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To all whom, it may concern. 
Be it known that, I, WIN THIRoa 

a citizen of the United States, axi 
of the city of Rochester, in the co 
lyionroe and State of New York, 
vented a new and useful Alternat 

--- 

following is a specification. 
This invention relates to track ki 

naling and especially to alternati 
track circuit signaling. 
One object of this invention is to re 

the normal consumption of energy i. 8. t. 
circuit to a minimum. , 
Another object of this invention is to '3- 

duce the maximum energy consulaption o & 
minimum. 
As is well understood by those skillie 

the art, the greatest amount of eie 
supplied by the well known track i 
former used in alternating current £rack cir 
cuit signaling when the transformes' le: 
the track are practically short circuited by 
the presence of a train upon the track 3 & 
such point. 

it is an object of this inventios to 'exit 
the energy consumption under such cc 
tions to a value much less than the Acrilal 
consumption of energy by the track gircuit. . 
A further object of this invention i 

nullify the extremely bad results cause: 
the short circuiting of the well know 

3. 
and to thereby obtain what is technically 

Insulating ioints in tracks are 3. 
source of annoyance, but as yet to 
practical scheme of track circuit si 
without them has been thoroughly periec 
so that they must at present be end tired. 
is necessary, however, to provide against the 
danger caused by the “breaking down” or 
short circuiting of such joints. The danger 
resulting from such "breaking down” lies 
in the fact that the electrical energy in gine 
track circuit section is liable to faisely oper 
ate the relay in the next section. Such oper 
ation may result either in holding a signa at 
danger when it should be at clear, or in 
holding a signal at clear when it should 
at danger. The first of these is 
tremely annoying and would ca,3}se gi'ea 
lay to traffic; the second is of such a 

i. i. 
f i'itection is 

is circuit, sis: : 
carrent. 

systen) is 
s o-called “polariz 

res: its 
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operated by the signal controlling the track 
circuit section in advance so that in one pol 
sition of said signal the pole changing 
switch will be in such a position as 
to cause current to be fed to the track 
circuit section in the rear having a differ 
ence of phase one hundred eighty elec 
trical degrees removed from the phase of the 
current supplied to the track circuit section 
when the said signal and consequently the 
pole changing switch are in another position. 
By employing a relay which will assume a 
central position when no current flows there 
through and which will close a contact on 
One side of the center when current of one 
phase relation flows therethrough and which 
will close a contact on the other side of the 
center when current of the other phase rela 
cion flows therethrough, the three positions, 
danger, caution and clear, of a signal may be 
controlled. In such a system the adjacent 
rail end at an insulating joint may be con 
sidered to have like polarity at one time and 
unlike polarity at another, depending upon 
the position of the above mentioned pole 
changing switch, but it is immaterial 
whether they are of like polarity or of un 
like polarity when the joints breakdown for 
either the relay of one section or the cur 
rent supply of the adjacent section will be 
short circuited, consequently, the relay in 
one section or the relay in the other will 
move io the central position and cause a 
false danger signal, thus attracting imme 
diate attention to the defect. It must be 
readily seen that the method of transposing 
the connections from the current supply to 
the track circuit in alternate sections would 
not provide for broken down joints in a 
three position polarized relay scheme of sig 
naling. If the joints should break down 
there would be at times a current in the ad 
jacent section of the proper polarity to actu 
ate the relay to cause a false clear signal. 
The third method although applicable to a 
three position polarized relay scheme of sig 
naling introduces other complications which 
at present it is not desired to introduce, in 
the way of a larger number of parts in the 
insulating joint. Although a diagonal bond 
scheme of broken down joint protection in 
a polarized relay, track circuit system of sig 
nailing thus appears to be the most practi 
cable methcd to use, it has manifest disad 
vantages. One disadvantage lies in the fact 
that with a steam road system a path for 
any foreign current which may be present at 
any part of the line is formed, which allows 
the current to flow unimpeded the full length 
of the line, and as at present most foreign 
current is of the direct current type, and 
ay flow through the track relays, causing a 

magnetic saturation of the magnetic stator 
and so causing a slowing of the rate of move 

33 ment of the rotor, it is necessary when 
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diagonal bonds are used to so construct the 
relays that they are immune to the effect of 
direct current, as for instance by the method 
fully shown, described and claimed in the 
application of Oscar A. Ross and Anthon II. 
Vogt, Serial No. 593,673, filed November 
22nd, 1910. Another difficulty of greater 
moment is the fact that with road ballast 
having a low insulation resistance the leak 
age of current from one track circuit section 
to another track circuit section in another 
track as on a double track road may in wet 
weather amount to sufficient to wrongly op 
erate the track relay in the track to which 
the leakage current flows, and might under 
extreme conditions cause a false clear signal, 
as such a construction increases the tendency 
for leakage. 

