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To (ill thon, it may concern: 
Be it known that I, LAURENCE A. HAW 

KINs, a citizen of the United States, l'esid ing at Schenectady, county of Schenectady, 
State of New York, have invented certain 
new and useful Improvements in Block 
Signal Systems, of which the following is a 
specification. 

Aiy invention relates to block signal sys 
tems for electric railways, in which the rails 
are continuous for all currents, comprising 
sources of alternating current connected 
across the rails at intervals, and a pair of re 
lays supplied with current from the tracks 
between each two adjacent sources, each re 
lay responding to current from one adjacent 
source only. In such a system, a block or 
block section may extend from one source 
to the next, or from one pair of relays to the 
next, according as a pair of relays are con 
nected to control the same or different sig 
mals. One such system, in which the block 
extends from one source to the next, is de 
scribed in my former application, No. 
329,347, filed August 6, 1906. In such a 
system a train approaching a source of cur 
rent at the entrance to a block, reduces its 
voltage and gradually de?nergizes the relay 
supplied from that source. The point at 
which the relay drops its contact and causes 
the signal to go to danger is consequently 
not absolutely fixed. While it can be fixed 
sufficiently closely for all practical purposes 
by employing transformers of good regula 
tion, and using a high frequency signal cur 
rent, so that the impedance of the rails to the 
signal current is high, it is sometimes advan 
tageous to provide other means for fixing 
the point at which the signal goes to dan 
ger. This may be done either to fix the 
point more definitely than would otherwise 
be the case, or to save power, since when 
such means are employed the transformer 
need not have good regulation, and conse 
quently the current delivered by the trans 
former, when a train is standing across its 
secondary terminals, is not high. One ar 
rangement for definitely fixing the point at 
which the signal goes to danger is described 
in my former application, Serial No. 
37S,243, filed June 10, 1907. In the system 
disclosed in that application I employed a 
short insulated rail section. 
The purpose of my present invention is 

to provide auxiliary means for defining the 

entrance-point to the block without intro 
ducing any insulated joints into the rails. 
I accomplish this by providing a relay hay 
ing a winding connected in shunt to a short 
length of rail near the transformer at the 
entrance to the block, and arranged to con 
trol the signal jointly with the other track 
relays in such manner as to render ineffec 
tive to control the signal that relay of the 
pair of relays of the block which responds 
to the current from the source at the en 
trance of the block. 
My invention will best be understood by reference to the accompanying drawings, in 

which 
Figure 1 shows diagrammatically a block 

signal system arranged in accordance with 
iny invention; and Fig. 2 shows my inven tion applied to a differently arranged signal 
System of the same general character. 
In Fig. 1. A represents the track rails, 

which may be made conductively continu 
ous for all currents throughout their length. 
B represents a third-rail, or other supply 
conductor, and C the generator of the 
power-current, which has one terminal con 
nected to the third-rail B, and the other to 
the track-rails A through the differential 
choke-coil c. The power-generator C may 
deliver either direct or alternating current. ID' D represent alternating-current gener 
ators for supplying the signal current. The 
currents delivered by these generators dif 
fer from each other in frequency, and, if 
the power-current is alternating, they dif. 
fer in frequency from that current. d, d. 
and d represent transmission wires sup 
plied with current from the generators D1 
and D. A three-wire transmission system 
is shown with the wired serving as common 
return for both frequencies. E! and E9 
represent transformers having their pri 
maries supplied with current from the gen 
erator's D and D, respectively, through the 
line - Wires, and the secondaries connected 
across the track-rails at a distance apart, 
which, in the drawing, corresponds to the 
length of a block. Impedances e may be in 
serted in series with the transformer sec 
Ondaries to prevent Saturation of the sec 
ondaries by the power-current and to limit 
the short-circuit current with a train stand 
ing on the track at the transformer. F rep 
resents a transformer having its primary 
connected across the rails between the sup 
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ply transformer's E' and E. H. and H 
'epresent a pair of relays, which are shown 
as of the Well-known two-phase induction 
type, each comprising a short-circuited Sec 
onclaity ember h carrying the relay con 
tacts and two coöperating windings for pro 
ducing the to 'gile in the secondary member, 
The windings h" of the two relays are both 
connected to the secondary of the trans 
feine: F, and are consequently supplied 
with client from the track between the 
two transformers E' and E. The other re 
ity widings i° are connected to different 
line-wires through step-down transformers 
5 and j', respectively. So that they are Sup 
plied with currents of different frequency. 
Thus, although the windings it of both re 
lays are normally traversed by current sup 
plied to the track by both transformers E 
and E°, the relay I responds only to cur 
rent from transformer E', and the relay H” 
Dnly to cli'i'ent from ti'ansformer E. Any 
suitable means, such as condensei's i, may 
be employed for producing a proper phase 
relation between the currents of Windings 
h' and h” of each relay. IX represents a sig 
nal guarding the portion of track between 
the transformers E' and it", the direction of 

