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Claims. 

Our invention relates to railway track circuit 
apparatus, and has for an object the provision 
of novel and improved means for increasing the 
shunting sensitivity of apparatus of this char 
acter. 
We will describe several forms of apparatus 

embodying our invention, and Will then point out 
the novel features thereof in claims. 

In the accompanying drawings, Figs. 1 to 5, 
inclusive, are diagrammatic views showing Vari 
ous forms of apparatus each embodying our in 
vention. 

Similar reference character's refer to Similar 
parts in each of the several views. 

Referring first to Fig. 1, the reference chair 
acters and a designate the track rails of a 
stretch of railway track, which rails are divided 
by insulated joints 2 to form a track Section 
E-F. Located adjacent one end of this section 
is a transformer T, the primary 3 of which is Sup 
plied with alternating current from a source 
which is not shown in the drawings, and the Sec 
ondary 4 of which is connected across the track 
rails and a through the usual current-limiting 
impedance 5. Located at the other end of the 
Section is a transformer A, the magnetizable core 
of which is made up of four parallel legs 6, 7, 
8, and 9. A primary coil 0 is wound on one of 
these legs 8, and is connected across the rails of 
the section E-F. A secondary coil is wound 
on leg 9. Mounted on the legs 6 and 7 are two 
oppositely wound controlling coils 28 and 2b. A 
full wave rectifier B has its input terminals con 
nected with the secondary coil , and this recti 
fier is provided with an output circuit which in 
cludes the two controlling coils 2 and 2 and 
the operating winding of a track relay C all Con 
nected in Series. 
The direct current furnished by the rectifier B 

tends to saturate the legs 6 and of the trans 
• former A, and variations in the Value of this cur 
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rent will therefore wary the reactance of the 
transformer; and the variations in the reactance 
serve in turn to regulate the output of the recti 
fier B. As the Voltage received by the primary 
coil 0 from the track rails increases, the Voltage 
delivered by the Secondary coil increases, and 
this in turn increases the direct current Supplied 
to the controlling coils 28 and 2b by the rectifier 
B. The consequent increase in the Saturation of 
the leakage paths reduces the reactance in Series 
With the rectifier B, so that the current delivered 
by the rectifier is still further increased. Thus a. 
Small increase in the alternating voltage received 
from the track rails Will cause a large increase in 
the rectifier current Supplied to the track relay 
C, and conversely, a Small decrease in the alter 
nating voltage received from the rails will cause 
a relatively large decrease in the current Supplied 
to the relay C. If the apparatus is so adjusted 

(C. 246-34) 
that under minimum ballast resistance condition 
the current supplied to the relay C is the normal 
Value, then when the ballast resistance is infinite, 
a large current Will flow through relay C, but any 
shunt across the track rails of a lower resistance 
than the total minimum ballast resistance Will 
CauSe a large decrease in the current supplied to 
the relay C below the normal Value. It follows 
that the track circuit apparatus has high shunt 
ing sensitivity. 
The alternating magnetic fluxes created in the 

core legs 6 and ; by current in the primary coil 
8 will induce practically equal and opposite alter 
nating voltages in the two oppositely Wound coils 
2a and 2b, and so these fluxes will create sub 

stantially no alternating voltage in the circuit 
for relay C. 

Referring to Fig. 2, the apparatus shown in 
this view is the same as that shown in Fig. 1, ex 
cept that the output circuit for the rectifier B 
has two multiple branches, one of Which includes 
the track relay C and the other of Which includes 
the controlling coils 2a and 2b connected in se 
ries. The operation of the apparatus shown in 
Fig. 2 Will be understood from the foregoing dis 
cussion of Fig. 1. 

