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My invention relates to railway traffic con 
trolling apparatus, and has particular reference 
to the Organization of Such apparatus into rail 
way signaling systems of the class employing 
static control apparatus of the Saturation relay 
type, which is characterized by the fact that all 
the component parts thereof are stationary. 
In certain applications of signaling Systems of 

the above described class, it is often desirable to 
obtain delayed response or action of control ap 
paratus to a control current; or in other Words, it 
is often desirable to employ slow acting relays of 
the Saturation type. Although I am aWare that 
signaling Systems employing Saturation type re 
lays have heretofore been proposed, none of the 
proposed Systems to my knoWedge have been 
able to achieve the benefits obtainable by the 
use of slow acting Saturation type relays. Ac 
cordingly, an object of my present invention is 
the provision of novel and improved signaling ap 
paratus in which saturation type relays are em 
ployed. 
A further object is the Organization of railway 

signaling apparatus to provide slow acting char 
acteristics to Saturation type relays. 
An additional object is the provision of novel 

and improved means whereby slow acting chair 
acteristics are imparted to Saturation relays by 
means of a static control device of the thermionic 
tube type. 
A further object is the provision of novel and 

in proved means Wherein a thernionic tube is 
employed as a control device to impart slow act 
ing characteristics to relays, in which unneces 
Sally deterioration of the tube elements is avoid 
ed, thereby prolonging the effective life of the 
thermionic tube. 
My invention is an improvement upon the 

track circuit apparatus shown in a copending ap 
plication for Letters Patent, Serial No. 318,746, 
filed on February 13, 1940, by Bernard E. 
O'Hagan, and certain features of my present in 
vention are broadly covered by claims in the said 
Copending application. 
Other objects and characteristic features of 

my invention will be apparent from the following 
description taken in connection with the accom 
panying drawing. 

I shall describe two forms of apparatus en 
bodying my invention, and shall then point out 
the novel features thereof in claims. 

In the accompanying drawing, Fig. 1 is a dia 
grammatic view showing one form of apparatus 
embodying my invention. Fig. 2 is a diagram 
matic view of a modified form of the apparatus 

(Cl. 246-34) 
shown in Fig. 1, which also embodies my inven 
tion. 

Similar reference characters refer to similar 
parts in each of the two views. 

Referring to Fig. 1, the reference characters 
and a designate the track rails of a stretch of 
railway track over which traffic normally moves 
in the single direction indicated by an arrow in 
the drawing, and which I shall assume to be the 
westbound direction. The rails f and a are di 
vided by means of the usual insulated rail joints 
2 into a track section 3-4. Section 3-4 is pro 
vided with means located adjacent its exit end 3 
for supplying to the rails of the section trackway 
energy which may have either unidirectional or 
alternating characteristics. As shown, section 
3-6 is supplied with alternating trackway ener 
gy through the medium of a transformer T3 
which has its secondary winding constantly con 
nected across the track rails of section 3-4 in 
series with a current limiting impedance 5, and 
has its primary winding connected to a source of 
alternating current such as a generator not 
shown in the drawing, having its terminals des 
ignated by the reference characters BX and CX. 

Section 3-4 is provided adjacent its entrance 
end 4 with a traffic controlling signal, which may 
be of any suitable type but as herein shown is a 
two-indication signal, designated by the refer 
ence character S4, comprising a green lamp G 
and a red lamp R, which lamps when illuminated 
indicate “clear' and 'stop,' respectively. 

Section 3-4 also is provided with means, lo 
cated adjacent its entrance 4 and controlled in 
response to traffic conditions in section 3-4, for 
controlling the aspects displayed by the associ 
ated signal S4. As herein shown, the means in 
cludes two saturation type relays DR, and DR2. 
Relay DR? may be of any suitable type of satu 

ration relay characterized by the fact that a rel 
atively large amount of energy is or is not re 
ceived by an output winding of the relay from a 
source of energy according as a control winding 
of the relay is or is not supplied with current. 
Relay DR, therefore, may take any one of the 
well-known forms of "front contact' type satu 
ration relays, but as herein shown, relay DR is a 
front contact saturation relay of the type shown 
and described in United States Letters Patent No. 
1,910,381 granted to Philip H. Dowling on May 23, 
1933, for Electrical translating apparatus. Relay 
DR comprises a first magnetizable core 7 having 
two parallel legs 8 and 9; and a second magnetiz 
able core 0 having three legs , 2 and 3 con 
nected in parallel to form two magnetic paths 
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2 
with the leg 2 forming a bridging member com 
mon to both paths. A primary or local input 
Winding 4 comprising two coils 4a and 4b con 
nected in parallel, is disposed on core 0 on oppo 
site sides of bridging member 2 in such manner 
that When Winding 4 is supplied with current, 
the fluxes created by such current in coils 4d 
and 4b produce substantially no flux in member 
2. The coils 4a and 4b of input winding 4 