fic being as indicated by the arrow. I 5:iiC 
represents a third relay, which may also be 
of the two-phase induction type. This relay 
has two track Yindings, l, which are con 
accted in shant to short lengths of rail op 
posite each other and adjacent to trans 
for her E", while the winding 7 is suppliel 
independently of the track circuit with cur 
reint of the Sanc frequency as that deliverel 
by transfor her it". The voltage impressed on 
widings it is that due to the voltage drop in 
the rail lengths shunted by them, which 
voltage, because of the “skin effect’ pro 
duced by the alternating signal current is 
nich higher than would be produced by di 
'ect, cili'i'ent of the Same amount. As long 
as a block is clear, both relays H and H2 
are eihei'gized, as shown, their front contacts 
coupleting the circuit for the operating 
llaechanism of signal K, So that signal X 
stands at clea '. Relay L is normally de 
energized, since the normal current that 
flows from the secondary of transformer E 
thiogh the track to the light of the trans 
former, is insufficient in almount to produce 
enough current in the track windings it to 
give the relay enough torque to hold its 
contacts closed. 

ow, if a train is approaching the block, 
that is approaching transformer E° from the 
iight, it draws an increasing current fron) 
this trailsfone', and at the Sane tinie re 
circes the voltage supplied to the track by 
this ti’ainsfoi'iner. Relay it, which responds 
only to current from transformer E. is not 
affected bitt. "elay i' has its to que gradu 
ally 'educer', as the train connes near the 
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block, and when the train is a certain dis 
tance away from ti'ansformer E", relay i” 
will open its contacts. This would put sig 
nal K at danger, if it were not for the 'elay 
2. Before relay f' opens its contact, the 
increased current drawn from t'ansformer 
E* by the approaching train increases the 
drop of potential in the rails in mediately 
to the right of this transformer, so as to in 
crease the current in the track Winding 2 
of the relay L. This increase is sufficient 
to cause relay I to close its contacts, and 
its upper' front contacts short-circuit the 
contacts of relay H. Thuis, although, 
relay H* opens its contacts, signal K. 
is not thrown to danger until the 
train passes over the short engths of 
'ail spanned by the track windings it 
of relay L. When the train reaches trans 
former E", relay L is wholly de&nergized 
and drops its contacts, thereby callsilag sig 
nal K to go to danger. The circuit of the 
winding i" of relay I passes through con 
tacts f on the signal, so arranged that whe 
the signal has gone to dangel', the circuit, 
of this winding is opened. The purpose of 
this ali'angement is to avoid the possibility, 
when a train has passed trains fol'nei E. 
Some distance, but has not leached trans 
former F, so that relay it is still energized: 
of a second train approaching transformer 
E* and drawing sufficient current fl'oin the 
transformer to energize relay windings i. 
thereby causing relay L to shint the contact 
of relay H' and clear the signal. Since the 
Winding l' runs through contacts is on the 
signal its circuit is open when the signal is 
at danger, relay L. can only serve to prevent 
the signal from being thi'own to danger by 
Irelay H*, when the siglial is at clear; but 
cannot cause the signal to clear if it is once 
at danger and relay H* is open. The open 
ing of relay II will always throw the signal 
FX to danger, regardless of the condition 
of relay L, so that a train approaching the 
block cannot prevent the signal from being 
thrown to danger by a train backing into the 
iblock at the other end. 
In addition to the contacts shunting the 

