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8 Clzims.

My 1nvent10n relates to railway track circuit |

- apparatus.
Reliable operation of a track circuit of an insu-
_lated railway track section:requires that the cur-
" rent source not only satisfactorily energize the
track relay when the section is unoccupied but
also requires that such current be effectively
shunted away from the track relay when the
10 section is occupied. It is well' known that the
" train. shunt through the wheels and axles of-a
train -or car varies in -its resistance because of
the presence at times of a thin coating or film
of relatively high resistance at the rail surface.
 For example, on tracks infrequently used or when
light weight trains prevail, the coating or film
at the rail surface may be of such nature as to
form a high resistahce path for the low voltages
usually employed in track circuits because such
low voltages “are insufficient to break down or
- puncture-such coating or film. ' Furthermore, on
railways of relatively dense trafiic, such rail film
may at times seriously affect the shunting sensi-
tivity of the present day track circuits using rela-
tively ‘low voltages. It is also well known: that
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circuit is obtained by increasing the voltage im-
pressed across the rails.  The reason for this is
that the high voltage breaks down the noncon-
ductive film on the rails and permits the track
circuit-current to. flow from rail to: rail through
the wheels and axles of the train. If a high volt-
age is steadily applied between the rails, however,
the track cireuit power input tends to become
excessive, especislly under wet weather conditions
5 when the ballast resistance - is relatively low.
Again, under dry weather conditions, a high volt-
age impressed across the track rails tends to over-
energize the track relay as well as to create other
undesirable conditions.

Tt has been proposed to use for track circuits
a current source means which supplies coded or
time spaced current impulses, with each impulse
of relatively high peak veltage and short dura-
tion, the -high peak volfage being effective to
break down the rail ‘film resistance when ths
section is occupied as an - aid to the shunting
sensitivity of the-track circuit, and the short
duration of the impulse requiring but a relatively
low energy input to the track circuit.

Accordingly, -an object of my invention is the
provision of novel and improved track eircuit
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means for applying a high peak voltage across

the track rails without increasing greatly the
average power input to the track circuit and
- withoul requiring coding devices for periodically
interrupting the circuil. - More specifically, a fea-
ture of my invention 'is the provisionn of track
circuit. means for generating harmonic voltages
of a sine wave or single harmonic voltage to ob-
€9 tain. a resultant voltage having a. high peak ox

greatly increased shunting sensitivity of a track’

(CL 246—34)

maximum value for 'a portion of each -cycle.
Other. objects and advantages of my invention
will appear as the specification progresses.

I shall describe several forms of apparatus
embodying my invention and shall then point out
the novel features thereof in claims.

In the accomipanying drawing, Fig. 1 is a dia-
grammsatic view of one form of apparatus em-
bodying my invention when an alternating cur-
rent track relay is used. - Fig. 2is a diagrammartic
view of a modification of the apparatus of Fig. 1
also embodying my invention. Figs. 3, 4,5, 6 and
7-are diagrammatic views respectively of appa-
ratus embodying my invention wherewith alter-
nating track ‘circuit current is rectified for ener-
gizing a direct current track relay. Fig. 8 is a
diggrammatic view of:still another form of track
circuit apparatus émbodying my invention. Fig.
9 is a diagram illustrating characteristics of the
“track circuit current. In each of the several views
‘like reference characters designate similar parts.

Referring to Fig. 1, the reference characters la
and ib-designate the: track rails of a stretch of
railway and which rails are formed by the usual

insulated rail joints with a track section W—X,

and which section may be one of & series of suc-
cessive track sections of a signal system. ‘The
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track section W—X is provided with a track-cir- -

cuit ‘consisting of a. source of current connected
across the rails at one end of the section and a
track relay connected across the rails 'at the

other end of the section, the rails being bonded |

30

in the usual manner to form continuous electri- "

cal conductors.from one end of ‘the section to
the other. -The immediate source of current for
the track circuit of section W—X is a track trans-
former TW whose secondary winding 2 is con-

nected across therails 1a and b at the left-hand -

end of the section as-viewed in Fig. 1, over wires
8 and 4. The primary winding 95:of trans-
former TW is supplied with current from a gen-
erator G by means of a fransmission line con-
sisting of line wires § and ‘T and which: trans-
mission 1ine may-be that used to distribute power
to-the different track sections of the railway. As
shown in Fig. 1,-the left-hand terminal of pri-
mary winding 5 is connected directly with line
wires § over wire 8, while the right-hand terminal
of primary winding 5 is connected with line wire
1 over a saturable reactor 8 and a condenser 0.

