with respect to the 
time constant of the circuit, and with respect to 
the manner of closing contact 50-500 that en 
ergy in the reactance device RX builds up rather 
slowly and no energy is transferred to the track 
rails during the storing of the energy in the 
reactance device, or at least the magnitude of 
the energy transferred to the rails at this time 
is so Small that it can be neglected. Each time 
code contact member 50 breaks engagement with 
contact 5d., the magnetic energy causes a high 
voltage to be impressed across the terminals of 
condenser 6 and icy transformer action a pro 
portional voltage to be in pressed across the track 
by way of wires 7 and 8. The condenser 6 and 
inductance of winding 5 form an oscillatory cir 
cuit damped by the ballast resistance of the 
track, and a current impulse is transferred to 
the track rails, the current impulse having a 
damped wave by virtue of the oscillatory nature 
of the circuit. Under Wet Weather conditions 
and the ballast resistance is low, the Oscillations 
are highly damped, and as illustrated in Fig. 7 
the current wave consists of substantially One 
half cycle only. Under dry weather conditions, 
the ballast resistance is relatively high and the 
oscillations persist for several cycles before dying 
out.. AS illu Strated in Fig. 8, the amplitude of 
each half cycle is materially larger than the 
amplitude of the half cycle immediately follow 
ing it. The result of such current impulse and 
Wave form therefore is that the average ener 
gization of a relay connected across the rails at 
the entrance of the Section during dry Weather 
Conditions is ab0Ut equal to the average energi 
zation of the relay during wet Weather condi 
tions. It is to be observed from FigS. 7 and 8 
that in any event the first half cycle of the wave 
form is the dominating half cycle. This first 
half cycle is of relatively high peak voltage and 
high shunting sensitivity of the track circuit is 
provided because the high peak voltage of the 
first, half cycle of each current impulse aids in 
breakiing down the film resistance of the track 
rails. Because of the high peak voltage of the 
first half cycle of each current impulse, a cur 
renf, Surge of relatively high amperage is pro 
duced when the track rails are shunted by a 
train. Such high amperage of current, together 
With the short duration of the impulse, results 
in a relatively high energy transfer being effect 
ed inductively between the rails and inductors 
mounted on the train. As illustrated in Figs. 7 
and 8, the duration of the current, impulse is 
only a small portion of the operation cycle inter 
wal of the code transmitter. Taking the cycle 
interval to be, as here assumed for the purpose 
of illustration, 1.2 seconds each or 50 cycles per 
minute, the first half cycle of the wave may be, 
for example, of the Order of .005 second. Con 
Sequently, the energy output required of the bat 
tery 2 can be made relatively small. 
When the control relay XH is released, the 

action is similar except the current impulse sup 
plied to the track circuit is opposite in polarity 

2,197,415 
to that supplied when the relay XH is picked up. 
To aid in understanding the invention, I shall 
assume the connections are such that with relay 
XH picked up, the first half cycle of each. Cur 
rent impulse supplied to the track circuit is of 
positive polarity so that the rail a is positive 
and the rail b is negative. When the relay XH 
is released, the first half cycle of each current 
impulse supplied to the track circuit is of nega 
tive polarity, and rail fib is positive and rail a 
is negative. It follows, therefore, that the track 
circuit for section W-X is supplied with Current 
of the polarity code type, the frequency of the 
impulses being the same under each code, and 
being, as here assumed for the purpose of illus 
tration, 50 cycles per minute. From the fore 
going description it is to be seen that the coded 
current impulses supplied to the track rails effect 
Shstantially the same average energization of 
the track relay under all weather conditions. 
Also, the first half cycle of the damped wave of 
each current impulse is of relatively high peak 
voltage and high shunting sensitivity of the track 
circuit is assured. Because the first half cycle 
is of relatively high peak voltage and short dura 
tion, a correspondingly high energy transfer is 
effected between the rails and train carried ap 
paratus to be later described. Since each current 
in pulse persists for only a small portion of each 
operating cycle, the energy consumed from the 
battery 2 can be made relatively low. 
The receiving and decoding relay means con 

nected across the rails of the entrance of Sec 
tion W-X include two code following relays CF 
and CF2, two decoding relays Sf and S2, and 
two condensers C and C2. 
The code following relays CF and CF2 are 

preferably of the quick acting polar type. The 
Operating windings of relays CF and CF2 are 
connected in multiple acroSS the track rails but 
with opposite polarity. That is, the left-hand 
terminal of the winding of the relay CF and the 
right-hand terminal of the winding of relay CF2 
are connected with the rail fa, while the right 
hand terminal of the winding of relay CF and 
the left-hand terminal of the winding of relay 
CF2 are connected with rail b. The relays CFl 
and CF2 are provided with polar contact mem 
bers 9 and 2, respectively, and these polar con 
tact, members are biased to seek a selected posi 
tion. When the winding of the relay is deener 
gized. Thus polar contact member 9 of relay 
CF. Seeks under the influence of the bias the 
left-hand position, closing normal polar contact 
9-0 when the relay is deemergized, is retained 
at the same left-hand position when the relay 
is energized by current flowing through the wind 
ing of the relay from the right-hand terminal 
to the left-hand terminal, and the contact mem 
her 9 is operated to the right-hand position, clos 
ing reverse polar contact 9-ff when the relay 
winding is energized by current flowing from the 
left-hand terminal to the right-hand terminal. 
The polar contact member 2 of relay CF2 seeks 
under the influence of its bias the left-hand po 
sition, closing normal polar contact 2-3, is 
retained at this left-hand position when the relay 
is energized by current flowing in its winding 
from the right-hand terminal to the left-hand 
terminal, and is operated to the right-hand posi 
tion closing reverse polar contact 2-4 when 
the relay is energized by current flowing in its 
Winding from the left-hand to the right-han 
terminal. 

It follows that when a current impulse of posi 

0 

5 

20 

45 

55 

70 

75 



O 

5 

20 

25 

30 

35 

43 

5) 

{{} 

{} ) 

{ } 

5 

2,197,415 
tive polarity is supplied to the track rails of sec 
tion W-X and rail a is positive and rail b 
is negative, the relay CF is operated and relay 
CF2 remains inactive. When a current impulse 
Of negative polarity is supplied to the track rails 
and rail b is positive and rail a is negative, 
the relay CF2 is operated and relay CF? remains 
inactive. Since the duration of each current im 
pulse supplied to the rails of section W-X is 
relatively short and the impulse persists for only 
a small portion of the operating cycle into which 
time is divided by the code transmitter, the 
period the contact member 9 or 2 is held at the 
right-hand position when the respective relay is 
operated, is short, and is only a small fraction 
of the time the contact member 9 or 2 is held 
at the left-hand position. Furthermore, it is to 
be observed that when the current impulse is of 
positive polarity the relay CF2 is energized dur 
ing the first half cycle at a polarity which tends 
to retain the polar contact member 2 at its 
biased or left-hand position. The second half 
cycle of the current impulse tends to energize 
relay CF2 at a polarity to operate the contact 
member 2. However, the magnetic field built 
up in the relay CF2 during the first half cycle of 
the current impulse is relatively large and, be 
cause the duration of the second half cycle is 
short, the magnetic field built up during the first 
half cycle does not die away to zero and build 
up in the opposite direction to any extent and 
hence the net effect is that the contact member 
2 remains firmly held at its biased position. In 

other words, the resultant energization of relay 
CF2, when the track circuit current impulse is of 
positive polarity, is of the polarity that causes 
contact, member 2 to remain under the influence 
of its bias. When the track circuit Current is of 
negative polarity, the action with respect to re 
lay CF is similar to that just described for re 
lay CF2 when the track circuit current impulse 
is of positive polarity. That is, the resultant 
energization of relay CF, when the track cir 
cuit current impulse is of negative polarity, is of 
the polarity that causes its contact member 9 to 
remain under the influence of its bias. 
Decoding relays Sf and S2 are preferably neu 

tra relays provided with slow release character 
istics, relay S being controlled by code following 
relay CFF through the medium of the condenser 
C, and relay S2 being controlled by code fol 
lowing relay CF2 through the medium of the 
condenser C2. When relay CF is operated, 
closing its reverse polar contact. 9.- 1, the con 
denser C is connected across the B and C ter 
minals of a convenient source of direct current 
(not shown) and the condenser is charged. When 
relay CFE closes its normal polar contact 9-0, 
condenser C is connected across the Winding of 
relay S and discharges to energize relay St. 
Hence, when relay CF is periodically operated 
at the code frequency of 50 cycles per minute, 
condenser C? is charged each time contact 9-f 
is closed and discharges through the winding 
of relay S each time contact 9-0 is closed, 
With the result that relay Sl is energized and 
picked up, and is retained picked up due to its 
slow release characteristics. Likewise, when re 
lay CF2 is operated closing its contact 2-f 4, 
the condenser C2 is connected across the ter 
minals B and C of the current source and is 
charged. Condenser C2 then discharges 
through the winding of relay S2 to energize that 
reiay when contact í 2-3 of the code following 
relay CF2 is closed. With relay CF2 operated 

3. 
at the code frequency of 50 cycles per minute, 
the condenser C2 is charged each time contact 
2-4 is closed and discharges through the 

winding of relay S.2 each time contact f2-3 
is closed, with the result that relay S2 is ener 
gized and picked up and is retained picked up 
by virtue of its slow release period. 
As stated above, the interval the relay CF or 

CF2 is operated to close reverse polar contact 
9- or 2-14 is short due to the short dura 
tion of the track circuit current impulse, but 
Such interval is sufficent to charge condenser 
C or C2. During the relatively long remaining 
portion of each cycle interval the condenser Cl 
or C2 is connected with the Winding of the de 
coding relay S or S2, with the result that the 
energizing of relay Si or S2 is of ample dura 
tion to pick up that relay, whereas the duration 
of the current impulse of the track circuit cur 
rent, while sufficient to operate the quick acting 
polar relay CF or CF2, might, not be sufficient to 
properly energize the slow acting electromagnetic 
device or relay S or S2. In other words, the 
receiving and decoding relay means of section 
W-X is operative to effect in response to a cur 
rent impulse of short duration a relatively long 
period of energization of the slow acting decoding 
relay. 
i Decoding relayS Sf and S2 are used to contro 
the operating circuits of a wayside signal SW 
for section W-X, and to govern a control relay 
WH, which latter relay governs the connections 
of battery 2 for the track circuit of the track 
Section next in the rear of section W-X in the 
Same nanner that relay XH controls the con 
nections of battery 2 for the track circuit of sec 
tion, W-X. Furthermore, relay KH is governed 
by the decoding, relays (not shown) for the 
track circuit for the section next in advance of 
section W-X in the same manner that relay 
WH is controlled by decoding relays S and S2. 
When track section W-X is occupied and its 

track circuit shunted, both code following relays 
CF and CF2 are inactive so that decoding relays 
S and S2 are both deenergized and released. 
The R lamp of signal SW is illuminated over an 
operating circuit including back contacts 5 and 
6 of relays S and S2, resp22tively, to display a 

stop signal indication. Relay WH is now de 
energized and the battery 2 for the track circuit 
of the Section next in the rear is connected so as 
to supply that track circuit with impulses of 
negative polarity to reflect approach traffic con 
ditions for the section next in the rear bacause 
of track section W-X being occupied. When 
the Section next in advance of the Section. W-X 
is occupied and section W-X is unoccupied so 
that current impulses of negative polarity are 
supplied to the track circuit of section W.-X, 
the code following relay CF2 is operated in the 
manner explained hereinbefore to energize the 
decoding relay S2. The Y lamp of signal SW is 
illuminated over an operating circuit including 
back contact 5 of relay S and front contact 7 
of relay S2 to display an approach signal indi 
cation. Relay WH is now energized over front 
contact 8 of relay S2 and the connection of bat 
tery 2 for the track section next in the rear is 
such that current impulses of positive polarity 
are supplied to the track circuit of that Section 
to reflect clear traffic conditions. When the sec 
tion next in advance of section W-X and sec 
tion W-X are both uncocupied and relay XH is 
picked up so that current impulses of positive 
polarity are supplied to the track circuit of sec 
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tion W-X, the code following relay CF is op 
erated and the decoding relay S is picked up but 
relay S2 is released. The G lamp of Signal SW 
is illuminated over an operating circuit includ 
ing back contact 9 of relay S2 and front con 
tact of relay S to display a clear signal indi 
cation. Relay WH is now energized over front 
contact 2 of relay S, and current inpulses of 
positive polarity are Supplied to the track circuit 
of the Section next in the rear to reflect clear 
traffic conditions. 