Referring now to Fig. 3, the apparatus shown in 
this view is the same as that shown in Fig. 1, ex 
cept as to the means for supplying direct current 
to the controlling coils on the transformer legs 6 
and . These controlling coils, Which are here 
designated 38 and 3b, are connected in Series 
in the output circuit of a second rectifier B. 
One input terminal of this rectifier is connected 
with one of the track rails fathrough a conductor 
fi, and the other input terminal is connected 
through a conductor 6 with an auxiliary Con 
ductor D, which is in contact with the track 
ballast. The output circuit for rectifier B in 
cludes only the operating winding of the track 
relay C. 
When the track ballast resistance is infinite, no 

direct current will be supplied to the controlling 
coils 33, and 3b, and the apparatus should be 
so adjusted that under this condition just enough 
current flows in the track relay C to energize this 
relay. As the ballast resistance decreases, an 
alternating voltage Will be applied to the recti 
fier Si, and this rectifier Will in turn Supply 
direct current to the coils 38 and 3b, thereby 
reducing the effective reactance of the trans 
former by an annount Sufficient to compensate 
for the decrease in track voltage produced by 
the ballast leakage Current. Under all condi 
tions of track ballast, therefore, the current Sup 
plied to relay C. Will remain Substantially con 
stant at the value required to energize this relay, 
and so the shunting Sensitivity of the apparatus 
Will be relatively high. 
With apparatus of the character shown in 
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2 
Figs. 1, 2, and 3, any fault which results in a re 
duction of transformer reactance Will cauSe an 
increase in the current supplied to the track 
relay With a resultant loss in the shunting Senir 
sitivity. Such a condition night arise, for ex 
ample, if part or all of one of the controlling 
coils should become short-circuited. Such a 
failure would cause a large increase in the Cur 
rent supplied to the relay, and with the appa 
ratus shown in Figs. 1 and 2 it Would cause a 
large increase in the current supplied to the Con 
trolling coils. Fuses is and 5 may be provided 
in the apparatus shown in Figs. 1 and 2 to fur 
nish protection whenever a large part of either 
of the controlling coils become short-circuited. 
Another neans for providing the desired protec 
tion is illustrated in Fig. 4. The apparatus 
shown in this view is the same as that shown in 
Fig. 2, except that a center tap in the Secondary 
oil is connected with a center tap between 
the controlling coils 28 and 2b through the 
primary coil 8. The relationship between the 
reiative polarity of the alternating current in 
the primary coil and the relative polarity of 
the alternating currents induced in the Con 
trolling coils is such that no net alternating 
voltage is produced in the connection between 
these two center taps. With the apparatus con 
Structed in this manner, a short-circuit of any 
magnitude in the controlling coils will reduce the 
current Supplied to the relay C and a total short 
circuit of either controlling coil will cause the 
relay to release. By connecting the track rails 
with these two center taps, and by connecting 
the primary coil across the center taps, Com 
plete protection is provided against false opera 
tion due to a break in any of the Wires of the 
apparatus. 

Referring now to Fig. 5, the apparatus shown 
in this view is a combination of the two forms 
shown in Figs. 1 and 3. In Fig. 5 the transform 
er legs 6 and are provided with two controlling 
coils 2a and 2b, which are energized from recti 
fier B in the Inanner shown in Fig. 1; and these 
legs are provided With auxiliary controlling coils 
3a and 3b which are energized in accordance 

with ballast resistance as in Fig. 3. The ad 
vantage of the low relay energization of Fig. 3 
is thus amplified by the high shunting sensitivity 
of Fig. 1, and so the shunting sensitivity of the 
apparatus shown in Fig. 5 will be higher than 
in any of the other views. As indicated by the 
dash lines in Fig. 5, the output circuit of rectifier 
3 Say be the same as that shown in Fig. 2, in 
stead of the same as that shown in Fig. 1. 
Although we have herein shown and described 

only a few forms of apparatus embodying our in 
vention, it is understood that various changes 
and no difications may be made therein within 
the Scope of the appended claims without, de 
parting from the spirit and scope of our inven 
tion. 

Having thus described our invention, what we 
claim is: 

1. In conbination, a Section of railway track, 
a Source of alternating current connected across 
the rails cf said section, a transformer having a 
core made up of four parallel legs, a primary coil 
wound on One of Said legS and connected across 
the rails of Said section, a secondary coil wound 
on another of Said legs, a rectifier having its in 
put terminals connected with said secondary coil, 
two controlling coils oppositely Wound on the 
two iremaining legs, respectively, of Said core, and 
an output circuit for Said tectifier including Said 

2,061,747 
controlling coils connected in Series and the Oper 
ating winding Of a track relay. 