The reactor 9 may take different forms and in

Tig. 11t consists of three magnetizable core legs
if, 12 and 43 which are connected together at
each end toform an integral magnetic core struc-
ture having two magnetic paths to which the
center: leg (2 is common. For example, the core
structure of reactor 9 would ordinarily at least
be made up of laminated sheet steel. The reactor
-8 is provided with a. first or magnetizing winding

“consisting of two- coﬂs t4a and {14b mounted on
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the outside legs 11 and 13, respectively. The
coils {4a and 14b are connected in series so as
to add their effects and the two coils are con-
nected in series with the condenser {0 between
the right-hand terminal of primary winding 5
of transformer TW and line wire 7, the connec-
tion consisting of right-hanhd terminal of primary

winding 5, wire 15, coils id4¢ and 4b, condenser

10 and wire 57 to line wire 1.

The reactor 9 is further provided with a second
or saturation winding 16 mounted on the cenfer
leg 12 and supplied with unidirectional current
from any convenient source. In Fig. 1, winding
16 is supplied with unidirectional current from
primary winding 8 of transformer TW through a
full wave rectifier {1, the input terminals of rec-
tifier 17 being eonnected aecross a portion of pri-
mary winding 5 over wires 18 and 19, and the out-
put terminals of rectifier 17 being connected with
winding 16 over wires 20 and 21.. The parts are
so proportioned that the undirectional current
flowing in winding 16& creates unidirectional mag-
netic flux that substantially saturates the core
structure of reactor 9.

It is well known that when an alternating flux
is impressed on a ferric core structure which is
substantially saturated by a direct magnetizing
flux, the increase in magnetization during the
positive half cycle of the alternating flux is
relatively small while the decrease in magnetiza-
tion during the negative half cycle of the alter-
nating flux is relatively large, and that such non-
linear .condition gives rise to the third harmonic

. voltage .of the alternating voltage producing the

alternating flux.

The current flowing in' magnetizing winding
{4a—14b of reactor 9 is the load current plus the
magnetizing current of transformer TW, and the
parts are further so proportioned that the mag-
netizing current is relatively large as compared
with the load current. Consequently the voltage
impressed on the terminals of primary winding 5§
of transformer TW rises and falls in step with the
variations of impedance of reactor 9.

The generator G supplies an alternating volt-
age of substantially a pure sine wave of, say for
example, 100 cycles per second. That is, gener-
ator G supplies a simple harmonic voltage hav-
ing a predetermined fundamental frequency of
100 cycles per second. In Fig. 9, curve A illus-
trates one cycle of the sine wave voltage supplied
by generator G. This voltage is impressed on
winding f8a—{4b of reactor 9 with the result that

~ the alternating magnetic flux created thereby
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gives rise to the . third harmonic voltage of the
fundamental frequency because of the saturation
flux produced by winding 8. Such third har-
monic voltage is illustrated by curve C of Fig. 9
and as a result the resultant voltage impressed
on primary winding 5 of transformer TX4 has a
non-sinusoidal wave as illustrated by curve B
of Fig. 8. Consequently the voltage induced in
the secondary winding 2 of track transformer TW
and in turn impressed across the track rails of
section W—ZX has a wave form substantially as
ustrated by curve B of Fig. 9. The capacitance
of condenser 10 is chosen so as to effect with re-
actor § series resonance at the frequency of the
generator G and thereby reduce the voltage drop
across the combination of reactor and condenser.

Tt will be understood of course that my inven-
tion is not limited to an alternating voltage of the
frequency of 100 cycles per.second and other fre-
quencies may be used if desired.

