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CONTINUOUS INDUCTIVE TRAN 

SYSTEM 
CONTROL 

Walter H. Hoppe, Rochester, N. Y., assignor to 
General Railway Signal Company, Rochester, 
N. Y. 

Application January 13, 1937, serial No. 120,421 
14 Claims. (Cl. 246-63) 

This invention relates to automatic train con 
trol systems for railroads and it more particu 
larly pertains to systems commonly known as 
the continuous inductive track circuit type. 
The present invention is in the nature of an 

improvement in the invention disclosed in Bush 
nell-Reichard application, Ser. No. 112,858, filed 
November 27, 1936. 
Generally speaking and without attempting to 

define the nature or scope of the invention, it is 
proposed to provide a three indication, contin 
uous inductive system dependent upon current 
in both track rails, the track circuit being auto 
matically and continuously checked for occu 
pancy, broken rails, cross connections and the 
presence of rail current in each rail. 
More Specifically, the present invention makes 

use of phase and magnitude controlled gaseous 
arc discharge vacuum tubes, which are selectively 
responsive to different frequencies and combina 
tions of frequencies of alternating current ap 
plied to the track rails in accordance with traf 
fic conditions, for producing the various indica 
tions on a moving vehicle. 
One type of phase and magnitude controlled 

gaseous arc discharge tube employed in the pres 
ent invention is of such construction that when 
the anode or plate swings positive and a certain 
potential is applied to the grid or control elec 
trode, the tube Will “fire' and current Will flow 
from the anode to the cathode or filament. As 
Soon as the plate current begins to flow the grid 
is instantly Surrounded by a sheath of positive 
ions and the grid has no further effect in con 
trolling the plate current. This sheath, usually 
Only a fraction of a millimeter thick, contains 
the Whole voltage drop due to the grid voltage, 
increasing the grid voltage merely changes the 
thickness of the sheath and has no effect on the 
potential of the rest of the space unless the plate 
Current flowing is of very small magnitude and/or 
unless the grid control energy can be tremen 
dously increased. Practical application, however, 
excludes the last two possibilities. Therefore the 
grid loses control over the plate current, when 
once it is started and plate current flow can only 
be stopped by removing the plate voltage. 
The function of the grid may therefore be 

likened to a trigger, the amount of power re 
quired to start the tube being exceedingly. Small 
and when the tube is once 'fired' it continues 
to conduct until plate energy is removed. From 
the above discussion it Will be apparent that an 
alternating current voltage applied to the plate 
circuit of such a tube can only be controlled 

during-positive swings of this voltage for effect 
ing plate current flow, with the negative. SWings 
being ineffective because the proper polarity is 
not applied to the plate. Athermionic tube hay 
ing the characteristics, above discussed is dis 
closed in Langmuir. Patent No. 1,289,823. The 
name “Thyratron' has been applied to tubes of 
this type and in the following description TR 
and TR2 of Fig. 1 will be referred to as “Thyra 
tron’ tubes. . . . . . 

Regarding the phase and magnitude control 
of the “Thyratron tube', when an alternating 
voltage is applied to the plate circuit, the grid 
has an opportunity of regaining control once each 
cycle and can delay the starting of the arc for 
as long a period during the subsequent positive 
half cycle as the grid voltage is sufficiently nega 
tive. This means that the grid can control the 
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average current flowing through the tube and this 
averaging can be made as “fine grained” as de 
sired by increasing the frequency of interruption. 
From the above it will be apparent that current 
flow in the plate circuit of the “Thyratron' tube 
depends upon the proper phase relation between 
the plate circuit voltage and the grid circuit volt 
age, as Well as upon the proper polarity and 
magnitude of these voltages. 
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From the above discussion and as later point 
ed out in detail, it will be observed that absence 
of current in the track rails, denoting occupancy 
or broken rails, as well as abnormal circuit con 
ditions due to the presence of current in each 
rail flowing in the same instantaneous direction, 
are ineffective to effect the control of the relays 
in the output circuits of the illustrated "Thyra 
tron' tubes. : " , " , ; . . . . . . . . . . . 

One object of the present invention is the pro 
vision of a three indication, continuous inductive 
system of control, whereby trackway conditions 
will determine the presence of current of one fre 
quency, current of another frequency and the 
absence of current in the track rails. 
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Another object of the present invention is the 
transmission of these frequencies to a moving 
vehicle in a simple and direct manner and the 
positive selective operation of indicating devices 
on the vehicle in response to the reception and 
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non-reception of alternating current of the two 
frequencies. . . . . ." 

Still another object of the present invention 
is the protection against false reception or opera 
tion of the indication mechanism, due to stray 
currents in the track rails, such as might be 
caused by interference from nearby power cir 
cuits, broadcast stations, lightning and the like. 
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Warious other objects, advantages and chara,c- 
teristic features of the organization of parts and 
circuits constituting the invention will be in part 
apparent and in part pointed out as the descrip 
tion progresses. 
The accompanying drawings show in a simpli 

fied and diagrammatic manner one preferred 
form and one modification of track apparatus 
and cooperating car carried equipment for illus 
trating the features of the present invention. . 

Fig. 1 illustrates in diagrammatic form one 
embodiment of trackway apparatus and associ 
ated car carried equipment, together with the 
circuit organization in accordance with the pres 
ent invention. - 

Fig. 2 illustrates that the two sources of alter 
nating current if and f have a single common 
return COM. . 