Polarized track circuits have not only the 
difficulties above mentioned, but also the 
difficulties incident to ordinary track cir 
cuits, to-wit: a large normal energy con 
sumption due to the fact that a resistance 
must be placed in series with the track leads 
from the energy supply in order to limit 
the current flow to a safe value when the 
track leads are short circuited as by a train 
standing on the track at the point of con 
nection. As a train may short circuit the 
track leads for a considerable length of 
time, a means must be provided to dissipate 
the heat generated in the resistance, conse 
quently it has heretofore been necessary to 
form such resistance into cast iron grids of 
a non-inductive construction and to place 
the same at some point close to the track in 
a box, to which the outside air has free ac 
cess, thus forming an undesired and son re 
times unsightly obstruction on the right-of 
way. Applicant's invention obviates the 
necessity for resistances and heat dissipat 
ing structures and so removes another of the 
objectionable features of alternating cur 
rent track circuit signaling. The use of a 
resistance in series with the track leads also 
obliges the use of a higher electromotive 
force than would otherwise be necessary, in 
order to cause the necessary current to flow 
in the track circuit to operate the relay, 
thus increasing the normal energy consump 
tion. As applicant's invention limits the 
value of the maximun current flow in the 
track circuit to far below the value which 
it attains in systems as installed, it allows 
the use of Smaller conducting members be 
tween the energy supply and the track and 
so effects a much desired economy of high 
priced material, and as a series of track cir 
cuit sections would consume very much less 
energy than present systems, the line wires 
from the central station supplying energy 
to all of the track circuit sections could be 
much reduced in size thereby effecting an 
other economy. The generator at the cen 
trai station could also be smaller and con 
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sequently much less éxpensive in first cost 
and to install and to operate. w 

In order to explain the principle of the 
invention, and to describe the mode of oper 
ation and construction of the particular. 
physical/embodiment of the invention se 
lected by the applicant to illustrate the 
principle of the invention reference will be 
had to the accompanying drawings and to 
the characters of reference therein, in which, 

Figure , is a perspective view of a de 
vice used in connection with ny system of 
track circuit signaling, with one element 
shown in section. Fig. 2, is a diagrammatic 
view of a track and the associated mecha 
nism by which my system of track circuit 
signaling is effected, when applied to an 
electrically propelled road. Fig. 3, is 8, 

: diagram, similar to Fig. 2, showing the sys 
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tem as applied to a steam propelled road. 
Fig. 4, is a diagrammatic view of a wireless 
automatic block signal system. Fig. 1, 
shows the construction of one of the im 
proved elements of my systeria, to-wit: the 
so callied automatic reactance. 
Upon the base i is fastened the shaped 

member 2, composed of thin sheet iron lami 
nae. The post 3 rigidly attached to the base 
1 has an upper bifurcated end through 
which extends a pivot pin 4 supporting a le 
ver 5, having on one end an adjustable 
weight 6 and having the other 'end formed 
into a hook: 7. The hook passes through 
the eye of a rod 8, which is fastened to the 
center of a shaped rod 9, the lower ends 
of the shaped rod each being fastened to 
a plate of non-magnetic material 10 having 
a central cut-away, portion 11 in order that 
the plate may pass over the middle limb of 
the vi shaped member 2. A coil of insulated 
conducting wire 12 preferably made of cop 
per is wound about both limbs of the: 
shaped member 9 and is supported by the 
plate 10, the ends of the coil being attached 
to the binding posts 13 and 14. If the coil 
12 is connected in series with a source of 
current of constant, electromotive force and 

so adjusted that not more than a certain 
predetermined quantity of current flows 
through the coit there will be no bodily 
movement of the coil, but if the quantity of 
current flowing through the ?oil is increased 
by cutting out resistance, Ée magnetic field 
produced by the current flowing in the coil 
i2 will, in its endeavor to flow through the 
path of least reluctance draw the coil 
downward upon the middle limb of the V 
shaped member 2, overcoming the torque 
produced by the weight 6 to hold it in its 
normal position as shown in Fig. 1. A 
gradual removal of the resistance in series 
with the supply of current and the coil 12, 
will cause the coil 12 to be drawn lower and 

