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My invention relates to signaling apparatus, 
and more particularly to railway signaling appa 
ratus. 
An object of my invention is the provision of 

novel and improved means for operating a code 
following relay with substantially equal “on' 
and "off' periods in response to coded or time 
Spaced impulses of signaling current when the 
duration of each such current impulse is rela 
tively short as compared with the duration be 
tween Successive impulses of Such current. Other 
objects and advantages of my invention will ap 
pear as the specification progresses. 

I shall describe one form of apparatus embody 
ing my invention, and shall then point out the 
novel features thereof in claims. 

In the accompanying drawing, Fig. 1 is a dia 
grammatic view of one form of apparatus en 
bodying my invention when used with a railway 
track circuit. Fig. 2 is a diagram illustrating 
characteristics of time spaced current impulses 
that may be used with the apparatus of Fig. 1. 
It will be understood, of course, that I do not 
Wish to limit my invention to track circuits for 
railways but that this one use will serve to illus 
trate the many places where apparatus embody 
ing my invention is useful. Apparatus for railway 
track circuits using time spaced impulses of 
current of the type here contemplated is covered 
by the Letters Patent of the United States No. 
2,178,806, granted November 7, 1939 to W. P. 
Place and A. J. Sorensen for Railway signaling 
apparatus, and by the Letters Patent of the 
United States No. 2,197,417, granted April 16, 
1940, to W. P. Place for Signal Systems, and 
reference is made to these patents for a full 
understanding of the operation and utility of Such 
apparatus, the present application being an im 
provement on Such apparatus. Furthermore, 
Code responsive apparatus shown in this applica 
tion is an improvement on the apparatus shown 
and claimed in an application for Letters Patent, 
Serial No. 210,744, filed May 28, 1938, by F. H. 
Nicholson and L. R. Allison for Railway traffic 
controlling apparatus. 

Referring to Fig. 1, the reference characters 
a and b designate the track rails of a stretch 

of railway which is formed with an insulated 
track section W-X by the usual insulated rail 
joints, and which section may be one of a series 
of consecutive sections of a railway signal sys 
tem. The section W-X is provided with a track 
circuit including a source of coded current con 
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and a code following track relay connected across 
the rails at the other end of the Section. 
The Source of coded current includes a cur 

rent source such as, for example, a track battery 
Whose terminals are indicated at B and C, a code 
transmitter CT and a track transformer TF. 
The Structure of the code transmitter is immate 
rial, Several forms being Well known to the art 
and as here shown the code transmitter CT is 
of the relay type whose operating winding 3 is 
permanently connected with a current Source So 
that a contact member 4 is operated to period 
ically engage a stationary contact 5 at a predeter 
mined rate, such as, for example, 75 times per 

That is to say, the code transmitter CT 
divides time into successive operation cycles of a 
Selected interval each, the contact member 4 
being operated to break engagement with the 
Stationary contact 5 once each operation cycle. 
When contact 4-5 of code transmitter CT is 

closed a simple circuit is completed by which 
Current is Supplied from the track battery to the 
primary Winding 6 of the track transformer T.F. 
The secondary winding T of transformer TF is 
connected across the rails at one end of Section 
W-X Over Wires 8 and 9, and a condenser O is 
connected across the primary winding 6. 
When contact 4-5 is closed energy is stored in 

the magnetic Circuit of transformer TE and con 
denser 0 is charged. The parts are preferably 
So designed with respect to the time constant of 
the circuit that energy in the magnetic circuit of 
transformer TF builds up rather slowly and no 
energy is inductively transferred to the track 
rails or at least the magnitude of the energy 
transferred to the rails at this time is so Small 
that it can be neglected. Each time contact mem 
ber 4 breaks engagement with contact 5, the 
energy Stored in transformer TF and condenser 
O causes an electromotive force to be induced in 

the Secondary Winding 7 and which electromotive 
force in turn causes a current impulse to flow 
in the track circuit of section W-X, the current 
impulse having a damped wave form. The parts 
are SO proportioned that the first half cycle of 
each Such current impulse is of relatively high 
peak voltage and since the track circuit is non 
tuned the ballast resistance and impedance of 
the track rails cause the current impulse to be 
highly damped with the result the first half cycle 
is materially larger than any of the following 
half cycles of the wave form so that each cur 
rent inpulse is in effect a single half cycle cur 
rent impulse of a predetermined polarity. The 

nected across the rails at one end of the section 55 parts are further so proportioned that the dura 



