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I N pre. cnting this papcr to your notice, W e:' 

d esirc Lo ca ll your par l ic ular attcntion to 

thc ABSOl ; ' l' I~-PERi\[Lr-;SIVE-BLO(,K systcm 

d e cribed on pages ,28, 29 and ·19. 

This provides Lhe ab.';07111e proted ion essen tial 

to safely ill oppo ing Lra ffi c.; Jll OH,' lll Cn ls an d t hc 

p e1'1n1'ssive fo llow ing movem ent. required with 

d en e traffic, espcciall y that in which t he d ensity 

i of one direction during o ne period of Lhc d ay 

and in the oppo 'itc direction during another. 

'We a re prcpared to furn ish signa ls of t h e 

L;yp e illus lra led on Page 39, a nd w ill be glad 

Lo fu rni sh fu ll d cscription and price.; on applica­

tion. 

"\IVe have inser ted a n inq'uil'Y form which 

we would be pleased to have you fill out and 

return to us if, at any time, ~ro u a rc con iderin g 

the in sta ll ation o f signals on your lines . 

Rochester, .\' . r . 
Jl arch, 19L1 



Automatic Signaling for Electric Railways 

I ha \'e been honored wiLh a reque, t to give a n address before your 
a oe iation on th e subject of signaling as a pplied to electric ra ihYays, 

The follo\\'ing paper ha i< accordingly been prepared, the writer hav ing 
in mind e pecia lly tho e gen tlcmcn who a re tudying . ueh problem with a 
view to determininO' IIpon .'0 111 adeq uate form of i(rnaling for the 
electri c rai lways in which they a rc in tere. ted: If any portion seems 
to be too elementa ry, I tnt . t you will bear in mind that I have been 
urged to so treat the su bject, hav ing been ad yised that certa in of the mat­
ters to be di scussed while familiar to ma ny .. team road men on account of 
their having used automaLie block signals exten, ively, a re unfamiliar to 
man~' electri c traction men. 

In vie\\' of t he fact that th e phenomena l gro\\,th of interurban electri c 
trac tion has brought such lines to a point where their operating problems 
a rc comparable in many respec ts wi th those of . tea m roads, it seems fitting 
th at the principles which a rc employed on s team roads in the operation of 
train , and which ha \'e been found hy long experi ence to be afe and reliable, 
hould have careful consideration in conn ec tion with the problem of inter­

urba n signa ling lI'hi ch you a rc seeking to soh'e. 
Before proceeding to a di scu. sion of that t,vpe of signaling which it is 

belie\'ed lI·ill most nearly meet interurba n req uirement" let us briefly re­
\' iew thc hi . tory of the movemenL of trains by sio'na ls and othcrwise, 

For the purpose of thi . paper it is unn ecessary to review the origin a nd 
de\'elopment of the meth ods u.ed in th e movement of train prior to the 
time of adopting the controll ed . pace inLern ti which superceded the inde­
fi n i te and u neont rolla ble ti me in ten'a I method formerly u ed. 

The space inter\'a lmethod as its name slJO'ges ts con i ts in maintain ing 
a definite space 0 1' di sLance bcl' ween trains a nd was nanied the block system, 
it may be di\'ided inLo three classes, viz: the i\[a nual , the ontrolled 
l\lanual a nd the \u tomatic . 

The manual block sys tem nJa~' he defi ned as one in which train a re 
eon trolled by . igna ls operiltcd ma nually, upon information received by 
telegraph, telephone 0 1' other mea ns of com munication . It con ists of a 
se ri es of block sec tions wi th a block con trol s tation at each end of eaeh 
. ec tion. at which there a re placed signa ls to be u ed by the operator to 
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control the lrains in entering and us ing said block. In the operation of 
t hi s s.vs tem, infornlHtion concerning the condition of a <Ti\'cn block is 
obtained by communicaLion bct \\'ecn t he op rato rs at thc ends of said 
block. and Lrain. a rc ins tructed as to movement by mean. of the sio·nab. 

The nu·ioll s block opera to rs in a gi \'en di sLrict a re under the genera l 
. upe lTision of a train despatcher from whom order a re received gO \'erni ng 
the irreglli ar movement of t ra ins, etc. 

The safely of operation undcr Lh c Ill anu a l block . y tcm depends upon 
the accu racy with which ordcrs a rc reccived and t ransm itted, there being 
no check either electri ca l or mechanical to prevent the display of a wrong 
igna l. Errors in receiving or t ran . mitting orders or in fo rmat ion relating 

to block operaLion have re. ulted in some very se rious disaster . . 
While it is t rue tha t man." thou. and. of miles of . ingle track steam 

roads a rc to-day being operated under the manua l sy tem with fairl y satis­
factor.v resu l ts, i Lis obvioll sly out of the question on elec tric roads on accoun t 
of the comparatively OTeat n llm ber of pa sing point and the con equent 
expense were operators to be mainta ined at 'uch points. :Furthermore 
the re remain the entirc dcpendence IIpon the human element which is 
grcatly reduc d in other systcm . 

Th e controlled manual block is the ame a the manual block 
ju t described except that t he . igna ls at t he end of each block arc 
electrica ll ,v in terconnec ted in such manner t hat co-operation of the ignal­
men at bolh ends of the block is req uired to di playa cleat' signa l. The 
co-operat ion referred lo is t he phys ical mov ing of certain levers in a prede­
termined manner and is in addition to, and affo rd. a valuable check on, co­
operation b.v communication onl,)" as in the purely manua l sys tcm. It is a 
great impro\'ement O\'cr the manll a l system but still does not pre\'ent t wo 
operator. f rom making simultaneous crror. Thi i. overcome by the u e 
of the continuous track circuit so a rranged that a train hav ing entered 
a block it will automatically put the proper igna ls to stop a nd hold 
them there until t he train is entirely out of the ection regardless of any 
attempt on t he part of t he operators to cleat' them, 

The controlled manual s;\'. tem has been la rgely u ed on sLea m road 
a nd is rega rded as a safe and fl exible method of handling trains, especia lly 
on single track lines with a mixed traffic. Its u e on many electric line 
i prohibited on ac('ount of t he la rge expense in volved in maintaining oper­
ator. at such frequent interva ls . . 

Another form of controlled Illanua l block is the so-ca lled staff, 
tablet or token system which ha ' been applied on ly to ingle track 
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line In it operation no train is a llo\\'ed to occupy a block ection with­
ou t the possession of a tangible obj c t or token u h as a staff, ball or 
tablet. The token a re obtained from in trument located at the 
opposite ends of each block which a re. 0 interconnected, elect ri ca lly, that 
bu t one token can be removed at a ti me, and un til th is one has been 
replaced in one in trument or the other no add itional token can be with­
drawn from either. Therefore, as but one token can be absent frnm th e 
pair of intcrconnec ted inst ruments at one time, and as the posses ion of a 
token is th c t ra ins a uthori ty to cnter a block, it is ev id ent t hat the re can 
bc but on' trai n in a cct ion at a Lime except whcrc permissive b lockin 
i uscd, in \\'hich ca e th token are made in piece, each tra in tak ing part 
of a Lokcn the last trai n tak ing a ll t hat remains, When t hcrefore this 
d ivided tokcn is put tou'e ther and depo ited in t he other in ·t rument 
another token can be withdrawn from eit her in . t rument etc, 

Th st rong featul'e claimed for this form of controllcd manu al blocking 
is t hat it requi re the t ra in crew to take part in the operation and gives the 
engineman tangible evidence of his ri <rht to the block. 

Its drawback ' a rc t hat thus fa r it has req uircd the train to ·top to 

deposit a nd withdraw the tokens or else req uires operators at each pa sing 
poin t to receive and deli ver them, 

The u e of this sys tem ha ' made vel',)' slow p rocrress as shown by the 
fact t hat up to January 1st, 1910, only 270 mi les of rai lroad were being 
operated by it in the nited States wherea. the automat ic .'y. tern to be 
de cribed later ha . go ne ahead with leaps and bounds, 

I t cannot be considered the eq uivalent of the t rack circui t for the 
reason that a train ca n enter a block without a token and not indicate its 
pre ence to a n opposing t ra in , whercas with t he track 'ircuit a train cannot 
Ilter a block without do ing so. Fu rthc rmore broken or removed ra il or a 

car in or fou ling the block cannot be indicated by the staff without the 
track circui!: I t is t herefore believed t hat th is ytem a i t tand to-day 
is not well adopted to high speed elect ri c t ractipn, It may be con idered 
where . tation top can be made coincident with passing poin t although 
even under sli ch condi t ions if the car mu st slow down or top to obtain 
it au tho ri t,v to en te l' a block it can just a well do so to read signals which 
in uch e"ent can bc miniature a ffa irs an I t herefore VCl'y inexpensive, so 
that even with . low speed it may still be a question whether or not the 
automatic sys tem with track circui t may not prove bes t. 

Still another method of controlling trains a lthough not a block . y tem 
i the despatcher's signal system in which signals located at t he various 
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pas ing poi nt arc under the direct cont rol of t hc despatchcr. and a rc lI sed 
to top t ra ins for t he purposc of gi\' ing thcm orders, 'Yi th modern 
electi\"e sy. te rns, signa ls of th is kind can undoubtcdly be operated \\' ith 

a high degree of accuracy a nd be madc 1" 0 gi\'c a return indication that 
the desired , igna l has been sct. They hayc not ho\\'e \'e r becn llcccssful 
in a ll ea e, ' and furth ermore, Lh c despatche r has no check on t he trains 
a nd cannot be absolutely surc t hat the t ra in had not passed by the signal 
he propose.' to s t , unles the trains a re req uired to stop at e\"er," signal , 
\\'hich \\'ould be out of the quest ion on most lines on acc unt or the dclay 
occas ioned thereby, Fur thermore there i, a li abil ty of changing a signal 
from clear to s top in the face of a hin'h , peed t ra in which is undesirable, 
E\"en t hough the e defect could a ll be o\'ercomc' th erc still remains thc 
objection to a ny purely manu a l s.\'stem that, afct.¥ depend, on human 
agency alone. Any errol' in tra nsmitting 0 1' rece iying ordcrs may rcsult 
in di sas tcr as has too often hcen the casc. In \'i e \\' of the abo\'e it \\'olild 
not ,eem advisable to dcpcnd entirely on such a , ."stcm except as sup­
plementa ry to a n automatic . -"stem a nd fo r the purpo'C of stopping 
trains t o gi\"e t hcm ordcrs. 