contacts of relay it, l'elay L. has a second 
pair of front, contacts connected in parallel 
with back contacts on relay it. This ar 
rangement is not absolutely essential, but has 
the following advantage. If these contacts 
Were not employed, and if the block were 
already occupied by a train so that a second 
train, approaching the block and finding 
signal X at danger, waited for it to clear, 
their when the first train rain out of the 
lock, allowing relay if' to close its contacts, 

the signal K would not clear, because the 
Second train would be close enough to trans 
former E* to prevent, relay i from picking 
up, while the winding l° of relay L would 
be opened at contacts (, so that relay . 
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would not pick up its contacts. The second the rails, and the track winding h of relays 
train would thus be unnecessarily delayed. 
This is not a serious matter, since in auto 
lmatic block signal systems it is ordinarily 
the rule for a train, on finding a signal at 
danger, to wait a certain length of time and 
then proceed through the block under con 
trol. The additional contacts, above men 
tioned, however, avoid unnecessary delay. 
The first t'ain, as long as it is in the last half 
of the block, holds relay it deßnergized, so 
that the back contacts of this relay are 
closed. These back contacts are in shunt to 
the contacts (; on the signal, as well as to the 
lower front contacts of relay it, so that with 
relay H definergized, winding l of relay 
L is energized. Therefore, if a train is wait 
ing at the signal for it to clear, relay L will 
be energized before the train ahead leaves 
the block. Consequently relay L shunts the 
front contacts of relay H, so that when re 
lay i' picks up its contacts as the train 
ahead leaves the block, the circuit of the 
operating mechanism of signal IV is closed, 
and this signal clea's. The opening of the 
back contacts of relay H, when this relay 
picks up, does not detšnergize relay winding 
l'. since the lower front contacts or relay L. 
are in shunt to the back contacts of relay H. 
so that when relay L is energized, it remains 
energized as long as a train is standing near 
tlansformer E. and to the right of the ter 
minals of windings l'. Thus, by the use 
of these auxiliary contacts, the signal K is 
caused to cleal as soon as the first train 
passes out of the block, but Would be imme 
iliately returned to danger, if the first train 
should again back into the block. 

Niy invention is not limited to systems in 
which the adjacent soul'ces of current are 
of different frequency, or of different chal 
acter'; but is applicable to any system in 
which the sources of current are connected 
across the rails at intervals, and pairs of 
relays are supplied from the track between 
two adjacent sources, each relay respond 
ing only to current from one source. While 
in Fig. 1, in order to 'ender each relay 'e- 
sponsive to current from one source only, 
the adjacent sources are caused to supply 
currents of different character, in Fig. 2, 
each relay is rendered l'esponsive to current 
from one source only by its connection to 
the track. This connection is such that nor 
nally no current flows through the track 
winding of the relay, except that from one 
adjacent source, and any current that does 
flow through the track winding of the relay 
from the other adjacent source cannot actu 
ate the relay, because it is of the Wrong 
phase. 

In Fig. 2, the adjacent transformers El 
and E are suppliel from the same genei'- 
ator D. In place of the transformer F of 
Fig. 1, a low impedance f is connected across 