'S5 lower upon the middle limb. of the member 

2, but the downward movement is resisted by a greater and greater torque exerted by 
the weight 6 as it is apparent that the weight 
6 as it moves upwardly to a horizontal posi 
tion exerts a greater and greater torque this 
torque being proportional to the increasing 
torque of the coil 12 as it is drawn down 
farther and farther upon the middle limb of 
the member 2. In practice the device is so 
designed, however, that a very slight in 
crease of current is required to start the coil 
12 to moving downward. As the coil moves 
downwardly upon the middle limb of the 
member 2, the reactance of the coil to alter 
nating current is gradually increased. The 
increased reactance in the coil caused by its 
movement downward upon the middle limb 

70 

75 

of the member 2 is a phenomenon well unt 
derstood by those versed in the electrical 
art. As the reactance of the coil increases, 
the same electromotive force which caused 
the normal predetermined current to flow 
in the coil would necessarily cause less cur 
rent to fow in the coil, but if at the same 
time the adjustable resistance in series with 9 
the coil and the source of current were grad 
uaily-made less and less by the same amount, 
the same electromotive force which caused 
the normal predetermined quantity to flow 
through the coil when in its upper position 
would still cause the same predetermined 
amount of current to flow. It is to be ob 
served that although the current in the coil 
remains the same, the electromotive force 
across the terminals of the coil changes, for 
the drop of potential which formerly existed 
across the adjustable resistance has now been 
transferred across the terminals of the auto 
matic reactance thus largely increasing it. 
The increase in the reactance of the coil re 
sults in an increase in the apparent resist 
ance or impedance and also results in a dis 
placement of the phase of the current so that 
it lags a greater or less extent behind the 
electromotive force, therefore, the power 
factor of the circuit is changed. In the case 

-------- - - of the coil just described, as the reactance in an adjustable resistance, with the resistance creases the ohmic resistance of the coil re 
maining the same, the cosine of the angle as 
shown upon a system of rectangular coör 
dinates between an abscissa and a line rep 
resenting the phase of the current when the 
coil is drawn downward to its greatest extent 
is much less than the cosine of the angle be 
tween the same abscissa and the line repre 
senting the phase of the current when the 
coil is in the position as shown in Fig. 1, 
consequently, as the power factor is propor 
tional to the cosine of such angles it is very 
much greater when it is in the position as 
shown in Fig. 1, and so closer to unity. It 
is also to be observed that as the power fac 
for decreases, under such conditions the cur 
rent is displaced in phase more and more as 
the coil is drawn down upon the middle 
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limb of the member 2 as the ohmic resistance 
remains constant but the reactance of the 
coil changes. 
About the coil 12 is placed the copper an 

nulus 15 which is rigidly supported in the 
fixed position shown in any approved man 
ner. As it may be possible that the power 
factor of the coil 12 when in the upper po 
sition as shown in Fig. 1, is too low, it may 
in some cases be necessary to raise it, which 
may be done by placing the copper annulus 
15 so that when the ?oil is in its upper posi 
tion it will be surrounded by the annulus. 
Under such conditions an alternating cul 
rent flowing in the coil 12 will generate a 
current in the annulus 15 which will react in 
the well known manner upon the coil i3 to 
reduce its reactance and thus the ohmic re 
sistance of the coil remaining the same, in 
creases the power factor and as the power 
factor is increased by a change in the react 
ance only, the current will be brought nearer 
in phase with the electromotive force. In 
the great majority of cases it will plot ably 
be unnecessary to use the annulus 15, it be 
ing merely shown and described to illustrate 
the most perfect embodiment of applicant's 
invention making it applicable to the most 
extreme condition. 

(Jpon the front and back faces of the si 
shaped member 2 the limiting stops 6 and 
17 are adjustably mounted, being held in ad 
justed position by screws as 1S, . As the coil 
12 is drawn lower and lower upon the mid 
dle limb of the M shaped member 2, the re 
actance gradually increases and the power 
factor gradually decreases and the current is 
displaced in phase more and more as the coil 
is drawn down upon the middle limb of the 
member 2 as heretofore pointed out, but in 
some cases it may be undesirable to have the 
coil drawn entirely down upon the middle 
limb of the member 2, ther fore the adjust 
able stops 16 may be used to prevent the coil 
moving down too far, for in, some cases, it 
may be advisable to prevent foe great a cle 
cease in the power factor of the circuit coin 
taining the coil 12 and this prevent too 
great a displacement of the phase of the cur 
rent therein. 