In the automatic block system signals a re provided go\"c rning the 
entra nce to each block, aiel . igna ls bei ng automati call~r controlled by thc 
t ra in , a they proceed, in uch ma nner tha t full head-on a nd rear-cnd pro­
tection is a fforded . 

DifferenL fo rms of the Hutomatic block system ha \'e becn and a re 
being used, Th eil' e , ential differencc CO llle, in the ma nner in \\'hi ch t he 
control of thc signals h,Y the train is effected, Th e \\'heel contact method 
using track instruments \\'as at onc time uscd by some of the 
team road , bu t late r abandoned in I'ayor of t he track ci rcuit. 

Trolley contacts are being used b,y a numher of elect ri c lines at the 
presen t time \\' ith more 0 1' less suC'cess, Short track circuit at the ent ran e 
to each block ha \'e a l. 0 been u ed , It i;; not ho\\'c\"er my inten t ion to d is­
cus, ' the e in termi ttent type of signal con t rol, bu t ra ther to confine myself 
to that class in \\'hich the signa ls a re automatically C'o ntrolled b~' the con­
tinuou track circuit \\'hich is the onl." method embodying the fund a­
mental p rinciple of a cal' 0 1' train controlling. at al/ times, t he , ignals go\'el'll­
ing the specific portion f t rack occupied . 

S tat i ti c taken from th e Railroad . lye Gazetle ho\\' thatthere a rl' no\\' 
in use in the Un ited State .. o\'e r 17.000 miles of ra ilroad employing thc C'o n­
tinuou track circui t for t he control of signals : that during the ."ear 1910 
a n increase of O\'er 3,000 miles \\'a" made in automatic block signa ling 
as aga inst about -150 miles or a ll other forms Hnd that in , 0111 in tance 
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roads h a ye replaced olde r fo rms of s ignal ing 'rith the automatic b lock. 
This seems to be the tende nc." o f the time and is an eloquent teo timony 
to th e safe ty and reliabilit.v of the conlinllous track circuit a a medium of 
con lrol. 

~om e of the advantages of the autnmatic block ignal sy s tem using 
the track cir uit a . appli ed to in teru rhan line. are as follows: 

);" 0 opera tors are req u ired H t pass i ng poi n ts h ence it is com para ti ye l." 
inexpellsiYe Lo operate. 

It does not place dcpendence for safte.y on human agency alone but 
makes the Lrain itsell' ma tel' of the situation th e entire time 
an.Y portion of it i occup~' in g sueh b lock. 

The ce rtaint.Y of the indi cations giyen a re independent o f the tra in 
speed. 

The proper signals " ,ill indicate slop unde r any of t l1(' following con­
dition . : .\ t ra in o r a car of an .Y desc ription anywhcre in thc block 
or foulin g it ; an open switch o r dm,,' pan ; a broke n or remo" ect 
rail: any fai lurc of the signal !lower ; o r til(' breaking or cross ing of 
the connec ting " ' ires, 

.\11 em inent autho ri ty on signa ling in speaking of automatic s ignal 
says : "The . ec tion · can bc as sho r t o r as long a. thc t raffic demands; 
they a re alway. on dut~, days, night s and Sundays, without any additional 
pay; th e.Y are re li ahle and quick of ope ra tion, and can he fix ed in inacces-
iblc places. such as descrts, on mOllntains, in tunnels and on b ridges where 

operators eould not asily he loca led; and finally lhey bring Irith them a ll 
the adY<lI1tag€s that COIllC from tr<1c·k eireuiLs and a re generally in ter­
loeked Il' ith the sidings and olhe r point s in the sect ion," 

The main ohjec lion to automalie . igna ling for many electric lines 
has heen th e high initial cost. .\ppara tu . a nd s, 's tems have hOll'eYe r 
been rec'cnll y deyclop c'd, II'hich, while maintaining the same degree of 
afel.I' and rcliahilil~' lhal is found on the s team roads of Lo-day, are mu ch 

less expensiye; in fad automatic block s,\'s lems employing the t rack 
circ llit a re now aY<l,il ahle at it eos l whi eh should appeal strongly t.o many 
o f th e elect ri c lines. In "iell' or these and other facts t he auLomatic block 
,vslem wi t h con ti n uous t.rack ci re u i t is eon fid en L1.Y reco lllll1cnded lo our 

elect ric railwa~' s as th e hes l kn own means of pro\' iding- for thc safe and 
expeditious operation of the ir lincs. 

H aying briefly di seussed the yarious methods Il'hi ch ha\'e been a nd 
a re being used for th e contro l of lrain mCH'('menls and haying se ttl ed upon 
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the automatic block sirrnal sys tem a. th e best adapted to the needs of 
clectric lines in general and high . I eed linc. in particlil a r, lct u.· now turn 
to a di . cu. sion of its di s tinguishing fea ture, namely, the track circuit. 

The t rack circu it as it name indicates is nothing more than an electric 
cil'cuiL of which th e track rai ls a re_made to form a part. Figs . 1 and}l have 
been prepared to illu.'tra te the fundam ental principles iJl\'oh-ed in all track 
circui ts. 

A 

8 

FIG. 1 

R efcrring to Fig. 1, A a nd B rcpresent a pair of rails connected at one 
end to a n electri c ba Ltery D, and a t thc other end to a coil of wire placed 
a round the iron core of a relay R . " 'hen so connected the current from 
the battery D will How oyer the ra il and a round the iron core of the relay 
as shown . The iron core will thereby becom a magnet and attract to it the 
hinged a rm atu re which is a lso made of iron. The armatu re, acting a a 
witch , will cau. e a secondary elect ri c circuit to be clo. ed as shown, which 

in tu rn will permit a flow of elll'rent to take place th rough any deyiee, such 
for example as an elec tric lamp, which may he connected to thi econdary 
circuit, and thereh.v ca li se it to light. 

+ 

"...- -- ~---~ --, 

.,.---- W i 
t 
I 

"-...- _ ~ _ _ ____ J 

FI G.2 

A 

B 

In Fig. 2 is shown it metal bar "\" placcd across the ra il s to repre enl 
the metalli c conncction which the whcels of a t ra in make bet\\,Cf'n the rail. . 
It will be noted that the current from the battery D noll' Hows th roJJ gh ha l' 
"\Y as shown by the dotled lines and doe not flo\\' through the rela,v R . The 
core will th ll . become demagne tized allowing the armature to drop by 
gravity, opening the secondar," circuit thus cau. ing the current to cease 
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therein and extingui hing the light. In lieu of a light a motor operating a 
emaphore ou ld be used 0 a rranged that the latLe !" would be raised or 

drop depending on whether the ba r \V was acros the rails or not. 
It is believed that with the explanation above anyone, ev n though 

un killed in the art, can ee how it i. that a t ra in p roceed ing a long t he track 
and pa ing from one section of ra il to another can be instrum,ental in cau -
ing ignal to be p roperly di splayed behind it. 

FIG.3 

To make th i. still cl earer F ig. :3 has been p repared which sholVs in 
perpsective a section of ra il road track with t\\'o signal s nll l11b red 1 and 2 
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and with the necessary batteries, re lays, ctc" required for their control. 
It i to be noted tha t ea 'h ra il is e lectrically sepa ra ted by insul ating 
rai l joint C, C, e tc" placed opposite each signa l and a lso oppo ite track 
battery D , These a rc fo r the purpose of dividing the track into electri ­
cally independent sec tion " I t will furth er be noted that a track battery , 
a at D, is connected by lI' ires to the rails at one end of each sec tion and 
the coil 01' a relay, as at R, to the ra ils at th e o ther end , It \\' ill a lso be 
seen that the secondar,v elec tri c circuit pa rtly shown in l~ i gs , 1 and 2 i, 
now shown comple te leading from a set of signal batte ri es through thc 
t rack relay a rmature a nd the signal molor mecha nism n, In the place 
of the bar ,,, in Fig, ~ is 8ho\\'n a pail' of wheels '" representing a t rain , 
Owing to the presence of the \\'heels. the relay for signal 1 is held open 
with the result that no current ca n Ao\\' from the signal batteri es into 
the mo tor mecha nism 1'0 1' Lh a t signal and thereforc thc semaphoJ'(' will drop 
by gravity to its hori zontai or stop position indicating Lo a follo \\' ing 
t ra in t hat a nother train \Y is in the hlm'k ahead , Th ere being 11 0 train 
in t he block a head of " the rela,v 1'01' that scct ion wi ll recei\'e eurrcnt 
ove.' the rai ls f rom battery D , will cause its a rmat llre to close the motor 
circuit which in turn \\'ill cause the motor Lo rotate moying the se ma ­
phore to t he riear 0 1' proceed position as , hown, thereby indicaLing Lo 
t rain" that the block a head is clear, 

Thus it is that by means o f' the continuous track circuiL alld signals 
con t roll ed t hereby , lrain ,' a rc enabled to a u toma tically protcct lhclll ­
selves putting signal a ft er signa l at stop and allowing th em Lo c1ca r up on l,v 
when the train is undcr the protect io n of another signal. 