2 
tion of the first half cycle of each current im 
pulse is only a small portion of the operation 
cycle of the code transmitter. That is, the effec 
tive current impulse flowing in the track circuit 
is only one-half cycle in duration and its dura 
tion is Small as Compared with the cycle inter 
wal of the code transmitter. As illustrated in 
Fig. 2, the duration of the first half cycle of the 
current impulse may be of the order of .005 
second whereas the duration of one cycle interval 
is .8 second when code transmitter CT is oper 
ated at the code rate of 75 cycles per minute or 
one cycle each .8 second. Also as illustrated in 
Fig. 2, the first half cycle of the current impulse 
is materially larger than any of the following 
half cycles due to the nature of the track circuit 
and the impulse is in effect a single half cycle of 
a given polarity. Hence, the duration of each 
effective current inpulse is Small as compared 
with the interval between successive impulses. 
It follows that as long as Winding 3 of code trans 
mitter CT is energized, time spaced or coded cur 
rent inpulses are Supplied to the track circuit of 
section W-X, the duration of each current inn 
pulse being short and cnly a Small portion of the 
cycle interval. 
The high peak voltage of the current impulses 

is an aid in effecting a low train shunt resistance 
by breaking down the rail film resistance at the 
wheel-rail contacts, and the short duration of 
the current impulses requires but low energy out 
put of the current source and it is possible to se 
the usual track battery as the current Source. 
A code following track relay CF has a first or 

operating winding connected across the rails 
at the other end of section W-X over wires 2 
and 3. The relay CF is provided with a second 
or holding winding 4 to be referred to more fully 
hereinafter. 
In the instant case, the code following relay 

CF is of the polar quick acting type having polar 
contact members 5, 6 and 7 which are biased 
to seek the normal or left-hand position as viewed 
in the drawing when the relay is deenergized as 
well as being held in this normal position. When 
the relay is energized by current of normal 
polarity. When relay CF is energized by cur 
rent of reverse polarity the contact members 5, 
36 and 7 are operated to the reverse or right 
hand position. That is to say, code following re 
lay CF has a first position to Which its contact 
members are biased to engage respective first 
position contacts when the relay is deenergized 
and has a second position to which its contact 
members are operated to engage respective second 
position contacts when the relay is effectively 
energized. In this case relay CF is effectively 
energized when it is energized by current of re 
verse polarity. The connection of the operating 
winding f with the track rails is such that relay 
CF is effectively energized, that is, energized at 
reverse polarity, and its contact members oper 
ated to their respective reverse positions in re 
sponse to the current flowing in the operating 
winding due to each current impulse Supplied 
to the track circuit of section W-X through the 
medium of transformer TF and its associated ap 
paratus. During the period between successive 
current impulses of the track circuit the con 
tact members of relay CF are operated by the 
biasing means of the relay to engage their re 
spective normal contacts. It is clear, therefore, 
that code following relay CF is operated at a 
rate corresponding to the rate of occurrence of 
the track circuit current impulses, However, as 
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far as the energization of the operating Winding 
! Í of relay CF by the track circuit current im 
pulses is concerned, the contact members 5, 6 
and 7 of relay CF are made to engage the re 
spective second position or reverse contacts only 
for a brief interval each cycle interval due to the 
short duration of each current impulse of the 
track circuit. Consequently, as far as the ener 
gizing of the operating winding by the track 
circuit current impulses is concerned, the “on' 
period of the relay CF during which its contact 
members 5, 6 and f engage reverse contacts 
8, 23 and 25, respectively, is short as compared 
with the “off’ period of relay CF during which 
the contact members 5, 6 and engage normal 
contacts 9, 24 and 26, respectively. 
With track relay CF operated and contact 