also are linked by core 7 in such manner that the 
fluxes created in core 7 by coils 4a and 4b are 
additive. Core also carries a secondary or out 
put Winding 5, which as shown is connected to 
the filament of signal lamp G of signal S4. A 
control or Saturation winding f6 is disposed on 
the bridging member 2 of core O and is sup 
plied at times with current to vary the perme 
ability of that core. 
The Operation of relay DR, f is as follows: local 

input Winding 4 of the relay DR is constantly 
Supplied with periodically varying current from 
a Suitable Source, preferably a source of alternat 
ing current having its terminals designated by 
the reference characters BX and CX. The parts 
of the relay are so proportioned and designed 
that when control winding 6 of relay DR, is 
deenergized, a very Small amount of current is 
drawn by lamp G connected across output Wind 
ing 5. This small amount of current is insuf 
ficient to illuminate lamp G, but is effective to 
force the major portion of the flux created by the 
current supplied to winding 4 through core 9, 
Where this flux circulates through legs and 3 
but not through bridging member 2 of the core. 
If, now, unidirectional current is supplied to con 
trol Winding 6, there is created in bridging mem 
ber 2 a Saturating flux which varies the perme 
ability of core 0 to the flux created by the cur 
rent Supplied to winding 4, and as a result the 
major portion of this latter flux is forced to cir 
culate through core 7. The electromotive force 
induced in output winding 5 correspondingly is 
increased to a value which is sufficient to illumi 
nate lamp G. The amount of energy received by 
output winding 5 of relay DR? from the source 
of energy provided for the relay is, therefore, con 
trolled by the energization of control winding 6 
of the relay. 

Relay DR2 may be of any suitable type of sat 
uration relay characterized by the fact that a 
relatively large amount of energy is received by 
the output winding of the relay when the control 
Winding of the relay is deemergized, and the 
amount of energy received by the output Winding 
When the control winding of the relay is ener 
gized is relatively small. Relay DR2 accord 
ingly may take any one of the well-known forms 
of “back contact' types of saturation relays, but 
as herein shown is of the type shown and de 
Scribed in United States Letters Patent No. 
1,835,209 granted on December 8, 1931, to Philip 
H. Dowling for Electrical translating apparatus. 
Relay DR2 comprises a first magnetizable core 

8 having two parallel legs 9 and 20; and a 
Second magnetizable core 2 having three legs 22, 
23 and 24 connected in parallel to form two mag 
netic circuits for core 2 with central leg 23 form 
ing a bridging member common to both paths. 
A primary or local input winding 25 is disposed 
On leg 24 of core 2 and on leg f 9 of core f8, and 
is constantly connected across the terminals BX 
and CX of a source of periodically varying cur 
rent. A secondary or output winding 26 is dis 
posed on leg 20 of core 8 and is connected across 
the filament of lamp R of signal S4, A biasing 

2,216,631 
winding 2 is disposed on the bridging member 23 
of core 2, and is constantly Supplied with unidi 
rectional Current fron a Suitable Source, Such as 
a battery not shown in the drawing, having its 
terminals designated by the reference characters 
B and C. The current supplied to winding 27 
sets up a biasing flux in core 2 which varies the 
permeability of the core to the flux created by 
the current Supplied to Winding 25, and the parts 
of the relay are preferably so proportioned that 
under the above conditions, the major portion of 
the flux created by the current Supplied to wind 
ing 25 circulates through core 3 with the result 
that a relatively large electromotive force is in 
duced in output winding 26 so that lamp R is 
illuminated. A control or Saturation winding 28 
also is disposed on bridging member 23 of core 2, 
and is arranged so that when supplied with uni 
directional current of the proper polarity and 
value, a Saturating flux is set up in member 23 
which opposes and nullifies the biasing fux cre 
ated by the current supplied to biasing winding 
27. Under the latter condition, therefore, the 
permeability of core 2 to the flux created by cur 
rent supplied to winding 25 is increased to allow 
a greater proportion of the flux from the primary 
Winding 25 to circulate through core 2. This 
results in the decrease of flux circulating in the 
other core 8, and hence decreases the electro 
motive force induced in output winding 26. The 
parts of relay DR2 are preferably so proportioned 
and designed that when current is supplied to 
winding 28, the magnitude of the electromotive 
force induced in output winding 26 is insufficient 
to illuminate lamp R. The amount of energy re 
ceived by output winding 26 of relay DR2 from 
the Source of energy provided for the relay is, 
therefore, controlled by the energization of Con 
trol winding 28 of the relay. 
The relays DR and DR2 are controlled by 