Signa ls arc freq uently con Lro lled not on ly by thcir own i I11mcdia te 
t rack circui t but by others in a(" 'ance; lhis is e ffected by means of line 
wircs l'lInn ing from one signal to the next a nd brokcn through sepa rate 
contact. on the Lrack relay, of the \'a ri ous sec tion , ill\'oh 'ed, 

A ignal may a lso be controlled hy another signal in adyance by Ill ea ns 
of line wires in such a way lh a t its semaphore cannot moyc to the \'c rti ca l 
po ition ind icating procecd until the signa l in ;tch'ance has mo\'ed to 0 1' 

beyond the inclined 0 1' -1-5 ° ca uLion posit ion, Thus one signal can giye 
advance information Lo an approach ing Lrain, of the pos ition o f' the next 
signal. In fact an e l1(ll e,',' , 'ari e L,\' o f combin ations ca n be made to suit 
vary ing needs, 

Signal can be paced a ny di sLance aparL up to ,'eyeral mi les and s ti ll 
have continuou track circuiL control. If they a rc Loo fa r apa rt for one 
track circuit, two or morc may be emplo,Yed one conLrolling the oL her in 
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uch way that the ignal will be held at stop ti ll the train has left the la t 
track circuit in the e ri es . \Yhen t wo or more track circu its are employed 
in thi s \\"ay we speak of them as cut sections. 

FIG 4 

l:;sua l way of ·!towing track circuits, ctc. in dra wing ci rcuit plans. 

In preparing igna l circuit plans the track circuit , e tc., arc hown as in 
Fig . .:I" ,Ymbo!. being u. cd for the Y<uiolls parts a. indicat ed . 

I 
I 
I 
1'1 , 
I 

I 

• 
c 

FIG 5 

• A 

U S U A L WAY O F INDICATING TRACK CIRCUITS WITH 

RCF"ERENCE TO THE EXTENT OF" ~IC.NAL CONTROL 

\Yh ell iL is desired Lo draw lip plans showing how signals are to be 
controll ed , . impliR ed diag rams a. shO\\"I1 by Fig. 5 a re used. The line C 
indicales Lhat sig nal 1 will remain at s lop as long as any part of a train is 
on t il(' track . eetion .\ B. 
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ThusJar thc illustration. ha\"c shown thc rail s di\"ided in to scction by 
in ulating joint in such man ncr t hat t hcy could not scn 'c H. a rcturn for 
the propu lsion curren t were thc car to be elect ri cally propelled. To pro­
v ide for~ thi and at the samc t ime keep t he Y<lrious block see lions elec­
trically independent for signaling purposes, reactance bonds T, Tare 
u ed, connectcd ac ross the ra il , and Lo each oL her as shOlnl in Fig. G. 

A 
J 

B 

f1G . 6 
nctic cffe ·t on the iron core, 
whcrea \\'hen t hc a ltcrnat­
ing current (which is no\\" 
u 'ed in plac of thc t rack 
battery current) lries Lo fl ow 
th rough the bond fro m ra il 
to rail it encounlen; a com­
paratively high res isla nce 
\\"h ich in tu rn causes some 
of the c ur r e n t to flow 
th rough the t rack relay 
,,,h i ·h is of course conneC'leci 
ac ross the rail s exac Ll.Y as 
in Fig, 3, a t rack winding 
(second a ry) on a transform ­
er being connecLed ac ro s 

T 

These reacta nce bonds con­
sist of a few turns of a "cry 
hem)' copper wirc \\'ound 
around a muss of laminated 
iron somet hing after the 
fa. hion of a lra n ·former. 
\\Then con nccLed as -ho\\,11 
in Fig. 6 the lracLion cu r­
ren L flowing down bolh rai l 
in the same di rection pas es 
t hrough thc bonds in uch 
manner as to have no ma o'-

the ra il. at thc othcr end of F ig u re 7. 

the section to suppl,v current Hcaclancc Bond . 

in placc of the track battery . In a mu ch as a ltern a ting currcntis avail­
able for th e track circui t it is a l. ·o uscd to light and opcratc th e signa ls, 

Fig, 7 is a pic ture of one of the bonds shown at Fig. 6. Fi O' 8 
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l "s lIal wa.,· of showing A. C. Track (; il'C lIils, ell' .. in rlra wing l'irC'lIit plans. 

i a ty pical c ircu it show ing a track circuit, signal, c tc., operated by a lter­
nating cUI'rent obtained from substat ion, transmitted a long the right of 
way at high yoltage and s tepped clown at the \";lI'iou s signal locations to 
the vol tage required for th e signa ls, e tc. Fig. D shows lhe genera l appear­
a nce of a n a lternating current track )' "Ia,)' ; F ig . ]0 one of the sma ll tran -
forme r. used as shOl\'Jl in Fig. 8; and Fig. 11 illustrates a semaphore sin'na l 
\"ith i t: signa l motor mechan ism. :\1,)' objcet in illu strating Figs. 7, 9, 10 
a nd 11 is to give you a n idea. o r the genera l a ppearan ce of the essentia l 
devices used in elect ri c traetion signa ling. 

Figure 9. A. C. Relay. Figure 10 . Transformer. 
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Figure 11. :'I10del ::?\ . . \ . C. Signal 
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Those IYh o may \\'ish to go more deeply into t he subject of a lte rnating 
currenl t rack circuils a rc rrfe l'l'ed t o an add res. given by t he l\Ti ter before 
the Ra ilway Signa l Associa tion in X elY York on .Ju ne th , ] DOD, IYhich will 
be found in the various railIYH,v publica tions o f a bou t thal date.* In 
th is addres. · it IYa ' ' tated that track circuits o f the type illu .~ l rated in F ig. 
8, Il'here the t raction eurrent is I) . C .. could he operated up to 2,000 ft. in 
leng th IYhereas nolY, dlle Lo t he nU'ious improH'lllen ts made since then, Lrack 
eircuits over t ll'O miles lo ng can be operated IYilhout cut sec Lion, and lI' ith 
reasonab le energ,v eon llmption IYhere th e ballas t is good, a hOll'n by 
Fig. 12. C nder like conditions b,l' feed ing en e rg~' in at thc centcr of the 
sec·tion a nd using a re l a~' at cac h end, track circllils app rox imatcly five 
miles long can be opcrated. Tra ck circui t. of this kind a re knolYn a 
center fed circuits. It I"ill in teres t you to note t he e fT'ec t of ba ll a. t on t he 
permissible leng th of end fed t rack circuits a. shOIYn by Fig. 12 which holY 
the cncrgy requ ired from the subs ta tion for t rack circuits of various 

FIG 1Z 
APPROXIMATE POWER CURVE5 FOR END FED DOUBLE RAIL TRACK CIRCUJT5 

leng ths. " ' ith ba ll a. t such as occurs Il'hen the ra il a re bu ri ed in IYe t 
ear th or IYhen cinders a rc used brought up a round t he. base of t he ra il and 
a re IYe t the permissib le track circui t length is roughly 6,000 ft. \Yith 
medium ballast sueh as wet gravel, e tc" t he leng th is abo u t 8,000 f1. a nd 
with good rock ballasl kept a IYay from the base of the rail cven II·hen II'e t 
the track circuits can be upwards o f 10,.500 ft. in length. In fi gurin o. track 
ci rcu i ts II'e a I ways consider the Il'ors t cond i tions, vjz : IY hen the ba ll a t is 
'oaked a fte r a con ti nl/ed rai n. You Il' j II of course under. ta nd tha t the 

C' Ul"\'es shOIYn in Fig. 12 a re a pprox imate as conditions II·ill vel','" IYidely 

>.< Hep l'int ('d n hu lldin :\0. l](i . 
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depending on thc sizc of rail, amount and nature of propulsion C'urrcnt, 
frequenc,v of thc a lternat ing signal current, e Lc, Th e CUITes shown a rc 
bascd on thc usc of 80 Ih , rail and a signaling currcnt of 25 cycles , 

Ha\'ing no\\' told what the track circuit is, 11 0 11' it opcratcs and what 
must bc done to adapL it Lo clec tri c railroads, I wish Lo direct ~'o llr atten­
t ion to the foll oll' ing miscellaneous facts in rega rd to its usc on elec tri c 
traction lines: 

On account of the grcatcr amolln t of availahlc powcr and Lhe abscnce 
of a ll battc ri e. , trackcircuitsoperated by a lte rnat ing CUI'l'cnt a rc e\'en more 
reliab le and requirc less attention than the battc r,v operated track circuits 
on team road s which is saying a good deal. 

In answer to the quest ion as to Lh e e ffec t of poor rail honding on th e 
operation of track circuits II'ou ld s tate that any cOlld ition of Lhc hondino' 
that shou ld be toleraLed from a tract ion s tandpoint is good enough for 
the operat ion of sigllals. "'hat to it Lraction reLlII'n would be equi\'alent 
to an open circuit II'Olild not he noLiceabl e in a track circuit. R eports 
I'ece i\'ed from a numbcr of elcc tri c traction signa l . ys tems covering a 
number of ,Yea rs show I'c ry little trouble due to this cau. e, 

In \'i ew of the fact that altern aL ing currcnt plu s l he used for tlte track 
circuits and hence a transmission linc must be run anyway to di s tribute 
a id eurrcnt for such plll'pose, thc \'arious signals, relays. signal lights, 

, witch lights, e tc., should al so bc operated from the samc sourcc thus 
a\'oiding all batterics and red ucing Lh c operating charges to a minimllm. 

Th c t rac k circuit is an e. scntially simple arrangement, eas il y under­
, tood and readily installed and cared for, It is uncxcell ed a. a. afe and 
reli able means of con t rol. 