Fig. 3 indicates the arrangement of the inter 
mediate tap battery used in Fig. 4, having end 
terminals (B--) and (B-) and intermediate 
terminal (CN). - 

Fig. 4 illustrates in diagrammatic form a modi 
fied form of trackway apparatus and associated 
Car Carried equipment, together with the circuit 
Organization in accordance with the present in 
vention. - 

Apparatus 
Referring to Fig. 1, the trackway apparatus 

has been illustrated as applied to a railway 
track having rails divided by insulating joints 
2 into sections A, B, C and D. 
Each section is provided with a track circuit 

comprising the track rails, themselves, a circuit 
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including a supply transformer TT (with suitable 
exponent) connected in series with a track bat 
tery B and limiting resistance R (with suitable 
exponent) at the exit end of the section for sup 
plying direct current and superimposed alternat 
ing current to the rails. These band paSS fil 
ters BPF1 and BPF2 allow a band of frequencies 
embracing both frequencies fi and f to flow. 
The track circuit includes a track relay T (With 
suitable exponent) at the entrance end of each 
Section. 
Although wayside signals are ordinarily lo 

cated at the entrance to each section and Con 
trolled in accordance with traffic conditions, for 
the sake of simplicity these signals S, S and S 
are merely indicated, with their control circuits 
omitted, since their control forms no part of the 
present invention. 
A first source of alternating current (for ex 

ample, 90 cycles) and a second source of alter 
nating current (for example, 140 cycles) are pro 
vided at the entrance of each section and selec 
tively applied to the exit end of the next Section 
to the rear by means of the transformer in a C 
cordance with the position of the track relay. 
For example, frequency f1 (140 cycles) is applied 
to the exit end of the next section to the rear 
when the track relay is picked up and frequency 
f2 (90 cycles) is applied to the same section when 
the track relay is dropped a Way. 
Mounted in advance of the wheels and axles W. 

of the vehicle are receiving coils RC and RC, 
so located that the current flow at any instant 
through one rail in One direction and back 
through the other rail in the other direction in 
duces currents in these receiving coils of the same 
frequency as that flowing in the track rails. 
Under these normal conditions the separate volt 
ages induced in receivers RC and RC are fed 
to voltage amplifiers, the voltage of receiver RC 
being applied to the input circuits of the voltage 

2,181,785 
amplifier comprising vacuum tubes VA and 
2WA, by way of band pass filter BPF1 and trans 
former TF1. The voltage induced in the Wind 
ing of receiver RC2 is applied to the input circuits 
of the voltage amplifier comprising vacuum tubes 
WA2 and 2VA2, by way of band pass filter BPF 
and transformer ?TF2. These band pass filters 
BPF and BPF2 allow a band of frequencies em 
bracing both frequencies fl and f2 to flow. 
Transformers TF1 and TF2 have their pri 
maries connected to the output of the associated 
band pass filters and each transformer has two 
secondary windings, one tuned to frequency f. 
and the other tuned to frequency f2, so that fre 
quency fi appears in the output circuit of tubes 
WA1 and 2VA, while frequency f2 appears in 
the output circuits of tubes WA2 and 2WA. 
The secondary Windings of transformers TF1 

and TF have such leakage reactance values that 
condensers C1, 2C, C2 and 2C2 connected 
across these windings render them selectively 
responsive only to the frequencies as above dis 
cussed. It will be understood that tubes WA, 
2VA, VA2 and 2VA2 are of the ordinary volt 
age amplifier type. 
The output circuits of tubes WAI and WA, 

which amplify currents of frequency f1 and fre 
quency f2, respectively, When currents of these 
frequencies flow in the track rails, are connected 
to the input circuits of power amplifier tubes 
PA and PA2, respectively, by means of secondary 
windings of transformers. 2TF1 and 2TF2 con 
nected in the output circuits of the Voltage am 
plifier tubes. These secondary windings are 
tuned to frequencies fi and f by condensers 3C 
and 3C2, respectively. It will be understood that 
tubes PA and PA are of the Ordinary power alm 
plifier type. . . 

Frequency f1 appearing in the plate circuit of 
power amplifier. PA is applied to the plate circuit 
of “Thyratron' TR1 by means of transformer 
4TF1 and in this plate circuit is connected relay 
F1 tuned to be responsive to frequency f by 
means of condenser 4.C. 

Frequency f2 appearing in the output of 
power. amplifier PA2 is applied to the plate circuit 
of “Thyratron' TR2, being connected in the 
“Thyratron’ plate circuit and tuned to frequency 
f2 by condenser 4C2. 
The input or grid circuit of “Thyratron' TR 

receives a negative grid bias Voltage from Cur 
rent of frequency f1 by means of the lower Sec 
ondary winding of transformer 2TF in series 
With rectifier unit RT. The grid or input cir 
cuit of “Thyratron' TR2 has induced therein a 
negative grid bias voltage derived from frequency 
f2 applied thereto by means of the lower sec 
ondary winding of transformer 2TF, with rec 
tifier unit RT2 connected in this circuit. These 
rectifiers and circuit connections to the input 
circuits of the “Thyratron' tubes are for the 
purpose of applying the proper negative bias to 
the grids of these tubes when these "Thyratron' 
tubes are called upon to function. 
A phase shifter connected to the secondary 