H' and H' are connected in shunt to short 
lengths of rails on opposite sides of the im 
pedance f. This impedance may be connect 
ed diagonally across the rails, as shown, so 
as to cause the track connections of relays 
H' and H2 to overlap, as described in my 
former application, Serial No. 435,861, filed 
June 1, 1908. With this arrangement of 
the relays, they are more conveniently 
placed at the middle of the block, instead of 
near the signal, as in Fig. 1, in which figure 
the relays are placed near the signal simply 
to reduce the number of wires to the small 
est amount. The relay L, as before, has its 
contacts connected in shunt to the contacts 
of relay H, so that when the relay L is en 
ergized, relay H is rendered ineffective to 
put the signal at dangel'. As before, the re 
lay winding i has its circuit carried through 
contacts k on the signal, for reasons above 
pointed out. The other set of contacts on 
relay L. shown in Fig. 1 in shunt to back 
contacts of relay H are omitted in Fig. 2. 
in order to simplify the wiring. As has 
been pointed out, the addition of these con 
tacts is not essential. The connection of 
the track winding (, of l'elay L, is some 
what different in Fig. 2 from that of Fig. 1. 
instead of being connected in shunt to short 
rail-lengths lying wholly to the right of 
transformer E, they are connected in shunt 
to short rail-lengths lying equally on oppo 
site sides of the transformer. Thus, nor 
mally, there is no current flowing through 
the Windings l', but a train approaching 
transformer E° from the right produces a 
flow of current through these relay wind 
ings because the voltage drop in the rails 
to the light of the transformer is then 
greater than that to the left. Either con 
nection of the relay windings li may be used 
with either the system of Fig. 1 or that of 
Fig. 2, the arrangement of Fig. 1 giving a 
somewhat greater maximum torque to the 
relay L, while that of Fig. 2 gives a wider 
range of torque if the transformer E° is of 
poor regulation, so that the current does not 
increase very greatly when a train ap 
proaches, and furthermore gives the relay a 
back torque to force it open very positively 
when the train passes to the left of trans 
former E. 

I do not desire to limit myself to the par 
ticular connections and arrangement of 
parts here shown, but aim in the appended 
claims to cover all modifications which are 
within the Scope of my invention. 
What 1 claim as new and desire to secure 

by Letters Patent of the United States, is: 
1. In a block signal system, in combina 

tion with a railway having both rails con 
ductively continuous for all currents, sources 
of alternating current connected across the 
rails at intervals, adjacent sources differing 
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in characte]', a pair of relays supplied with 
current fro) the track between two adjacent 
sorces, each responding to current from one 
adjacent source only, a signal near one of 
said Solli'ces conti'oiled by the pain' of ite 
lays, and a relay having a winding connect 
(( i) slit to a portion of rail near the 
s(; tree adjacent to the signal, the said pol'- 
tici (f i'ail being of such length that the 
relay is no!')ially deónergized but responds 
to the increased current flow in the rail pro 
duced by an approaching train, said relay 
being arranged when energized to render in 
effective to control the signal that relay of 
said pair which responds to the current from 
said source near the signal. 

R. signal system, in combina 2. Ei) a lock 
tion with a railway having both rails coin 
tlyctively continuous for all currents, source: 
(of alternating cuirrent connected across the 
rails at intel als, adjacent sources differing 
in character, a pair of l'elays supplied with 
('111'ent from the track between two adja 
cent Solices, each responding to Cui'i'ent 
firon One adjacent source only, a signal near 
one of said sources controlled by the pair of 
relays, and a relay having a winding con 
nected in shint to a portion of rail near the 
soili'ee adjacent to the signal, of Stich length 
that said relay is normally deinergized but 
'esponds to the increased current-flow in the 
1'ails pi'oliced by an approaching train, 
which relay when energized rendel's ineffec 
tive to control the signal that relay of said 
pair which responds to the current from 
sail s(t)'ce near the signal. 