means of a static control device VT, which in turn 
is controlled by energy derived from the track 
rails of section 3-4 to cause the relays DRf and 
DR2 to be responsive to traffic conditions in the 
Section. Device WT is characterized by the fact 
that all the component parts thereof are sta 
tionary, and is effective to provide slow pick-up 
characteristics for relays DR, and DR2. 
As shown, device WT is a thermionic tube hav 

ing two electrodes, an anode or plate 30 and a 
cathode 3, one of which must be heated to con 
trol the tube to its conducting condition. In or 
der to obtain a relatively long delay period for 
relays DR and DR2, the tube preferably is of 
the indirectly heated cathode type, and is pro 
vided with a heating element 32 receiving energy 
from the rails of Section 3-4 for at times heating 
cathode 3 to its operating temperature. Tube 
WT may be either of the evacuated or the gas 
filled type, and is provided with an envelope 33 
into which the two electrodes and the heating 
element of the tube are sealed. A rectifier 35 re 
ceiving energy from a secondary winding 36 of 
a transformer T4 (which has its primary wind 
ing connected across the terminals BX and CX 
of a source of alternating current) is connected 
across the two electrodes of tube WT in a plate 
circuit which includes in series control winding 
6 of relay DR and control winding 28 of relay 
DR2. The current supplied by rectifier 35 to the 
control windings of relays DR and DR2 when 
tube WT is conducting is proportioned to cause 
relay DR to control lamp G to its illuminated 
condition, and to cause relay DR2 to control 
lamp R to its dark or non-illuminated condition. 
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2,216,681 
The operation of the apparatus embodying my 

invention is as follows. When section 3-4 is 
unoccupied, the apparatus is in its normal con 
dition as shown in the drawing. In this condi 
tion of the apparatus, heating element 32 of 
tube WT is energized by energy received from 
the rails of section 3-4 so that the tube cathode 
3 is heated to its operating temperature and 
tube WT as a result is controlled to its conduct 
ing condition; control winding 6 of relay DR 
is energized so that a relatively large electro 
motive force is induced in output winding 5 of 
relay DR and lamp G of signal S4 is illuminated 
to cause signal S4 to display its "clear' indica 
tion; and control winding 28 of relay DR2 also is 
energized with the result that a relatively Smail 
electromotive force is induced in output winding 
26 of relay DR2 and lamp R, of signal S4 is dark. 
When a train enters section 3-4 and estab 

lishes a train shunt across the rails of that sec 
tion, the trackway energy of Section 3-4 then 
is shunted away from the heating element of 
tube WT. With heating element 32 of tube VT 
deenergized, the element cools rapidly. So that 
cathode 3 of the tube also cools to control tube 
WT to its non-conducting condition, and as a re 
sult the plate circuit current is interrupted and 
control winding 6 of relay DR and control 
winding 28 of relay DR2 become deenergized. 
Lamp G of signal S4 therefore is caused to as 
sume its darkened condition, since the deener 
gization of control Winding 6 of relay DR re 
sults in an electromotive force of relatively low 
magnitude being induced in output winding 5 
of relay DR, as was pointed out hereinbefore. 
Lamp R. of signal S4, however, is controlled to 
its illuminated condition since the constant en 
ergization of biasing winding 27 of relay DR2 
causes a relatively large electromotive force to 
be induced in the output winding 26 of relay 
DR2, which in turn causes lamp R of signal S4 
to become illuminated to cause signal S4 to dis 
play its “stop' indication. 