winding of transformer 3TF and comprising in 
ductance PL1 and resistance PR applies fre 
quency f2 to the input of “Thyratron' tube TR2 
by means of transformer 5TF2. A phase shifter 
comprising inductance PLP and resistance PR 
connects the secondary winding of transformer 
3TF2 to the input circuit of "Thyratron' tube 
TR1 by means of transformer 5TF, so that fre 
quency f1 is applied to the input of tube TR". 
Other components may be used, Such as resist 
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2,181,785 
ance and capacity, or inductance and capacity 
to give frequency selective response. It may be 
pointed out that in these phase-shifters PR-PL, 
the resistance PR and inductance PL in series, 
for instance, constitute a lagging low power 
factor load derived from the entire secondary 
winding of transformer 3TF, so that the voltage 
drop Over the resistance PR is a lagging volt 
age, lagging less than 90 degrees behind the im 
pressed voltage. This voltage itself, (not the 
voltage drop, the current in this resistance PR 
flowing against the voltage across this resistance) 
With respect to the voltage in the secondary 
winding of this transformer (swinging the vector 
through an angle of 180 degrees) is however a 
leading voltage, leading more than 90 degrees the 
impressed voltage. If this leading voltage is 
then combined with the voltage in the upper por 
tion of the secondary winding the resultant 
vector sum is a leading voltage, leading probably 
less than 90 degrees and to an extent to properly 
fire the tube. 

Indication lamps G, Y and R, assumed to be 
green, yellow and red respectively, are shown 
connected to the contacts of relays F and Fl 
and it will be understood that the circuits con 
trolled by these two relays may be used for other 
purposes such as the automatic control of brake 
valves or the like. 

Operation of Fig. 1 
The lines indicated green, green, yellow and 

red appearing above and parallel with the track, 
indicate the signal which will be displayed by the 
car-carried apparatus when corresponding sec 
tions of track are traversed and a vehicle W1 is 
occupying section D. 

It will first be assumed that track section D is 
occupied as illustrated by the presence of wheels 
Wl assumed to be associated with a train in this 
section. The shunt across the rails of this sec 
tion provided by such a train deenergizes track 
relay T2, which energizes the primary winding of 
transformer TT2 with alternating current of fre 
quency f2 over a circuit extending from one side 
of the current supply of frequency f2, back con 
tact 20 of relay T2 and primary winding of trans 
former TT2 to COM, which is assumed to be the 
common terminal of Supply currents of fre 
quencies f2 and fl, as clearly indicated in Fig. 2. 
Track relay Til, associated with block C re 

mains energized due to the flow of direct cur 
rent from battery B2 and frequency f is applied 
to section B by way of transformer TT and re 
sistor R1. Transformer TT is energized with 
frequency f1 over a circuit extending from one 
side of this frequency circuit, front contact 0 of 
relay T1 and primary winding of transformer TT1 
to COM. 
Track relay T remains energized because of 

direct current in track Section B from battery 
B1 and frequency f1 is connected to the primary 
Winding of transformer TT by way of front con 
tact 5 of relay T. Frequency f1 is applied to 
section. A from the secondary winding of trans 
former TT and the limiting resistance R0 in 
series with battery B0. It will be understood 
that frequency f2 applied to the rails of section 
C and frequency f1 applied to the rails of sections 
B and Ahave no effect on the direct current track 
relays. - 

With the vehicle having receiving coils RCI 
and RC2 in section A as illustrated, frequency fil 
flowing in series through the rails of this section 
induces currents of frequency f1 in the windings 

3 
of these two receiver coils, from where it is im 
pressed on the primary windings of transformers 
1 TF1 and TF2 because band pass filters BPF1 
f to pass. - 
The voltage of frequency finduced in receiv 

ing coil RC is amplified by voltage amplifier WA, 

and BPF allow either of the frequencies fi and 

because this frequency is impressed on its input 
circuit by Way of the secondary winding of trans 
former ITF, this circuit being tuned to frequency 
fl. by condenser f0. Frequency f. is applied to 
the input circuit of power amplifier PA1 by 
means of transformer 2TF1, the input circuit of 
this power amplifier being tuned to frequency fi 
by condenser 3C1. 3 ... ', . . . . 

Frequency f1, amplified by tubes VA and PA 
is applied to the plate circuit of tube. TR, hav 
ing relay F in series therewith, by means of 
transformer 4TF1 and because of the voltage and 
power amplification of this frequency, a voltage of 
considerable magnitude of frequency fi is applied 
to the plate of tube TR. ... . . . . 

Frequency f1 is induced in receiving coil RC2 
and is amplified by voltage amplifier 2WA2 and 
from the output circuit of this tube the amplified 
Voltage is applied to the input of tube TR1 by 
means of transformer 3TF, the upper phase 
shifter PR2 PL2 and transformer 5TF1. - 

Since the “Thyratron' tubes are of the posi 
tive control type and since the plate and grid 
circuits are both controlled from the same source, 
the proper phase relations must exist between 
the Voltages applied to these circuits to cause 
the tube to rectify and pass-plate current. Ob 
viously if the grid voltage is displaced (leading 
or lagging) exactly 180 degrees with respect to 
the plate Voltage no firing can take place, be 
cause no positive grid control voltage is present 
through any part of the positive swing of the 
plate voltage. 
the tube at the early part of a positive swing 

Since it would be desirable to fire 

of the plate Voltage the grid voltage is prefer 
ably of a phase to lead the plate voltage, to an 
extent So that it is of an appreciable positive 
value when the plate voltage enters upon a posi 
tive SWing. During each positive voltage swing 
of the upper terminal of the secondary winding 
of transformer 4TF, with respect to its lower 
terminal, positive potential is applied to the plate 
of tube TR1. 
is applied to the grid circuit of tube TRI and 
the phase of this voltage with respect to that ap 

The proper magnitude of voltage : 

( . . 