On clectric lines using a ltel'llat in g current for propulsion, a signa ling 
currcnt havin cr a difl'e rent charac tcri s Li c from that of thc propulsion cu r­
rent is used and relay;; pro\' icl ed I\'hich arc responsi\'c on ly to such . ignal ­
ing currcnt and not to thc traction current. The traek circuit and other 
appamtus wo uld he arrang-ed in mos L respec ts as . hown in Fig , 8 the only 
exception being thaL thc track rcla,v Il' ill takc a ll of ils encrgy from thc 
ra il s in . tead of thc mos t of it locally as in the ease of direct currcnt pro­
puls io n. Thc rcacta nce hondo would he .' mallcr as the propulsion cur­
rent to be curried is less, The cost of such a system would h' somewhat 
higher than with direcL curren t propulsion on account of lhe grea Ler 
n u m her of cu t sec tions that wou Id ha \'e to be emplo~red , 

It is poss ible to op rate t rack circuits, wh cre .\. C, propulsion is used, 
by employ ing ord ina ry dircct cUlTcnt batteri es as sholl'n in Fig;; . 3 and .J., 
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In , uch event one of the rails would hal'e to he ahandoned for the pro­
pulsion currenL reLlI1'Il and used for . ignaling on ly , the oLher rail being con­
tinuous for the propulsion current reL urn . Th e relays would be of the 
ordinar~' direct current lype with a copper she ll around each magnet co re 
thu. making lhem unresponsil'e to such tracLion I'o llage as might exi t 
betll'een rail s. The matter of using direct cllrrent appamtu. a. aboye 
u<Tgested . houle! he approached with great ca ulion . ince th rc is liab ili ty 

of a la rge amount of foreign direet current being pre ent wh ereara iliseon­
tinuolls from one end of the line to the ol her. Thi . foreign direct current 
\Yould he liahl e to falsely operate the track re la ,l'. An ex peri ence of thi s 
kind is familinr lo th e write r in which apparatus as described above was 
act ually inslalled, It operated in a sat is factor,v manner as long as both 
rail s were separated b~' insu la lors at eac h signal, but the minute one of 
them lI'a . made con tinuous for the proPlll sion current retul'll , direct cu r­
rent appea red in such large quanlities that lhe scheme had to be aban­
doned. In I·iell· of this siluation it is he liel'ed lo be inach'isable to attempt 
t he usc of battery operated track c ircu its on alternating cUlTent line, 
not so much on accOllnt of what might exist at the time, as on account of 
what mighl occur in the future were direct current traction lines, for 
example. to be built in the I' ic inil,v of such altel'llating cu rrent lines. 

Having hriefl ,v di scussed the track circuits a. the essential con­
trolling faetor, and I\·hi ch includ es the tran .· former. the rail s, the track 
relay and the reacta nce honds as de. crihed , let us now cons ider the sig­
nal proper. 

Signals for the purpose of lhis article may he dil' ided into lwo gene ra l 
classes. yi7.., absolute a nd permissive , Absolu te signals (stop a nd s tay ) 
arc lhose which normall ," permit but one lrain in a block at a time 
except by spec ial permission such as an order from the despatcher or 
another signal di sp l'L, 'ed in conjun ct ion \\·ith th e abso lute signal, etc. 
P ermiss il'e signa ls (stop and proceed) arc Lh ose which normally permit 
lrains to follow each other into the same block under certain prescrib~d 

rul es, .\bsolule signa ls a rc used lo gO I'el'll the en trance lo a piece of s ingle 
Lrack \\'hi eh, or course. cou ld not he used b,l' lrains in th e opposite rlirec­
lion at the same time. Perllli ss il'e signals arc used to gOI' rn the 11101'e­
ment of t rains following each ot her. 

l~igs. 1~3 to 10 inclusil'e show a .·eries of day and night indications 
in \\'hi ch an arm in the horizo ntal posit ion, or a red light,alway means 
s top; the arm inclined upward ly at an a n<r1 e of 45°,or a yellow light,dis­
played above a white light always l11 eans proceed at normal speed pre-
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pared to s top at t he next signa l a nd a b lade in the vertical position, or a 
green light, a lways means proceed at norm al speed prepa red to pa t he 
next signal at normal peed. Furthermore; a yell ow light displayed belo\\' 
a whi te light give authori ty to proceed in to a n occupied block and is 
named a call on signal as* shown in Figs. 1D and 22. Thc white light 
next below the semaphore is used as a marker and to show whether a 
signal is absolu te or permissive. t Lights in a vertical line indicate an ab-
olu te ignal a shown by Fig. 13 and when staggered , as shown by Fig. 

14, indicate a penni sive . igna l. The. c . ignals a re ah"ays so de igned 
that the breaking of a gla.· cannot give a dan gcrous indication. This 
of course bars white fo r clear a nd req uires thc u. c of the distinctive colors 
red, yellow and green as explained. Thi s color scheme pre\'cnts mistaking 
a foreign ligh t fo r a signal. Furthcrmore t hesc signals a rc so a rrano'ed 
that t he going Ollt of a ligh t will not give a wrong indication with the 
exception of the signals shown in Figs. 1D and 22 wherc t he ab encc of 
the lower yell ow light willlea\'e signal. Figs. 18 a nd 21 re. pecti\' cly; but 
as t he e are top signal no da.ngerous condi tions can resul t. The use of 
the upward inclination of t he blade in go ing to cl ear reduces the tendency 
fo r a n accumulation of now 0 [' slcet to hold the siO'na l in the clear position 
which exi t s with the downward ly inclined sio'nal blade .. 

A very important matter which has had consideration in p la n­
ning this eries of indications is to have th em as few a nd simplc as possible 
and to a lways have them indicate only one a nd a lways the sa mc t hing, so 
that the motorman can easily learn and remember wh at t hey mean, and 
further, so that they can comprehend t heir meaning t he instant t he ignal 
is seen. The simplicity of the abovc scheme is apparent whcn compa red 
. with the practice on some . team roads wh ere t he engineer, in making a run , 
has to read over 100 different indications. The . ystem of signal in dica­
tions shown is t hc result of a prolonged a nd careful study of t hc subject 
made by prom inent members of t he Railway Signal Associat ion. * I t is 
safe, uni fo rm a nd consisten t and will meet pract ically a ll of the condi tions. 
to be encoun te red in a utomatic block ignaling on elec t ri c lines. It is 
worthy of carefu l consideration by tho. e hav ing such matter in charge. 

As interurban lines grow, as t heir equ ipment becomes heavier and 
their traffic denser, a nd as they become involved with the steam lines at 
crossing . junctions, etc., the need of uniform meth ods of signaling \\·ilL 
become more appa rent. The history of steam road signaling has been 

* See a ppendix under aspects and indic:l t ion '. 
t See appendix under marker lights. 
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la rgel,Y" Eyery ma n for himself" in th e ma tter of signal aspec ls a nd indi­
cation. a well a in the apparatus requ ired fo r their display, with the re­
sulL thal a great vari ety of device ha ve been made to accomplish the same 
thing, Illany of wh ich a re ob olete as a look at the stock room , of any 
la rge signal company will eloquently t est ify. Were the team road to 
s tarl oyer again there \\'ou ld be a vcr,)' differenL story Lo te ll and it is 
hoped that the electri c lines will profit by th eir experience. 

The signa ls shown in F igs. 20 to 26 in 'Iusi\'e a re purel,v li ght signal 
co rrcsponding a, regards lh eir day and nigh t indica t ions to the light indi ­
cations of Figs. 13 t o 19. n,v th e use of large and powerful lenses and re­
fi eetors and by suita bly h ood ing each light th ey can be clearly seen seyeral 
hundred fee t in th e br io'ht sun lighL and of course very mu ch fu r thcr at 
nigh l. * They a re recommended wh ere the . peeds CLre modera te 01' where 
t he lrain s can a fford to slow up at a ll siding. , The,)' arc \'e ry s imple and 
inexpensi\'e as compared with semaphorc signals, their on ly obj ec tion 
being tha t they cannot be seen so far in th e day time, Theil' usc fo r elec­
tri c railway signa lin r .. is morc jus t ifi ab lc than in s team road signaling for 
the same reason that s iding signs a rc, a.' de. cribed elsewhere in this a rticle . 
Li ght signa ls have the ach 'antage a. compared \\'i th .'emaphore. in th a t 
there nrc no exposed moving parts to be in terfered with by leet. ice 0 1' 

broken \\·i res . 
Ha\'ing briefiy di scussed the signa l propel' le t us now con sider some 

of th e Illatters \\'hi ch shou ld be obseryed in t he locat ion a nd cont rol of sio'­
nals in si ngle track operation; fi rs L, wi th I'e 'pec t to t he val'ious sec t ions of 
ingle l rack propel' and second, with respect to pass ing points. 

Each sec tion of . ing le lrack should be protect ed by abo olu tC' s tar ting 
in'nals pla ced one at each entrance t hereto , and , 0 controlled t hat two 

t ra ins approaching from oppcsile direction can ne\'er both ge t clear signal 
in to thc same block at the same Lime. This i.' accomplished byoverlappin a 
one , ignal by th e other ; thaL is to say by having the control of one s ignal 
·extend he,yond that of the other a hown in Fig. 34 for. example , It will be 
noted lhat signal ::\0,2 \\' ill goto stopbefo rea tra in approaching signal Xo. 3 
I'eaches it. and that signa l 1\0. 3 will go to stop ",hen a t l'a in comi ng f rom 
th e oth er dil'ection I'eaches signa l 1\0, 2. If now one t ra in should pass 
ignal ::\0, 2 befo re a n opposing train had reached the oyerlap fo r . ignal 

::\0, 2, the latter train '''ou ld find sirrnal ::\0, 3 at stop and \' ice v rsa . The 
dis tance which t he cont rol for signal ::\0.2 extends beyond signal ::\0. 3 is 
.known ns an overlap, 

* For a further descrip t ion or the light signal see a ppendix. 
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Bcf'ore a proceed signal can bc giyen into a piece of . ingle t raek the 
opposin g . ignal should be required to be at stOJl. This can be guaranteed 
by elect ri call y interl ock ing opposing signal s a nd by so des ign ing th e cir­
cuits and apparaLus that no breaks 01' ('J'ossrs be t\\'een the line wires con­
t rolling such signals ca n by any possibility cau . e the opposing signals, 
which shou ld be at stop, either to remain in , 0 1' he moyed to, the proceed 
pos ition. Thi s can be accompli shcd in a ycry simple mann cr. 

X ow \yith regard to th e arran gement of' signal s at pa ssing points, 
It must be recogni zcd at the oulset th a t as co ndition s a re at prese nt there­
is a grcat difference bct\\'cen steam road and interurban electri c raihyay 
practice n.· regard s the \\"eight, sJleed and make lip of t he trains moyed , 
and hence as rcga rds the braking di s tances \\"hi ch ean be depended upon : 
That is, in th e one case (s team roads) the signa ling mus t be a rra nged to 
protect train .' of \\' idely yarying weights and speeds- where as in the 
other (electrie lines) both weights and speeds a re prae ti call,v uniform ­
and the signa ling is cO I'l'e.· pondino·I,v simplified , On aecount of thi s and 
other reasons to be named late r, the re is little doubt that for equal safet,v 
elec tric lines opera ting prac ti cally uniform equipm cnts can di spense with 
olll e of the proyision s necessary on steam roads, 

On single tra('k lines Y<uiou s arrangements at pass ing point a re used , 
namely:- distant signals, s ta ggcred signals, siding signs or a comhination 
thereof. 