Then, when the train vacates section 3-4 
and trackway energy from the section is again 
received by the heating element of tube WT, the 
tube is caused to assume its conducting condi 
tion at the end of the time interval required for 
the heating element to heat cathode 3 to the 
temperature at which the tube becomes conduct 
ing. This interval of time required to bring the 
cathode of the tube WT to the proper tempera 
ture provides slow acting characteristics for the 
saturation relays DR and DR3, in that current 
is not supplied to the control windings of the 
relays until the tube becomes conducting. The 
response of the Saturation relays to a change in 
the traffic conditions in the section is, therefore, 
delayed by means of the control device VT, which 
causes relays DR and DR2 to have slow pick-up 
characteristics. That is to say, each of the relays 
is caused to be slow in responding to a change 
in the supply of energy from a control circuit 
(in this instance a track circuit) and therefore 
corresponds to a slow pick-up tractive armature 
type of relay constructed to require an appre 
ciable time interval of energization before its 
armature is attracted from its deenergized posi 
tion to its energized position. When the cathode 
of tube WT reaches its operating temperature, 
the plate circuit of the tube is reestablished, and 
the apparatus is restored to its normal condition 
wherein lamp G is illuminated and lamp R is 
dark. 

It should be pointed out that although the 

3 
control device WT is shown controlling two. Satu 
ration relays each performing a single function, 
the device is equally, suitable for use with a 
saturation relay having incorporated therein 
both 'front contact' and 'back contact' output 
windings, such for example, as is shown in the 
Copending application for Letters Patent, Serial 
No. 280,731, filed on June 23, 1939, for Railway 
Signaling apparatus, by Claude M. Hines. De 
vice WT when used With a relay of the above 
type will, of course, provide such relay With slow 
pick-up characteristics. . - 

Referring now to Fig. 2, the reference char 
acter TT designates a track transformer which 
Supplies the track rails of Section 3-4 of Fig. 2 
with alternating trackway energy, and the refer 
ence character RT designates a receiving trans 
former having its primary winding connected 
across the rails of Section 3-4 and its secondary 
winding connected across the input terminals of 
a rectifier 40. - 
The reference character DR a designates a 

"front contact' type saturation relay, substan 
tially similar to the relay DR described here 
in before in connection with Fig. 1, except that 
an additional or second output winding 4 is 
provided for relay DRa. The control winding 
6 of relay DRd. is connected across the Output 

terminals of rectifier 40, which functions to con 
vert the alternating trackway energy received 
from section 3-4 into and supply unidirectional 
current to control, winding 6 of relay DRa. 
The first output winding 5 of relay DRC is 
connected through the medium of a rectifier 42 
to a first control winding 43 of a saturation relay 
DR3, later to be referred to. The second output 
winding 4 of relay DR?a is connected to the 
heating element 32 of control device WT. 
The output winding 26 of Saturation relay DR2 

of Fig. 2 (which is a “back contact' type satura 
tion relay similar to relay DR2 described in de 
tail in connection with Fig. 1) is connected 
across the output terminals of a rectifier 44, 
which has its positive output terminal connected 
to plate 39 of tube WT of Fig. 2 and its negative 
output terminal connected to cathode 3 of tube 
VT in series with a second control winding 45 
of saturation relay DR3. The biasing winding 
27 of relay DR2 of Fig. 2 is constantly supplied 
with unidirectional current from a suitable 
source designated by the terminals B and C, and 
the control winding 28 of relay DR2 of Fig. 2 
is supplied with unidirectional current from a 
rectifier 46, which in turn is supplied with energy 
from a first output winding 54 of saturation relay 
DR3. 
The Saturation relay DR3 hereinbefore men 

tioned is substantially similar to the dual control 
saturation relay shown and described in United 
States Letters Patent 1,862,204 granted to me on 
June 7, 1932, for Electrical translating device. 
As shown, relay DR3 comprises three magnetiz 
able cores 50, 5 and 52, each of which is pro 
vided with three legs. Connected in parallel. The 
cores of relay DR3 preferably are arranged SO 
that an outer leg of each of the cores 50 and 5f 
is adjacent the middle leg of core 52, a portion 
of the core 5 and of the core 50 being broken 
away in the drawing to better illustrate the air 
rangement of the cores. A local input or pri 
mary winding 53 is disposed to link the middle 
leg of core 52 and the adjacent outer leg of each 
of the remaining cores 50. and 5, and is con 
stantly Supplied with periodically varying current 
from a suitable source designated by the ter 
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4. 
minals BX and CX. The middle leg of core 52 
also carries three output windings 54, 55 and 56, 
while the middle leg of each of the remaining 
cores is provided with a conducting sleeve 57 for 
the purpose of preventing the paSSage of alter 
nating flux through the aSSociated leg of the core. 
The first control winding 43 for relay DR3 is 
disposed on the conducting sleeve mounted on the 
middle leg of core 50, and the second control 
winding 45 and a third or stick control Winding 
58 of the relay DR3 are each disposed on the con 
ducting sleeve mounted on the middle leg of 
core 5. The operation of relay DR3 will best 
be understood from the following description of 
the apparatus of Fig. 2 as a Whole. 
In describing the operation of the apparatus 