it 

w 

4) 

s 

plied to the plate is so determined by the upper 
phase shifter PR-LR2, to cause this grid volt 
age to lead between say 10 and 90 degrees the 
Voltage applied to the plate, as above pointed 
out, whereby the tube is “fired' and plate cur 
rent flows for operating relay F1. 
between the direction of turns in the primary 
and secondary windings of transformers TF1, 
2TF1, 3TF1, 4TF1, 5TF1, TF2, 2TF2, 3TF2, 4TF2 
and 5TF is preferably such that if current of 
frequency if is flowing in the track circuit the 
grids of tubes, WA, PA and 2VA2 will have the 
voltage applied thereto swing positive at sub 
stantially the same time as will also the alter 
nating voltage applied to the plate of tube TR1, 
but the Voltage applied to the grid of tube TR1 
Will, by reason of the inclusion of the phase 
shifter PR-PLP, have this voltage applied there 
to Swing positive earlier to an extent of say 
from 10 to 90 degrees. The same relationship 
is true of tubes; IVA, PA2, 2VA and TR2 when 
frequency fis applied to flow in the track circuit. 
During each negative Swing of the voltages on 

The relation 
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4. 
the plate of tube TR, this tube TRI fails to 
conduct, but since the grid regains control Once 
each cycle, the tube conducts during positive half 
cycles of plate voltage and relay F is main 
tained in its operated position because the fre 
quency is sufficiently high to prevent its release 
during negative half-cycles, this effect being 
augmented by the tuning of relay F by con 
denser 4C1. 

Since frequency f2 is not being received, relay 
F is not energized. A circuit is closed for lamp 
G which extends from (--), front contact 
of relay Fland lamp G, to (-). 
When the train moves into section B, fre 

quency f1 continues to be received because front 
contact 0 of relay Tl is closed and relay Fl 
remains picked up for lighting lamp G. 
When the train moves into section C, the re 

ceived frequency is changed to f because back 
contact 20 of relay. T2 is closed. Frequency f2 
is amplified by voltage amplifier WA and power 
amplifier PA and then applied to the plate cir 
cuit of tube TR2, to which relay F2 is connected. 
Frequency f2 is also amplified by voltage ampli 
fier 2WA and applied to the input of TR2 by way 
of the lower phase shifter PR-PL, all in a 
similar manner already explained for tube TR. 
Relay F2 is energized by positive Swings of the 
plate and it remains picked up during negative 
Swings of the plate. In this case frequency fi 
is not received, relay F remains down and a cir 
cuit is closed for lamp Y extending from (--), 
back contact of relay F, front contact 2 
of relay F2 and lamp Y, to (-). 
When the train moves into occupied Section D, 

neither frequency fl nor f is received because 
of the short circuit ahead of coils RC and RC2 
provided by Wil. In this case, relays Fl and 
F2 both drop and lamp R is lighted over a circuit 
extending from (-), back contact of relay F, 
back contact 2 of relay F and lamp R, to (-). 
From the above description it will be observed 

that the grid voltage must be in proper phase 
relation. With the plate Voltage; and of Sufficient 
magnitude to overcome the bias provided by the 
circuit including the associated rectifier RT, for 
the “Thyratron' tube to “fire' and the associ 
ated relay to operate. Considering frequency f, 
for example, failure of either the proper phase 
relation or the failure of any one or more of 
the tubes VA, PA, 2VA2 and TR1, will cause 
relay F to release and light lamp R, which is a 
danger indication. - 

Considering frequency f2, failure of either the 
proper phase relation or the failure of any one 
or more of the tubes VA2, PA2, 2WA and TR2, 
will prevent the operation of relay F2, so that 
yellow lamp Y cannot be energized and lamp R. 
Will be lighted because frequency f1 is not being 
received. It will thus be seen that it requires 
the reception of the authorized frequency to give 
the proper signal indication and that the loss of 
either frequency, when it should be received, 
gives the red or danger indication. 
In the event of a broken rail in the block ahead 

of a train, the loop circuit including the track 
rails is open and no current is received for pick 
ing up either Fl or F, consequently the red lamp 
is energized. v. W. 

Stray currents ordinarily exist in one rail and 
ground or in both rails and ground, So that they 
do not flow over the loop circuit for causing re 
sponse of the receiving apparatus and the re 
sultant operation of an Frelay. In other words, 
the proper frequency must flow up one rail and 

2,131,785 
down the other to operate a signal control relay 
and this is due to the fact that instantaneous 
voltages of the proper frequency must appear 
across the terminals of both coils RC and RC 
in proper phase to cause the pick up operation 
of a relay. - 

Modification. 
The above description - relates to a three in 

dication arrangement, that is, the lighting of 
lamp G, lamp Y or lamp R, in response to the re 
ceipt of frequency f1, for neither, respectively. 
It will now be explained how a fourth indica 
tion is provided, which indication requires the 
receipt of both frequencies fland f2. 
The modification illustrated in Fig. 4 has cer 

tain portions of the apparatus and circuits ill 
lustrated in block diagrams because the ap 
paratus and circuits represented by these block 
diagrams are the same as illustrated in detail 
in Fig. 1. - 

10. 