2. In combination, a section of railway track, 
a source of alternating current connected a CrOSS 
the rails of said section, a transformer having a 
core made up of four parallel legs, a primary coil 
wound on one of Said legs and connected a CrOSS 
the rails of said section, a secondary coil Wound 
on another of said legs, a rectifier having itS in 
put terminals connected with said Secondary coil, 
two controlling coils oppositely wound on the 
two remaining legs, respectively, of Said COre, 
and an output circuit for said rectifier including 
Said controlling coils and the operating Winding 
of a track relay all connected in Series. 

3. In combination, a section of railway track, 
a Source of alternating current connected acroSS 
the rails of Said Section, a transformer having 
a core made up of four parallel legs, a primary 
coil wound on one of said legs and connected 
acroSS the rails of Said Section, a Secondary coil 
Wound on another of said legs, a rectifier having 
its input terminals connected With Said Secondary 
coil, two controlling coils oppositely wound on 
the two remaining legs, respectively, of said 
COre, and an output circuit for said rectifier hav 
ing two multiple branches one of which includes 
Said regulating coils in series and the other of 
which includes the operating winding of a track 
relay. 

4. In combination, a section of railway track, 
a SOtt!"Ce Of alternating current connected acroSS 
the rails of Said Section, a transformer having a 
COre imade up of four parallel legs, a primary coil 
Wound on one of said legs, a secondary coil wound 
on another of said legs, a rectifier having its input 
terminals connected with said secondary coil, two 
Controlling coils Oppositely wound on the two ie 
maining legs, respectively, of Said core and co 
nected in Series, a connection from one rail of 
Said Section to a center tap in said seconda:'y 
coil, a coninection from the other rail of said 
section to a center tap between said regulating 
coils, means for connecting said primary coil 
acroSS Said tWO center taps, 
circuit for Said rectifier including Said regulating 
coils and the operating Winding of a track relay. 

5. In combination, a section of railway track, a 
Source of alternating current connected across 
the rails of Said Section, a transformer having a 
core made up of four parallel legs, a primary coil 
wound on one of Said legs and connected acroSS 
the rails of said section, a secondary coil wound 
on another of said legs, a rectifier having its input 
terminals connected With said Secondary coil, EWO 
controlling coils oppositely wound on the two re 
maining legs, respectively, of Said core, an auxil 
iary conductor in contact with the track ballast, 
a second rectifier having its input terminals coll 
nected with said conductor and One of the track. 
rails, respectively, an output circuit for said sec 
ond rectifier including said two controliing coils 
in series, and an output circuit for Said first rec 
tifier including the operating Winding of a track 
relay. 

6. In combination, a section of railway track, 
a source of alternating current coaÉnected acroSS 
the rails of said Section, a transformer having g. 
core made up of four parallel legs, a primary Coil 
wound on one of Said legs and Connected acio 3S 
the rails of Said Section, a Secondary coil Watkinci 
on another of Said legs, a rectifier having its input 
terminals connected. With Said Secondary coil, two 
controlling coils oppositely Wound on the two 'c- 
maining legs, respectively, of Said COre, an output 

and an output 
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circuit for said rectifier including said controlling 
coils connected in series and the operating wind 
ing of a track relay, two auxiliary controlling 
coils oppositely Wound on said two remaining legs, 
respectively, an auxiliary conductor in contact 
With the track ballast, a second rectifier having 
its input terminals connected with said conductor 
and one of the track rails, respectively, and an 
Output circuit for said second rectifier including 
Said auxiliary controlling coils connected in series. 

7. In combination, a section of railway track, 
a Source of alternating current connected across 
the rails of said section, a transformer having a 
core made up of four parallel legs, a primary coil 
Wound on One of Said legs and receiving current 
from the rails of said section, a secondary coil 
Wound on another of said legs, a rectifier having 
its input terminals connected With Said Secondary 
coil, two controlling coils oppositely Wound on the 
two remaining legs, respectively, of said core and 
connected in series, means for supplying said con 
trolling coils with direct current the value of 
which varies in response to variations in the re 
Sistance of the track ballast, and an output circuit 
for said rectifier including the operating Winding 
of a track relay. 

8. In combination, a section of railway track, 
a Source of alternating current Connected acroSS 
the rails of Said section, a transformer having a 
core made up of four parallel legs, a primary coil 
wound on One of said legs and receiving current 
from the rails of said Section, a Secondary coil 
Wound on another of Said legs, two controlling 
coils oppositely wound on the two remaining legs 
of said core, respectively, and connected in series, 
means for supplying said controlling coils. With 
direct current the value of which varies in ac 
cordance with variations in the resistance of the 
track ballast, and a track relay receiving current 
from said secondary coil. 