of Fig. 2, I shall first assume that a train occupies 
Section 3-4 so that track Way energy is shunted 
away from receiving transformer RT. Control 
winding 6 of relay DR fa is, under the above 
assumed condition, deemergized so that electro 
motive forces of relatively Small magnitude are 
induced in output windings 5 and 4 of relay 
DRd, the electromotive forces Supplied from 
output windings f5 and 4 being insufficient to 
effectively energize control winding 43 of relay 
DR3 and heating element 32 of tube WT. Tube 
WT, therefore, is controlled to its non-conducting 
condition with the result that the plate circuit 
for tube WT is in effect opened and control Wind 
ing 45 of relay DR3 included in such plate cir 
cuit also is deenergized. The parts of relay DR3 
preferably are designed and proportioned in Such 
manner that with both control windings 43 and 
45 deenergized, the reluctances of cores 50 and 
5 of relay DR3 to the flow of the flux created 
by the current supplied to local input winding 53 
of the relay are relatively low with respect to the 
reluctance of the other core 52, and as a result 
substantially all of the flux circulates through 
core 50 and core 5 f and relatively little flux 
circulates through core 52. It can be seen, 
therefore, that electromotive forces of relatively 
Small magnitudes are induced at this time in out 
put windings 54, 55 and 56 mounted on core 52 
of the relay. Accordingly, a control device 
(herein shown as a lamp L) which is connected 
across the terminals of output Winding 55 is con 
trolled to its deenergized condition; control Wind 
ing 28 of relay DR2 connected across the ter 
minals of output winding 54 through the medium 
of rectifier 46, and control winding 58 of relay 
DR3 which is connected across the terminals of 
output Winding 56 through the medium of recti 
fier 59, are both supplied with current of rela 
tively low magnitude insufficient to effectively 
energize Such control WindingS. 
trolled by Winding 55 of relay DR3 may be utilized 
for any suitable purpose, such for example, as a 
signal lamp of a traffic controlling signal. 
When, however, the train vacates section 3-4 

So that track Way energy energizes control wind 
ing 6 of relay DRta, then electromotive forces 
of relatively large magnitude are induced in out 
put windings 5 and 4f of relay DR fa. The 
electromotive force induced in output Winding 5 
of relay DR fa is supplied to control winding 43 
of relay DR3, and the flux created by such electro 
motive force in winding 43 increases the re 
luctance of core 50 of relay DR3, preferably to a 
point Where core 50 is magnetically saturated. 
The major portion of the flux created by the 
current supplied to input winding 53 of relay 
DR3 accordingly is caused to circulate through 
core 5 of the relay because of the different rela 

The lamp L. con 
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tive reluctances of the three cores and as a result 
relatively small electromotive forces are still in 
duced in output windings 54, 55 and 56 of re 
lay DR3. 
The electromotive force induced in Output 