It is to be understood that each track circuit 
of each Section of the railway comprises track 
way apparatus similar to that described for the 
Section W-X. 
Referring to Fig. 2, the train carried apparatus 

includes an inductor comprising two Windings 22 
and 23 mounted on the train in inductive rela 
tion with the track rails at and b, respectively. 
Windings 22 and 23 alre connected across a por 
tion of the winding 24 of an input transformer 
T, the connections of windings 22 and 23 being 
preferably such that the electromotive forces in 
duced therein by Current flowing in opposite di 
rections in rails (t, and b add their effects. The 
full winding 24 of transformer Ti is connected 
across the grid 25 and filament 26 of an electron 
tube WT a biasing battery 28 being preferably 
interposed in this grid circuit. The tube WT is 
provided with a plate circuit which can be traced 
from termina.! B3CC of a generator 29 over pri 
mary winding 3G of a coupling transformer T2, 
plate 3 of tube WT, tube space to filament 26, 
and to terminal N300 of generator 29. The 
generator 23 is driven by any convenient source 
of power not shown, and supplies a suitable volt 
age, say, 300 volts. 
The secondary Winding of coupling transformer 

T2 is constructed with two portions S2si and 32b 
which are preferably alike and are connected 
with the grids of two electron tubes WT2 and 
WT3 in a push-pull arrangement. The connec 
tion of the central terminal of the two portions 
of the secondary winding 32C-32b is connected 
with the filaments of tubes VT2 and WT3 over a 

: 

s: 

(5 

s 

biasing battery 33 and an auxiliary biasing unit 
35 in series, the unit 35 comprising a resistor 36 
and a condenser 3 in multiple. The plate cil 
Cuit of tube WT2 includes generator 29 and the 
winding of a code following relay CF3, and the 
plate circuit of tube WT3 includes generator 29 
and the winding of a code following relay CF4 
as will be readily understood by inspection of 
Fig. 2. 
The code following relays CF3 and CF are 

preferably of the neutral type and are construct 
ed with quick acting characteristics. 
The tubes WT2 and WT3 are normally biased by 

virtue of biasing battery 38 to practically con 
plete cut-off of plate current. That is to say, 
when no electromotive force is applied to the 
grids of tubes VT2 and WT3 through the coupling 
transformer Tä, the biasing of battery 38 renders 
the grids of tubes VT2 and WT3 negative in po 
tential with respect to the filaments to a degree 
where the plate current of each tube is substan 
tially zero. 
The code following relays CF3 and CF4 govern 

two decoding relays R3 and R4, in substantially 
the same manner the code following relays CE 
and CF2 of Fig. 1 govern the associated decoding 
relays S and S2. When relay CF3 is picked up 
closing front contact 27. A condenser C3 is 
charged from a Source of direct current Whose 
terminals are B and C, and when the relay CF3 

?,197,415 
is released closing back contact 33, the Condenser 
C3 discharges through the winding of relay R3 
to energize and pick up that relay. Likewise, 
when relay CF4 is picked up closing front contact 
34, a condenser C4 is charged, and when relay 
CF4 is released closing back contact, 39, the con 
denser C4 discharges through the winding Of 
relay R4 to energize and pick up that relay. 
layS R3 and R4 are slow releasing in character, 
and hence, when relay CE3 or CF is operated 
at the code frequency of 50 cycles per minute, 
the relay R3 or R4 is retained picked up. 
RelayS R3 and R4 are used to control the op 

erating circuits of a cab signal CS of the color 
light type capable of displaying three different 
indications. The Operating circuits for cab sig 
nal CS are Similar to the Circuits for WaySide Sig 
na. SW of Fig. 1, and it is thought the Operating 
circuits of signal CS need no further descrip 
tion. 
Assuming the train on which the apparatus 

of Fig. 2 is mounted is moving in the normal 
direction of traffic through the track Section 
W-X of Fig. 1 under clear trafic conditions So 
that code current impulses of positive polarity 
are Supplied to the track circuit, the Operation of 
the apparatus of Fig. 2 is as follows: The first 
half cycle of each. Such rail current impulse in 
dulces electromotive forces in windingS 22 and 23 
Which add their effects. The Wave form of the 
electromotive force is substantially that illus 
trated in Fig. 9. That is, the wave form of the 
induced electromotive force has a first half cycle 
of relatively high peak voltage, while the Second 
half cycle is of relatively low Voltage. I have 
found that under usual operating conditions only 
the first half cycle of the track circuit current 
impulse induces in the windings 23 and 22 an 
electromotive force of appreciable ampiitude. 
That is to say, the electromotive force induced in 
Windings 22 and 23 due to the oscillations of the 
track circuit current impulse other than the first 
half cycle is So Small in magnitude that it can be 
neglected. The electromotive force induced in 
WindingS 22 and 23 due to the first half cycle of 
each current impulse creates in the secondary 
winding 32a-32b of transformer T2 an electro 
motive force of substantially the same wave form, 
except it is amplified by the tube WT. The con 
nections are arranged So that the top terminal 
of secondary winding 32a-32b is first positive 
and the lower terminal is negative when the track 
circuit current impulse is of positive polarity. 
The grid of tube WT2 is made positive with re 
Spect to its filament due to the crest of the wave 
form. Looking at Fig. 10, the dotted crest por 
tion of the electromotive force wave represents 
that portion during which the grid of tube WT2 
is made positive in potential with respect to the 
filament of the tube. That is to say, the dotted 
crest portion of the Wave form represents that 
portion of the induced electromotive force Suf 
ficient to overcome the normal bias voltage of 
battery 38 and the grid of tube WT2 is made 
positive With respect to its filament. This causes 
plate current to flow through the tube VT2 and 
the code following relay CF3 is picked up. Fur 
thermore, this crest voltage causes grid cur 
rent to flow in the tube WT2 and Condenser 3 
is charged to a Voltage equal to the difference be 
tWeen the peak Voltage and the voltage just suf 
ficient to overcome the normal bias voltage of 
battery 38. The voltage thus built up on con 
denser 3 is illustrated by the dotted curve IC 
of Fig. 10, and increases the normal negative 
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2,197,415 
bias on the grid of tube WT3 so that the imme 
diate negative half cycle of the induced electro 
motive force which tends to render the grid of 
tube WT3 positive with respect to its filament is 
canceled and no current flows in the plate circuit 
of tube WT3. The charge on condenser 8 leaks 
away through resistor 36 during the interval be 
tween successive impulses So that the above de 
scribed operation of the apparatus is repeated 
each impuise of the track circuit current. 

It is to be noted that device 35 enables tubes 
VT2 and WT3 to Operate properly OVer a Wide 
range of track current. If the crest voltage of 
the first half cycle is Only Sufficiently strong to 
cause, say, WT2 to operate relay CF3 but not suf 
ficiently strong to cause grid current to flow, the 
immediately following half cycle is not strong 
enough to cause WT3 to operate CF4 and no in 
creased bias is needed. If the Voltage is con 
siderably higher, a higher voltage is built up 
across the terminals of condenser 3, the in 
mediate negative half cycle is cancelled, and no 
plate current flows in tube WT3. 

It follows that the code following relay CF3 
is operated at a rate corresponding to the code 
frequency of the track circuit current impulses. 
The period the relay CF3 is picked up to close 
front contact 2 is short but is sufficient to charge 
condenser C3, which condenser then by discharg 
ing through the winding of relay R3 over the 
back contact 33 of relay CF3 causes relay R3 
to be energized for a Sufficient interval to pick up 
that relay. Relay R3 is retained picked up from 
one impulse to the next by virtue of its slow 
release period. Hence the impulse which Oper 
ates the code following relay CF3 is in effect pro 
longed sufficiently to Operate the decoding re 
lay R3. 
With the decoding relay R3 picked up closing 

front contact 40, the G lamp of the cab signal 
CS is illuminated to display a clear Signal indi 
cation. 
With approach traffic conditions existing while 

the train occupies the track Section W-X, the 
code current impulses of the track circuit are of 
negative polarity and the electromotive force in 
duced in windings 22 and 23 is of Opposite polar 
ity to that induced under clear traffic conditions. 
This time the lower terminal of the Secondary 
winding 32a-32b is first positive and the upper 
terminal is negative so that the grid of the tube 
WT3 is made positive in potential with respect 
to the filament of that tube during the upper 
crest portion of the wave form of the induced 
electromotive force. Plate current flows for the 
tube WT3 and the code following relay CF4 is 
operated. Condenser 3 is charged in the same 
manner as described before and increases the 
negative grid bias of tube VT2 so that the in 
mediate following half cycle of the induced elec 
tromotive force which tends to render the grid 
of tube WT2 positive is canceled and no plate cur 
rent flows for the tube WT2. Hence relay CF4 is 
picked up each current impulse of the track cir 
cuit current and relay R4 is energized because 
the condenser C4 is charged during the brief in 
terval the front contact 34 of relay CF4 is closed 
and then discharges through the winding of re 
lay R4, during the longer interval the back con 
tact 39 of relay CF4 is closed. With relay R4 
picked up closing front contact 4 and relay R3 
released closing back contact 42, the Y lamp of 
cab signal CS is illuminated to display an ap 
proach signal indication. 