9. In combination, a section of railway track, a 
Source of alternating current connected acroSS the 
rails of said section, a transformer having a core 
made up of four parallel legs, a primary coil Wound 
on One of said legs and receiving current from the 
rails of said section, a secondary coil Wound on 
another of said legs, tWO controlling coils oppo 
sitely wound on the two remaining legs of said 
core, respectively, and connected in Series, an 
auxiliary conductor in contact with the track bal 
last, a rectifier having its input terminals con 
nected with said conductor and one of the track 
rails, respectively, and its output terminals con 
nected with said controlling coils, and a track re 
lay receiving current from said Secondary coil. 

10. In combination, a section of railway track, 
a source of alternating current connected acroSS 
the rails of said Section, a transformer having a 
core made up of four parallel legs, a primary coil 
wound on one of said legs and connected acroSS 
the rails of said section, a Secondary coil Wound 
on another of said legs, a rectifier having its input 
terminals connected with said Secondary coil, tWO 
controlling coils oppositely wound on the two re 
maining legs, respectively, of Said core, and means 
for supplying said auxiliary controlling coils with 
direct current the value of which varies in ac 
cordance With variations in the resistance of the 
track ballast. 

11. In combination, a section of railway track, 
a source of alternating current connected acroSS 
the rails of said section, a transformer having 
a primary coil receiving current from the rails 
of said section, a rectifier having its input ter 

3 
minals connected with the Secondary of said 
transformer and its output terminals connected 
With a track relay, and means for varying the 
reactance of said transformer in response to 
variations in the output current of said rectifier. 

12. In combination, a stretch of railway track, 
a source of alternating current connected across 
the rails of said Section, a transformer the pri 
mary of which receives current from said rails, 
a track relay receiving current from the sec 
ondary of Said transformer, and means for vary 
ing the reactance of Said transformer in re 
sponse to variations in the resistance of the track 
balla.St. 

13. In combination, a Section of railway track, 
a source of alternating current connected across 
the rails of Said section, a transformer having 
an input winding receiving current from the 
rails of said section, a rectifier receiving current 
from the output winding of said transformer, a 
track relay energized from the output of said 
rectifier, and means for varying the reactance 
of Said transformer in response to variations in 
the output current of Said rectifier. 

14. In combination, a section of railway track, 
a Source of alternating current connected across 
the rails of Said section, a transformer having 
an input winding receiving current from the 
rails of Said Section, a track relay receiving cur 
rent from the output winding of said trans 
former, and means including an auxiliary wind 
ing of said transformer for varying the react 
ance of the transformer in response to varia 
tions in the resistance of the track ballast, 

15. In combination, a section of railway track, 
a Source of alternating current connected across 
the rails of said section, a transformer having 
an input Winding receiving current from the rails 
of Said section, a rectifier receiving current from 
the output Winding of said transformer, an aux 
iliary Winding on said transformer, an auxiliary 
conductor in contact with the track ballast, a 
Second rectifier having its input terminals con 
nected. With Said conductor and One of the track 
rails, respectively, an Output circuit for said sec 
Ond rectifier including said auxiliary conductor, 
and a track relay governed by the output current 
of said first rectifier. 

16. In combination, a section of railway track, 
a Source of alternating Current connected across 
the rails of Said section, a transformer having 
an input Winding receiving current from the 
rails of said section, a rectifier receiving cur 
rent from the output Winding of said transform 
er, an auxiliary winding for said transformer, 
means for Supplying Said auxiliary winding with 
direct current the value of which varies in re 
Sponse to variations in the resistance of the track 
ballast, and an output circuit for said rectifier 
including the Operating Winding of a track relay. 

17. In combination, a section of railway track, 
a Source of alternating current connected across 
the rails of Said section, a transformer having 
an input winding receiving current from the 
rails of Said Section, a rectifier receiving current 
from the output winding of said transformer, an 
auxiliary winding for said transformer, and 
means including said rectifier for supplying said 
auxiliary winding with direct current the value 
of which varies in accordance with variations 
in the resistance of the track ballast, 
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