It is to be noted from curve B of Fig. 9 that

. 2,215,910

this resultant voltage has 2 high peak or maxi-
mum voltage at a small portion of each half cycle
but that the average voltage of each half cycle
of curve B is probably no greater than that of
curve A. ]

In Fig. 1, an alternating current track relay
TR/! is connected across the rails at the right-
hand end of section W—X over wires 22 and 23.
Track relay TR{I may be any one of the several
well-known types of relays responsive to alternat-
ing current of 100 cycles per second.

Tests have shown that when a non-sinusoidal
current such as impressed on the track circuit
from the apparatus of Fig. 1 is used the peak
voltage necessary to operate an alternating cur-
rent relay of the usual construction is of the order
of twice that necessary when a pure sine wave
current is applied to the track circuit. However,

due to the small peak voltage portion of the non-.

sinusoidal voltage wave, the power input to the
track circuit is not greatly increased or at least
is not increased at the same ratio as the peak
voltage. Such peak voltage is effective to break
down the rail film resistance when the section is
cccupied so that the track circuit is character-
ized by a relatively high shunting sensitivity. In
other words, a track circuit of high shunting sen-
sitivity is effected by the apparatus of PFig. 1 be-
cause of the non-linear characteristics of satu-
rable reactor 9 giving rise to the third harmonic
voltage of the sine wave voltage supplied by gén-
erator G and the resultant voltage supplied to the
track rails is characterised by relatively high peak
voltage during a portion of each cycle. And the
power input to the track circuit may be only a
little greater than the power input required by
present day track circuits. Also, coding devices
having moving parts are avoided.

In Fig. 2, the track rails la and Ib of a railway
are formed with a track section W—X provided
with a track circuit the same as in Fig. 1. In
Fig. 2, the secondary winding 2 of track trans-
former TW is connected across the rails at one
end of the section over wires 3 and 4 the same
as in Fig. 1, except a current limiting impedance
24 is preferably interposed in wire 3. The pri-
mary winding & of transformer TW of Fig. 2 has
its left-hand términal connected directly with
line wire 6 over wire & and its right-hand ter-
minal connected with line wire T over a winding
2b of a saturable reactor 9a, a condenser 26 and
wire 21.

The winding 25 of reactor 9a is mounted on a
ferric core 28 and the parts are so proportioned
that the magnetizing current flowing in winding
25, which current is the load current of the track
transformer TW plus the magnetizing current of
transformer TW, effects magnetic saturation of
core 28. The capacitance of condenser 26 is so
chosen as to resonate the circuit at the frequency
of generator G. Because of the magnetic satura-
tion of core 28 of reactor 9a the reactor is char-
acterised by a non-linear condition and the third
harmonic. of the sine wave voltage supplied from
generator G is created with the result that the
voltage impressed across the primary winding 5
of track transformer TW has a non-sinusoidal
wave form and possesses high peak or maximum
voltages as illustrated by curve B of Fig. 9. Con-
sequently the voltage induced in secondary wind-
ing 2 of transformer TW and in turn impressed
across the rails of section W-—X of Fig. 2 has 3
wave form corresponding to that illustrated by
curve B of Fig. 9.

The track relay TR2 of Fig. 2 is a two-element
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alternating current relay, one element of ‘which is:

connected across the rails of section W—X over
wires:29 and 38;-and the other:element of-which is

connected across line wires 6 and T over wires 31-

and: 32.

It is.clear that the track circuit of section W—X'

of Fig. 2 is characterized by high shunting sensi-
tivity because of the high peak voltage attained
during a portion of the positive and negative half
cycles of the track circuit current, the power in-
put to the track circuit being not greatly in-

creased over the power required by present day -

track circuits.

Tn Fig. 3, the track section W—X of a railway
is provided with a track circuit the immediate
source of the current of which is track transform-
er TW the same as in Fig. 1. The secondary
winding 2 of transformer TW of Fig..3 is con-
nected across the rails over wires 3 and 4, a cur-
rent limiting resistor 33 being interposed in wire
4 and s half-wave asymmetric unit or rectifier 34:
being interposed in wire 3. Also a stabilizing re-
sistor 85 is preferably connected across the rails
at the same end of the section as transformer TW..