3. a lock sigilal systein), in combina 
till wiil, a railway having both J'ai is coin 
(ii; fively (iii) () is for all cli'i'ents, sources 
{}} ::: ei'iating culi'i'ent connected across the 
i'a is : itei' ais, adjacent soli 'ces difiering 
in ?la 'letel', a jail of relays supplied with 
('' 'ent l'oin the track 'elays between two 
attia (eit solil'ces, each 'esponding to clii'i'ent 
fi'i ()ie a liacent st; I'('e () illy, a signal near 
(iiie (if said solices (citielled by the pail of 
relays, and a relay having a windling con 
lettel i shunt to a p?ition of rail near the 
st tii', 'e at liace}} i to the siginal, of such length 
it: , saiki "elay is is 'alally cle&ie'gized blit 
'est it is it fle inci'eased cli'i'el)t-flow in the 
i' is produced 'A' an ailroaching trail, said 
ire is having "(int colitacts collected in 
ar:lel with 'i'oint contacts of that 'elay of 

saiti air which responds to the cli'i'eit, f'(i) 
suit sitti', 'e le; he signal. 

... in a lock signal Systein, in collina 
tion with a railway having both 'ils ("on 
liftively continuo is firi' all ciu'reints, still 'ces 
of a te::ii) ('P'ent ('innected across the 
"is at it is 'vals, altija ('ent, so tirees differing 
it car'; 'is', a pai' if 'elays siliest with 
(ii'i'est fr; in the ti': (kei Ween two adjacent 
s(t)''es, each 'es (Inding to Citi'i'ent fron One 
adjacent, stil'ce only, a signal near one of 
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said solices controlled by the pail of 'elays, 
and a relay having a winding connected in 
shint to a portion of rail neal the source ad 
iacent to the signal and jointly with said 
pair of 'elays controlling said signal, the said 
{}}tioji of rail being of such length that the 
'ejay is normally de?nergized but responds 
to the increased current flow in the j'ail pro 
duced by an approaching trilii). 

5. in a block signal system, in combina 
tion with a railway having both i'ails con 
ductively continuous for all culi'ents, sources 
of alternating current connected across the 
rails at intervals, adjacent sources differing 
in chai'acter, a lair of Irelays Supplied with 
current from the track between two adjacent 
sources, each responding to current from one 
adjacent source only, a signal near one of 
said sources coint 'ollied by the pair of l'elays, 
a relay having a winding connected in shunt, 
to a portion of jail near the source adjacent 
to the signal and jointly with said pair of 
relays controlling Said signal, the said por 
tion of rail being of such length that the re 
lay is normaliy de?inergized bitt responds to 
the incircased cirrent flow in the j'ail pro 
duced by an approaching train, and contacts 
controlled by said signal controlling a cir 
cuit of the last-imentioned 'elay. 

6. in a block signal system, in combina 
tion with a j'ailway having both irails con 
dictively cantinuous for all currents, sources 
of alternating cli'i'cini connected across the 
rails at intervais, adjacent, sources differing 
in character', a pair of 'elays supplied with 
client from the ti'ack between two adjacent 
st it!'ces, each 'esponding to current from one 
adjacent Solti’ce Oly, a signal lear one of 
said solices controlled by the pain' of relays. 
a relay having a wil) (ling collected in shint 
to a portion of rail lear the source adjacent 
to the signal and jointly with Said pail of 
relays controlling said signal, the said por 
tion of rail being of such eigth that the re 
lay is incially de?ilergized but responds to 
the increased current ?ow in the jail pro 
duced by an approaching train, and means 
controlled by said signal for 'endering the 
last-meinitioined relay inoperative. 

T. in a block signal system, in combina 
tion with a railway having both rails con 
ductively continui () is for all cirrents, sources 
of alternating cil'1'ent connected across the 
rails at it teivals, adjaceit, sources differing 
in character, a pair of relays sipplied with 
cli'i'ent from the 'a cla between two adjacent 
so trees. each 'est inding (; cli'i'eit from one 
adjacent soli''' () () is , : signal sea; one of 
saic st: };"es on tPoited by the pair of relays, 
a ?ei: y : Ying : \xi}, (iing coininected in shunt 
{{} : (ation of l'ai ea; the seat 'ce adjacent 
to the signal aid it intly with said pair of 
relays conti'eiling said signal, the said por 
tion of 'ai leing of stich length that the re 
lay is normally delinergized it responds to 
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the increased current flow in the rail plo 
duced by an approaching train, and contacts 
controlled by said signal in circuit with a 
circuit of the last-mentioned relay and ar 
ranged to open said circuit when the signal 
is at dangel'. 