To take care of cc rtain situations signa ls on single t rack work a re 
frequently staggered, t hat is to S<l,V opposing signals a re set at a eel'­
tain di s tance from eac h other, as for example, signals 6 and 7 Fig. 20, 
and signals 5 and 6 Fig. ~H. In th is a rrangcment approach ing train s 
stopping at th('ir signals \\·ill haye a predetermined space bct\\'een Lh em, 
The need for this separation beco mcs less as . peeds becom(' less and the 
equipmcnt beeomcs morc uniforlll and lighte r and therefore the b raking 
dista ncc shorter and more uniform. It al. 0 become. Ie s as the di s tanee 
at which sce ing a s ignal can be guaranleed, is greater than the bral~ing dis­
ta nec, 0 1' wh en dista nt signals 01' fixed siding signs are lI scd to indieatc the 
approach to, and the pos i Lion o r, the signal a t the poin L of dangcr. The 
'idin g sign indieat:es to a moLorlllan that he is approaching a danger 
point t hat is a definite dista ncc away and that he must be on the lookout 
to see that th e s",itehe,' a re properly se L and no o th cr train s are in th e way , 
Siding signs are frcqu cntly set 2,000 ft. in adnlnce of th e danger point , 
a re gene rall~' on a Ic\'c\ \\·ith the headlight ,closc to th e track and frequently 
very large and conspicuous. Furtherm ore the motorman is loca ted in the 
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ext reme fronL o f hi s ca l' and has Ye r,\' lillie to do 0 1' think abo uL exccpL to 
obse rye hi s signal and control hi s cal' accordingly, There is therefore Yery 
littl e cha nce Lha t s id ing signs \\' ill be missed ; in fact th e \\Ti tel' has been 
adyised b,v a number of motormen with who l11 he has talked LhaL Lhe,v 
ne \'e r ha\'e any lrouble in see ing Lh em , and thaL lhe~' arc of greaL yalue in 
indica ting the a pproach Lo a siding especia lly in fogg,\' \\'ea Lh e r, eLc, On 
s Lea m road , the re is a difrerf'nL sC'L o f conditions, Owing to t he ph,\";;ical 
surroundings. si ding sig ns can noL he brough t as dose Lo t he track . a nd 
th en too the engin eC' r ha s more Lhings lo think a bou t in connee Lion \\' ith 
hi s engine. is not loeated in the fI'On t Lhereof as in the ea, e of the motorma n. 
and the smoke from th e engine may inte rfere with hi , yi sion, I t is 
therei'ore beli e\'ed Lhat sid ing signs in e lect ri c traction work are a 
g reate r safeguard than Lh e,)' eye r could be in s tea m road work, 

The di ' tant signa l, pe rfo rming a ll of the fun c tions of the , idings ign. is 
in addition an info rm ant of the cond it ion, at the point of da ngel' , If dear 
the motorman know that the \\'ny is c1 C'at' and he can proceed aL , pC'ed, 
If at caution he kno \\' Lha t he m ust app l,v hi s brakes read,v to s top , ] t i 
a ti me saye r especia lly in bad 01' foggy weathe r, It is yery useful \\'he re 
the \' iew of the home , ignali s rC'gul a rl ,v obscured, The di : tan t signal 
says \\'hat to do a nd when to do it , The s iding sign onl,v says when to get 
ready to find out wh at to do Dis La nL sio'nal s if used should be full y 
automaLic ; Lhat is they , hou ld go to s top behind a train a nd remain so 
until th e l rain is unde r coyer of the nC'xt "ignal in ach 'ancc if there is e \'N 
a ny chance of a following train ge tLing into t he : am e block with another 
train, If t he d is tant. sig na! was not full,v a utomatic and a train should be 
standing beLween it and the signa l nexL in adYance, a fo llowing train seC'ing 
a clear s irrnal \\'ould ha \'C' the rig hL Lo run at full speed past such " ignal 
wiLh the li ke li hood of an accident. T o ma ke a signa l fu ll y alltomatie:1. 
track circuiL Illu st be uSNI as formerly desc ribed, .\ distant s ig nal X o, 15 
is shown in Fig, 30, l"igs, 1-1, to ] 6 and 24 to 26 show signa ls which can 
be used as a dis Lali t. Fig , ] 4 sho \\'s iLs position if a Lrain is standing 
between it and the nexL signal ahead, Fig, 15 sho\\', 'the posi t ion \\' ith 
no train bet \\'een it and the next signal a head but wiLh a id last na med 
'ignal a t Lop, a nd Fig, ](j shows it. posi tion when clear, C:ignals 'l4 Lo 26 

show an a rrangement of li ght signa ls wh ich can also he used as di sLants , 
The la rge r and more ('onS()I CUOll , the home s igna l becomps the \('ss the 
need fo r a di , tant signal, e peciall ,v \\'he re iding sign are 1I rd, 

From \\'hat ha jll , t been said it \\' ill be e\' ident tha t any degree of 
p rotect ion d es ired can he g iven a nd t hat t he deg ree requil'C'd depC' nds on 
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thc bra king di ·ta nce, f' t c., a descrihed : FlIl'th ermore as the re!,) uirement-s 
become more .·eyere the cxpensc will go up . 1"0 1' modera te specds,or 
when Lraffi c conditi ons permit slowing up on the app roach to each passin ~ 
poin t, t hc sim ple s heme using ligh t signals opposite each o ther as shown 
in Fig. 27, with siding s igns, ",ill be found ati sfa ctoJ'Y and is the least 
expensi,·e. The nex t thing in t he scale of expen e would be to 
. tagger such signa ls as 1 a nd 2, Fi O' . 27 Hnd th e ncxt, to liSt' di s ta nt si,,­
nals as . hO\\'I1 at 2 a nd 3, Fig. 28, 0 1' li se sema phore signa !. as at 1 a nd ~, 
F ig. 2D. a nd so on 11] until t he claborat e a rrangement ShO\YI1 h.v signa ls 
10 to 13 incl ll sive l<'ig. 30 i reached . In t his connection it should be 
rcmembered t ha t a startin g signa l into a given piece of s ingle track , when 
clea r, te ll s the motorm a n t hat said block is clea r and t hat it is safe for him 
Lo procccd to t he nex t signal o nl~' , and that hc must a pproach said signa l 
prepa red to stop shor t o f it. Th e motorma n knows that a n a mple di -
ta nce befo re he reaches the next s igna l a . ign co nspieuou. in all ki nel s of 
wcather, bo th day a nd nigh t, will te ll him of his a pproach thereto. If 
upon reaching thi s sign he i" una ble to di s t ingui sh the indication of the 
next signa l he must bring his cal' und I' full control a nd continue under 
cont rol until the indication of said next s igna l is vi sible; if clear he can 
r "sumc norma l peed a nd if at s top he will be a ble to come to rest befo re 
rcaching it. 'Vith a full si7.e sema phore, in moderatcly clear wcather 
ei ther day 0 1' night and when the view is unobstructed , a high spccd clec trie 
ca l' will be able t o sight t he signal in plen t." of time to . top if said signa l i 
a t da nger. it being nece sal'." to slow down when the. ignal is clear, only 
when wcather condi t ions ob cure the "iew. With light igna ls, high peed 
CHI'S would ha" e to slow down in a ll kinds of weather hence such signa ls 
a rc onl," recommended where the speed. a re moderate sa," about 30 ~1. P. II. 

In "ie w of th e foregoing a nd o ther reasons it , is believed that on 
lI1an," electri c line, it is neither nece . ary to s tagger the home signals 0 1' 

lI SC di s tant signal s if t he yie,,' of the home signal is unobstructed a nd if 
sidin o' s igns a rc used. [f th e localit.v is . uch that much bad weather 
preY::lil s, 0 1' if t he "iew of th e home signa l is obs tructed by a CUI'\'e, 0 1' if 
1'0 1' an," reason the view of the home signal is often obstruc ted , it " 'ould be 
econom ica I to usc dist a n t signal. , 

In addition to the fo regoing, the arrangement of signa ls at pa sing 
points is largel,,, influenced b," th e nature of the siding as indica ted in 
Figs . 27 to 30 inclusi\'c. }' or stub end or short passing sidings two s ig­
na ls. " ' i th 0 1' wi thout dis ta n t s ignals, will generaJ ly be fou nd uffi eien t: but 
wh ere long passing idin O' a re employed, as sho\\'n a t th e righ t hand end 
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of the fi n'ures abo\'e rcf'e rred to. fOllr sig'nals, with or with out di"tant sig­
nals, should be u, cd, Tncidenta ll ,'" the practice empl o~'ed h," some 
roads of req uiring ca rs to h ead in and back out is to be hea rtil,'" com­
mended from the, tandpoint of sal'ct,\'. in suring as it docs the "etti ng of 
the witch in the main line po, ition , 

\Vhere \,e r spurs or sidings ex i, t o ther than at regula r passing' points, 
they should be protected n,v switch indicators so a rranged that the," will 
sholl' \Yh e th er or not it is "arc for a ea r to lea\'e the sidin rr , and so that a ll 
signals go\'erning over the switch will he et aL top wh en the ,, \\' itch is 
thrown, indica tin o' to any approaching train that the b lock is oecupi ed, 

All , ignals at pass ing points should he eD ntrolled by th e sll' itches in 
such ma nn er that they will gi" e th e prope l' indiea tions when , aid "witches 
a rc opened and when closed, 