The primary winding 5 of transformer TW- of
Fig. 3-is connected with-line wires 6 and T over

winding {4a—14b of reactor 9 and condenser 10

the same as.in Fig. 1. However, in Fig. 3 the
saturation winding 6 of reactor 9 is supplied with
unidirectional current directly from line wires 6.
and 7 through rectifier 41, the input terminals -of
rectifier -17 being connected across line wires 6
and T.over wires.36 and 37.

.Consequently, the track circuit of se.,tlon W—X
of Fig. 3 impresses across the rails a non-sinu-
soidal voltage: as illustrated at curve B .of Fig, 9,
except. for the fact that rectifier 34 serves to pass
to. the rails only -a particular half cycle of the
voltage supplied: from secondary winding 2. there-
by providing a single unidirectional current im-
pulse in.the track circuit each. cycle. of the alter-
nating voltage.

A track relay TR of the direct current type is
connected across the rails at the right-hand end
of section. W—X of Big. 3 over a resistor 38.

Ii follows that when section W—X of Fig. 3 is
unoccupied, the track relay TR3.is.effectively en-
ergized by the rectified or unidirectional current
supplied to the track circuit through the appa-
ratus located at the left-hand end of the section.
When the section is occupied the high peak volt-
age attained during a portion of each unidirec-
tional current impulse is effective to break down

sensitivity of the track circuit obtains; The re-
sistor 85 serves in the well-known manner to ef-
fect a substantially uniform power requirement
for both wet and dry ballast conditions and over-
energization of track relay TR3 under dry ballast
conditions is avoided.

Again it is to be noted ‘that the non-hnear
characteristics of reactor 8§ gives rise to the third
harmonic-voltage of the sine wave voltage of gen-

erator Gso that the veltage impressed across the:

track rails has a high peak voltage to effect high
shunting sensitivity for the track rails, and such

high peak voltage is obtained without materially -

increasing the power input to the track sectlon
and without cocding devices.

In Fig. 4, the track circuit -of section: W—X is
supplied with current frem transformer TW whose
secondary winding 2 is connected across the rails
fa and tb over a full wave rectifier 39 and a re-
sistor 48 -as will be readily understood by an in-
spection -of Fig. 4, The primary:'winding § of

transformer TW of Pig. 4 is connected across
line wires 6 and T.over a reactor 9a and a con-
denser- 26 the same: as in Pig. 2. Consequently,
the voltage supplied: by secondary winding 2- of
transformer TW is the. resultant of the simple
harmonic voliage of generator G and the third
harmonic voltage created by the non-linear char-
acteristics of reactor 9a. 'The rectifier 39 serves
to rectify koth half cycles of the current supplied
from secondary winding 2 so that the track circuit
is supplied with two unidirectional current im-
pulses each c¢ycle, and. each unidirectional cur-
rent impulse is characterized by a relatively high
peak voltage for a portion of the impulse.

The track relay TR3 of Fig. 4 is the same as in
Fig. 3 and is effectively energized by the unidi-
rectional current supplied to- the track circuit
when the section W—X is unoccupied. When the
section is-occupied the recurrently high peakvolt-
ages-of the current impulses are effective to break
down the rail film resistance so that a high shunt-
ing sensitivity .of the track circuit obtains, -

- In Fig. 5, the track section W-—X is provided

-with a. track circuit receiving current from track

transformer TW whose secondary winding 2 is
connected across the rails io and b over wires 3
and 4 with a current limiting resistor 41 inter-
posed in wire 3. 'The primary winding b of trans-
former TW of Fig.'5'is connected with line wires-6
and T, over winding 42 of a reactor 96 and a con-
denser 43. Reactor 9b comprising, as shown con-
ventionally, a winding 42 mounted on a ferric core

 structure in the well-known manner for such re-

actors, the parts being so proportioned that the
core structure is magnetically saturated by the
current flowing in winding 42. Consequently, the
non-linear characteristic of reactor 9b gives rise
to the third harmonic voltage of the sine wave
voltage of generator G and a resultant voltage is

impressed on primary winding 5 of transformer

TW and in turn on the track rails whose wave
form is substantially as illustrated by curve B of
Fig. 9.