member 5 nade to alternately engage reverse 
contact 8 and normal contact 9, direct current 
is alternately supplied to two portions of the 
primary winding 2 of a decoding transformer TD 
as Will be readily understood by an inspection 
of the drawing. To be explicit, when normal con 
tact 5-9 of relay CF is closed, direct current 
fiOWS from terminal B to terminal C of the cur 
rent source through the lower portion of primary 
Winding 20, and when reverse contact 5-18 is 
closed current flows from the current source 
through the top portion of primary winding 20 of 
transformer TD. A conden ser 28 may be con 
nected across the primary Winding 2 to reduce 
sparking at the contacts of relay CF. With 
direct current alternately supplied to the two 
portions of primary winding 28 of transformer TD 
an alternating electromotive force is induced in 
the Secondary Winding 2 of that transformer. 
With relay CF Operated so that its contact men 
ber 16 is made to alternately engage reverse con 
tact 23 and normal contact 24, the two portions 
of the secondary winding 2 of transformer TD 
are alternately connected with the operating 
Winding 22 of a control relay CR and in the man 
ner fully explained in the aforementioned appli 
cation Ser. No. 210,744, the alternating electro 
motive force induced in the secondary winding 2 
is rectified and current flows in the winding 22 
of relay CR always in the same direction to effec 
tively energize that relay. 
The control relay CR is used to control a 

Signal control circuit as desired, and as here 
ShoWn the signal control circuit includes a front 
contact 27 of relay CR. Relay CER may be made 
slightly slow releasing so that its release at the 
intervals when the rectified current supplied 
thereto approaches the Zero value is avoided. 
To equalize the "on' and “off’ periods of relay 

CF, the full secondary winding 2 of transformer 
TD is connected with the holding winding 4 of 
relay CF, the contact member and reverse con 
tact 25 of relay CF being preferably interposed 
in the connection. Each time operating winding 

of relay CF is energized by a current impulse 
from the track circuit and the contact members 
5, 6 and 7 are operated to engage the respec 

tive reverse contacts an electromotive force of a 
predetermined polarity is induced in the second 
airy Winding 2 of transformer TD due to the 
building up of current in the top portion of 
primary winding 20 when contact 5-i 3 of relay 
CF is closed. This induced electromotive force 
in turn causes a corresponding impulse of uni 
directional current to flow in the holding winding 
4 of relay CF due to the closing of the contact 

| 7-25 of relay CF. The connection of winding 
f4 is made such that the current thus flowing 
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therein energizes relay CF at reversepolarity and 
aids the energization effected by the current im 
pulse flowing in the operating winding with 
the result that the contact members 5, 6 and 
are held in engagement with the respective re 
verse contacts for a period after the track circuit 
current impulse ceases to flow in the operating 
winding . After a brief period this electrono 
tive force induced in the secondary Winding 2 
falls away to zero and the current ceases to flow 
in holding winding 4 so that relay CF is deener 
gized and its contact members 5, 6 and T are 
operated by the biasing element of the relay back 
to engage the respective normal contacts. The 
parts are so proportioned that the code follow 
ing relay CF is held at its operated or reverse 
position by the current flowing in the holding 
winding 4 after the current impulse ceases to 
flow in the operating winding for a period 
Sufficient to cause relay CF to be operated at 
substantially equal “on' and 'off' periods, and 
a more satisfactory condition of operation of the 
decoding transformer TD and control relay CR is 
accomplished than would be the case if the code 
following relay CF is operated by the current 
impulses supplied to the operating winding 
alone. 

It is to be observed that the electronotive force 
induced in secondary Winding 2 due to relay CF 
being operated back to its normal position is not 
applied to the holding winding 4 since the con 
nection is open at contact 7-25 of relay CF. 
However, contact f–25 interposed in the con 
nection to the holding winding 4 may not be 
needed because the electromotive force induced 
in secondary Winding 2 in response to operation 
of relay CF back to its normal position and cur 
rent dies down in the top portion of primary 
winding 20 of transformer TD and builds up in 
the lower portion of primary winding 20 is oppo 
site in polarity to that induced in Secondary 
winding 2 when relay CF is operated to its re 
verse position and current dies down in the lower 
portion of primary winding 20 and builds up in 
the top portion of the winding so that the cur 
rent that would flow in holding winding 4 when 
relay CF is operated to its normal position would 
energize relay CF at normal polarity and Such 
energization. Would tend to aid the biasing element 
of relay CF. Also, the energization of holding 
Winding 4 in this latter case Would fall to sub 
stantially zero before the next track circuit cur 
rent inpulse is applied to the Operating Winding 
fl and hence such normal energization of the 
holding Winding 4 when the relay CF is operated 
back to its normal position would not be harmful 
to the operation of relay CF. 