Another im portant though generall,v o\'e rlooked considerati on in 
de termining the number and a rrangement of sig nals and in fad t he t,vpe 
of signal system to be emplo,ved , i, lhe east of stopping or sloll' ing dO\\'11 

high speed t rains which i, nece 'sar,v with some system in order to find 
ou t wh ether 01' noL Lo enter the next hl ock, IL has pre\'i ousl," been in­
timated in thi paper that,'y. tems, ini tia lly less expensi\'e lhan lhe track 
eirc Lli t a utomatic block yst~'m ad\'oea lcd, may be employed lI'here 
train.' arc required to slow do\\'n 01' stop aL a ll pa . ing points , I refer to 
the s taff sys tem or a n <tut'omati c , y tem using miniature . ign£l ls. etc, 
" ' hil e i t i true that ueh S,Y tems are eomparati,'e ly inexpensi\'e. it is a 
que t ion if t hey could bc jus tified, espec iall ,v on hig h peed lines . in \' iew 
of t he hig' her car operat ing cosU;, loss of' time, etc, Through t he eourlesy 
of a n offi cer on one of the la rge interurban rai l\\'a,v systems ,of the eounl r~' , 

I ha ,'e obtained the cos t of s loppin o' and star t in '" an ordin ary ,W-lon ea r 
running at -to miles pe l' hour; this eost including power, brake shoes . weal' 
a nd tea l' on the brake rigging a nd on the t rucks, The cost of pOll'e r was 
taken at 1.J1' cents per kll', hI', Based on th i inform ation it lI'as found 
to co t approx im ately 3 cen t. to make a top, .\ ssu ming th is lo be ('01'­

rect a nd wi t h a train 1110,'el11ent of 20 a day eaei, way , the cost pel' da,)' at 
one passing point would be ,'1.20 and per yea r :· ·~ 38,OO lI'hieh would 
pay the in tere t on an investment of $8,750,00, F o r higher spee Is a nd 
greate r weigh t. t hi s wou ld be mote, and fo r slower , peeds Ie. s; £ll ' o if the 
t rain did not come to a full top it lI'ou ld be less, Be thi s a il may. if 
my figures a rc a nywh ere neal' co rrect iL shows conclusi\'e l,v that any 
system in which t ra ins Im \'e to do much , topping for t he sake of getling 
information a to the cond ition of the blo('1-;:, is a pOol' in \'(~stment. :\ot 
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o nl," is s topping expensiH' bllt it means [t loss o f time, In the case cited 
abo \'(~ one minute was 10sL pCI' sLop, \Yhere a road g i\'es li miLed se rvi ce, 
a nd wh cre th e re a re man,v sidings and on ly a fcw s tops 1'01' the limited 
tra i n, it \\'ou ld be a se rious ha ndicap to e \'en slow up at the \'<tr ious pass ing 
poinLs, Th e loss of Lime and money occasioned b,v the sLopping 01' s lowing 
do \\'n of trains i, a subjed which wi ll bea r furLh er in\'es Li gaLion and should 
ha \'e ca rel'ul consideraLion h,\' th ose who are conLemplaLing th e in s tallation 
of signaling sys tems, 

\YiLIi the fo rego ing in mind le L us pass to a di scuss ion of t he nlrious 
, ig naling sc hemes shown in Figs , 27 to 49 inclus i\'c, bearing in mind 
lhaL in e \'ery case th e line, indicatin g the exten t of signa l co ntrol mea n 
lha L as long as an,\' parL o f a train is occup,\'in g th a t sec tion o( track be­
t\\'een th e ba se of Lh e signa l in qu esLion a nd t he poinLof Lh e ar \'Ow,tha tth e 
'io'na l will rema in at s top ; Lhat sig nals shown oppos ile each o Lh e r may 
be Laggered if n ecces~ar,v ; LhaL the YClri ous 'chemes s hO\\"Il are has('d on 
the s~'s tem of indications in Figs . 13 Lo 26 indu s i \'l'; L1lH L mH r\.;:e r li gh t: 
o r Lh e ir equivclen t on the signa ls a lthough not shown, \\'oldd be used ; 
Lhat the co nlinuous Lrae \.;: c ircuiL is lI sed LhroughouL as the means whereby 
t il(' sig nal s arc <l uLomaLicall ," co ntroll ed by the Lrain s and fillall.\' , t hat 
iding signs \\' ill be used go\'e rning the approach Lo eaeh s iding \\'he re 

lh e re a rc no distan t signa Is. 

Thc \'arioLls schemes sho\\' 11 ma,\' be d i \' ided in to t he foll owing groups: 
(a ) Single track s ignaling in \\'hi cli fo llow ing t rai ns arc spaced not less 

than the d is tan c-e be tween pass ing points as shown by F igs. 27 
to 30 i nclus i \·c. 

(b ) S ingle track s ignaling in whi ch the spaeing 01' followin g trains is 
le, s th a n the d is tance be Lwecn pass ing points and is limi ted by 
inte rmediaLe sig nal s as sliown by Figs . 31 to ~3'2. 

(c) Single t rack signaling in which the number of Lrain ' foll ow each 
o the r bet \\'een pa, sing points is un limi ted as showll by the Abso­
lute-Permissive-Block sys tem l ·' igs . 40 to 4D inclu ·ive. 

(d) C urve protect ion for sinn'le t rac \.;: , sec Figs . 33 a nd 34. 
(e) Double track signaling, see Figs. 35, 36 a nd 37. 

Taking up the various groups in the orde r g iven : 
(a ) In single track signaling wlrere the traffic requirements will 

permit following trains to be held apart the distance between sidings or 
more, t he sch me ho\\'n by F irrs . 27 to 30 inclusive \\'ill be found sati '­
factor,v. All of the schemes of thi s group a re absolu te (0 1' both head on 
and followin rr m o\'e, , th a t is to say if two trains approach lhe same p iece 
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of single track, hut onc of them ca n geL Lh c righ t to il. Likewise if one 
t ra in is fo ll owing a nother t he following t ra in cann o t enLer the hlock un t il 
the preceding train has left it, a ll as shown by t he lines indi caling lhe 
extent of signa l con t rol. Each pair' o r oppos ing starLing signa ls is eleetri ­
cally inLeriocked in such ma n nc r lhat one mllst be at s lop befo re 
the other can clear. In each of the fo'ur schemes is shown al the left a 
ingle stub en I siding, in the center a double stub e nd or short passing 
'iding a nd ;lL the ri g h t a long pass ing siding. B oLh lighL and semaphore 
signa ls a re shOlI'l1 wilh and withou t di sLanL signals . \Yi th the forC'go ing 
explanation in mind le L li S now refe r Lo Lhese schemcs indi\·iduall .\·. 

F ig. 27 how. an arrangement of light signa ls having a n overl ap 
in one dirC'c Li on on l.v. The objeet of ha ving t he O\'e rl ap is to prevent 
two train s approaching ('ach other from enLering the block simul taneously, 
under clear . ignal , as previously ex pla ined . All of the .. tarting ignals 
uch as 1, .~ , 5, etc., a rc two pos ition ahso lu te sig na ls as shown b~' Fig. 23, 

it being unders lood in til(' ease of signals 1, :3 and 5 lhaL the red chan~cs to 
yello \l' on the approach of a train Iwo \'idcc! the opposing sig nal is red , 
mean ing stop. Sig nals 6 and 7 a rc perllli ss ive as shown in Fig. 25 and 
c ha nge Lo red as a tra i n passes. Th c seheme ShOll'll by Fig . 27 is the 
least expensive, extremel.v simple an d \I'cll adapted to road s opcra t ing at 
moderate speed. 

Fig. 28 illus trates an arrange lll cnL sillli lar lo 27 excepL Lhal auto­
matic di s tan L sig nals arc added allowing higher speeds to be empl oyed 
a nd permitLing unifo rlll operating co ndiLions in a ll kinds of wea ther. 
The di s ta nt signa l. ' are three pos ition giving indicalion s as shown by Fig... 
2·~ , 25 and 26. Indication 2·~ wou ld be given with a Lrain het\l'cen the 
home and di s tant sig nals, 25 wi th no I rain between th home and di s Lant 
s icrnals bu t wi th the home a L s top a nd 26 wi Lh the ho me at pr·oceed . 

Fig. 2D illustrates an arra ngemenL s imila r to 27 except thal sema­
phore igna l. a rc employed with an ove rl a p in both direelions. The fo rmer 
in the in teres t .. of v isabi li t,v , a nd the latter in th e inleres ts o r fo llowing 
protection at pass ing points. .\.Il st a r Ling signals s II ch as 1, ·l, 5, etc., will 
be as shown b.v Fig . ] 3 changing to ye llow upon the app roach o f a train . 
The home signa ls 6 and 7 will be as shown by F ig 15. l"igs. 27 and 29 
a re a bout the . ame as regards permissible speeds. 

F ig. 30 show ' a scheme .. imila r to 29 except that di s tant signals 
a re added and a n overl a p in one direc Lion is employed . .\,11 di s ta nt sig­
nals gi\'e three indications a 'hown by Figs. 14, ]5 and ]6 a nd as des­
c ribed in connection with Fig. 32. Thi s a rrangemenL permi ts high speed 
to be ma in tain ed in a ll kinds of \\'eather. 
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(b). Coming now to single track signaling in which the spacing of 
following trains is less than the distance between passing points and is 
limi ted by in t I'll1cdiate .·igna l. a shown by Figs. 31 and 82. 

On many lincs to space fo llowi nn' trains the distance bct\\'ccn ,; idings 
a sho\\'n by Figs. 27 to 30 would rcsu lt in uch sc rious dclay to traffic 
t hat it could not be to lerated a nd t hereforc mean mu. t be elll plo.\·ed to 
permit close r' fo llo\\'ing mo\'es. Figs. 81 and 32 'ho\\, ho\\' Lhi,; can be 
accomplished by using intermcdiate . igna l ·. In Fig. 31 one pail' of in­
termcd iate . ignals, 5 a nd 6, is used which wi ll a llo\\' fo ll o\\'ing ll1 o\'cment 
as . ho\\'n by trains A and B . By add ing another pai l' of intcrlll cdiate 
ignals, 7 a nd 8, as . hown in Fig. 32 following mO\'ements can bc still 

closcr as shO\\'n by tmin.' :\ and B and by add ing more intcrlll ediate 
ignals a still do. er headway can be provided fo r. This method of pro­

vid ing for clo e fo ll o\\'in rr mo\'es has t hc drawback that it is \'ery cxpensivc 
e pccially whcre tmin mu t 1'0110\\' each othcr a close ly as ccrtain dasse 
of intcrurban traffi c demand; and fur thcrmor t \\'o train.' ca n gct in to the 
amc picce of sinrrle track head on, onc of t hcm ha\'ing to back out. but of 

coursc the staggcred in termediate ignals wi ll pre\'ent co ll ision. 