Referring to Fig. 2, 19 and 20 designate 
the two rails of an electrically propelled 
road, separated at intervais by the insulat 
ing joints 21, thus forning blocks each of 
which is governed by a signal as 22 or 23 at 
the entrance thereof. A generator 24 is lo 
cated as is customary at one end of the line. 
one terminal of which is connected by the 
wire 25 to a central point of the winding 
upon the well known iron core track react 
ance bond 26, the two ends of vinich are con 
nected as at 27 and 28. to the two rails 
block at one end thero if. , t the ther eic: 
of the same block and at the beginning of 
the next adjacent block, similar iron core re 

actance bonds are placed connected in the 
usual and well known manner and at the 
meeting points of all of the subsequent 
blocks reactance bonds are likewise connect 
ed, thus furnishing an unimpeded two rail 
return for propulsion current from the 
wheels 29 of an electrically propelled car 30 
to the source of current 24 at the terminal 
station. The motor 31 of the car 30 is con 
nected by one terminal to the axle 32 upon 
which the wheels 29 are placed and the other 
terminal is connected by means of the trolley 
pole 33 to the trolley wire 34 which is co 
nected to one terminal of the generator 24 at 
the terminal station. 
A source 35 of alternating current is lo 

rated at the central station and is connected 
to the two line wires 36 and 37 extending the 
length of the track-way, At suitable points 
the primary windings of the transformer's 
38 and 39 are connected to the line wires. 
The secondary winding 40 of the trans 
former 39 Supplies the two position signal 
22 with current through the wire 41, point 
42, contact alm 44 and wire 45, and also sup 
plies electrical energy to one winding 46 of 
the relay. The relay is of the well known 
polyphase type having two windings 46 and 
47 and a shell rotor 48 bearing the contact 
arm 44 which, when the relay is energized is 
adapted to be: ; against the contact 42. The 
secondary winding 49 of transformer 38 
through the wire 50 connects to one track rail 
2() and by means of wire 51 connects to one 
end of coil i2 upon the automatic react; ince 
device and from the other end of the coil 12 
connects by means of wire 52 to the other 
'ail 19 of the trackway, thus supplying en 
ergy to the track circuit. At the other end 
of the block section thus supplied with en 
ergy, one wire 53 connects with one rail 19 
and with one end of winding 47 of the relay 
and another wire 54 connects with the other 
track rail 20 and with the other end of wind 
ing 47 of the relay. 
Aside from the automatic reactance device 

the system as shown in Fig. 2, is constructed 
and would operate exactly the same as the 
common and well known forms of alternat 
ing current block signaling systems, that is 
to say, the presence of a train upon either 
block section 3 or C would cause in the well 
known manner, the signal such as 22 or 23 
governing the entrance to said block to move 
to the danger position. By the use of the 
automatic reactance, however, the various 
objects herein before stated are attained. 

in ordinary systems in place of the coil 12 
between wires 51 and 52 a non-inductive 
grid resistance is inserted so that in order to 
produce the necessary available drop of po 

...tial across the terminals of wires 53 and 
54 at the points where they are connected 
with bond 26, a greater voltage must be 
present at the teriliinals of the secondary 
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coil 49 of the transformer 38 than would 
otherwise be necessary, consequently, the 
normal consumption of energy in such a 
track circuit is greater than one in which the 
coil 12 is in series with wires 51 and 52, as 
the coil 12 as constructed by applicant is of 
a great deal less ohmic resistance than the 
non-inductive grids as ordinarily used, 
therefore, the normal consumption of energy 
by a track circuit section is decreased. . . As the purpose of the non-inductive grid 
resistance is to limit the amount of current 
which may flow when the wheels and axles 
of a car bridge the terminals of wires 50 and 
52 and as at times a car may remain in such 
a position for a great length of time, the 
resistance grids must be of a size to prop 
erly limit the current and at the same time 
be so constructed and installed as to dissi 

20 9 ate the heat generated by the flow of cur 
rent through them under the most adverse 
conditions, at the same time their resist 
ance mist be of as low a practicable value 

25 
as possible in order to decrease as much as possible the normal energy consumption of 
a track circuit section. It is impracticable 
to so design a non-inductive grid resistance. 
that the amount of current flowing when 
the terminals of wire 50, and 52 are short 
circuited by a train is no greater than the 
amount of current flowing when no train 
is present upon the track circuit section. In 
fact there is an enormous difference between 
the imount of current flowing under normal 
conditions and the amount flowing upon the 
short circuiting of the wires 50 and 52 so 
that the consumption of current by a track 
circuit section under abnormal conditions is 
very great. By the insertion of the auto 

40 matic reactance.in series with wires 51 and 
52 the presence of a train across the termi 

35. 

nais of wires 50 and 52 causes the coil 12 
to be drawn down upon the middle limb of 
the member 2, as shown in Figs. 2, 3 and 4, 
and as it is drawn down upon the member 
2:the impedance of the coil 12 is increased 
and the coil 12 may, be so designed by prin 
ciples well known to electrical engineers 