I have found that a track circuit when pro 
vided with apparatus embodying my invention 
operates a code following relay with substan 
tially equal “on' and “off' periods for all ordi 
nary values of track ballast resistance and oper 
ation of the decoding transformer and associat 
ed control relay renains practically constant re 
gardless of the variations of ballast conditions 
as effected by changes in Weather conditions. 
Although I have herein shown and described 

only one form of Signaling apparatus embodying 
my invention, it is understood that various 
charges and modifications may be made therein 
Within the Scope of the appended clains With 
out departing from the Spirit and scope of my in 
vention. 

Having thus described my invention, what II 
claim is: 
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1. In signaling apparatus wherewith a circuit 

is supplied with a signaling current consisting of 
time spaced current impulses With each Such 
current impulse of short duration as Compared 
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with the duration between Successive impulses, 
the combination comprising, a code following 
relay biased to a first position. When deenergized 
and operable to a second position. When effec 
tively energized for closing first position con 
tacts and second position contacts respectively, 
said relay provided with an operating wind 
ing and a holding winding with the oper 
atting winding connected with said circuit for 
effectively energizing said relay and operating 
it, to its second position in response to each. 
of said current impulses, said holding Wind 
ing deenergized at said first position, a trans 
former, means including a first position con 
tact, and a second position contact of Said relay 
to alternately supply direct current to two 
portions of the primary winding of said trans 
former to induce an electromotive force in the 
secondary winding of said transformer in re 
sponse to operation of said relay, a first circuit 
means to connect the secondary winding of Said 
transformer with the holding Winding of Said 
relay in such manner that the electromotive 
force induced in the Secondary Winding When the 
relay is operated to said second position causes 
current to flow in the holding Winding Which ef 
fectively energizes said relay and retains the 
relay at its second position for an interval after 
each said current impulse ceases to flow in the 
operating winding, and a second circuit means 
connected with said secondary Winding and gov 
erned by contacts of said relay for controlling a 
ignaling device by the electromotive force in 
duced in said secondary Winding. 

2. In signaling apparatus wherewith a circuit 
is supplied with a signaling current consisting of 
time spaced current impulses With each Such 
current impulse of short duration aS compared 
With the duration between Successive inpulses, 
the combination comprising, a code following 
relay biased to a first position. When deemergized 
and operable to a second position. When effec 
tively energized for closing first position contacts 
and second position contacts respectively, Said 
relay provided with an operating Winding and a 
holding Winding Witt the operating Winding Con 
nected with said circuit for effectively energizing 
said relay and operating it to its second position 
in response to each of said current impulses, Said 
holding Winding deenergized at Said first posi 
tion, a transforner, means including a first po 
sition contact and a second position contact of 
said relay to alternately supply direct current to 
two portions of the primary Winding of Said 
transformer to induce an electromotive force in 
the secondary winding of said transformer in re 
Sponse to operation of Said relay, Said Secondary 
winding connected With the holding Winding of 
said relay in Such manner that the electronotive 
force induced in the Secondary Winding When the 
relay is operated to Said Second position energizes 
said relay So as to retain the relay at its second 
position for an interval after each of said cur 
rent impulSes ceaSes tO flOW in the Operating 
Winding Whereby Said relay is operated With Sub 
stantially equal on and off periods in response 
to Said time Spaced current impulses, and a Sig 
nal control circuit including a second position 
contact of Said relay and said secondary winding 
of said transformer. 

3. In Signaling apparatus Wherewith a circuit 
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is supplied with a signaling current consisting 
of time Spaced current impulses With each Such 
current impulse of short duration as compared 
with the duration between successive impulses, 
the combination comprising, a code following 
relay biased to a first position when deenergized 
and operable to a second position. When effec 
tively energized for closing first position contacts 
and Second position contactS respectively, Said 
relay provided with an operating Winding and a 
holding winding with Said operating Winding 
connected with said circuit, for effectively ener 
gizing said relay and operating it to its Second 
position, in response to each of said current in 
puses, Said holding Winding deenergized at Said 
first position, a transformer having separate 
primary and secondary Windings, means includ 
ing a first po.Sition contact ad a Second position 
contact of Said relay to alternately supply direct 
current to tWO portions of the plinary Winding 
of Said tra Sforner to induce an alternating 
current in the Secondary Wiriding of Said trans 
former in response to operation of said code foll 
lowing relay, circuit means including a Second 
position contact of Said code following relay to 
connect Said holding Winding with Said Second 
ary winding to retain the code following relay 
effectively energized for an interval by the half 
cycle of alternating current induced in the sec 
ondary Winding when the relay is operated to its 
Second position to hold the relay at said second 
position after each of said current impulses 
Ceasas to flow in the operating Winding, and Sig 
maling means alternately connected tio tWo por 
tions of said Secondary Winding Over a first po 
sition contact and a second position contact of 
said relay. 