In Fig. 4, for example, the block labeled BPF1 
refers to the same band pass filter illustrated 
by BFP in Fig. 1. Certain of these block di 
agrams indicate more than one piece of apparatus, 
for example TF-2C1 indicates that portion of 
transformer TF1 of Fig. 1 having its secondary 
connected to condenser 20. That portion of 
the same block indicated TF1-C1 refers to 
the same transformer With the secondary wind 
ing which is connected to condenser C1 of Fig. 1. 
Furthermore, the blocks labeled Fl-4CI and 
F-4C refer to the corresponding relays and con 
densers of Fig. 1 and for simplicity the contacts 
controlled by these relays are so indicated by 
means of dotted lines associating them. With the 
respective blocks. 
The trackway apparatus and circuits are modi 

fied to provide the fourth indication and in the 
following explanation the conditions assumed in 
Connection with Fig. 1 will be considered in con 
nection. With Fig. 4, but in reverse order. It Will 
first be explained how the red lamp is lighted 
when the train carrying receiver coils RC1 and 
RC enters block D, with this block occupied as 
indicated by wheels Wl. 
With blocks A, B and C unoccupied and block 

D occupied, track relay T2 is deenergized and re 
layST and T are energized. The circuit to relay 
D2 is interrupted at open front contact 50 so that 
relay D2 has its neutral contacts in their dropped 
away positions. Relay D is energized in the 
proper direction for picking up its neutral con 
tacts and for positioning its polar contacts to the 
left as shown, over a circuit extending from (CN), 
winding of relay D, front contact 5 of relay Ti 
and back contact 52 of relay.T., to (B-). Relay 
D is energized in the proper direction for picking 
up its neutral contacts and for positioning its 
polar contacts to the right over a circuit extend 
ing from (B-), front contact 53 of relay Ti, 
front contact 54 of relay. T and winding of relay 
D, to (CN). 
As indicated by the notations immediately above 

the track, a train entering block D will receive 
the red signal indication because no current is 
received on the car carried apparatus and relays 
F1 and F2 are deenergized, which closes a circuit 
for lighting lamp R extending from (--), back 
contact of relay F, back contact. 2 of relay 
F2, and lamp R, to (-). 
A train entering block C will receive the yellow 

indication, this being due to the receipt of fre 
quency f1 by the car carried apparatus. Fre 
quency f1 is applied to section C over a circuit 
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2,18735 5 
which may be traced from the right hand upper 
Winding of transformer 9TF1, through battery B2 
to the lower rail and from the left hand terminal 
of the upper winding of transformer 9TE, 
through resistance R2 to the upper rail. The 
secondary of transformer 9TF1 has frequency f1 
induced thereinbecause of the energization of its 
primary Winding over a circuit extending from 
One Side of the source of frequency fl, lower Wind 
ing of transformer 9TF1 and back-contact 55 of 
relay D2 to the other side of the source indicated 
COM. At this time the secondary winding of 
transformer 9TF2 is short-circuited at back con 
tact 56 of relay D3 for the purpose of removing 
the impedance of this winding from the track 
circuit, in order that the circuit constants of the 
track circuit may be of proper value for the most 
efficient transmission of frequency f1. It Will be 
observed that frequency f2 is not applied to the 
primary winding of transformer 9TF2 because 
*Of Open front contact 55 of relay D2, 
The circuits associated with the exit ends of 

blocks A, B, and C are the same and it will now 
be pointed out how frequency f2 is applied to 
Section B. The primary winding of transformer 
8TF is energized from the f2 source of current 
OVer an obvious circuit including front contact 
'65 of relay D1. 
former 8TF1 is not energized with frequency f1 
because of open back contact 65 and because con 
tact 6 of relay Di is in its left hand position. 
The Secondary winding of transformer 8TF1 is 
Short-circuited to remove its impedance, by 
means of a circuit including front contact 66 and 
contact 68 of relay D1 in its left hand position. 
Frequency f2 is applied to the lower track rail of 
Section Bover a circuit which may be traced from 
the right hand upper terminal of transformer 
8TF, front contact 66 of relay D1, contact 68 of 
relay D in its left hand position and battery B. 
The other side of this frequency source is con 
nected to the upper track rail over a circuit ex 
tending from the left hand upper terminal of 
transformer 8TF2 and resistance R.I. . 

Both frequencies if and f2 are applied to the 
rails of section. A under the condition assumed, 
both secondary windings on transformers TTF1 
and TTF having the short-circuit removed there 
from because of contacts 76 and 8 of relay D 
being in the positions illustrated. The primary 
winding of transformer TTF1 is energized from 
-One side of the source of frequency f1, lower Wind 
ing of transformer ITF1, contact 77 of relay D 
in its right hand position and front contact. 79 
of relay D, to the other side of the source of fre 
quency if, indicated-COM. 
The lower winding of transformer TTF2 is en 

ergized from the source of frequency f2 over an 
obvious circuit completed at front contact 75 of 
relay D. Since neither secondary winding of 
transformers TTF1 nor TTF2 is short-circuited, 
they are Connected in series and to the track 
irails of block A. by means of an 'obvious circuit. 

It has already been pointed out that the red 
or most restrictive indication is provided by light 
ing lamp R. When neither frequency f1 nor f2 is 
received, thus effecting the dropping of both re 
lays F1 and F. The next most restrictive indi 
cation (yellow) is given when frequency f1 is 
transmitted to the car carried apparatus, in 
which case this frequency is passed through band 
filters BPF and BPF2 by Way of transformers and 
condensers TF-2C2 and TF1-Cl to voltage 
amplifiers 2WA and WA1 respectively. The aim 
plified frequency is transmitted from the outputs 