...that the current flowing through coil 12 will 
50 be the same whether a train is present, short ... circuiting the terminals of wires 50 and 52 

55 

or whether no train is present, the train and 
the track rails: taking the place of the ad 
justable resistance heretofore described in 
connection with the coil. As soon as a train 
which has short circuited the terminals of 
wires 50 and 52 passes on, the weight 6 re 

60 

turns the coil to its initial position. 
As the coil 46 upon the relay is connected 

directly, to the secondary 40 of the trans 
former 39 and as it is wound upon the mag 
netic stato of the motor, it is as ordinarily constructed highly reactive and consequently 
the power factor is low and the current is 

force by a considerable electrical angle. In 
order to get good operation of the relay it 
is therefore necessary that the current flow ing through widing 47 of the relay be dis 
placed as little as possible in phase from the 
electromotive force. 
from the secondary 49 of the transformer 38 
through the automatic reactance 12 to the 
track-rails 19 and 20 as herein shown, the 
circuit containing winding 47 has a high 
power factor. This is so because the ohmic 
resistance of coil. 47 is a very small fraction 
of the ohmic resistance of coil 46 and be 
cause the reactance in the circuit including 
winding 47 is both very much less than the 

70 
With the connections 
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80 
reactance in the circuit including winding 
46, and the circuit including the winding 47 
is furthermore highly resistive. The cur 
rent flowing through winding 47 is there 
fore more nearly in phase with the electro 
motive force. By reason of such facts a 
good difference of phase between currents 
in windings 46 and 47 is maintained thereby 
resulting in a good torque in the relay. 
With the arrangements and constructions 
as shown by Fig. 2, if the insulating joints 
21 should become short circuited a current 
would flow from the rails of one section to 
the rails of the next section and so through 
the track winding of the relay. It must be 
readily understood that an operation of the 
relay would result, if the current thereby 
reaching the track winding of the relay was 
displaced in pliase, from the current flow 
ing in the local winding of the relay as 46. 
As heretofore pointed out, an operation of 
the relay under such conditions is objec 
tionable and in some cases absolutely dan 
gerous and heretofore, in order to provide 
against such difficulty as already pointed 
out, connections from the line wires to the 
track from the supply of energy have been 
transposed in adjacent sections thus causing 
an operation of the relay under such condi 
tions of broken down insulating joints that 
will result in a danger signal not in a clear 
signal. As heretofore pointed out such a 
method is not applicable to the so-called 
“alternating current polarized track cir 
cuit' and recourse has been had to the di 
agonal bond heretofore mentioned but the 
diagonal bond method of protection also has 
its difficulties which have been fully pointed. 
out and in addition has the difficulty that its 
connection to the track rails may become 
broken without in any way impairing the 
normal operation of the system, but such 
a broken connection absolutely destroys 
broken down joint protection and is ex 
tremely difficult to detect in some cases. In 
applicant's system, Öccurrence of broken 
down joints furnishes a path of very low 
resistance from the supply of energy in one. 
section to the relay in the adjacent section; 

5 displaced in phase from the electronotive and therefore acts' upon the automatic re 
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actance device exactly as does the presence 
of a train short circuiting its terminals so 
that the movable coil thereof is drawn down 
upon the middle limb of the iron member, 
the reactance of the coil is largely increased 
and consequently the current flowing there 
through is largely displaced in phase from 
that of the electromotive force so as to lag 
considerably behind the same. As has 
already been pointed out the current which 
is caused to flow through the track winding 
of the relay in order to produce a good ro 
tation of the relay is displaced very slightly 
in phase from the electromotive force, con 
sequently the current which flows to the 
track phase of a relay from an adjacent 
section when the joints break down, does 
not have the proper phase relation, as re 

20 
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40 

gards the current flowing in the local phase 
of the relay to 
the current flowing through the track wind 
ing of the relay, under such conditions is 
or can be inade to have the same phase dis 
placement from the electromotive force that 
the current flowing in the local winding of 
the relay has. w 
In Fig. 4 has been shown a three position 

automatic signal system employing no line 
wires, that is, a system ordinarily known 
as a wireless system. In its broad features 
it differs from the system as shown in Fig. 
2 merely by the means used to obtain the 
third position of the signal, to-wit: the pole 
changing switch, designated generally by S. 
This switch is inserted in the leads from 
the track transformer and the automatic re 
actance device to the track and is actuated 
by the movement of the signal blade, so 
that when the signal blade is in the full 
clear or 90° position the switch will make 
the same contacts that it is making as shown 
at S, but when the signal blade moves below 