If the track section W-X is already occupied 
ondary windings 48, and 49. 
proportioned that the wave form of the electro- is 

S 
by a train when the train on which the appa 
ratus of Fig. 2 is mounted enters that track sec 
tion, no electromotive force is induced in the 
windings 22 and 23 and both code following re 
lays CF3 and CF4 are inactive so that the de 
coding relays R3 and R4 are deemergized and re 
leased. The R lamp of Signal CS is now illuni 
nated over a circuit including back contacts 42 
and 43 of relays R3 and R4, respectively, to dis 
play a Siow Speed cab Signal indication. 
In the train carried apparatus of Fig. 3, the 

Winding 24 of the input transformer l' is con 
itected across grid 44 and filament 45 of an elec 
tron tube WT4, a biasing battery 46 being pref 
ell’alioiy interposeü in time circuit. - The plate cir 
cuit for tube WTA includes generator 29 and the 
priinary Winding 4 of an output transformer 
T3, transformer T3 being provided With two sec 
ondary windings 8 and 49. Winding 48 is con 
nected With the Winding of a code following 
relay CF5, and winding 49 is connected with the 
Winding of a code following relay CF6. The code 
following relays CFS and CF6 are preferably of 
the quick acting polar type having polar contact 
members biased to Seek a selected position. When 
the relay is deemergized Similar to the relays 
CF and CF2 of Fig. 1. Thus polar contact men 
ber 5 of relay CF5 Seeks its left-hand position 
When the relay is deemergized, is retained at that 
position When the relay is energized by current 
of negative polarity, and is operated to the right 
hand position. When the relay is energized by cur 
rent of positive polarity. Contact member 52 of 
relay CF6 is biased to seek its left-hand position 
When the relay is deenergized, is retained at that 
position. When the relay is energized by current 
of negative polarity, and is operated to the right 
hand position. When the relay is energized by cur 
rent of positive polarity. 

Decoding relayS R3 and R4 of Fig. 3 are gov 
erned by the code following relays CF5 and CF6, 
respectively, in Substantially the same manner as 
decoding relayS R3 and R4 of Fig. 2 are governed 
by the associated code following relays CF3 and 
CF4. That is, condenser C3 is charged when 
polar contact member 5 of relay CF5 is operated 
to its right-hand position, closing reverse polar 
contact 5-53, and condenser C3 discharging 
through the Winding of relay R3 to energize relay 
R3 when normal polar contact 5-54 of relay 
CF5 is closed, so that operation of relay CF5 at 
the selected code frequency causes decoding relay 
R3 to be retained picked up. Similarly, condienser 
C4 is charged. When the polar contact member 52 
of relay CF6 is operated to its right-hand posi 
tion, and condenser C4 discharges through the 
winding of relay R4 to energize relay R4 when 
polar contact member 52 is moved back to its 
left-hand position, So that operation of relay CF6 
at the code frequency causes decoding relay R4 
to be picked up. Decoding relayS R3 and R4 of 
Fig. 3 govern the operating circuits of the cab 
signal CS the same as in Fig. 2. . . . 

In Fig. 3 the parts are Soproportioned that tube 
WT4 is biased to a straight line point of its grid 
voltage-plate current characteristics, and a steady 
value of current normally flows in the plate cir 
cuit, which, of course, induces no electromotive 
forces in the secondary windings 48 and 49. If 
the grid 44 of tube WT4 is made more positive in 
potential With respect to filament 45, the plate 
current will increase and such change in the plate 
current induces electromotive forces in the sec 

The parts are so 
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motive force induced in the windings 48 and 49 
is in each case substantially that shown in Fig. 9, 
the first half cycle of the wave form being of 
relatively high peak voltage while the second half 
cycle is of relatively low voltage. If the grid 44 
is rendered more negative in potential with re 
spect to filament 45, the plate current is reduced 
and such reduction of plate current induces elec 
tromotive forces in the Windings 48 and 49 the 
sane as before, except the electromotive forces 
are opposite in polarity. 
The connections are so arranged that the elec 

tromotive force induced in secondary Winding 48 
when the grid 44 is made more positive and the 
plate current is increased causes current of posi 
tive polarity to flow in the winding of relay CF5 
and that relay is operated. The electromotive 
force induced in the Winding 49 when grid 44 is 
made nore negative in potential and the plate 
current is reduced causes current of positive po 
larity to fioW in the winding of relay CF6 and 
that relay is operated. It should be pointed out 
that the energization of relay Ché, because of the 
second half cycle of the electromotive force in 
duced in winding 49 when the plate current is 
increased, is not sufficient to operate its contact 
member 52, and likewise the energization of relay 
CF5, because of the second half cycle of the elec 
tromotive force induced in winding 48 when the 
plate current is reduced, is not sufficient to oper 
ate contact member 5f. 
Assuming the train on Which the apparatus of 

Fig. 3 is mounted is moving in the normal direc 
tion of traffic through the track section W-X of 
Fig. 1 under clear traffic conditions, each impulse 
of the track circuit current of positive polarity 
induces in Windings 22 and 23 an electromotive 
force which causes the top terminal of winding 
24 of transformer T to be first positive and the 
bottom terminal of winding 24 to be negative. 
This causes the grid 44 of tube WT4 to be more 
positive in potential with respect to filament 45, 
the plate current is increased and relay CF5 is 
operated so that decoding relay R3 is picked up, 
and a clear cab signal indication is displayed by 
the signal CS. If approach traffic coiliditions exist 
for the track section W-X, then each current 
impulse of the track circuit is of negative polarity 
and the electromotive force induced in the Wind 
ings 22 and 23 of Fig. 3 causes the lower terminal 
of Winding 25 to be positive and the top terminal 
to be negative. This time the grid 44 is made 
more negative in potential With respect to filla 
ment 45, the plate current is reduced, and relay 
CF6 is operated so that decoding relay R4 is 
picked up and an approach cab signal is dis 
played. If the track section W-X is already oc 
cupied when the train on which the apparatus 
of Fig. 3 is mounted enters section W-X, then 
no electromotive force is induced in the Windings 
22 and 23, both relays CF5 and CF6 are inactive, 
and both decoding relayS R3 and R4 are released 
so that a slow speed cab signal indication is dis 
played. 

Referring to Fig. 4, the track rails a and b 
of a railway over which traffic normally moves 
in the direction indicated by an arrow are formed 
into consecutive track sections the Same as in 
Fig. 1, a single section W-X and the ends of the 
adjacent sections only being shown. In Fig. 4 
the track section W-X is provided with a So 
called cut section subdividing the Section into 
tWO SubSections W-W and W-X. 
Each track section of Fig. 4 is provided With a 

track circuit the same as in Fig. l. The track 

circuit for section W-X of Fig. 4 comprises a 
Source of coded current connected across the rails 
at the exit of the Section and a receiving and de 
coding relay means connected across the rails 
at the entrance of the Section, the same as in 
Fig. 1, and includes in addition a code repeating 
means connected across the rails at the cut sec 
tion location W. In Fig. 4 the trackway apparatus 
is adaptable of supplying coded current of four 
different codes for a four block five indication 
Signal system. 

Ooking at the exit of the section W-X of Fig. 
4, the Source of coded current comprises a battery 
2, two code transmittel's C50 and C75, and re 
actance device RX. The code transmitter CT5 is 
preferably the same as code transmitter C50 ex 
cept it is adjusted to operate its code contact 
member 75 at the code frequency of 75 operations 
per minute, whereas the code transmitter C50 
Operates its code contact member 50 at the code 
frequency of 50 cycles per minute. The reactance 
device RX of Fig. 4 comprises inductor winding 5 
and a condenser 6 the same as in Fig. 1, and a 
Selected portion of winding 5 is connected across 
the rails d and f over wires 7 and 8. The 
Connection of battery 2 is pole changed by con 
trol relay XH the same as in Fig. 1, while selection 
between the code transmitter C50 and code trans 
mitter C5 is made by a second control relay XH. 
When both relays XH and XH2 are picked up 

in a manner to appear later to reflect clear traffic 
conditions for Section W-X, the track rails of 
SubSection W-X are supplied with a current im 
pulse of positive polarity each time the code 
transmitter C5 operates its contact member 75 
to break engagement with contact 75a, the cur 
rent impulise having a damped wave the samme as 
explained in connection with Fig. l. Hence the 
first half cycle of the current impulse foWing 
in the track rails of Subsection W-X is of positive 
polarity and the current impulses have a code 
frequency of 75 cycles per minute. 
When control relay XH is released and control 

relay XHi is picked up to reflect approach re 
Stricting traffic conditions for the section W-X, 
aS Will shortly appeal', the current impulses sup 
plied to the rails of Subsection W-X are of nega 
tive polarity and of the 75 code frequency. When 
both relays XH and XH are released to reflect 
approach traffic conditions for the section W-X, 
the track rails of SubSection V-X are supplied 
With current impulses of negative polarity at the 
code frequency of 50 cycles per minute. Again, 
when relay XII is picked up and relay XHi is 
released to reflect restricting traffic conditions 
for the Section W-X, the track rails of Subsec 
tion W-X are supplied with current impulses of 
positive polarity at the code frequency of 50 
cycles per minute. The Stop or slow speed traffic 
condition for section W-X is reflected when the 
track circuit is shunted. Preferably the ful 
Winding 5 of reactance device RX is used when the 
code transmitter C5) is active, While only a por 
tion of the Winding is used When the code trans 
mitter C5 is active. 
The code repeating means at location W includes 

a battery 2d, two code following relays CF and 
CF2, a control relay WH, and a reactance de 
vice RV. Relays CF and CF2 are preferably 
quick acting polar relays the Sane as in Fig. 1, 
the windings of the two relays being connected 
across the rails of the subsection V-X in multiple 
and the connections being SO arranged that relay 
CF is operated by current impulses of positive 
polarity and relay CF2 is operated by current 
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impulses of negative polarity. The control relay 
WH is controlled over a polar contact member 57 
of relay CF through the medium of a condenser 
C as will be understood by an inspection of Fig. 
4. The reactance device RW is substantially the 
same as the reactance device RX and is provided 
with a winding 58 and a condenser 60 of rela 
tively large capacity. A selected portion of Wind 
ing 58 is connected across the rails of subsection 
W. W. The connections of battery 2a with the 
reactance device RV are pole changed by contact 
fingers 53 and 56 of relay WH and are governed by 
polar contact members 9 and 2 of relays CFf 
and CF2, respectively. 
When clear traffic conditions exist for the Sec 

tion W-X and current impulses of positive polar 
ity and of a 75 code frequency are supplied to 
the rails at location X, the code following relay 
CF at location W is operated at the same fre 
quency and relay WHis picked up. With relay WH 
picked up and contact member 9 of relay CF 
operated at the code frequency of 75, current in 
pulses of positive polarity and of the 75 code fre 
quency are supplied to the rails of subsection 
W-V. That is to say, the code of the current 
impulses flowing in the rails of subsection V-X 
is repeated for the current impulses supplied to 
the rails of the subsection W-V. Under ap 
proach restricting traffic conditions for the Sec 
tion W-X and current impulses of negative po 
larity and 75 code frequency are Supplied to the 
rails at location X, the code following relay CF2 
is operated at the corresponding code frequency, 
control relay WH being now deemergized and re 
leased. With relay VH released and contact men 
ber 2 operated at the code frequency of 75 cycles 
per minute, current impulses of negative polar 
ity and the code frequency of 75 are supplied to 
the rails of the subsection W-V. Under ap 
proach traffic conditions and current impulses of 
negative polarity and of the 50 code frequency 
are supplied to the rails at location X, the code 
following relay CF2 is operated at the corre 
sponding code frequency, relay WH is released and 
the current impulses supplied to the rails of 
subsection W-V are of negative polarity and 
of the code frequency of 50 cycles per minute. 
Under restricting traffic conditions and COde im 
puses of positive polarity and of 50 cycles per 
minute are supplied to the rails at location X, 
the relay CF is operated and control relay WH is 
picked up, with the result that this code is re 
peated for the current impulses supplied to the 
rails of subsection W-W. If the subsection W-X 
is occupied, both code following relays CF and 
CF2 are inactive and no current impulses are 
supplied to the rails of the SubSection W-V. 
The receiving and decoding means of Fig. 4 

comprises tWO code following relays CF and 
CF8, two decoding transformers TT and T8, and 
four decoding relays S3, S4, S5 and S6. 
The code following relays CF and CF8 are 

preferably biased polar relays similar to relays 
CF and CF2, except relays CF and CF8 are 
each provided with a lower or holding winding 
and have associated therewith condensers C5 and 
C6, respectively, for equalizing the "on' and 'off' 
periods of the relay in order to provide sufficient 
time when relay CF or CF8 is operated for the 
asSociated decoding relays to be effectively en 
ergized. The relays CF and CF8 have their 
top or operating Windings connected in multiple 
across the track rails at reversed polarity, the 
arrangement being Such that relay CF is Oper 
ated by track circuit current impulses of positive 