winding 4 of relay DR at is supplied to heating 
element 32 of tube VT, whereupon the element 
becomes heated and at the end of a short time 
interval raises the cathode 3 f of tube VT to its 
proper operating temperature. When the cath 
ode of tube WTreaches its operating temperature, 
the potential due to rectifier 44 causes current 
to flow in the plate circuit of the tube, with the 
result that control winding 45 of relay DR3 also 
is energized. This energization of control wind 
ing 45 creates a magnetic flux which increases the 
reluctance of core 5 and preferably magnetically 
saturates that portion of relay DR3, with the re 
sult that substantially all the flux created by the 
current supplied to input winding 53 of the relay 
circulates through core 52 since the reluctances 
of both cores 50 and 5 are at this time relatively 
large with respect to the reluctance of core 52, 
and relatively large electromotive forces are in 
duced as a result in the relay output windings 
54, 55 and 56. Lamp L connected across wind 
ing 55 accordingly becomes effectively energized 
and is illuminated. Control winding 58 disposed 
on core 5 of relay DR3 and connected with out 
put Winding 56 through the medium of rectifier 
59 also becomes energized to supply Saturating 
flux to core 5 in agreement with the Saturating 
flux supplied by control winding 45 disposed. On 
that core. In addition, control Winding 28 of 
relay DR2 of Fig. 2 becomes energized by current 
supplied from output winding 55 of relay DR3 
to supply to relay DR2 a saturating flux which 
opposes the flux supplied by biasing winding 27, 
and as a result the electromotive force induced in 
output winding 26 of relay DR2 becomes relatively 
Small and is insufficient to maintain the ioniza 
tion of tube WT. Since no current flows in the 
plate circuit of tube WT, control winding 45 of 
relay DR3 connected in such circuit becomes de 
energized, but since control winding 58 of relay 
DR3 now is energized from Output winding 56 
of relay DR3, the relay is retained in its condi 
tion wherein the flux Supplied by Winding 53 is 
circulated through core 52 of the relay to induce 
relatively large electromotive forces in the Out 
put winding of the relay. This is the normal 
condition of the apparatus of Fig. 2 illustrated in 
the drawing. 

It is readily apparent from the foregoing that 
control winding 58 of relay DR3 provides “stick 
circuit' control of the relay in that once the relay 
is controlled to its “energized' condition wherein 
relatively large electromotive forces are induced 
in its output Windings, the relay is maintained in 
this condition by virtue of energy Supplied from 
one of its output windings. It follows, therefore, 
that control winding 45 of relay DR3 functions 
as a “pick-up' winding and is effective when ener 
gized to aid in the control of the relay to its ener 
gized condition, and that control winding 58 of 
relay DR3 functions as a “stick' winding, which 
becomes energized only when the relay has once 
become energized, and which is effective to main 
tain the relay energized in the event that the 
pick-up Winding of the relay subsequently be 
COmeS deenergized. 

It should be noted that the time interval re 
quired to bring cathode 3 of tube. VT to its 
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2,216,631 
lay DR3 to a change in traffic conditions in sec 
tion 3-4, and provides slow pick-up character 
istics for the relay. It should further be noted 
that the plate circuit for tube WT draws current 
for but a relatively short time, whereby deteriora 
tion of the tube is minimized and prolonged life 
of the tube is effected. In this connection, it 
should be pointed out that tube WT is non-con 
ducting during the interval that section 3-4 is 
Occupied (due to the fact that its heating element 
32 and cathode 3 are cold), and that although 
tube WT is controlled to its conducting condition 
during the interval that section 3-4 is unoc 
cupied (due to the heating of element 32 and 
cathode 3 ), current flows in the plate circuit 
of the tube for only the relatively short time in 
terval required for the current induced in output 
winding 54 of relay DR3 to build up to its maxi 
mum value. That is to say, when cathode 3 f of 
tube WT is heated to its operating temperature, 
the potential which is normally applied across the 
electrodes of tube WT by rectifier 44 causes cur 
rent to flow in the plate circuit of the tube. How 
ever, when the current induced in winding 54 
of relay DR3 builds up to a relatively large value, 
relay DR2 then is controlled to limit the potential 
applied across the electrodes of tube WT to a value 
insufficient to maintain the flow of current in tube 
WT. Tube VT, therefore, operates for but a rela 
tively short interval of time whenever section 
3-4 becomes unoccupied. 

In the event that section 3-4 becomes occupied 
So that trackway energy is shunted away from 
the control Winding 6 of relay DRa, the elec 
tromotive forces induced in output windings 5 
and 4f of relay DR, a become relatively small. 
As a result, heating element 32 of tube WT is de 
energized So that the heating element and cathode 
3 of tube WT cool off and tube WT becomes non 
conducting. Control winding 43 of relay DR3 also 
becomes deemergized, whereupon the flux created 
by input Winding 53 of relayIDR3 circulates through 
Core 50 and as a result, the electromotive forces 
induced in output windings 54, 55 and 56 of relay 
DR3 drop to a relatively small magnitude. Stick 
control winding 58 of relay DR3 accordingly be 
comesdeenergized with the result that the primary 
flux circulates through both cores 50 and 5 of relay 
DR3. Lamp L also becomes deenergized and as a 
result is dark, while control winding 28 of relay 
DR2 of Fig. 2 becomes deenergized so that relay 
DR2 is controlled by its constantly energized 
biasing winding 27 to cause a relatively large elec 
tromotive force to be induced in output winding 
26 of relay. DR2. Since tube WT is in its cooled 
or non-conducting condition, the plate circuit 
for tube WT cannot at this time be established 
and control Winding 45 of relay DR3 accordingly 