45 

the 45 or caution position, the switch will 
make the contactsasshown at S. Considering 
the left hand section as shown on Fig. 4, 
and also considering that part of an alter 
nating current wave above a middle ordinate 
as positive, and that below as negative, and 
that at a certain instant positive current 
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starts from the right hand end of trans 
former 38 in section A, then the current will 
flow by means of wire 50, arm 55, contact 56, 
wires 57 and 58 to the lower track rail 20, 
and the return current will flow from track 
rail 19, through wire 59, contact 60, arm 61, 
wire 52, reactance coil 12, and wire 51 to the 
other side of the secondary of the trans 
former. These different polarities have been 
indicated by the usual positive and nega 
tive sign. If... we consider the same instant 
of time that current is flowing in section A, 
as herein described, current would also flow 
in Section B, from the right hand end of 
transformer 38 in section B, to wire 50, 
through reactance coil 12, wire 52, arm 61, 

produce the rotation, for, 
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wires 62 and 58 to the lower track rail 20, 
thus impressing positive polarity current 
upon the lower track rail, the current flow 
ing to and through the track winding of 
the relay at the other end of the section to 
the upper rail 19, thence by means of wire 59 
to contact 60, through arm 55 and wire 51 
to the negative side of the transformer. It 
should be observed, however, that the switch 
S has been moved to a position differing 
from that of Switch S, on account. of the 
fact that the signal 23 has its blade at the 
danger position, but if the switch had not 
been moved but were in the same position 
as switch S, connected with section A, then 
the lower rail instead of being of positive 
polarity would be of negative polarity. The 
polarity of the rails with the parts as shown 
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is indicated by the usual polarity signs at 
the connections of the wires 58 and 59 to 
the rails 19 and 20. The polarity of the 
rails in Section C, with the switch S as 
indicated, will be the same as that in section 
A. It must be readily seen, that the po 
larity of the rails in adjacent sections with 
all signals at clear is reversed so that abut 
ting rail ends separated by an insulating 
end post will be of different polarity 
throughout the system, consequently any 
breaking down of the joints, while all sig 
nals are at clear, would act upon the relay 
exactly as does the breaking down of the 
insulating joints in the case of a system con 
nected as is shown by. Fig. 2. Even if by 
use of the ordinary reactance device the 
phase of the current flowing through the 
track winding of the adjacent relay were 
not exactly the same as the phase of the cur 
rent flowing through the local winding of 
the same relay and so connected to cause 
rotation, the very worst that could happen 
would be the actuation of the relay in a 
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direction opposite to that which would cause . 
the signal to go to the clear position and 
so such a movement could only cause the 
signal to move to the 45° or caution posi 
tion. The circuit in which current flows 
to cause the signal to move to the 90° nosis 
tion is as follows: secondary 40 of trans 
former 39, wire 41, signal mechanism wire 
63, relay point 42, relay contact bar 44, wire 
45 to the of her termial of the secondary 
of the transformer. 
current flows for the 45° position, is wire 41, 
connected to the Secondary 40 of the trans 
former 39, signal mechanism wires 64 and 
65, conta t point 66, contact bar 44, and 
wire 45 to the other terminal of the trans 
former. It will be observed that connec 
tion is made to wire 64 and to the negative 
terminal of the transformer when the con 
tact arm 44 is in a position to cause cur 
rent to flow through the circuit to move the 
signal to the full clear position. This is the 
usual custom and is for the purpose of mov 

The circuit in which 
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ing the signal blade from the zero or danger 
position to the 45° or caution position so 
that it may thereafter by current flowing in 
the full clear circuit be moved to the full 
ciear position as at times the contact arm 
44 moves to the position opposite to that 
as shown by the relay connected to section B, 
when the signal blade is in the zero or 
danger position and as soon as the connec 
tion were made to move the signal blade to 
the 90° position, no movement at all of the 
signal blade would take place as it must 
on account of the construction of the operat 
ing mechanism be first noved to the 45° 
position before being moved thereafter to 
the full clear position by the current flow 
ing in the full clear circuit. A car 30 is 
shown upon the rails of section C, conse 
quently current is shunted from the track 
winding of the relay and the contact arm 44 
moves to the central or neutral position 
and in so doing, breaks both the caution 
circuit and the full clear circuit, so that the 
signal moves to the danger position as 
shown, and also moves the pole changing 
switch S' to the position as shown, revers 
ing the polarity of the current ordinarily 
supplied to the track section B, conse 
quently moving the contact arm 44 from 
its normal position from contact with con 
tact points 42 and 67 to a position in con 
tact with contact point 66 as shown, thus causing the signalbiage attached to signal 
22 to move to the 45 or caution position 
as shown. With the 'signal 22 at the cau 
tion or 45° position caused by the move 
ment of the pole changing switch S, the 

