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by a broken rai,Qr* shórt-circuited bya 
train,as show* 8t.H in the drawing,the re 
lay torque Wil fal to fifty per cent,ofits 
no?nal yglue,or less,if the presence of the 
tr?in at?reducesthe amoun ofeurrentsup 
plied to the winding.f" bythetransformer E°. 
Byadjustingthe relayso thatit wildropits 
armature when the torque fals to ffty per 
gent.ofnormal,therelay E°wilhave dropped 
its armatüre Whenthe train passes the trans 
former E';thergbyputtingthesignalat dan 
gerindigating thatthe blockisocoupied. 
The phase relations of the currentsin the 

relay Windings,8nd the efect of short-oir 
Guiting One adjacent transformer wil be 
readilyunderstoodby aninspection ofFig.2, 
inwhich 2e'represents thevoltageimpressed 
on the rails bythe transformer E',and?o e", 
120degrees Out ofphasewith o e/,thevoltage 
impressed onthe fails bythe transformer E°. 

0 g represents the Currentsintherails,due 
to the yoltage o e,This?urrent lags behind 
the Voltage by a large angle due to the high 
inductance of the rail-girouit with the high 
frequency that is,preferably employed for 
?he systeia.,Similarly,6 c",120 degrees out 
of phase Yith o e",represents the cürrent in 
the rails due to the voltage o e". 

2.f",60 degrees out ofphase with hoth o g 
and o c",Consequently represents the result 
ant gurrent_whigh flows through the track 
winding ofthe Telay. * * 

o f" represents he Curent which is sup 
plied to the second winding of the relay,dis 
?ylaged ninety degrees from of". 
The torque produced in a_relay of thein 

duction type,is proportional to the product 
of the currents in the two windings multi 
pied bythe sine ofthe phase-angle between 
them,whigh is normaly ninety degrees,as 
shownin Fig.2. > 

NOW,ifeither transformerfais,one of the 
component Gurrents,asfor instance.o c*w? 
disappear,and the current through thetragk 
winding ofthe relay wilconsequently be the 
current supplied by the other transformer, 
o e". The torque of the relay remains prQ 
portional to the produet9f the currentsmul 
tipied by the sine of the phase-angle be 
tween them,The alnounts of the cürrents 
have remained unchanged,but the phase 
angle has Shifted from ninety degrees to 
thirty,ant sinee the sine of ninety degreesis 
1,and the sine of 30 degreesis?,the relay 
torque hasfalento One halfitsnormal Value, 
If a train Short-cirGuiting One transformer 
sonewhat reduees the eurrent Suppied to 

the track winding of the relay by the other 
transforner,the relay torque wifa?to less 
than fify per Cent, of normal. 
*uenty,by adjusting the relay so asto drop 
its armature,at f?y per cent. of normá 
torque,the relayWilat altimes pu?the Sig 
nal at danger upon the failure of eitheradia 
cent transformer,whether because of a 65 
hroken rail or because of the 
trainin the biock. / 
What I claim as new and desire to secure 

by Letters Patent ofthe United States,is: 

BreseHCe of a 

1. Ingombination with an elegtric raiway 7o 
having both rails conductively eontinuous 
for al Currents,sources of aiternating-cur 
rent COnnected aCross the rails at intervals, 
adiacent sources being of diferent phase, 
and signal-controling relays confected 75 
Singly across the rails between the sources, 
eagh relay being responsive to Contro 8 sig 
nal.on?y when Suppied with Gurrent from 
both adjacent soufoes. - 

2. fn gombinationwith anelegtricrailway 8o 
having hoth rails condüctively continuous 
for al Currents,sources of alternating-Cur 
rent connected across the rais at intervals, 
adjacent sources being of diferent phase, 
and Signal-Controling relayS 
singly across the rais between the sources, ?achrelay having two Coöperatingwindings, 
one connected across the track-rails and the 
other suppiedzindependenüy of the rails 
with alternating-eurrent of proper phasefor93 
efectively operating the rélay ofly when 
the trackwinding istraversed by a current 
corresp9ndingin phase to the resuitant cur 
rent deliveredbythetwo adjaeentsources, 

3. Hn combination with anelectric raiway95 
having both rais conductively continuous 
for al gurrents,sources of alternating-eur 
rent conneeted aCrOSS the rail8 8t intervals, 
adjaeent sources being of,?ferent phase, 
and signal-controling relays confeeted Tos 
singy across the rails between thésources, 
each relay comprising a short-girguited Seg 
ondary member 8nd two primary_yindin?s, 
one connected across the?rack-raisänd the 
other supplied indepefdently of the rais ro5 
with eurrent substantia?y ninety degrees 
out of phase with the resuit8nt Current ig 
ivered bythe two adiaeent sourees. · 

In witness whereof,? haye hereuato_s? 
myhandthis30th day of Novenher,1896? 

??AURENCE A,??W???? 
Witnesses: - - .,? 

.BENJAMIN B. HULL, 
MARGARET E. WOOLLEY. 
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