The primary Winding of trans 

of these two voltage amplifiers by way of trans 
former 35IF2:tophase shifter2:and by way of trans 
former condenser combinations 2TF2 3C1 and 
apower amplifier PA to transformer 4TF1. 
The output of phase shifter passes frequency : 

if in the proper phase to transformer 5TF1 and 
transformer rectifier combination 2TF1-RT1 
passes frequency f1 to transformer 5TF1. Trans 
former ATF applies plate or output energy to 
tube TR by way of relay condenser combina 
stion F-4C and transformer 5TF1 applies the 
grid control energy to the input circuit of tube 
TR, which grid control energy is of proper phase 
as determined by phase shifter and the grid is 
spEOperly biased by means of the rectifier cur 
rent provided by rectifier RT1. The above de 
Scribed Operation relating to the transmission of 
frequency f. to the car carried apparatus is the 
same as in the arrangement of Fig. 1. Relay El 
is therefore picked up and relay F2 is dropped 
away (because frequency f2 is not being received) 
and lamp Y is lighted over a circuit extending 
from (--), front contact it of relay Fi, back 
scontact 3 of relay F2 and lamp Y, to (-). 
A train in section B receives frequency f2, 

'Which is transmitted by an arrangement similar 
ito that described in connection with frequency 
if, for applying proper energy to the output of 
tube TR and genergy of the proper phase to the 
input of tube TRP for picking tip relay F2. Since 
frequency f1 is not being received, relay. F1 is 
down and relay Fis picked up for closing a cir 
cuit through back contact did and front contact 
2 for lighting lamp YG. . . . . . 
In the Fig. 4 arrangement, transformer 4TF1 

has an additional secondary winding leading 
through the directional filter to the primary 
winding of transformer -6TF1. Since the sec 
Ondary of transformer 6TF1 is connected to the 
input, circuit of tube. TR-12, frequency f1 is ap 
plied to the input circuit of this tube. Further 
more, transformer ATF has an additional sec 
ondary winding which leads to the primary wind 
ing of transformer 6TF. One secondary Wind 
ing of transformer 6TF supplies plate energy 
to tube TR1, with relay F12 connected in the 
plate circuit. Another secondary winding of 
transformer 6TF is connected in series with the 
Secondary Winding of transformer 6F and the 
input circuit of tube TR12. 
The abOWe arrangement of the circuits for 

tube TR2 provides a means for picking up relay 
F12 by combining plate energy developed at fire 
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quency f2 with grid “firing' voltage developed 
at frequency f. The grid voltage for tube TR-12 
is derived by combining frequency f2, provided 
by transformer 6TF2, 180° out of phase With fre 
quency f2 (the same frequency) applied to the 
plate circuit of tube TR12, with a voltage of 
frequency f1 developed by power amplifier PA1 
and Supplied to the input circuit of tube TR2 
from the extra winding of transformer 4TF1 by 
Way of the directional filter. With this arrange 
ment, the component of grid Voltage due to fre 
squency f2 makes tube TR2 inoperable during 
intervals when f2 is received-alone. This is be 
'cause, as above mentioned, the grid and plate 
voltages supplied to TR1 from transformer 6F2 
are 180° Out of phase. Combining this grid volt 
age with the voltage produced by f (through 
the directional filter) causes the 'firing' of the 
tube and the picking up of relay F1. The di 
rectional filter is for the purpose of preventing 
feedback from the circuits containing frequency 
f2, to the circuits containing frequency f. and 
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it will be understood that a one way repeater, 
repeating from left to right, could be used in 
place of the directional filter. - . . . . . . 

Since frequency f1 is received, relay F is picked 
up, since frequency f2 is received, relay F is 
picked up and as above described, relay F is 
picked up because of the receipt of both fre 
quencies f1 and f2. The circuit is now closed 
for lighting lamp G which extends from (--), 
front contact of relay F, front contact 3 
of relay F2, front contact 4 of relay F and 
lamp G, to (-). - 
From the above description it will be observed 

that a double check is provided for the green 
signal indication, that is, relays F, F and F. 
must all be picked up to light this particular 
lamp. The system would operate without relay 
F12 by connecting lamp G to front contact 3 
of relay F2, which would require both relays 
F1 and F2 picked up and the receipt of both 
frequencies fi and f2 to light the green lamp. 
However, in the present arrangement one or 
the other of relays F1 and F could stick in its 
operated position, with the other one receiving 
an authorized frequency, without operating the 
cleared signal, because relay F1 would be down 
and the circuit to lamp G opened at front con 
tact 4. . . . . . . 

It is obvious that the invention may be em 
bodied in a variety of other forms without de 
parting from the spirit or essential attributes 
thereof and therefore I do not desire to be lim 
ited to the exact modification shown and de 
scribed but contemplate all variations thereof 
that come within the scope of the appended 
claims. . . . 
What I claim is:- - 
1. A system of continuous inductive control for 

railway vehicles comprising; in combination with 
a track circuit including two track rails provided 
with alternating current of one of a plurality of 
different frequencies applied across the rails at 
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the exit end of a section of track and flowing in 
opposite directions in the rails; two receiving 
coils on the vehicle each inductively associated 
with a different track rail, vacuum tube detecting 
and amplifying means on the vehicle for detecting 
the magnitude and the phase relation of the po 
tentials induced in said receiving coils, and means 
distinctively responsive to currents delivered by 
said detecting and amplifying means depending 
on the particular frequency of said plurality of 
frequencies flowing in the track rails and the 
phase relation of the potentials induced in said 
receiving coils at a particular time. 

2. In combination, a railway track, a Source of 
alternating current connected a CrOSS the tWO 
track rails at the exit end thereof, two car car 
ried Windings one in inductive relation. With One 
and the other in inductive relation With the other 
of said two track rails respectively, and train 
governing mechanism including a phase con 
trolled gaseous arc discharge device having its 
plate circuit energized in response to current in 
duced in one of said windings and having its 
grid activated in accordance with current induced 
in the other of said windings and responsive only 
to the energization of both windings in response 
to current flowing through the two track rails in 
opposite directions. 