? 
polarity and relay CF8 is operated by current im 
pulses of negative polarity. 
Normally the condenser C5 is charged from a 

direct current source over normal polar contact 
6-62 of relay CF, and discharges through the 
holding winding of relay CF7 when that relay is 
operated, closing its reverse polar contact 6-63. 
This discharge of condenser C5 acts to retain re 
lay CF at its operated position for an appre 
Ciable instant after the impulse of current which 
operated the relay ceases to flow in the operating 
winding of the relay. Similarly, condenser C6 is 
normally charged and discharges through the 
holding winding of relay CF8 when that relay is 
operated to retain the relay in its operated po 
sition for an appreciable instant after the im 
pulse Which Operated the relay ceases to flow in 
the operating winding of relay CF8. The charge 
built up in condenser C5 or C6 when connected 
acroSS the Source of direct current depends upon 
the interval the connection is completed and also 
upon the resistor 27 or 28 interposed in the re 
spective connections. When the code frequency 
for the current impulses is 75 cycles per minute, 
the interval between successive current impulses 
and during which interval the relay CF or CF8 
is retained at its biased position, is of a corre 
spondingly short interval. Consequently the 
condenser C5 or C6 acquires only a relatively 
Small charge and the subsequent discharge 
through the holding winding of relay CF or 
CF8 is effective to hold that relay at its oper 
ated position for only a corresponding interval. 
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On the other hand, if the code frequency for the 
current impulses is 50 cycles per minute, con 
denser C5 or C8 acquires a greater charge and the 
Subsequent discharge through the holding Wind 
ing of the associated relay is effective to hold that 
relay at itS Operated position for a corresponding 
ly longer interval. By properly proportioning the 
parts, the time during which relays CF and CF8 
are retained at their operating position ("on' pe 
riod) can be made approximately equal to the 
time the relays are retained at their biased posi 
tion (“off” period) for both the 50 and 75 code 
frequencies. 
When relay CF is operated, direct current is 

reversibly supplied over polar contact member 
64 to two portions of primary winding 65 of the 
decoding transformer. T. A secondary winding 
66 of transformer T is connected With the Wind 
ing of relay S5 through a full wave rectifier 67. 
A portion of winding 65 of transformer TT is con 
nected with the Winding of relay S6 through a 
rectifier 69 and a filter comprising a condenser 
70 and a transformer 68. The filter including 
condenser 70 and transformer 68 is proportioned 
to pass electromotive forces of the frequency cor 
responding to the 75 code frequency of the track 
circuit current impulses. Hence, when relay CF 
is operated at either the 50 or 75 code frequency, 
relay S5 is picked up, and, when relay CF7 is op 
erated at the code frequency of 75, the relay S6 
is also picked up. In like fashion, relay CF8 re 
versibly applies direct current over its polar con 
tact member 7 to two portions of the primary 
winding 72 of decoding transformer T8. A sec 
Ondary winding 73 of transformer T8 is connected 
with the winding of relay S3 through a full wave 
rectifier 4. A portion of winding 72 is connected 
with the winding of relay S4 through a full wave 
rectifier 76 and a filter comprising a condenser 

and a transformer 78. The filter including 
condenser 77 and transformer 78 is proportioned 
to pass electromotive forces of the frequency cor 
responding to the code frequency of 75. It foll 
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lows that when relay CF8 is operated at either the 
75 or 50 code frequency relay S3 is picked up and 
rejay S3 is also picked up when the reiay is Op 
:'ated at the 75 code frequency. 
The relays S3, S4, S5 and SS are used to con 

trol the Operating circuits of a Wayside Signal 
SWi which in Fig. 4 is shown as a color light sig 
nai capable of displaying five different indica 
tions. The relays S3, S4, S5 and S6 are also 
used to govern two control relays WH and WH, 
which latter relays in turn control the track cir 
cuit for the Section next in the rear of Section 
W-X in the same marinel that relayS XH and 
XH: control the track circuit for the Section 
W-X. Further:noire, relayS XH and XH|| alre 
governed by the decoding relays (not shown) for 
the track Section next in advance of Section W-X 
in the same mainner that relays WH and WH 
are governed by the decoding relays for Section 
W-X. 
Under clear trafic conditions for Section W-X 

and the code of the track circuit current impulses 
is that of positive polarity and 75 Cycles per min 
ute, relays S5 and S3 are picked up in the man 
ner explained hereinbefore. Lamp G of the top 
group of lamps of signal SW is illuminated over 
front contacts i3 and 8 of relay S6, and lamp 
R of the botton group of lamps is illuminated 
over front contact is of relay S6 and front Con 
tact, 8 of relay S5, and signal SW displays a 
green light over a red light for a clear Signal in 
dication. Reiay WH is low energized over front 
contact 82 of relay S6, and relay WIHil is ener 
gized over front contact 82 of relay S8 and front 
contact 83 of relay S5 so that clear traffic con 
dition is estabished for the track circuit for the 
section next in the real of Section W-X. 
Under approach restricting traffic conditions 

alli ?tle Code or the track circuit curren im 
pulses of section W-X is that of negative polar 
ity and 75 cycles per minute, relays S3 and S4 
are picked up in the manner explained herein 
before. The Y lamp of the top group of lamps 
of signal SW i is illuminated over front contact 
82 oi relay S3, and the G lamp of the bottom 
group of lamps is illuminated over front contact 
35 of relay Så so that signal SW i displays a vel 
ow iamp over a green lamp for an approach re 
stricting signal indication. Relay WH is now 
eilergized over front contact 86 of relay S3 and 
relay WH is energized over front contact 87 of 
relay S4 so that clear traffic conditions are still 
established for the Section next in the rear. 
Under approach traffic conditions for the Sec 

tion W-X and the code of the track circuit cur 
rent, impulses is that of negative polarity and 50 
cycles per minute, the relay S3 is picked up while 
relays Si, S5 and S6 are all released. The Y 
amp of the top group of lamps is illuminated as 
efore, while ühe R lamp of the bottom group 

of anips is illuminated over back contacts 88 
2nd 38 of relays Så and S5, respectively, and Sig 
inal SW displays a yellow light Over a red light 
ío aín approach, signa? indication. Relay WHI 
is energized over front contact 86 of relay S3 as 
before but relay WH is deemergized and hence an 
approach restricting traffic condition is estab 
lished for the track Section next in the rear. 
Under restricting traffic conditions and the 

code for the track circuit current impulses of 
section W-X is that of positive polarity and 50 
cycles per minute, relay S5 is picked up but re 
jays S3, S4 and S6 alre released. The R. lamp 
of the top group of lamps is illuminated over back 
contact 92 of relay S3, front contact 90 of relay 

2,197,415 
S5 and back contact 96 of relay S6, while the 
Y lamp of the bottom group of lamps is illumi 
nated over back contact 92 of relay S3, front 
contact 93 of relay S5 and back contact 94 of 
relay S6, so that signal SW displays a red light 
over a yellow light for a restricting Signal in 
dication. Both relays WH and WH are now 
released to establish approach traffic conditions 
for the Section next in the real. 
With the track section W-X occupied, both 

code relays CF and CF8 are inactive and the 
asSociated decoding relays are all deemergized. 
Under this condition of the relays the R lamp 
of the top group of lamps is illuminated over 
back contacts 92, 95 and 96 of relays S3, S5 and 
S6, respectively, while the R lamp of the bottom 
group of lamps is illuminated over back contacts 
88 and 89 of relays S4 and S5, respectively. Sig 
nal SW now displays a red light over a red light 
for a stop signal indication. Relay WH is now 
energized over back contacts 97, 98 and 99 of re 
iays S5, S4 and S3, respectively, while relay WHIf 
is released with the result that restricting traf 
fic condition is established for the Section next 
in the rear. 

It will be understood, of course, that the track 
Section W-X of Fig. 4 need not include a cut 
Section and the code following relays CF and 
CF8 may be operated directly by the code current 
impulses Supplied to the rails at location X. 
Furthermore, it will be understood that each 
track Section of the System is provided with track 
Way apparatuS Substantially the same as de 
Scribed for section W-X of Fig. 4. 

Referring to Fig. 5, the train carried appara 
tus operativel y aSSociated With the trackway ap 
paratus of Fig. 4 includes inductor Windings 22 
and 23, an input transformer Ti, a first stage am 
plifier tube WT, coupling transformer T2, two 
amplifier tubes WT2 and WT3, code following 
relayS CFS and CF4, decoding transformers T9 
and T0, decoding relays R5, R6, R7 and R8, and 
a cab Signal CS. The inductor windings 22 and 
23, input transformer T and the first stage am 
plifier tubes WT? are the same as in Fig. 2 
and need no further description. The grid cir 
cuits of tubes WT2 and WT3 are connected with 
the Secondary Winding 32a-32b of transformer 
T2, the Same as in Fig. 2 except for the fact the 
biasing battery 38 and auxiliary biasing unit 35 
are replaced by two individual control units OO 
and iO3. In Fig. 5 the control unit 00 comprises 
a condenser of and a resistor f02 in multiple, 
the control unit 00 being interposed between 
the grid of tube WT2 and the top terminal of 
the Secondary winding 32a-32b. Likewise, the 
control unit 03 comprises a condenser 05 and 
a resistor 04, and the control unit 03 is inter 
posed between the grid of tube WT3 and the 
lower terminal of the secondary winding 
32a-32b. 
The parts are proportioned so that normally 

the grids of tubes VT2 and VF3 are substantially 
of the same potential as the filaments of the 
tubes, and a relatively large steady flow of plate 
current flows to both tubes VT2 and WT3, with 
the result that the code following relay CF3 inter 
posed in the plate circuit of tube VT2 and the 
code following relay CFA interposed in the plate 
circuit of tube WT3 are both energized and picked 
up. This Cperating characteristic of the appara 
tUS of Fig. 5 is illustrated by Fig. 11. The code 
following relays CF3 and CF4 are neutral relays, 
the same as in Fig. 2. Relays CF3 and CF4 of 
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R8 through the medium of decoding transformers 
T9 and TO together with associated filters and 
rectifiers which are similar to the filters and rec 
tifiers associated with the decoding transformers 
T and T8 of Fig. 4, and it is thought a description 
thereof need not be repeated except to point 
out that decoding relay R6 is picked up Only when 
code following relay CF4 is operated at the Code 
frequency of 75 cycles per minute, relay R5 is 
picked up when relay CF4 is operated at either 
the 50 or 75 code frequency, relay R8 is picked 
up only when code following relay CF3 is op 
erated at the 75 code frequency, and relay R is 
picked up when relay CF3 is operated at either 
the 50 or 75 code frequency. The operating cir 
cuits governed by the decoding relays for cOn 
trolling the cab signal CS are similar to the op 
erating circuits for signal SW of Fig. 4 and these 
operating circuits of Fig. 5 will be described as 
the operation of the apparatus of Fig. 5 is pointed 
out. 
Assuming the train on which the apparatus of 