(e). The objcctions jus t named ca n be overcomc b.v a systcm of sin­
gle track signaling in which the number of trains following each other 
between passing points is unlimited a hown by t he cheme Figs . .,J.O to 49 
inclusi\'e and which i kno\\'n a the Absolute-Permissive-Block . ignali ng 
systcm. In t hi . chcm c opposing signals a re el ctri ca lly int r10ekcd ancl 
o\'e rlappcd in . uch \\'ay as Lo guaranLce against oppo. ing 1110\'C" into 
thc same piccc of s inglc track at til(' same t imc, cXHCtl.V as in thc schemc 
ho \\'n b~r Figs. 27 Lo 80 inciusi\·c. Th distinctivc fca turc of thc ,;eheme 

consisLs in thc u. c of a *call-on signal, ho\\'n b~' Figs. 1!) and '2'2, 0 
conLro ll cd Lhat iL will bc di splaycd on ly providcd both opposing high 
lJ<'cd signals and thc opposing ('all-on .' ignal a rc at stop, and pro\' idcd a 

t rain is in thc block ha\'ing entercd aL Lhc end \\'hc re thc call-on signal is 
cli . pla~'ed. In olher word s oppo. ing train mo\'ements a re prc\'cnlcd and 
follo\\'ing train mo\'ements a rc automatically permitted by a signa l that 
a,vs *" Procecd the bloek is oceupiccl" hence the na me Absolute-Per­

missive-Block. 

In li eu of the call -on . i "nal a nothcr po ition o r the hi gh >:peed a rm 
could be em ployed. 

• Sec appendix und I' Signal a peets a nd indications al 0 the ,\ hsolllle PCl'lllissi\'c 
Block S'ystem. 
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In th e \'a rious figures illustrating thi s . cheme the shaded s ignals show 
those under the control of trains and the wo rding under cach will make 
thc m self-expla natory. E spec ial a ttcntion i .. calkd to Fig . 4~ which shows 
train C following n under a call-on signal. AI. 0 to Fig. 46 which sho\\'s 
ig na l 4 at. top indicating to D that anothe r tl'a in is coming and t ha t he 

must not attempt to lea\'c hi s siding . Fig . 47 shows sio'nal 4 at clear indi­
cating t hat no morc t ra ins arc following and that it is now safe for train D 
to ha ck out and procced . 

. \l though not shown, di s tant s igna ls can be used , thc . tarting signal 
can be . tago'cred a nd siding sig n. would be uscd wcrc thc re no di s ta nt 
s ignal. The sehem c can bc applied to any ofthc situations shown in Figs . 
~7 to 30. * .Thc call -on signal is notan cw crca tion hayin rr been in usc for 
a long timc and for thc purposc of letting a train 01' engine into a n occupied 
section. H eretofore it has becn opcrated manllall.v whereas in thi s scheme 
its opera Lion is auto lll atic. It is bclicycd that the system just de"c ribed 
admirahl~' mec ts the req uirements of thosc clcct ri c lines where close 1'01-
10\\' ing mO\'emcn ts are nccessary. 

(d ) . Curve protection. Figs . :33 and :34 show two schemcs for 
cun'e pro tection. Fig. 33 sho\\'s thc signa ls 10caLcd 2,000 ft. from the 
ends of the clirYe . Thc objccL in doing thi s is as follows: ass umc two 
trains app roaching, .\ from thc right and B from thc left. UB passed ~ o. ~ 
before. \ reaches thc o\'c rl ap for ~ o. ~, B will ha vc a clea r signal and A will 
be held at ~0.8. If' now ~0.3 had b en closetotheendof thecurve B could 
not haw secn :\ in time to top,whcrcas with i'lo. 3 2,000 fee t away 13 will 
ha \'e a good chancc to see :\ in timc to stop; likcwise if .\ g ts a clea r 
s ignal. L oea Ling the signals ncar the curyc as shown in Fig. 33 as CO I11-
pared \\·iLh locat ing them at thc nCH re .. t s iding, (see Fig. :34) is in the 
intcrests of econom." wh ere cUI'\'e protec tioni the only kind of . ignaling 
to be do ne h~' a giyen road for so mc Lime Lo come. 'Vhen hO\\'cycr clII'ye 
protect ion is only a s tcpping stonc to a more completc systcm, or if thc rc a re 
a. eri es of seyera l curves tak ing up a grcater part of a given block, then the 
signals should be placed at Lh c cntra nee to the h lo ·k and in thc place they 
will occup~' pcrmancntl.v, as shown hy Fig. 34. 

(e) . Double track signaling. Figs. 35, 3Ci a nd 37 show \'<lI'i ous 
method. of double Lrack .. ignaling. Fig. 35 shows thc 3 position scheme 
larcrel." uscd on st cam road s. The s igna ls would be in accordance with 
Figs. 14 to 10 inclusive or Figs. ~4 to ~6 inclus iye. Thi . is hy far the mo t 
sati facto ry form of double track sig na ling where thc blocks a rc not too 
long a each signa l gives adyance information as to th e pos ition of' the 
ncxt, etc . 

" See appendix tinder Signal aspecls and indications a lso thc _\ iJsolulc P Cl'missiye 
Bl ock .,·sl clIl. 
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Fig. 36 shows a less ex pen 'i\'e scheme using two posItIO n ignal 
with a n oyerlap. The ignals would be a.' sho wn by Figs. H a nd 15 or 
2-1- a nd 25. The overl ap would vary in leng th from no thing up to t hat 
'hown, depending on the various condi tion outlined in di scussing the pri n­

ciples of signa lin fT heretofore in thi s a r t icle. 

Fig. ~Hi shows still a nother scheme u.· ing 2-pos ition home a nd 3-po­
itio n di s tan t signa ls. Its vir tue li es in being a bl e to locate t he distan t 

better wi th reference to the home when the leng th of the b lock is very 
grea t. 

A. suming t hat you ha H' all a uLomatic hlock sig na l system such a 
de cribed wh at abou t its efl'ect i\'eness, i ts adYantages, etc. 

One sometimes hears t he rema rk , " T rain men will not obey . ignal 
. 0 wha t is the use." In Lh e first pl ace I do not belieye tha t the trainmen 
e mployed on the hig h speed elec tri c lines a rc reckl ess as a rule. On the 
cont rary r ha\'e been Yery much impressed \\·ith the ca re \\'hi ch has been 
exercised b.v t he motormen wh o ha ye co me unde r my obse rnltion. I be­
li e \'e as a rul e t hey are well inclined a nd \\'ould be glad Lo run und er a nd 
be gove rned by a s igna l system which will te ll th e lll thc tru th ; that is one 
in which signa ls will be at stop when they ough t to he :lnd at eI a r \\" hen 
th ey ough t to he. That tra inmen have in ma ny ins tan ces di sregarded sig­
na ls wi th disast roll s conseq uences is well kn O\\·n . F or exa mple a te rri ble 
acc ident co mes to m.v mind \\'hi ch \ \"<lS caused by an enginema n running 
hi s d is ta nt signal al caulio n. The to werma n had for n long t ime prior 
to the \\Tcek been fa iling to d car the distant signa l. The enginee r, findin g 
l ha l the rou te wa. · a lways clea r a nywa,v, was acc ll stomcd lo run t hrough 
at high speed in spi te of the fa ct that the d is tant signal \\'as at ·call t ion . 
Th e da .v came howe\'e r wh en he should han' obse ryed il , wi th the resul t 
men tioned . The signa l had been telling the wrong s lor.v. Signal. are 
Ill uch like people, " Once de lecLed a lways sUSI ected " o r like the boy \" ho 
cri ed , " Woll' ! \Yolf !" when t here was no wolf a nd when the wolf uctua ll ,Y 
came ri nd he wa n led assis lance, none ca llie. I t is Ill ,V belief that thi s idea 
aL the botto m of Illuch of the di srega rd of signa ls. 

Ano ther impo rla n t t hing in securi ng obedience to signal is to locate 
t hem properly. F or cxa m pic i I' a d istan t signa l is set too fa t' a way t he motor­
man will soon fi nd Oll t tha t he need not shu t ofl' a nd a pply bra kes when he 
passes i L, fo r if he does he will p ro ba bly lose t ime, a nd t hat genera lly he can 
j ust a. well a pply t he m la ler a nd s Lop SOO I1 enough. lIe may some da,\', 
unde r slI ch cond i t ions, do it Loo late. Ca:e haye a lso come to my a l tc n t ion, 
where, due to nli spl aced s igna ls, t rain . were regul a rly dela,ved when t hcy 
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need not have been; hence t he te ndency on t he par t of the enginee r or 
motorm a n to disregard the signals a nd in so doing haye it happen once too 
often. In hort whatever disobedience the re ma.v hal'e been to s ignaL is 
la rgely due, in the opinion o f the write r, to fau lt,v a pparatu , misplaced 
ignals or faulty manipulaLion. 'Vi th up-to-d ate s,v.·tem a nd mecha nism 

a nd with a better und ers ta nding of traffi c req uirement. , the operaLion 
goes on with surpri sing :lceul'aey wiLh the result tha t t he causcs leading 
to t he di sobedience Lo s ignal. hal'c been Yer." grea tly red uced. 

Coming now to some of the reasons which may jusLify an electric 
line in spending the mone.v nccessary to properly s ignal. 