3. In combination; a car carried receiving ap 
paratus including two receivers for receiving indi 
cations in accordance with track conditions; a 
source of alternating current energy applied 
across the rails of the track at the exit end of a 

2,131,785 
section so that current flows in opposite directions 
in the track rails, said apparatus including an 
electrostatically controlled arc discharge device 
having its in-put and out-put circuits energized 
by amplified energy derived respectively from the 
two receivers one in inductive relation to one 
track rail and the other in inductive relation to 
the other track rail; and means for determining 
the phase relation of the energy applied to said 
in-put and said out-put circuits so that said de 
vice is rendered active only when the alternating 
currents in the track rails flow in opposite direc 
tions. 

4. In a train control system for railroads; 
trackway apparatus for selectively applying alter 
nating currents of one or more of different fre 
quencies to the rails in series so as to flow in op 
posite directions in the track rails and of a fre 
quency or frequencies in accordance with traffic 
conditions; two car carried receiving coils one 
over one rail and the other over the other rail 
for receiving currents of said frequency or fre 
quencies from the rails; de-coding means on the 
car controlled by said receiving apparatus and 
Selectively responsive to said different frequencies 
for delivering currents characterizing varying 
restrictive traffic conditions, said de-coding 
means including a plurality of phase controlled 
vacuum tubes selectively responsive to currents 
induced in said coils of said different frequency or 
frequencies only if these currents are in response 
to currents flowing in opposite directions in said 
rails; and signals controlled by said de-coding 
means for causing the display of the most re 
strictive indication in the absence of currents of 
any of Said frequencies. 

5. In a train control system for railroads; track 
way apparatus for selectively applying to the rails 
at the exit end of a section an alternating current 
of a first frequency; a second frequency or both 
frequencies concomitantly as determined by traffic 
conditions so as to cause such current to flow in 
opposite directions in the track rails; car carried 
receiving apparatus for receiving currents of said 
frequencies from the rails including two receiving 
coils One inductively associated with one track 
rail and the other inductively associated with the 
other track rail; de-coding means on the car con 
trolled by current from said receiving apparatus 

... and Selectively responsive to current of said first 
frequency, of said second frequency and of both 
of Said frequencies concomitantly; said de-coding 
means being selectively responsive to currents of 
Said frequencies singly and combined only when 
flowing in opposite directions in said track rails; 
and Signals controlled by said de-coding means 
to display the least restrictive indication when 
said currents of plurality of frequencies are simul 
taneously received. - 

6. In a train control system for railroads; 
trackway apparatus for selectively applying across 
the rails at the exit end of a track Section an 
alternating current of a first frequency, a second 
frequency or both frequencies concomitantly as 
determined by traffic conditions; car carried re 
ceiving apparatus including a coil over each rail 
for receiving currents of said frequencies from 
the rails; de-coding means on the car controlled 
by said receiving apparatus and selectively re 
sponsive to current of said first frequency, said 
second frequency and both of said frequencies 
concomitantly, said de-coding means including 
electrostatically controlled detectors and ampli 
fiers which have their electrode circuits individ 
ually-connected to said coils and are selectively 
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responsive to currents induced in said coils of said 
frequencies singly and combined only when flow 
ing in opposite directions in said rails; and signals 
controlled by said de-coding means for in the 
absence of currents of both of Said frequencies 
causing the display a most restrictive indication. 

7. In a train control System for railroads; 
trackway apparatus for selectively applying to 
the rails at the exit end of a section of track alter 
nating current of either or both of tWO different 
frequencies as determined by traffic conditions; 
car carried apparatus including two receivers one 
in inductive relation. With one track rail and the 
other in inductive relation with the other track 
rail energized by Said alternating-Currents in said 
rails; two electronic tubes each having a plate 
element and a grid element and each having "One 
of its elements activated in response to voltage in 
duced in one of said receivers and having its other 
elements activated in accordance With voltage in 
duced in the other of said receivers; a first relay 
and a second relay each controlled by one of said 
tubes and each responsive if current of a different 
One of said frequencies foWS in Said rails; and 
means controlled by said relays for distinctively 
displaying danger, caution and clear indications 
in accordance With Whether current of neither 
frequency, current of one frequency or current of 
both of Said frequencies, respectively, is flowing in 
the rails of said section. 

8. In a train control System for railroads; a 
plurality of blocks; means a SSociated With each 
block for selectively impressing across the rails 
at the exit end alternating current Voltages of 
One of Several frequencies determined by the con 
dition of traffic in the next block in advance to 
cause current to flow in opposite directions in the 
track rails; a pair of car carried receiving coils 
disposed in front of the first pair of wheels and 
axles of the car one in inductive relation. With One 
rail and the other in inductive relation. With the 
other rail; a pair of gaseous arc discharge tubes 
each having a grid circuit and a plate circuit and 
each having one of its circuits controlled by one 
of said coils and having its other circuit controlled 
by the other of Said coils; indication receiving 
means controlled by said tubes; means including 
circuit connections between each of Said coils and 
both of Said tubes for applying Voltages of a pre 
determined phase relationship to the grid cir 
cuits and the plate circuits of said tubes So that 
Currents of a definite phase relation must exist 
in said coils as obtained only if currents flow in 
opposite directions in said track rails to energize 
Said indication receiving means. 