In Fig. 5 direct current track relay TR3 is con-
nected across the rails over a resistor 38 the same
as in Figs. 3 ‘and 4 except a rectifier or asym-
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metric unit 44 is connected across the terminals

of relay TR¥ and serves as a shorf circuit for the
relay -‘TR3 during, say, the positive half cycle of
the track circuit current so that track relay TR3
is-effectively energized and picked up when section
W—X is unoccupied, in response to the alternat-
ing voltage impressed across the rails at the other
end of the-section.

When section W—X of Fig. 5 is occupled the

-peak voltages which occur for portions of each
- cycle of the track circuit current are effective to

&0.

5%

break down the rail film resistance and effect a

high shunting sensitivity for the track circuit,

In Fig. 6, the apparatus for supplying current
to the track circuit of section W-—X is the same
as in Fig. 5 and consequently the wave form of
the- voltage supplied across the rails is the re-
sultant of the sine wave voltage of generator G
and: the third harmonic voltage thereof as cre-

“ated by reactor 9b.

~The direct current frack relay TRS of Fig. 6
is energized by unidirectional current in response
to-the-alternating track circuit current by mesans
of a relay transformer TX:and a full wave recti-
fier 45. .The primary winding 48 of transformer
TX is connected acrozs the rails over resistor 38
and the seecondary winding 47 is connected with
the: input terminals of rectifier 4% the output
terminals..of rectifier 45 being in turn connected
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with the winding of relay TR3. Thus when sec-
tion W—X of Fig. 6 is unoccupied the track relay
TR23 is effectively energized by the unidirectional
current supplied thereto in response to the alter-
nating current supplied to the rails at the oppo-
site end of the track section. When section
W—X is occupied the peak voltages of the track
circuit current are effected to break down the
rail film resistance and effect a high shunting
sensitivity of the track circuit, the same as in
the former cases.

In Fig. 7, the means for supplying current fo
the track circuit of section W—X is the same as
in Fig. 5 and consequently the wave form of the
voltage applied across the rails is characterized
by high peak veltages.

The direct current track relay TR3 of Fig. 7 is
connected across the track rails at the same end
as the track transformer TW and an asymmetric
unit 48 is connected across the rails at the other
end of the section.

When section W—X of Fig. 7 is unoccupied,
track relay TR3 is effectively energized and
picked up in the well-known manner in response
to the alternating voltage impressed across the
rails. When the section is occupied, the track
relay TR3 is shunted at relatively high shunting
sensitivity because the high peak voltages of the

_current supplied to the rails through track trans-
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former TW effectively breaks down the rail film
resistance.

In Tig. 8, a track transformer TWI! has its
secondary winding 4% connected across the rails
la and b at the left-hand end of the section
W-—X over wires 59 and 5i. The primary wind-
ing 52 of transformer TW{ is connected with line
wires 8 and 7 over wires 58 and 54, a resistor or
impedance element 55 being interposed in wire
54. The parts of track transformer TW{ are so
proportioned that its ferric core structure §6 is
worked at, or very close to, magnetic saturation
so that the magnetizing current of the trans-
former is a relatively high percentage of the total
current. It is evident that the non-linear oper-
ating characteristics of transformer TWI gives
rise to the third harmonic voltage of the sine
wave voltage of generator G and as a result the
voltage impressed on the track rails has a wave
form similar to that illustrated by curve B of
Fig. 9.

Alternating current track relay TR{ is con-
nected across the rails at the right-hand end of
section W—X of Fig. & the same as in Fig. L
Consequently when section W—2X of Fig. 8 is un~
occupied. the track relay TR is effectively ener-
gized by the non-sinusoidal voltage applied to the
rails from transformer TWI{ and when the sec-
tion is occupied the high peak voltages eilected
during the portion of each cycle serves to break
down the rail film resistance and provides a
high shunting sensitivity for the. track circuit.

I is to be noted that although the reactor
having a saturated core is interposed in the cir-
cuit connection to the primary winding of the
associated track transformer, such reactor may
be interposed in the connection between the sec-
ondary winding of the track transformer and the
track rails with similar results obtained in re-
spect to giving rise to the third harmonic voltage
of the sine wave voltage of the generator G.