4. In signaling apparatus wherewith a circuit 
is supplied with a signaling current consisting of 
time spaced current impulses with each. Such 
current inpulse of short, duration as compared 
With the duration between Successive impulses, 
the combination comprising, a code following 
relay biased to a first position. When deemergized 
and operable to a second position. When effec 
tively energized for closing first position contacts 
and second position contacts respectively, said 
relay provided with an operating Winding and a 
holding winding with said operating winding 
connected With Said circuit for effectively ener 
gizing said relay by each of said current im 
pulses, a transformer having Separate primary 
and Secondary windings, means including a Sec 
Ond position contact of said relay to supply direct 
current to a portion of the primary Winding of 
Said transformer to induce in its Secondary 
Winding an electromotive force of a predeter 
mined polarity each time said relay is operated 
to its second position, means including a Second 
position contact of said relay to connect the Sec 
ondary winding of said transformer with the 
holding winding of Said relay for effectively ener 
gizing said relay by said electromotive force to 
retain the relay at its second position for a pe 
riod subsequent to each current impulse foWing 
in the operating winding to provide said relay 
with substantially equal on and off periods of 
operation, and signaling means controlled by 
said relay when operated. 

5. In signaling apparatus whereWith a signal 
ing circuit has means connected thereWith for 
supplying coded current each current impulse of 
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which is of short duration as compared with the 
duration between successive impulses, the con 
bination comprising, a code following relay bi 
ased to a first position when deenergized and 
operable to a second position When effectively en 
ergized for closing first position contacts and 
Second position contacts respectively, Said relay 
provided With an operating Winding and a hold 
ing Winding with Said operating Winding com 
nected with the signaling circuit for effectively 
energizing said relay by each impulse of said 
coded current, a decoding transformer having 
Separate primary and secondary windings, 
In eans including a first position contact and a 
Second position contact of said relay to alter 
nately Supply direct current to two portions of 
the primary Winding of said transformer to in 
dice an alternating electromotive force in the 
Secondary Winding of Said transformer, a con 
trol relay, means including a first position con 
tact and 2, Second position contact of the code 
following relay to alternately connect two por 
tions of Said Secondary Winding With Said con 
trol relay to energize that relay by rectified cur 
rent in respoise to the alternating electromotive 
force induced in said secondary winding, and 
Other eans inciding a Second position contact 
of the Code following relay to connect said Sec 
ondary Winding with the holding winding of said 
Code following relay to so energize said code foll 
lowing relay by the half cycle of said alternating 
electronotive force created when the code foll 
lowing relay is operated to said second position 
as to provide Substantially equal on and off op 
erating periods of said code following relay. 

6. In Signaling apparatus wherewith a signal 
ing circuit has means connected therewith for 
Supplying coded direct current of a given polar 
ity and each current impulse of which is of short 
duration aS 3Oilpaired with the duration between 
Successive inpulses, the combination comprising, 
a polar code following relay having contact 
membel's biased to a normal position and oper 
ated to a reverse position when the relay is en 
ergized at reverse polarity, said relay provided 
With a first and a second Winding with said first 
Winding connected with said signaling circuit to 
energize said relay at reverse polarity in response 
to each impulse of said coded current, a decoding 
transformer having separate primary and sec 
Ondary WindingS, means including a normal con 
tact and a reverse contact of Said relay to alter 
nately supply direct, current to two portions of 
the prinary Winding of Said transformer to in 
duce a alternating electromotive force in the 
Secondary Winding of Said transformer when the 
relay is operated, means including a second po 
sition contact of the code following relay to con 
nect Said Secondary Winding with said Second 
Winding of Said Irelay in Such manner that Said 
relay is energized at reverse polarity when the 
relay is operated to its reverse position to cause 
Substantially equal On and off Operation periods 
for that relay, a control relay, and means includ 
ing a reverse contact and a normal contact of 
said polar relay to alternately connect two por 
tions of the Secondary Winding of the trans 
former to Said control relay to energize Said con 
trol relay with unidirectional current when said 
polar relay is Operated. 

EDWARD J. AGNEW. 