Fig. 5 is mounted is moving in the normal di 
rection of traffic through the track section W-X 
of Fig. 4 under clear traffic conditions So that the 
track circuit is supplied with current impulses of 
positive polarity and the code frequency of 75, 
each impulse of track circuit current induces an 
electromotive force in the windings 22 and 23, 
which electromotive force is duplicated on an en 
larged scale in the secondary windings 32a-32b 
of transformer T2. The Wave form of the elec 
tromotive force induced in the secondary windings 
32a-32b by each track circuit current impulse 
is illustrated by the solid line curve of Fig. 12, 
and this wave form is similar to that illustrated 
in Fig. 10 in connection with the apparatus of 
Fig. 2. The connections of transformer T2 of 
Fig. 5 are so arranged that the top terminal of 
winding 32a-32b is first positive in potential With 
respect to the lower terminal during the first 
half cycle of the induced electromotive force 
when the track circuit current impulse is of posi 
tive polarity. This tends to drive the grid of 
tube WT2 positive in potential with respect to 
the filament of that tube, and to drive the grid 
of tube WT3 negative in potential with respect 
to the filament of tube WT3. When the grid of 
tube WT3 is made negative in potential with re 
spect to its filament, the plate circuit of tube 
WT3 is decreased and the energization of relay 
CF4 tends to reduce. Since the current impulse 
lasts for a brief time only (of the order of .005 
second), the grid potential returns to Zero and 
the plate current is restored before the code foll 
lowing relay CF4 is released. As stated above, 
the same half cycle of induced electromotive 
force drives the grid of tube WT2 positive, so 
that a grid current flows. This grid current 
causes a relatively large Voltage drop at the con 
trol unit OO comprising resistor O2 and con 
denser f ( f, with the result the grid of tube WT2 
is made positive in potential with respect to its 
filament by only a small amount. Condenser 
O is, however, charged due to the flow of grid 

current. The plate current of tube WT2 is in 
creased correspondingly when the grid of tube 
VT2 is driven positive in potential, but this only 
increases energization of relay CF3. When the 
half cycle of induced electromotive force ceases, 
the charge on condenser of applies a relatively 
large negative grid potential to tube VT2, and 
since the charge on condenser of can only leak 
away through resistor 02 the negative potential 
of the grid of tube VT2 persists for a relatively 
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long interval. This action of condenser ?o is 
illustrated by the dotted curve 20 of Fig. 12. 
The negative grid potential of tube WT2 causes 
the plate current to be reduced to a value low 
enough and for an interval long enough that 
code folloWing relay CF3 is released: The COn 
denser Of is fully discharged so that the plate 
current is restored to its normal value and relay 
CF3 is again picked up before the next impulse 
of the track circuit current. It follows, there 
fore, that the above described operation of tube 
WT2 and the associated code following relay CF3 
is repeated for each impulse of the track circuit 
current, the code following relay CF4 remaining 
inactive. Operation of relay CF3 at the code 
frequency of 75 cycles per minute causes relays 
R. and R8 to be picked up. By properly propor 
tioning the parts of the control unit OO and the 
associated circuits, the interval relay CF3 is re 
leased ("on' period) and the interval relay CF3 
is picked up (“off' period) during each code cycle 
of track circuit current are substantially equal. 
In other words, the effect of the current impulse 
of relatively short duration is prolonged through 
the medium of the control unit 00 and tube WT2 
to provide satisfactory periods for energizing the 
decoding transformers and relays. Lamp G of 
the top group of lamps of signal CS is illumi 
nated over front contacts 06 and 07 of relay R8, 
and lamp R of the bottom group of lamps is ill 
luminated over front contacts 06 and 08 of re 
layS R8 and R, respectively, so that signal CS 
displays a clear signal indication. 
Under approach, restricting traffic conditions 

and the current impulses supplied to the track 
circuit for section W-X are of negative polarity 
and of the 75 code frequency, the electromotive 
force produced in the secondary winding 32a-32b 
of transformer T2 is opposite in polarity to that 
described in connection With clear traffici con 
ditions. This time the grid of tube WT3 is made 
positive in potential with respect to its filament 
and grid current flows to charge the condenser 
05 of the control unit 03. At the termination 

of the current impulse, condenser 05 discharges 
slowly through the resistor 04 and provides dur 
ing this discharge period a negative grid potential 
for the tube WT3, with the result that the code 
following relay CF4 is released for an interval. 
Again, the parts are SO proportioned that relay 
CF4 is operated with Substantially each equal 
“on' and 'off' period in response to each code 
cycle of the track circuit current. With relay 
CF4 operated at the code frequency of 75 cycles 
per minute, relays R5 and R6 are picked up and 
relays RT and R8 are released. The Y lamp 
of the top group of lampsis illuminated over front 
contact 09 of relay R5, and the G lamp of the 
bottom group of lamps is illuminated over front 
contact to of relay R6 and signal CS displays 
an approach restricting signal indication. 
Under approach traffic conditions for the track 

section W X, the code of the track circuit cur 
rent is that of negative polarity and 50 cycles per 
minute. The relay CF4 is operated in response 
to each current impulse, the Same as before, but 
this time it is operated at the frequency of 50 
cycles per minute and only relay R5 is picked up, 
the relays R6, RT and R8 being released. The 
Y lamp of the top group of lamps is now illumi 
nated over front contact 09 of relay R5, and the 
R. lamp of the bottom group of lamps is illumi 
nated over back contacts 2 and of relays 
R6 and RT, respectively, so that signal CSF now 
displays an approach signal indication. 
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Under restricting traffic conditions for the Sec 

tion W-X the code of the track circuit current 
is that of positive polarity and 50 cycles per nin 
ute. Relay C3 is Operated in response to each 
inpulse of the track circuit current in the man 
ner explained helreinbefore but at the code fre 
quency of 50 cycles per minute and Only relay R. 
is picked up, the relayS R5, R6 and R8 being 
released. The R, lamp of the top group of laraps 
is now illuminated over back contact, 5 of l'elay 
R5, front contact : 3 Cf relay R? and back con 
tact 9 of relay R8, and the Y lamp of the bottom 
group of lain pS is illuminated over back Contact 

5 of relay R5, front contact 8 of relay R and 
back contact of relay R3, so that signal CS: 
displays a restricting signal indication. 
In the event the track Section W-X is already 

occupied and the track circuit is shunted by the 
leading train, then no electronotive force is in 
duced in the Windings 22 and 23 and the code 
following relays CF3 and CF4 are inactive so that 
the decoding relays are all deemergized and re 
leased. Under this condition of the decoding re 
lays, the R lamp of the top group of iamps is 
illuminated over back contacts 5, 8 and 9 
of relayS R5, R. and R3, respectively. The R. 
lamp of the botton group of lamps is now illum 
inated over back contacts 2 and of relays 
R5 and R. So that the signal CS displays a slow 
Speed Signal indication. 

It is to be pointed out that, when the track. 
circuit current impulses are of relatively large 
magnitude the first stage annplifier tube WT of 
the apparatus of Fig. 2 and of the apparatus of 
Fig. 5 may be omitted and the primary winding 
30 of transformer T2 connected directly with the 
inductor windings 22 and 23. 

It is to be observed from the foregoing descrip 
tion of the apparatuls of Fig. 5 that the most es 
Sential part of the electromotive force induced in 
the windings 22 and 23 by the current impulses 
of the track circuit is that part tending to drive 
the grid of tube WT2 or WT3 positive. When 
the polarity of the impulse is such that the grid 
of tube WT2 or WT3 is driven negative, the elec 
tronaotive force is of no use so far as the useful 
Operation of the apparatus is concerned, and is 
in fact somewhat harmful. It follows, therefore, 
that the amplifier ahead of tubes VT2 and WT3 
is most useful if arranged to amplify most 
Strongly only that part of the incoming electro 
mctive force that tends to drive the grid of tube 
WT2 or WT3 positive in potential with respect 
to its filament. This advantageous condition is 
effected by the apparatus Of Fig. 6. 

Referring to the train carried apparatus of Fig. 
6, the amplifier ahead of the tube WT2 and WT3 
comprises two tubes VT5 and VT6 having their 
grid circuits connected to the secondary winding 
f2 of a transformer T in a push-pull arrange 
ment, the primary Winding 22 of transformer 
Tf being connected with the inductor Windings 
22 and 23. A resistor R.9 is interposed in the 
grid circuit of tube WT3 and a resistor R, ) is 
interposed in the grid circuit of tube VTS. The 
plate circuit of tubes WT and WT5 are connected 
With the generator 29 in parallel, a resistor 23 
being interposed in the plate circuit of tube VTS 
and a resistOr 24 being interposed in the plate 
circuit of tube WT5. The plate circuit of tube 
VT6 is coupled with the grid of tube V2 through 
a condenser C| !, and the plate circuit of tube 
VT5 is coupled with the grid of tube WT3 through 
a condenser C2. A control unit comprising a 
condenser C3 and a resistol 25 is connected 
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between the grid and filament of tube VT2, and in 
like feshion a control unit comprising a con 
denser C í á and a resistor í 26 is connected þe 
tween the grid and filament of tube WT3. The 
code following relays CF3 and CF4 of Fig. 6 are 
interposed in the plate circuit of tubes WT2 and 
WTS, respectively, the same as in Fig. 5, and these 
Code following relayS govern the decoding relays 
R5, R6, RT and R8 in the same manner as in Fig. 
5. Also, the decoding relays of Fig. 6 govern the 
operating circuit for signal CS, the same as in 
Fig. 5. 
The partiS all'e So pl’Oportioned that Olimally 

the grids of tubes VT2 and WT3 are of Substan 
tialiy the Same potential as the filanents of the 
tubes, and a relatively large steady value of plate 
current flows in the 'espective plate circuits SO 
that relays CF3 and CF4 are both energized and 
picked up. 