Although I have herein shown and described
only certain forms of apparatus embodying my
invention, it is understood that various changes
and modifications may be made therein within
the scope of the appended claims without de-

2,215,910

parting from the spirit and scope of my inven-:

tion.

Having thus described my invention, what I
claim is: '

1. In combination with an insulated railway
track section, a source of simple harmonic volt-
age of a predetermined frequency, a track trans-
former having its secondary winding connected
across the rails of said section, circuit means in-
cluding a winding mounted on a constantly sat-
urated ferric core to connect the primary wind-
ing of said transformer with said voltage source
to induce in said secondary winding a voltage
which is the resultant of said single harmonic
voltage and the relatively large third harmonic
voltage thereof as created by said winding
mounted. on said core, said circuit means effec-
tive to produce a resultant voltage of substan-

tially the same value for both unoccupied and
occupied conditions of said track section, and a *

track relay connected across the rails of said sec-
tion effectively energized in response to said re-
sultant voltage impressed on said rails when the
section is unoccupied and effectively shunted
when the section is occupied due to the high peak
voltage which occurs, each cycle of said resultant
voltage breaking down the rail fillm resistance.
2. ITn combination with an insulated railway
track section, a source of simple harmonic volt-
age of a predetermined frequency, a track trans-
former having its secondary winding connected
across the rails of said section, circuit means in-
cluding a winding of a saturable reactor and a
condenser in series to connect said source across

the primary winding of said transformer to sup- °

ply current to the rails, said circuit means pro-
portioned to produce a magnetizing current for
said reactor which is relatively large as compared
with said rail current to assure constant satura-
tion of said-reactor and to give rise to a relatively
large third harmonic voltage of said simple har-
monic voltage to create across the rails a result-
ant voltage having a high peak value which is of
substantially the same value for both unoccupied
and occupied conditions of said track section,
and a track relay connected across the rails of
said section effectively energized by such rail cur-
rent when the section is unoccupied and effec-
tively shunted when the section is occupied by a
train because of said peak value of the resultant
voltage breaking down the rail film resistance.
3. In combination with an. insulated railway
track section, a source of alternating current
having a predetermined fundamental frequency,
a track transformer having a secondary winding
connected across the rails at one end of said sec-
tion for supplying current to the rails, a satu-
rable reactor normally conditioned for magnetic
saturation, a condenser, a circuit means includ-
ing a winding of said reactor and said condenser
in series to connect said current source with a
primary winding of said transformer, said reac-
tor -winding and condenser proportioned for
series resonance at said fundamental frequency
to cause the magnetizing current of said trans-
former to contain a large third harmonic com-
ponent so that the rail current has a high peak
voltage which is of substantially the same value
under both unoccupied and occupied cohditions
of said track section, and a track relay connected
across the rails at the other end of said section
effectively energized by said rail current when
the section 'is unoccupied and effectively shunted
when the section is occupied by a train .because
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of said peak voltage breaking down the rail film.

resistance.

. 4, In combination Wlth an 1nsulated railway
track section, a source of simple harmonic volt-
age of ‘a predetermined fundamental frequency,
a track transformer having a secondary winding
connected across the rails-at one end of said sec-
tion, a saturable reactor having a first and a sec-

ond winding mounted on a ferric core, a con- -

denser, circuit means-including .said condenser
and said first winding of the reactor to connect
said voltage source with a primary winding of

- said transformer, means including a rectifier to

connect a portion of said primary winding with

said second winding of the reactor to create uni-

directional saturation flux in said core to give
rise to the third harmonic voltage of said simple
harmonic .voltage tc impress across the rails a
resultant . voltage having a relatively high peak

value during & portion of each cycle and which

value is substantially the same for both unoccu-
pied and occupied conditions of said track sec-
tion, and a track relay connected across-the rails
at the other end of the section: effectively ener-
gized in response to said resultant voltage when
the section is unoccupied and eifectively shunted
when the section is occupied by a train because

of said peak value of the resultant voltage break-
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ing down the rail film resistance.
5. In combination with an insulated railway