S. in a block signal system, in combination 
with a railway having both rails conductively 
continuous for all currents, sources of alter 
lating cuirrent connected across the rails a 
intervals, adjacent sources differing in chair 
acter, a pair of l'elays supplied with current 
from the track between two adjacent sources, 
each responding to current from One ad 
jacent source only, a signal near One of Said 
Sources controlled by the pair of relays, a 
relay having a winding connected in shunt 
to a portion of rail leai the source adjacent 
to the signal and jointly with said pair of 
relay's controlling said signal, the said por 
tion of rail being of such length that the 
lelay is normally de?nergized but responds 
to the increased current flow in the rail pro 
duced by an approaching train, and contacts 
controlled by said signal in circuit with a 
winding of said l'elay and arranged to de 
energize said winding when the signal is at 
dangel. 

9. In a block signal system, in combination 
with a railway having both rails conductively 
continuous fol' all currents, sources of alter 
nating current connected across the rails at 
intervals, adjacent sources differing in 
character, a pair of relays supplied with cur 
rent from the track between two adjacent 
Sources, each responding to current from 
one adjacent soul'ce only, a signal near One 
of said sources controlled by the pair of 
relays, a relay having a winding connected 
in shunt to a portion of rail near the source 
adjacent to the signal, the Said portion of 
rail being of such length that the relay is 
normally deinergized but responds to the 
increased current flow in the rail produced 
by an approaching train, and means con 
trolled by said signal for rendeling the last 
lmentioned relay inopelative, that relay of 
said pair which responds to current from 
the source not adjacent to the signal hav 
ing back contacts connected in shunt to the 
contacts controlled by the signal. 

10. in combination, a stretch of railway 
track, a source of signaling current con 
nected with the rails the 'eof, a relay sup 

s 

plied with cul'rent from the rails, a signal 
controlled by said relay, a second relay hav 
ing a winding connected in shunt to a por 
tion of rail adjacent said source the differ 
ence of potential between opposite ends of 
said portion due to the normal flow of cur 
'ent through said portion being of such an 
amount that the relay is normally detšner 
gized but that the relay responds to the cur 
rent-flow in the rails due to an approaching 
train, and means controlled by said second 
relay when energized for rendering the first 
mentioned relay ineffective to control said 
signal. 

11. in combination, a stretch of railway 
track, a source of signaling current con 
nected with the rails thereof, a relay having 
a winding connected in shunt to a portion 
of rail extending to the rear from the con 
nection of said source, said portion of rail 
being of such length that the relay is nor 
maily de?nergized but responds to the cur 
reint-flow due to an approaching train, and 
a signal controlled by said relay. 

12. In a railway signaling system, in con 
bination with the rails of a railway, a 
Source of current connected across the rails, 
a relay having one winding connected in 
shunt with a portion of rail adjacent the 
source, the portion being of Such length that 
the relay is normally definergized but re 
sponds to the current-flow in the said rail 
due to an apploaching train, and a signal 
controlled by the relay. 

13. In combination, a stretch of railway 
track, a source of current connected across 
the rails of said stretch, a relay having a 
winding connected in shunt to a portion of 
rail adjacent said source, the difference of 
potential between opposite ends of said por 
tion due to the normal flow of current be 
ing such that the relay is normally de&ner 
gized, but the difference of potential between 
opposite ends of Said portion due to an ap 
proaching train being such that the relay is 
then energized, and a signal controlled by 
said relay. 

In witness whereof, I have hereunto set 
my hand this 20th day of July, 1908. 

LAURENCE A. HAWKINS. 
Witnesses: 

BENJAMLIN B. HULL, 
HELEN ORFORD. 

Copies of this patent may be obtained for five cents each, by addressing the “Commissioner of Patents, 
Washington, D. C.' 
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