9. In a System of cab signals or train control 
for railroads, in combination with a railway track 
having its rails divided into blocks; means for 
causing the flow of alternating current in Opposite 
directions in the rails of each block; car-carried 
apparatus including one receiver over one of said 
rails and another receiver over another of Said 
rails; an electronic tube on the vehicle having its 
plate circuit energized externally of the tube in 
accordance with voltage induced in one of said 
receivers and having its grid circuit activated in 
accordance with the voltage induced in the other 
of said receivers; and indicating means controlled 
by the out-put circuit of Said tube. 

10. In a system of cab signals or train control 
for railroads, in combination with a railway track 
divided into blocks; a track circuit for each block 
including a source of direct current connected 
across the rails at the exit end and a direct cur 
rent relay connected across the rails at the en 

7 
trance end of the block, means controlled by the 
track relay at the entrance end of the block next 
in advance for causing the flow of alternating 
current in opposite directions in said rails; car 
carried apparatus including a receiver over one 5 
rail and another receiver over the other rail; an 
electronic tube on the vehicle having its plate cir 
cuit energized externally of the tube in accordance 
with Voltage induced in one of said receivers and 
having its grid circuit activated in accordance 
with the voltage induced in the other of said re 
ceivers; and indicating means controlled by the 
Out-put circuit of said tube. 

11. In a system of cab signals or train control 
for railroads, in combination with a railway track 
divided into blocks; means for causing the flow 
of alternating currents of two different fre 
quencies in opposite directions in the track rails; 
car-carried apparatus including a receiver over 
one rail and a second receiver. Over the other rail; 
an electronic tube on the vehicle having its plate 
circuit energized in accordance with alternating 
voltage of one frequency induced in one of said 
receivers and having its grid circuit activated in 
accordance with alternating Voltage of another 
frequency induced in the other of said receivers; 
and indicating means controlled by the Out-put 
circuit of Said tube. 

12. In a system for controlling cab signals or 
brake control apparatus on a railway vehicle; in 
combination. With a pair of track rails comprising 
the rails of a track circuit energized from the 
exit end to produce the flow of alternating cur 
rent in opposite directions in said track rails; 
means for applying current of One frequency or 
current of another frequency to such track cir 
cuit depending upon traffic conditions in advance; 
car-carried apparatus including two receivers one 
located in inductive relation. With one of said 
track rails and the other located in inductive re 
lation. With the other of Said track rails; an am 
plifying means for each receiver for amplifying 
the voltages induced in Said receivers; and tWO 
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electronic tubes, one of said tubes having its plate 
circuit potential derived from one of said ampli 
fying means and having its grid circuit activated 

45 

by potential derived from the other one of said : 
amplifying means, and the other tube having its 
plate circuit potential Supplied from Said other 
of said amplifying means and having its grid cir 
cuit activated by Said one of Said amplifying 
means; an electro-responsive means included 
in the out-put circuit of each of said tubes; and 
car-carried apparatus controlled in accordance 
with Whether one of Said electro-responsive 
means, the other of Said electro-responsive means, 
or both of said electro-responsive means are en 
ergized. 

13. In a system for controlling cabi signals or 
brake control apparatus on a railway vehicle; in 
combination with a pair of track rails comprising 
the rails of a track circuit energized from the 
exit end to produce the flow of alternating cur 
rent in opposite directions in the rails; means 
for applying current of One frequency or the other 
frequency to such track circuit depending upon 
traffic conditions in advance; car-carried ap 
paratus including two receivers one located in in 
ductive relation with one and the other located 
in inductive relation with the other of Said track 
rails; an amplifying means for each receiver for 
amplifying the voltages induced in said receivers; 
and two electronic tubes, one of said tubes having 
its plate circuit potential derived from One of 
said amplifying means and having its grid circuit 
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activated by potential derived from the other one 
of said amplifying means, and the other tube 
having its plate circuit potential Supplied from 
said other of said amplifying means and having 
its grid circuit activated by said one of said ampli 
fying means; an electro-responsive means includ 
ed in the out-put circuit of each of Said tubes; 
and car-carried apparatus controlled in accord 
ance with whether one of said electro-responsive 
means, the other of said electro-responsive means, 
or neither of said electro-responsive means are 
energized, respectively. 

14. In a system for controlling cab signals or 
brake control apparatus on a railway Vehicle; in 
combination with a pair of track rails comprising 
the rails of a track circuit energized from the exit 
end to produce the flow of alternating current of 
either or both of two frequencies in opposite di 
rections in the track rails in accordance with 
traffic conditions in advance; car-carried appa 
ratus including two receiving coils one located in 
inductive relation with one track rail and the 
other located in inductive relation with the other 
of said track rails; an amplifying means for each 

2,181,785 
receiving coil for amplifying the Voltages induced 
in . Such coil; three electronic tubes on the car, 
One of said tubes having its plate circuit ener 
gized by alternating, potential of One frequency 
derived from one of said amplifying means and 
having its grid circuit activated by alternating 
potential of Said one frequency derived from the 
other one of said amplifying means, the Second 
tube having its plate circuit energized by alter 
nating potential of the other frequency Supplied 
from Said other of said amplifying means and 
having its grid circuit activated by alternating 
potential of said other frequency derived from 
Said. One amplifying means, and the third elec 
tronic tube having its plate circuit energized by 
alternating potential of one frequency derived 
from One of Said amplifying means and having 
its grid circuit activated by alternating potential 
of said other frequency derived from said other 
amplifying means; and vehicle carried apparatus 
controlled by the out-put circuits of said elec 
tronic tubes. 

WALTER, H, HOPPE. 

5 

:0 

5 

20 