3 is deenergized. 
An advantage of the apparatus of Fig. 2 em 

bodying my invention is that slow pick-up char 
acteristics are provided for a saturation relay by 
means of a thermionic tube, which is controlled 
to its operating condition for but a short interval 
of time, thereby preventing unnecessary de 
terioration of the tube so that a prolonged life of 
the tube is effected. 
Although I have herein shown and described 

only two forms of railway traffic controlling ap 
paratus embodying my invention, it is under 
stood that various changes and modifications may 
be made therein within the scope of the appended 
claims without departing from the spirit and 
Scope of my invention. 

5 
Having thus described my invention, what I 

claim is: 
1. In combination. With a section of railway 

track supplied with trackway energy, a relay of 
the saturation type having an output winding re 
ceiving energy from a source of energy, said satu 
ration relay also having a saturation winding 
which controls the amount of energy received by 
said output winding from said source, a static 
control device, and means controlled by said static 
control device controlled by energy from the track 
rails of said section for energizing the satura 
tion winding of said saturation relay to render 
that relay responsive to traffic conditions in said 
Section, said static control device being effective 
to delay the response of Said Saturation relay to 
a change in traffic conditions in said section. 

2. In combination. With a section of railway 
track supplied with trackway energy, a relay of 
the Saturation type having an output winding 
which receives energy from a source of energy, 
said relay also having a control winding which 
controls the magnitude of energy received by said 
Output winding from said source, and means 
controlled by energy received from the track rails 
of Said Section to render the control winding of 
said saturation relay responsive to traffic condi 
tions in saidsection, said means including a static 
control device which is acted upon by the energy 
received from the track rails and which is slow 
to react to such energy whereby said saturation 
relay is caused to be slow in responding to a 
change in traffic conditions in the section. 

3. The combination with a section of railway 
track Supplied with trackway energy and a 
saturation type relay having an output winding 
receiving energy from a source of energy under 
the control of a control winding, of a thermionic 
tube having two electrodes one of which must 
be heated to render the tube conducting, means 
receiving energy from the rails of said section 
for heating said one electrode of said tube, a 
plate circuit for said tube including a source of 
current and the control winding of said relay 
Connected across said two electrodes of said tube, 
and railway traffic controlling means controlled 
by said saturation relay. 

4. In combination, a magnetizable core pro 
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vided with an output winding receiving energy 
from a Source of energy under the influence of 
a Saturation Winding which at times supplies a 
Saturating flux to said core, a thermionic tube 
ha-Ving two electrodes, and controlled to its op 
erating condition when and only when one of 
Said electrodes is heated to an operating tem 
perature and a potential of a given magnitude 
is applied across the two tube electrodes, a plate 
circuit including a source of current and the 
Saturation Winding of said relay connected in 
series across the two tube electrodes to apply a 
potential of Said given magnitude across the two 
electrodes of said tube, a control circuit from 
Which energy, is at times derived, and means 
controlled by energy derived from said control 
Circuit for heating said one tube element to its 
operating temperature, whereby the response of 
Said Saturation relay to said control circuit is 
caused to be delayed for the time interval re 
quired to heat said one tube element to its op 
erating temperature. 

5. In combination with a section of railway 
track Supplied. With trackWay energy, a satura 
tion type relay having an input winding nor 
mally supplied with periodically varying current 
and an output Winding inductively coupled with 
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said input winding, said relay also having a 
control winding effective when energized to vary 
the: inductive coupling of the relay input and 
output windings, a thermionic tube having two 
spaced electrodes and caused to be conducting 
When and only when one of the two electrodes is 
heated to an operating temperature and a po 
tential of a given magnitude is impressed acroSS 
the two tube electrodes, means receiving energy 
from the track rails of said section for heating 
said one electrode of said tube, a source of cur 
rent, and a circuit including said source of cur 
rent in series with the control winding of said 
relay for impressing a potential of said given 
magnitude across the two electrodes of said tube, 
Whereby said saturation relay is caused to be 
responsive to traffic conditions in said section 
but is slow in responding to a change in such 
traffic conditions due to the time interval re 
quired for Said one tube element to heat up to 
its operating temperature. 