ASSulming the train on Which the apparatus of : 
Fig. 6 is mounted is moving in the normal direc 
tion of traffic through the track section W-X of 
Fig. 4 Linder clea: traffic conditions. So that cur 
rent impulses of positive polarity and of the code 
frequency of 75 cycles per minute are supplied to 
the track rails, an electrorotive force is induced 
in Windings 22 and 23 which in tu'n induces an 
electromotive force in the secondary winding 2 
of transformer li i. The connections are so 
arranged that this electromotive force thus in 
duced in the Secondary Winding 2 causes dul 
ing the first half cycie Of the Wave form of the 
induced electromotive force the lower terminal 
of Winding 2 to be positive and the top terminal 
to be negative. I shall first consider the effect 
of tube WT and the associated tube WT3 in re 
Sponse to this electromotive force thus induced 
in the secondary winding 21. When the crest of 
the wave form of the electromotive force drives 
the grid of tube WT5 positive in potential with 
respect to the associated filament, electrons are 
attra3ted to the grid so that grid filament imped 
arice of tuje VT5 is ioveled, which correspond 
ingly lower's the total impedance of the grid cir 
cuit of tube VT5, with the result that the major 
portion of the impedance of the circuit is now 
found in the resistor RF which is proportioned 
for relatively high voltage resistance. Current 
foWS in the grid circuit and the voltage drop of 
resistO: B. accounts for the major portion of : 
the Voltage applied to the circuit. Therefore the 
potential of grid of tube WT5 becomes positive 
With respect to its filalnent by Only a small 
amount. With the grid of tube VT5 made posi 
tive, the plate current on tube WT5 is increased 
SO that the Voltage drop of resistor 24 is in 
creased and the potential applied to the plate of 
tube VT5 is lowered since the voltage of the 
generator 29 remains constant. This decrease 
in the potential of the plate of tube VT5 is ap 
plied to the grid of tube WT3 through the coupling 
condenser Cl2, the potential of the grid of tube 
WT3 being therefore rendered negative with re 
Spect to its filament. The plate circuit current 
of tube WT3 is in turn reduced. The reduction 
of the plate current of tube WT3 is small because 
the electromotive force is not amplified much by 
the tube VT5 due to the large voltage drop in 
resistOr R0. The resultant reduction in the 
plate current of tube WT3 is not only relatively 
Small but it last.S only for a short time because of 
the short duration of the current impulse of the 
track circuit, With the result that the code fol 
lowing relay CF4 is not released. 
I shall now consider the effect of the induced 
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electromotive force in secondary winding 2 on 
the tube WT6 and its companion tube WT2. The 
grid of tube WT6 is rendered negative in poten 
tial with respect to its filament by substantially 
the full crest voltage of the first half cycle of 
the induced electromotive force because no cur 
rent flows in the grid circuit of tube WT6. Hence 
there is a relatively large reduction in the plate 
circuit current of tube WT6. Since the voltage 
drop of resistor f 23 is made smaller due to the 
reduction in the plate circuit current of tube 
WT6, the potential applied to the plate of tube 
WT6 is increased and a resultant potential of 
positive polarity is applied to the grid of tube 
WT2 through the coupling condenser C. With 
the grid of tube WT2 rendered positive in poten 
tial with respect to its filament, grid current 
flows in the grid circuit of tube WT2 and con 
densers C and C3 are charged thereby. The 
positive potential thus applied to the grid of 
tube WT2 causes a corresponding increase in 
the plate circuit current of that tube which in 
turn increases the energization of the relay CF3, 
and no operation of that relay is at this time 
effected. When the half cycle of the induced 
electromotive force ceases, condensers C and 
Cl3 apply a negative potential to the grid of 
tube WT2 during the time of its discharge 
through the resistor 25. The negative potential 
thus applied to the grid of tube WT2 causes a 
reduction in the plate current of tube WT2 suffi 
cient to cause the release of relay CF3 since the 
reduction persists during the discharge of the 
condensers Cl? and C3. Condensers Clf and 
C3 are discharged and the apparatus restored 
to its normal condition prior to the expiration of 
the code cycle interval. It is clear therefore that 
the code following relay CF3 is operated for 
each impulse of the track circuit current. The 
control unit comprising condenser Cl3 and re 
sistor 25 is so proportioned that substantially 
equal “on' and 'off' periods in the operation 
of relay CF3 are effected. Since the code fre 
quency of the track circuit current impulses is 
that of 75 cycles per minute, both relays RT 
and R8 are picked up and the cab signal CSf 
displays a clear signal indication. 
In the event approach restricting traffic con 

ditions exist so that the code of the track circuit 
current impulses of section W-X is that of 
negative polarity and 75 cycles per minute, the 
electromotive force induced in the Secondary 
winding 2 f is opposite in polarity to that pre 
viously described, and this time the top terminal 
of Winding f2 is positive and its bottom terminal 
is negative. The positive potential thus applied 
to the grid of tube VT6 causes grid current to 
flow and the voltage drop of resistor R9 is large 
so that the resultant positive potential for the 
grid of tube VT6 is not large and the resultant 
increase in the plate circuit current of tube 
VT6 is not large. Hence the negative potential 
applied to the grid of tube WT2 through con 
denser C is not large and the resulting reduc 
tion of the plate current for tube WT2 is not 
sufficient to reduce the energization of that relay 
to a point where it releases, and the reduction 
lasts for only a brief interval. The negative po 
tential applied to the grid of tube WT5 is ampli 
fied and causes a relatively large reduction in 
the plate circuit current of tube WT5, and a re 
Sultant large positive potential is applied to the 
grid of tube WT3 through condenser C2. Grid 
current flows for the tube WT3 and condensers 
Cl2 and C f4 are charged thereby. At the ex 
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piration of the current impulse the charge on 
condenser C4 renders the grid of tube WT3 
negative with respect to its filament and the 
plate circuit current is reduced to a point where 
the relay CF4 is released, the reduction in the 
plate circuit current being effected for a rela 
tively long interval during the discharge of con 
densers Cf2 and Cl4 through the resistor 26. 
1t follows therefore that the relay CF4 is oper 
ated in response to each current impulse of the 
track circuit current and the decoding relays 
R5 and R6 are picked up to cause the cab signal 
CS to display an approach restricting signal in 
dication. 

in the event approach traffic conditions exist 
for the section W-X so that the code of the 
current impulses is that of negative polarity and 
a frequency of 50 cycles per minute, the action 
of the electron tubes is the same as described 
in connection with approach restricting traffic 
conditions except the code following relay CF4 
is operated at the frequency of 50 cycles per 
minute and relay R5 only is picked up, with 
the result that signal CS displays an approach 
Signal indication. 
In the event restricting traffic conditions exist 

for the section W-X so that the code of the 
current impulses is that of positive polarity and 
a freqency of 50 cycles per minute, the action 
of the electron tubes is the same as that de 
scribed under clear traffic conditions except the 
code following relay CF3 is operated at the fre 
quency of 50 cycles per minute and relay R7 
only is picked up with the result that the signal 
CSf displays a restricting signal indication. 

It is obvious that in the event the track Section 
W-X is already occupied and the track circuit. 
Shunted, no electromotive force is induced in the 
Windings 22 and 23 of Fig. 6 and the code foll 
lowing relays CF3 and CF4 remain inactive and 
the decoding relays are all deemergized and re 
leased, with the result that the cab signal CS 
displays a slow Speed Signal indication. 
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 II 
claim is: - 

1. A signal System comprising, a transmitting 
circuit, means including a code transmitter oper 
ative at times to supply to said circuit successive 
current impulses of unidirectional current and 
the Successive impulses of which are separated 
by an interval longer than the impulse interval, 
receiving means receiving energy from said cir 
cuit and effectively influenced by each such cur 
rent impulse, a relay including a contact member 
which is moved to a selected position in response 
to a predetermined condition of energization of 
the relay for a predetermined interwal, means 
including capacitance associated with said re 
ceiving means and with said relay to store up 
energy during each current impulse interval and 
to give up Such energy during the interval be 
tWeen. Successive current inpulses to effect said 
predetermined condition of energization of said 
relay for said predetermined interval, and a sig 
naling circuit controlled by said contact member. 

2. A signal System comprising, a transmitting 
circuit, means including a code transmitter oper 
ative at times to supply to said circuit a signal 
current consisting of successive current impulses S. 

5 

25 

30 

40 

50 

55 

60 

65 

70 

  



12 
Of Unidirectional current and the SucceSSive im 
pulses of which are Segarated by an ihter val 
longer than the imprilse inte:"Val, 'eceiving means 
receiving energy fr’Oin said cil'cuit, effectively in 
fluenced by each such current impulse, an elec 
tromagnetic device, energy Stoiting means includ 
ing capacitance, means to aSSociate Said energy 
storing means with saici receiving means to Store 
up energy in response to each of Said current in 

0 pulses, other means to associate said energy stolT 
ing means with said electromagnetic device to 
effect energization of the device by the giving up 
of such stored energy during the interval between 
successive current inpulses, and signaling means 

is controlled by said electronagnetic device and 
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operated to a selected position in response to Such 
recurrent energization of the device. 

3. A signal system comprising, a transaitting 
circuit, a source of unidirectional current, coding 
means operable to divide tinne into successive 
cycles of a selected interval, means to conilect 
said source to said circuit and controlled by Said 
coding means to supply to Said circuit a single 
effective surge of current each cycle the duration 
of which surge is relatively short and only a Small 
portion of the cycle interval, receiving means 
coupled with said circuit effectively influenced 
by each such current surge, a relay governed by 
said receiving means and requiring for effective 
energization a period greater than the duration 
of Such Surge of current, a condeiser, Iaeans to 
associate said condenser Witin Said receiving 
means and with said relay to charge the con 
dense during each current Surge and to effect, 
by discharging said condenser during Substan 
tially the remaining poition of each cycle interval 
energization of said relay, and a signal circuit 
including a contact of said relay. 

4. A railway signal System comprising, a track 
section, a code transmitter having an Operation 
cycle of a selected interval and operating to con 
tinuously repeat such cycle, a Source of unidirec 
tional current, means controlled by said transmit 
ter to connect said source a CrOSS the rails of Said 
section to Supply to the rails during each Oper 
ation cycle a single effective current inpuise the 
duration of which is relatively Short and is Only 
a small portion of the cycle interval, receiving 
means receiving energy from the track rails and 
effectively influenced by each such current in 
pulse, an electrol'esponsive means including a 
contact member normally occupying a first posi 
tion and operated to a Second pCSition in response 
to a predetermined change in the energization 
of the electroresponsive means, signaling Imeans 
controlled by Said contact member, and means 
including capacitance associated With the receiv 
ing means and With the electrOrespOnsive means 
to receive a charge in response to each current 
impulse and to effect Said change in the ener 
gization of the electrofesponsive means by dis 
charging during the reimaining portion of each 
cycle interval. 

5. A railway signal System comprising, a track 
Section having a track circuit, a code trans 
mitter having an Operation cycle of a selected 
interval and operating to continuously repeat 
Such cycle, a tirack battery, traffic controlled 
means cooperating With said code transmitter to 
Supply from said battery to Said track circuit 
during each said cycle a single effective Surge 
of current of high peak Voltage and short dura 
tion and which duration is only a relatively small 
portion of the cycle interval, receiving ineans re 
ceiving energy from the track circuit effectively 
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influenced by each such current Surge, a slow 
acting relay controlled by said receiving means, 
a Condensel', ineans to aSSOciate said condensei 
With Said receiving means to charge the con 
denser during each current surge, other neans 
to associate said condenser with said reiay to 
cause energization of the relay during substan 
tially the remaining portion of each cycle inter 
Val in response to the disci)a'ge of the condariser, 
& 13 di 2. Signai ci?''cuit controiled by said raciay. 

6. A railway signal system comprising, a track 
Section having a track circuit, a code transmit 
ter having an operation cycle of a selected inter 
Val and Operating to continuously repeat such 
Cycle, a track battery, trafic conti'olied inneans co 
Operating with Said code transmitter to supply 
fron Said battery to said track circuit, during 
each Said Cycle a single effective surge of current 
of high peak voltage and short duration and 
which duration is only a relatively snail portiori 
of the cycle interval, receiving rineans receiving 
energy from the track circuit effectively influ 
enced by each Such current surge, a circuit con 
trolling electromagnetic device governed by said 
receiving in eans and which device is character 
ized by requiring for effective energization a pe 
riod greater than the duration of such surge of 
Current, a condeinser, means controlled by said 
receiving means for charging the condensel duit 
ing each Such current surge and for effecting 
energization of Said device duiring the remaining 
portion of each cycle interval by discharging 
Said condenser, and a signal circuit controlled by 
said electromagnetic devica. 