- polarities of the abutting rails at the in 
sulating joint at signal 22 will be the same. 
consequently, the occurrence of a broken 
down joint at such a time would not result. 
in a full clear signal, for even if the cur 
rent passing through the automatic react 
ance device in section. A were out of phase 
with the current supplied to the local wind 
ing of the track relay in section B, any 
movement which took place would be in the 
same direction as that caused by the current 
in the section itself. If the insulating joint 
between sections 3 and C were broken down 
and the phase of the current passing through 
the automatic reactance device connected to 
section B had not been exactly balanced 
with the phase of the current flowing 
through the local winding of the relay in 
section C and enough movement of the con 
tact bar '44 of the relay connected to Child 
been caused to complete the circuit for the 
45° indication, then upon the approach of 
a train, the current would all he shunted 
through the wheels and axis of the train 
and the relay attached to the rails of section 
C would be definergized and the signai would 
go to the danger position and rt train 
had passed the insulating joint aili gore 

it did so in 

upon the rails of section C, the signal would 
still remain at danger, for although the 
phase of the current supplied to section B 
through the automatic reactance device 
might be under unusual conditions slightly 
displaced from the current supplied to the 
local winding of the relay C, it would never 
be so largely displaced that it would be able 
to cause sufficient movement of the contact 
bar of the relay in section C to close the 
contacts after the relay had once been 
brought to rest, and especially while a shunt 
was present, caused by the presence of a car 
upon the rails to which it is attached. 
Whenever the insulating joints break down 
between two sections as between sections B 
and C with no train present, the signal 
governing the advance section as 23 will be 
placed to danger and at the same time the 
signal governing the rear section as 22 will. 
also be placed at danger for the path of 
low resistance furnished to the current from 
the automatic reactance device 12, connected 
to section B. causes the coil 12 to be drawn 
down so far apon the middle limb of the 
member 2 and line reactance of the coil there 
by So largely increased, that the phase of 
the current supplied to the track winding 
of the relay connected to section B is so 
largely displaced from normal and ap 
proaches so closely to the phase of the cur 
rent supplied to the local winding of the re 
lay connected to section B that sufficient 
torque is not exerted upon the 'otor of the 
relay to hold the contact bar 44 in the very 
extreme position. Even if the current sup 
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plied to section B should reach the track 
winding of the relay connected to section C 
and even if it should be displaced in phase. 
sufficiently to operate the relay, no danger 
ous results could flow, for the direction in 
which the contact bar 44 would be moved, 
would be toward the central or neutral posi 
tion as the polarities \'otid be opposite in the 
two sections, consequently; the si 
go to dange', but as soon as it did go to 
danger the poie charging switch S- would 
i)e changed to the position as shown in E 
4, thereby reversing the polarity of the 

ce rent supplied is the rais; 
the current woi is fit 
to the relay coin 
a direction to 
the 45° or ca 

in B, then 
section 3 

he section C in 
e signal to move to 

osition, but as soon as 
poie changer would be 
sing the polarity of the 
the section B and the 

e-occur that were 

again rev 
current 
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would agai -- 
being a c{j}stant “plaining” of the sig...al 
from the zero degree is sition to the 45° 6 
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larized track circuit, just as in the case of 
its application to an unpolarized track cir 
cuit, does not necessitate any connections 
which are at any time idle in the normal 

is working of the system, consequently a pool 
connection or a broken connection which 
would destroy the effect of the protective 
apparatus would also so disturb the Ormal 
operation of the system that the signals af 
fected thereby, which would under broken 
down insulated joint conditions be affected 
by the automatic reactance device, would be 
moved to the danger position. 
Although applicant has he'eir shovn and 

described his new and useful neains in co 
nection with what are ordinarily termeil 
“two rail” rack circuits, it is obvious to 
those skiied ii) the airi, that the new and use 
ful means described by agilicant are equally 

g 

C 

applicabie to any form of rail circuits and 
applicant considers that the application of 
his novei, and useful means to the 
“single rail’ track circuits, is well 
his invention. . . 