track. section, a source of current having a sim-

ple harmonic wave of a predetermined frequency,
a track transformer having a secondary winding
connected across the rails at one end of said sec~
tion, a reactor having a ferric core structure with
a first and a second winding mounted thereon, a
condenser, circuit ~means -including said first
winding and said ‘condenser in series to connect
said current source with the primary winding of
said transformer for supplying current to the
rails through said secondary winding, other cir-
cuit means including a source of unidirectional
current connected to said second winding of the

reactor to create saturation flux for the core

of the reactor to give rise to the third harmonic
of said predetermined- frequency to cause the
current supplied to the rails to have a predeter-
mined -high peak voltage for a portion of each
cycle which high peak voltage is substantially the
same for both unoccupied and occupied condi-
tions of said track section, and a track relay con-
nected across the rails at the other end of said

section effectively energized by such rail current -

when the section is unoccupied and effectively
shunted when the section is occupied by a train
due to said peak voltage breaking down:the rail
film resistance. )

6. In combination with an 1nsu1ated rallwa,y )
track section, a source of current having a simple

harmonic wave of a predetermined frequency, a

track transformer, circuit means to connect a..

secondary winding of said transformer across the
rails of the section, a reactor having a ferric core
structure with .a first and a second winding
mounted thereon, a ~condenser, other -circuit
means including said first winding of the reactor

.and said condenser in series to connect said cur-

rent source with a primary winding of said trans-
former to supply current to the rails through said
first mentioned circuit means, means connected
with said second winding of said reactor to eon-

stantly create unidirectional saturation flux in

5

said core to give rise to the third harmonic com-
ponent of said simple harmonic current to cause
the current supplied.to the rails through said
first mentioned circuit means to have a relatively

‘high peak voltage which is-of substangiaily the

same value under both unoccupied and occupied
conditions of the track section, a track relay con-
nected across the rails-effectively energized by
said current when the section is unoccupied and
effectively shunted when the section is occupied
because of the breaking down of the rail film re-
sistance by said high peak voltage of the current,
and a stabilizing resistor connected across the
rails adjacent. said transformer to avoid over-
energization of said lelay under dry ballast con-
ditions.

7. In combination with an insulated railway
track section, a track circuit comprising, a source
of current having a simple harmonic wave of a

predetermined frequency, 'a track transformer,

circuit means to connect a sécondary winding of
said transformer across the rails of the section,
other circuit means including a winding of a sat-
urable reactor and a condenser to connect said
current source with a primary winding of said

-transformer to supply current to the rails

through the first mentioned circuit means, said
other circuit means proportioned to work said
reactor at magnetic saturation for a portion of

each current cycle to effect resonance of the

circuit means at said predetermined frequency so
that the voltage impressed on said primary wind-

ing rises and falls in accordance with the varia--
“tions of impedance of said reactor and the cur-

rent supplied to the track rails has a relatively
high peak voltage, and a track relay connected
to the rails of said section effectively energized
by said current when the section is unoccupied
and effectively shunted when the section is occu-
pied in response to the high shunting sensitivity
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of the track circuit as effected by said peak volt-

age.

8. In combmatlon with an insulated rallway
track section, a track circuit comprising a source
of current having a simple harmonic wave of a
predetermined frequency, a track transformer
having a secondary winding connected across the
rails of the section, a saturable reactor, a -con-
denser, a circuit means including said reactor
and - said condenser to connect said current
source with a primary winding of said. trans-
former to supply an alternating current to the
rails through said secondary winding, said cir-
cuit means proportioned to work said reactor at
magnetic saturation. so that the voltage im-
pressed on said primary winding rises and falls in
accordance with the variations of impedance of
said reactor and the alternating current sup-
plied to the rails has a predetermined high peak
voltage during a portion of each cycle, a direct

ceurrent track relay connected across the rails of

the section, and an asymmetric unit connected
across the rails to form a short circuit path for

~a particular one of the half cycles of the alternat-
ing current to cause effective energization of said

track relay when the section is unoccupied, and
said relay effectively shunted when the section is

occupied by a train due to the high shunting sen- -

sitivity of the track circuit as effected by said
peak voltage.
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