7. A signal System comprising, a transmitting 
Circuit, a quick acting code following relay having 
a contact member biased to a first position and 
Operated to a Second position when the winding 
of the relay is effectively energized by a current 
impulse of a piedetermined short duration, means 
to effectively couple the winding of said relay with 
Said circuit, a condenser, a decoding relay which 
is picked up when effectively energized for a rela 
tively long perica, a Source of direct current, 
means including said contact member at its sec 
Ond position to connect said condenser across 
Said Source to charge the condenser, means in 
cluding said contact member at its first position 
to connect said condenser across the winding of 
Said decoding relay to energize that relay by the 
discharge of the condenser, transmitting means 
including a code transmitter connected with said 
transmitting circuit and operative to supply at 
times recurrent current impulses which are of 
Said predetermined short duration and are spaced 3: 
apart by an interval substantially equal to said 
relatively long period to operate the code follow 
ing relay for causing periodic energization of said 
decoding relay for said relatively long period, and 
signaling means controlled by said decoding relay. ; 

8. A signal System comprising, a transmitting 
circuit, a polar code following relay having a 
polar contact member biased to a first position 
and Operated to a Second position only when the 
Winding of Said relay is energized by current of a 
Selected polarity, means to effectively couple the 
Winding of Said relay with said circuit, a con 
denser, a decoding relay which is operated when 
energi Zed for a relatively long pel'iod, a source of 
direct current, means including said contact 
member at its second position to connect said 
Condenser across said Source to charge the con 
denser, means including said contact member at 
its first position to connect said condenser across 
the Winding of Said decoding relay to energize 75 
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that relay by the discharge of the condenser, 
transmitting means including a code transmitter 
Connected with said transmitting circuit and op 
erative to Supply recurrent current impulses of 
Said selected polarity and short duration but 
which are spaced apart by an interval substan 
tially equal to said relatively long period to oper 
ate the code following relay for periodically ener 
gizing said decoding relay for said relatively long 
period, and signaling means controlled by said 
decoding relay. 

9. A signal system for railways comprising, a 
track section having a track circuit, a source of 
unidirectional current, traffic controlled coding 
means operative to divide time into successive 
cycles of a given interval and to supply under a 
given traffic condition from said source to said 
track circuit a single effective current impulse 
during each cycle, Said impulses all of one 
polarity and each impulse of only a relatively 
Small portion of the cycle interval, a polar code 
following relay having a polar contact member 
biased to a first position and operated to a sec 
Ond position only when the Winding of the relay 
is energized by current of a selected polarity, 
means to couple the Winding of said relay with 
Said track circuit as required for operation of 
said contact member by each said current im 
pulse, a condenser, a slow acting relay, means in 
cluding the second position of said contact mem 
ber to connect said condenser across a source of 
direct current to charge the condenser, means in 
cluding the first position of said member to con 
nect said condenser with the winding of said slow 
acting relay to energize that relay by the dis 
charge of the condenser, and signaling means 
governed by said slow acting relay. 

10. A railway signal System comprising, a track 
Section, a source of unidirectional current, traffic 
controlled coding means operative to supply 
from said source to the rails of said section re 
current current impulses of one polarity under a 
first traffic condition and recurrent current in 
pulses of the opposite polarity under a second 
traffic condition, a first and a second code follow 
ing relay each provided with a contact member 
biased to a first position and operated to a second 
position when the winding of the associated relay 
is effectively energized, means to couple the wind 
ings of Said relays with the track rails of said 
section as required to effectively energize said 
first relay only by the current impulses of said 
one polarity and to effectively energize said sec 
ond relay only by the current impulses of said 
opposite polarity, a first and a second condenser, 
a first and a second decoding relay, a source of 
direct current, means to connect said first con 
denser across Said direct current Source over the 
Second position of the contact member of Said 
first code following relay and to connect said sec 
ond condenser across that source over the second 
position of the contact member of said second 
code following relay, means to connect said first 
condenser with the winding of said first decoding 
relay over the first position of the contact mem 
ber of said first code following relay and to con 
nect said second condenser with the winding of 
Said second decoding relay over the first position 
of the contact member of said second code follow 
ing relay, and a signal having a first and a sec 
ond indication Selectively governed by said de 
coding relays. 

11. A railway signal system comprising, a track 
Section, trackway coding means operative at 
times to supply to the rails of said section coded 
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direct current of a given polarity, said coded cur 
rent consisting of current impulses each of rela 
tively high peak voltage and short duration and 
the successive impulses separated by an interval 
longer than the impulse duration, a train carried 
receiving circuit receiving energy from the track 
rails, a train carried electron tube provided with 
a plate circuit including a code following relay 
and having its grid circuit coupled with said re 
ceiving circuit as required to apply a positive po 
tential to the grid in response to each of said 
Current impulses, means for normally creating a 
negative bias on the grid of said tube to establish 
Substantially zero plate current for effectively 
energizing said relay only during the interval 
energy is received by said receiving circuit in re 
SpOnse to each of Said current impulses, a con 
denser and a slow acting decoding relay mounted 
on the train, means to connect said condenser 
acroSs a source of direct current over a front 
contact of said code following relay to charge the 
condenser during each of said current impulses, 
means to connect said condenser with said decod 
ing relay over a back contact of the code follow 
ing relay to energize the decoding relay by the 
discharge of the condenser during each interval 
between successive current impulses, and a signal 
controlled over a contact of said decoding relay. 

12. A railway signal system comprising, a 
track Section, trackway apparatus operative 
lunder One traffic condition to supply to the rails 
of Said Section a first code current and under 
another traffic condition to supply to the rails 
a Second code current, said coded currents each 
consisting of recurrent current impulses of rela 
tively short duration with the impulses of the 
first code all of positive polarity and the im 
pulses of the second code all of negative polarity, 
a train carried receiving circuit inductively re 
ceiving energy from the track rails and including 
the primary winding of an input transformer, a 
first and a second electron tube having plate 
circuits with a first code following relay inter 
posed in the plate circuit of the first tube and 
a Second code following relay interposed in the 
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plate circuit of the second tube, means to con- . 
nect the grids of said tubes with a secondary 
winding of said transformer in a push-pull ar 
rangement, a biasing battery interposed in the 
connection between the cathodes of said tubes 
and the center terminal of said secondary wind 
ing to create a negative bias for the grids of 
said tubes to effect substantially zero plate cir 
cuit current, said transformer windings disposed 
So that the first half cycle of the electromotive 
force induced in the secondary winding in re 
Sponse to each rail current impulse of positive 
polarity renders the grid of said one tube posi 
tive in potential with respect to its cathode to 
cause plate current to flow for that tube and 
operate said first relay in step with the first 
code current and the first half cycle of the elec 
tromotive force induced in the secondary wind 
ing in response to each rail current impulse of 
negative polarity renders the grid of said sec 
Ond tube positive in potential with respect to its 
cathode to cause plate current to flow for that 
tube and operate said second relay in step with 
the second code current, and train carried de 
coding and Signaling means selectively controlled 
by such operation of said code following relays. 

13. A railway signal System comprising, a 
track Section, trackway apparatus operative 
under one traffic condition to supply to the rails 
of said Section a first code current and under 
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another traffic condition to supply to the rails 
a Second code current, Said coded currents each. 
Consisting of recurrent current inpulses of Irela 
tively short duration with the impulses of the 
first code all of positive polarity and the in 
pulses of the Second code all of negative polarity, 
a train carried receiving circuit inductively re 
ceiving energy from the track lails and including 
the primary Winding of an input transformer, a 
first and a Second election tube having plate 
circuits with a first code following relay inter 
posed in the plate circuit of the first tube and a 
Second code following relay interposed in the 
plate circuit of the Second tube, means to con 
nect the grids of Said tubes With a Secondary 
Winding of Said transformer in a push-pull al 
rangement, a biasing battery interposed in the 
connection between the cathodes of Said tunes 
and the Center tennina Of Said Secondary Wind 
ing to create a negative bias for the grids of 
Said tubes to effect Substantially Zero piate cir 
cuit current, Said transformer windings disposed 
So that the first half cycle of the electromotive 
force induced in the Secondary Winding in re 
SpOnse to each rail current impulse of positive 
polarity renders the grid of said one tube posi 
tive in potential With respect to its cathode to 
cause plate current to flow for that tube and 
operate said first relay in step with the first 
code current and the first half cycle of the 
electromotive force induced in the secondary 
Winding in response to each rail current in pulse 
of negative polarity renders the grid of Said Sec 
Ond tube positive in potential With respect, to its 
cathode to cauSe plate current to flow for that 
tube and operate said Second relay in step Wii 
the second code current, train carried decoding 
and Signaling means selectively controlled by 
Such operation of the code following relays, and 
an auxiliary bia Sing llnit incluiding a conden Ser 
and a resistor in nultiple connected in Series 
With Said biasing battery. 

i4. A signal Systern comprising, a first, and 
a second polar code following relay each pro 
Wided With a contact member biased to a fist, 
position and Operated to a Second position. Only 
when the Winding of the associated relay is 
energized with current of a selected polarity, de 
coding means controlled Over Said contact men 
bers for Selectively operatiing a signal, an elec 
tron tube, an output transformer, a plate circuit 
for said tube including a Source of current and 
the primary Winding of said transformer, a first 
Secondary Winding Of Said transformer connected 
with the Winding of Said first relay and poled to 
Operate that relay When an electronotive force 
of normal polarity is induced in that Winding, a 
Second Secondary Winding of said transformer 
connected with the winding of said second relay 
and poled to Operate that relay when an electro 
motive force of reverse polarity is induced in 
that winding, an input transformer, a grid cir 
cuit for Said tube including a winding of Said 
input transformer, biasing means interposed in 
Said grid circuit to establish a potential of the 
grid of the tube With respect to the catihade ef. 
fective to cause a selected value of plate circuit 
current SO that an increase in grid potential in 
Creases the plate current and induces in said 
SeCOIndary WindingS electromotive forces of nor 
mal polarity to operate said first, relay and a 
decrease in grid potential decreases the plate 
current and induces in said Secondary Windings 
electronotive forces of reverse polarity to open 
ate Said Second relay, and transmitting means 
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coupled with a winding of said input transfoliin C1 
for at times Supplying recurrent current impuls&S 
of a polarity as required to increase the glid 
potential and for at other times Supplying e 
current current impulses of a polarity aS IC 
quired to decrease the grid potential. 