As the power factor of the circuit, includ 

20 

ing the automatic reactance device is de 
creased by short circuiting the terminals of 
its coil, there is no large increase of cu'rent 
fiow in broken down joint, conditions as 
there is in systems as ordinarily installed, 
therefore, another big dra iii on the ca 
pacity of the central station and if the al 
ternating current generator is eliminated. 
Anotheir great, advania 
broken down joint protection lies in the act 
that all of he connectioi is {:}})('e',8; in the 
ethod of 'otection is a serely the Will'es 

and connections which intist be intact in o'- 
der for the system to opei'ai 2 trailly, so 
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that if any of the connections: 'elied upon 
to secure broken do wi: ; }{ {{{ii} are inct 

isi is in edia: aly initie? 

40 

intact the coincii 
by the faijiji'u of the sysi 'i () (erate as 
is intended to () 'inally it': i. 

45 it light well be that ic s 
(ii ille insii; }} (it is 21, 
city'ent it y f' is e i i"; " 

kioi 
(Oi i 
slicit lie iii) of 

n}}}''2 that : , ; } { { 
saily illei'; as:'d : iie Yower factor 

c. (ii'i it word in (co)rest ('w i at 
it'i'eat it) wing is slic: ' 'c' it wild be 

55 displat': i. phase so as if : ) with the 
curret in the local winding (if the relay 
43, t. ii isht ye disilicit stili i titler st 

a a retatic of t is relay wouil (i'it' i: 
lirection (1) ope, le sile. (j. in ore it 

avoid this difficitly the aciis ille, steps (als 
be so placed that ific power fictiny of the 
circuit, containing the coil 12 and the track 
winding of tie relay in the adjacent section 
is never decreased to a poilt below the 

65 powei' factor of the current containing the 

ce of it is systein of 

local winding of the relay in the adjacent 
Section. 
The system as shown, diagrammatically 

by Fig. 3, is constructed upon the same 
principle and operates in exactly the same 
mailler as does the system shown in Fig. 2, 
and it is shown merely for the purpose of 
bringing out the fact that the principle un 
derlying applicant's invention is as appli 
cable to a steam propelled road not making 
use of eactance bonds as it is to an electri 
cally propelled road making use of devices 
for insuring the unimpeded return of the 
propulsion current through one or both 
rails. 
Although applicant has herein shown and 

described a copper annulus as being placed 
about the coil 12 of the autounatic reactance 
device, it must be distinctly understood that 
such is not a necessary part of applicant's 
invention and that the same would only be 
used under extreme conditions when, for 
instance, the phase of the current flowing to 
the track phase of the relay under normal 
conditions is displaced at too great an elec 
trical angle to the phase of the electromotive 
force. 

Although applicant has herein shown and 
described his invention as applied to an 
atoliatic block signal system, applicant 
wishes it to be understood that the invention 
is by no neans inited to such a system, for 
the principle underlying the invention is 
apicalle in connection with track circuit 
Sections used for any purpose. 

fiaving explained the principle of my 
invention and described the construction 
and mode of operation of a particular physi 
'al embodiment thereof, what I claim as 
hew and desire to secure by jetters Pat 
eit, is: 

i. in a systein of track circuit signaling: 
a soli:'ce of alternating current: a trackway 
coi)}}}osed of "ails: insulating joints in the 
jails at it teivals forni g sections: a trans 
Jating device in each section having two 
Wii diligs: collections froh one of the 
'vihtii:'s to the source of eti" ent: connec 
fit is 'i' in the other winding to the track 

lis: Collections between the source of cur. 
i.e. it it ind the "::iis in each section; and a 
evice inserted in sail last anned connec 

tions adapted it change the phase of current 
flowing there through upon a breaking down 
of the is latting joints between two abut 
tiig Sections and the completion of a circuit 
f") in the 'i n)ections froin the source of 
lie: lighting ('' 'reint in one section through 

t 

; : : 
the Wintling of the translating device of the 
a ?tace it Section connected to the track rails, 
the change being such that the current will 
have a ph:se different from that of the cur 
rent which properly flows in the adjacent 
Section, so that the in proper flow of cirrent 
will not cause the same operation of the 
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translating device in the adjacent S3ctici, 
the proper flow of current would cilise. 

2. In a system of track circuit signiting, 
a source of alternating current, a 
composed of rails, insulating it. 
rails at intervals for forming sectiois, 
translating device in each section, c 
tions between the translating device ::iii 
rails, connections between the rails and he 
Source of alternating current, in each i:3. 
and a device inserted in said ast, incinii inc{i 
connections adapted to change its powe: 
factor when the insulating joints reak 
down and current flows from the supply of 
One section to the translating device of the 
adjacent section, for preventing the current 
in one section from improperly operating tile 
translating device of the adjacent section. 

3. In a system of track circuit sigialing, 
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