6. In combination with a section of railway 
track supplied with trackway energy, a signal 
for controlling traffic in said section and having 
two signal lamps, a front contact saturation re 
lay for controlling one of said two signal lamps, 
Said front contact Saturation relay having a 
control winding effective when energized to 
cause the associated signal lamp to be illumi 
nated, a back contact saturation relay for con 
trolling, the other of said two signal lamps, said 
back contact saturation relay having a control 
Winding effective when energized to cause the 
aSSociated signal lamp to be dark, a thermionic 
tube having two electrodes, and controlled to an 
Operating condition when and only when one of 
Said electrodes is heated to an operating tem 
perature and a potential of a given magnitude 
is applied across the two electrodes of the tube, 
a plate circuit including a source of current 
Connected in Series With the control winding of 
said front contact Saturation relay and the con 
trol Winding of said back contact relay for ap 
plying a potential of said given magnitude across 
the two electrodes of said tube, and means re 
ceiving energy from the track rails of said sec 
tion for heating said one electrode of said tube 
to its operating temperature. 

7. In combination, a section of railway track, 
a Saturation relay having two pick-up control 

: Windings and a stick control winding, said relay 
also having a primary Winding constantly sup 
plied with periodically varying current and hav 
ing output windings inductively coupled with 
said primary Winding in such manner that rela 
tively high electromotive forces are induced in 
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Said output windings when and only when a 
particular one of said two pick-up control wind 
ings is energized and at least one of the remain 
ing tWO control Windings also is energized, means 
responsive to traffic conditions in said section 
for Supplying energy to said particular one pick 
up control Winding, slow acting circuit control 
ling means also controlled by traffic conditions 
in said section and caused to assume a circuit 
completing condition at the end of a prede 
termined time interval after a change in traffic 
conditions in Said stretch, a source of energy, 
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means controlled by one of said relay Output 
windings for controlling the magnitude of 
energy supplied from said source to a relatively 
large or a relatively Small value according as 
relatively small or relatively large electromotive 
forces are induced in said one relay output wind 
ing, circuit means controlled by said slow acting 
means and effective only when such means is 
in its circuit completing condition for connect 
ing said source of energy to said other pick-up 
control winding of the relay and means for sup 
plying energy from another of said output wind 
ings to said stick control winding whereby when 
the Supply of energy to said other pick-up con 
trol winding is cut off in response to the rela 
tively large electromotive forces induced in said 
one relay output winding there will be main 
tained induced in said relay output Windings the 
relatively large electromotive forces until such 
time as the supply of energy to said particular 
one pick-up control Winding is cut off. - 

8. In combination, a section of railway track, 
a saturation relay having two pick-up control 
Windings and a stick control Winding, said relay 
having a primary Winding constantly supplied 
With periodically Varying current and also hav 
ing output Windings inductively coupled with 
Said primary Winding in such manner that rela 
tively high electromotive forces are induced in 
Said output Windings when and only when a par 
ticular one of said two pick-up control windings 
is energized and at least one of the remaining 
two control windings also is energized, means 
responsive to traffic conditions in said section 
for Supplying energy to said particular one pick 
up control Winding, a two element thermionic 
tube of the type controlled to its operating con 
dition. When and only when one of said elements 
is heated to an operating temperature and a 
potential of a given magnitude is applied across 
its two elements, means controlled by traffic 
conditions in Said Section for heating said one 
tube element to its operating temperature, plate 
circuit means controlled by one of said output 
Windings of said tube to be effective only, when 
an electromotive force of relatively low magni 
tude is induced in such output winding and in 
cluding said other pick-up control winding of 
Said relay for applying a potential of said given. 
magnitude across the two elements of said tube, 
Whereby said Saturation relay is controlled in 
response to traffic conditions in said section at 
the end of the time interval required to heat 
Said one tube element to its operating tempera 
ture, and means for supplying energy from an 
other of said output windings of said relay to 
said stick control winding whereby when said 
One output winding controls said plate circuit 
means to reduce the potential applied across said 
tWo tube elements to a magnitude below said 
given magnitude to thereby cut off the supply of 
energy to said other pick-up control winding, 
there will be maintained induced in said relay 
Output windings the relatively large electromo 
tive forces until such time as the supply of 
energy is cut off to said particular one pick-up 
Control Winding. 

ANDREW J. SORENSEN. 
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