15. A railway signal system comprising, a track 
section, a source of direct current, Coding Ileans 
for reversibly coupling said source with the rails 
of the sections to supply a first or a Second COce 
current according to a first or a SecCmd ti'affi? 
condition, said first code current consisting of 
recurrent current impulses of relatively short 
duration and high peak voltage with the Su C 
cessive impulses separated by an interva longe 
than the impulse duration and the impulses all 
of one polality, said second Current impulseS COn 
sisting of such current impulses but all of the 
OppOSite polarity, a train Carried recei Wing Ciri 
cuit receiving energy from the track rails, a first 
and a second electron tube having their grid cir 
cuits coupled With Said receiving circuit in a 
push-pull arrangement and having their plate 
circuits arranged in parallel With a first Code 
following relay interposed in the plate circuit 
Of the first tube and a Second code following 
relay interposed in the plate circuit of the second 
tube, said grid circuits normally conditioned to 
Create grid potentials substantially equal to that 
Of the cathodes to produce a steady value of 
plate current for each tube, a first and a second 
Control unit each comprising a condensei and 
a resistOr in multiple, said first unit interposed 
in the grid circuit of the first tube adjacent the 
grid of that tube and said second unit interposed 
in the grid circuit of the second tube adjacent 
the grid of that tube, said receiving and grid 
Circuits poled as required to create a positive grid 
potential for the first tube during each rail cur 
rent impulse of Said one polarity to cause grid 
Current to flow to charge the condenser of Said 
first unit and to create a positive grid potential 
for the Second tube during each rail current in 
pulse Of Said Opposite polarity to cause grid cul 
lent to flow to charge the condense of Said 
Second unit, Said condensers when this charged 
effective to Create a negative grid potential for 
the respective tube and to discharge through the 
aSSOciated resistor during the intervai between 
SUICCeSSive rail current impulses to cause an op 
eration of the associated code following relay, 
and decoding means selectively controllied by such 
Operation of the code foliowing relays. 

16. A railway signal System comprising, a track 
Section, a Source of direct current, coding means 
for reversibly coupling said source with the rails 
Of the Sections to Supply a first or a second code 
Current according to a first or a second traffic 
Condition, Said first code current consisting of 
recurrent current impulses of relatively short 
duration and high peak voltage with the suc 
ceSSive impulses separated by an interval longer 
than the impulse duration and the impulses all 
of One polarity, Said Second current impulses 
CGISisting of Such current impulses but all of the 
Opposite polarity, a first and a second electron 
tube mounted on a train having grid circuits of 
a push-pull arrangement and plate circuits with 
a first Code following relay interposed in the plate 
circuit Of the first tube and a second code fol 
lowing relay interposed in the plate circuit of 
the Second tube, said grid circuits normally con 
ditioned to create grid potentials effective to pro 
duce a steady value of plate current for each 
tube, a first and a Second control unit each com 
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prising a condenser and a resistor in multiple, 
said first unit interposed in the grid circuit of 
the first tube adjacent the grid of that tube and 
said second unit interposed in the grid circuit 
of the second tube adjacent the grid of that tube, 
train carried receiving means to inductively 
couple Said grid circuits with the track rails and 
SO arranged as to create positive grid potential for 
the first tube by the first half cycle of the elec 
tromotive force induced in the grid circuits by 
each current impulse of said first code current 
to charge the condenser of said first unit and to 
create positive grid potential for the second tube 
by the first half cycle of the electromotive force 
induced in the grid circuit by each current in 
pulse of said second code current to charge the 
Condenser of Said second unit, Said condensers 
when thus charged to create a negative grid 
potential for the respective tube and to discharge 
through the resistor of the same unit during the 
interval between Successive impulses of code cur 
rent to cause operation of the associated code 
following relay for each impulse of the code cur 
rent, a slow acting decoding relay for each code 
following relay effectively energized when the 
respective code following relay is operated, and 
signaling circuits selectively governed by the 
decoding relays. 

17. A railway signal system comprising, a track 
section, a source of direct current, coding means 
for reversibly coupling said source with the rails 
of the sections to supply a first or a second code 
current, according to a first or a second traffic 
condition, said first code current consisting of 
recurrent current impulses of relatively short 
duration and high peak voltage with the suc 
cessive impulses separated by an interval longer 
than the impulse duration and the impulses all 
of one polarity, said second current impulses con 
sisting of such current impulses but all of the 
onnosite polarity, a first and a second electron 
tube mounted on a train having grid circuits of a 
push-pull arrangement and plate circuits with a 
first code following relay interposed in the plate 
circuit of the first tube and a Second Code fol 
lowing relay interposed in the plate circuit of the 
second tube, said grid circuits normally condi 
tioned to create grid potentials effective to pro 
dice a steady value of plate current for each 
tube, a first and a Second control unit each corn 
prising a, condenser and a resistor in multiple, 
said first unit connected across the grid and 
cathode of the first tube and said second unit 
connected across the grid and cathode of the 
second tube, a train carried receiving circuit in 
ductively receiving from the track rails in re 
sponse to each current impulse of said code cur 
rents an electromotive force the first half cycle 
of which tends when the current is of the first, 
code to create a positive potential for the grid of 
the first tube and a negative potential for the 
grid of the second tube and tends when the 
current is of the second code to create a positive 
potential for the grid of the second tube and a 
negative potential for the grid of the first tube, 
amplifying means interposed between said receiv 
ing and grid circuits effective to amplify at high 
gain only that portion of such electromotive 
forces that tends to create positive potential for 
said first or Second tube, Said first control unit 
effective in response to such recurrent periods 
of positive grid potential for the first tube to 
create negative grid potential during the interval 
between Such recurrent periods to cause Opera 
tion of the first code following relay in step with 
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the first code current, said second control unit 
effective in response to such recurrent periods 
of positive grid potential for the second tube to 
Create a negative grid potential during the in 
terval between such recurrent periods to cause 
Operation of the second code following relay in 
Step with the second code current, and decoding 
means Selectively controlled by such operation of 
the code following relays. 

18. In combination with a section of railway 
track, a reactance device including a winding 
mounted on a magnetic core and a condenser, 
means to connect a portion of said winding across 
the track rails to form an oscillatory track cir 
cuit for Said section, a source of unidirectional 
Current, means to periodically connect said 
Source to Said device to store up energy therein 
and to periodically disconnect said source from 
Said device to cause current of a damped wave 
to flow in said circuit, and a relay connected 
With Said rails effectively energized by such cur 
rent wave. 

19. In combination with a section of railway 
track, a track relay connected across the rails 
at One end of the section, a reactance device in 
cluding a Winding mounted on a magnetic core 
and a condenser connected across said winding, 
means to connect a selected portion of said wind 
ing across the rails at the other end of said 
Section, said reactance device so proportioned 
as to form an oscillatory track circuit for said 
Section, a source of unidirectional current, and 
In eans to periodically connect said source with 
Said device to store up energy therein and to 
periodically disconnect said source from said 
device to cause current of a damped wave to 
flow in Said track circuit to effect substantially 
the same average energization of the track relay 
for both dry and wet ballast conditions. 

20. In combination with a section of railway 
track, a track relay connected across the rails 
at One end of the section, a reactance device 
including a winding mounted on a magnetic core 
and a condenser connected across said winding, 
means to connect a selected portion of said wind 
ing across the rails at the other end of said sec 
tion, said reactance device so proportioned as to 
form an oscillatory track circuit for said sec 
tion, a Source of unidirectional current, and 
means to periodically connect said source with 
Said device to store up energy therein and to 
periodically disconnect said source from said de 
Vice to supply to said track circuit current im 
pulses having high peak voltage and a damped 
wave to effect when the section is unoccupied 
Substantially the same average energization of 
the track relay under all weather conditions and 
to break down the rail film resistance as an aid 
to shunting when the section is occupied. 

21. In combination with a section of railway 
track, a track relay connected across the rails 
at one end of the Section, a reactance device in 
cluding a winding mounted on a magnetic core 
and a condenser connected across said winding, 
means to connect a Selected portion of said wind 
ing across the rails at the other end of said 
Section, Said reactance device so proportioned as 
to form an Oscillatory track circuit for said sec 
tion, a source of unidirectional current, and 
means to periodically connect said source with 
said device to store up energy therein and to 
periodically disconnect said source from said de 
vice to Supply to said circuit current impulses of 
high peak voltage and a damped wave to effect 
when the section is unoccupied substantially the 
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same average energization of the track relay 
under all Weather conditions and to cauSe When 
the section is occupied by a train a current Surge 
of relatively high amperage as an aid in induc 
tively transferring energy to signaling apparatuS 
carried on the train. 

22. In combination with a section of railway 
track, a polar track relay having its Winding 
connected across the rails at one end of the Sec 
tion and having its arnature biased for Opera 
tion only in response to current of a Selected 
pc?arity flowing in its Winding, a reactance de 
vice including a winding mounted on a magnetic 
core and a condenser connected acroSS Said 
winding, means to connect a portion of Said 
Winding across the rails at the other end of Said 
section to form an oscillatory track circuit for 
said Section, a source of unidirectional current, 
and means to periodically connect Said SOUrce 
With Said device to store energy tierein and to 
periodically disconnect said source from said de 
vice to cause current of a damped Wave to ficW 
in said track circuit and the first half cycle of 
which current Wave is of Said selected polarity 
to operate the armature of the track relay When 
the Section is unoccupied and is of relatively 
high peak voltage to effect when the Section is 
occupied by a train a current Surge of relatively 
high amperage to aid in inductive transfer of 
energy to train carried signal apparatus. 

23. In combination With a section of railway 
track, a track relay having its Winding connected 
across the rails at one end of the Section and 
having a contact member biased to a first posi 
tion and operated to a second position in response 
to energization of its Winding, means including 
a code transmitter connected acroSS the rails at 
the other end of the section to supply to the rails 
recurrent current inpulses for periodically ener 
gizing the Winding of Said track relay, a con 
denser, a slow acting decoding relay, a Source of 
direct current, means including Said contact 
member at its second position to connect Said 
condenser across Said Source to charge the con 
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denser, and means including Said contact mem 
ber at its first position to connect Said Con 
denser across the Winding of said decoding relay 
to effectively energize the decoding relay in re 
sponse to the recurrent current impulses Sup 
plied to the track rails. 

24. In combination, a first and a Second track 
Section, means including a source of unidirec 
tional current and a coding mechanism con 
nected to the rails at One end of Said first Sec 
tion and operative to Supply current of four dif 
ferent codes for four different traffic conditions 
l'espectively, Said first code consisting of current 
impulses of positive polarity and a first code fre 
quen Cy, Said SecOrd C0de COinSisting Of Current 
inspises of negative polarity and said first code 
frequency, said third code consisting of current 
impulses of negative polarity and Said Second 
Code frequency and Said fourth code consisting 
of Curent inpulses of positive polarity and Said : 
Second CCde frequenCy, a filSt and a Secondi polar 
Code following relay each provided With contact 
meinbei's biased to a first position and operated 
to a Second position only When the Winding of 
the associated elay is energized by current of a ; 
Selected polarity, means to connect the Windings 
Of Said relayS With the rails of Said first Section 
SO that Said first relay is operated by current 
in pulses of positive polarity and Said Second re 
lay is Operated by Current impulses of negative 
golarity, a, Slow release control relay controlled 
OVer a COintact inenber of Said first relay, another 
Source Of unidirectional current; circuit means 
COinected to the rails of Said Second section and 
including Said other Source, pole changing con 
tacts of Said Control relay and a contact mem 
ber of each Of Said first and Second code follow 
ing relays to Supply to the rails of the second 
Section current inpulses of the same code as 
Supplied to the rails of the first Section; and 
receiving and decoding means connected to the 
rails of the Second section selectively responsive 
to Said four different codes. 
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