The wri tel' recen t1,v had occa. 'ion to ride i n the motorma n's co m par t­
men t on a limi ted cal' running bctwee n t Iro la rge citie. , a di stance of about 
60 mile. . Th e firs t se l'eral miles la,v in a cit,v s treet and our cal' ha rl the 
misfortun e to foll ow a heaxil,v loaded local st reet cal' with the result th at 
by t he t ime we reaehed the open road a delay of over ten minutes had been 
occa. ioned . Th e motorman Lh en s tarted to make up time, impelled to do 
soon accountof theirpracticeo f hal' ing fixed mce Ling points, with thc result 
that, when one t ra in wa" la te a number of other trains were delayed. I t 
wa. certain l,v a lil'ely rid e and I wa s g lad \I·hen our dest inat ion wa. reached. 
The train crews with wh om J talked sa id they liked the idea o f hasing 
fix ed mee ting poinLs as thcre was so mueh danger at tached to changing 
them. 'Vith a suitable signal system these mee ting point could be made 
Hexible wi thouL dange r and t herefore but one tra in need be . e ri OlI. ly de­
lay d and henec less necc. sit,)' of making up lost t ime. The Engli . h rail­
way h a l'e a rul e thaL los t tim e is noL Lo be made up: recognizing the dan­
ge l's in such practiec. In yiew of the pra ctice on the road just ment ionerl 
a signa l ",I' . tem would illcrease the capacit,v of the line, reduce the li a­
bility to accident, al'o id dplays , inCTcase the confidene(:' of the Lrayelling 
public and proyide a good insurance agai ll st aceiclent. 

Again with . trong line consl rueLion a properly des igned . ignal s~'stem 
will giye much less trouble than a tp lephone despa tching s,vs tem wi th it s de li ­
cate ap paratus, thus ma king it poss ibl e to operate wi th com pa ra tiYe freedom 
wi th the telephone line in t rollble . D o not under. tand me to ay th at the 
telephone should be abandoned . Far fro m it ; as I bclieye it to be a l'er,l' 
valuable adjunct in the hand ling of trains on s ingle track. In fact allto­
matie igna ls, when u. cd on sill gle Lraek, eould, if so des ired , be under the 
control of t he despn tcher, perm'itting him lo : lop Lrains when neeessa r,l' 
to change schedulcs, ete. 
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.\. suitabl e s ig nal s,v.'tem will a lso pe rmit schedules Lo be maintained 
afel,\' in a ll kinds o f wea the r \\'hich is an importan t cons ideration in ec­

t ion of t he coun t ry where the re is much foggy weather and th e like, 

Othe r a rgument mighL be ach'anced in fa\'o r of signalin Cf but I be· 
li e\'e I ha\'e said enou gh to show that far from being merely a n expens 
without any tangib le re turn, a properly des ig llf'd , ignal sys tem will in th 
end pay for itse' lf, in operating returns, to say notlling e lse, 

Automatic stops , There i, qu ite a d iffe rence of opinion on th i 
subjeC'l, so me claiming that a utomat ic stops will have a Lendency Lo make 
mo torm en relax in \' ig il a nce a nd others that they will ha\'e th e oppos ite 
effect. P oss ibl,v these' differences of opin ion \\'oltld noL be' .'0 pronounced 
if it were borne in mind LhaL Lh ' re a rc stop, which reco rd th eir operations 
against the motOl'lll1ln and those which do not. 

If automaL ic stops arc II sed in inte rurban se rv ice it is beli e\'ed they 
, hould reco rd e\'ery t ime they operaLe and Lhat the motormen should 
accollnt for such reco rd , I doubt if under t hese condition s a rela ,'ation 
in vigil ance would re.' ul t. In an insta ll at ion I'ecenti,v put in to se rvi cc in 
the _ 'o rLh\\'est g lass tuhes mounted on Lop of the ca r ar(' used and so 
eonnecLed with the braking s,vstem that \\'hen broken a sen ' ice applica­
lion of the beakes will resul t. .\ motorman is g i\'en so many Lllhes fo r 
\\' hi ch he must acco un t cv 1'," , 0 often, \"hen the signa l is at stop an 
auxiliary a rm co rn es down Lo a position such that, if the car aLlempts to 
pa s il the tuhe \\' ill he broken, T he sys tem is understood to he \'e ry 
s uc'('essf ul. 

It is not cons id e red good practice' to usc automatic trips loeated do wn 
in the roadbed on surfaee lines exeept in tunne ls, e Lc, The,\' mll sL the re­
fore be located on Lop o f the ca r, Lhat is if' a lI1 eehalliccd trip is used, 
This mea ns t hat the inte r-staLe com mercp maximum eq uipment d iagrams 
shou ld he adhered Lo as iL somet imes becomes necessar,\' to run fo reign 
eq uipm ent o\'e r a line, such as box ears, etc" and the refore any fixed object 
uch as a stop a rm must not projecL \\'i t hin th is line and a lso any projec­

tion on t he ea r s lI ch as a t ri p arm mu.'t not sL rike obj ects a long the right ' 
o f' \\'n,\'; and with a ll there must be a good safe o \'erlap of' the trip armand 
stop arm wh en the la tte r is down, to take ca re of YClI'iously loa ded cat's, 
sway ing, ete, IL is very diffi cult to sa ti sfy a ll these eond it ions, 

'lOPS r used should he , 0 con llected with the a il' system that a n 
e lll e rgene,v appl ica lion will not result when the t rips operaLe, This will fre­
quentl~' req uire the lI se of a ux ili a r~r air eontro ll ing apparaLus on the ('aI', 

To make automatic s tops of the ir highest \'a lue, it frequent ly 
hecomes necessar," to rearran "e t he signa ls on single t rack to secure 
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the necessar,v braking dista nce as shown by Fig, 3D, " 'hcn so rc­
arra ngcd a systcm bccomes nlUch more expen 'ivc: In dOllb lc track \\"ork 
a full block ovcrl ap, as shown b,v Fig. 38, i usually prov id ed, the stops 
remaining act ive a full block behind cach t rain, F or cxample thc stop 
used in connection with signal 6 would bc active until train F had pa ssed 
out of the block it is sho\\'n as occup,ving, 'Yi th this anangement abou t 
33 (; more s ignals a rc needed than wi tho liL stops, to ma intain t he sa me 
head way, 

Stops ha \'e a \'e r,V pronounccd ya luc in add ition to thei r function of 
causing a t ra in to stop if it attempLs to pass a dange r signal , a nd that is to 
reco rd \\'heneyer a .. top , igna l is run by, thcreby req uiring a n explanat ion. 
This will act as a very s trong influence ill p rcventing disobedience to 
ignals. 

~[uch more might be . a id in regard to stops and other devices used 
for c-o mpelling obed icnce to signals. but it is be lie \'cd that enough has been 
said Lo show that t hey ha\'e t heir disadnlnLages as wcll as their acl\-a nLagcs 
and it is a qll es tion if their usc can be jusLified in a ll cases. 

In conclusion I wi . h to emphasize Lhc fo llo \\' ing points \\'hich have 
been touched upon in thi .. paper : 

l st.- 'Vhcre the traffic conditions on electric railways a rc such as to 
req uire b lock signals the automatic s~' stcm employ ing ont inuous track 
eirc- uits is recom mended . Its usc is urged from the tandpoint of ai'cL.y , 
reliab ili ty a nd economy. It is now successfully employed on o\'e l' 17,000 
miles of stea m road in th is countl',Y and it s use is rapid ly inc-reas ing and 
to the excl usion of other b lock s,vsLems. 

:2 nd .-.\u tomat ic block . ystems employ ing track circuits for electric 
lines a re no\\' Cl, \'a il ab le which. \\"hil e maintaining a fu ll degree of sa i'et,\' , 
reliab ili ty and economy, a re mu c-h less expensi\'e than eyer befo re. 

3d.- Of th e \'arious s,Ystems of single track signaling anti lab le, the 
one in which oppos ing moyes a rc controlled absolu tely a nd fo llowing mO\'es 
permissively under a di s tincti\'e signa l, is recommended for tho e roads 
where following moves close r tha n th e distance bet \\'een pass ing points 
arc req u ired. 

4th.- The adopt ion, by thc various elect ri c ra ilroads o r the cou n try, 
of a uniform system of signa l a pccts a nd ind ication. is urged. The sy -
tem propo 'ed by the *Ra ilway Si~!'Ila l .\ s 'oc ia tion, as far as it will a pply 
and a desc ribed in t hi s pa per, is recom mended. 

• 'ec appcndix undcr Signal Aspect ' und l nriieations. 
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FIG. 50 
STOP 

FIG. 53 
STOP THEN PROCEED 

FIG. 56 
STOP 

FIG. 51 
PROCEED, PREPARE TO 
STOP AT NEXT SIGNAL 

FIG.54 
PROCEED,PREPARE TO 
STOP AT NEXT SIGNAL 

FIG. 57 
PROCEED PREPARE TO STOP SHORT Of 

ANY OBSTRUCTION I t~ THE BLOCK 

FIG.52 
PROCEED 

FIG.55 
PROCEED 

FIG. 58 
PROCEED 



APPENDIX 

Signal Aspects and Indications 

R eferring to t hc notc at t he bottom o f' pages flO, 21, fl8, flD a nd 33, 
atten t ion is called to t hc fact t hat the se ri es of signal aspec ts and indication 
shown a nd lesc ri bcd in the ori O' in a l paper, whilc a practical 'cheme, has 
been fo und to conflic t in some respects wi th the latest publi .-hed majori ty 
recommendations of the R ailway ignal As 'ociation which at t he t ime 
of t he p t'epa ra t ion of t hi paper, were overloo ked. The wri tc r i ~ t herefore 
showing in t his appendix, a rev ised scheme whi ch he believes does not 
conflic t with sa id reco mmenda tions, will sen 'e the p urpose, a nd should 
p robably bc used in prefe rence to the origina l a rra ngement as i t is hi 
fi rm cO l1\' ict ion t hat t he greatest good will be accomplished by hearty 
co-opcration wi th t he committee' of t he aboyc na med association in t heir 
work of reducing signaling to a uni fo rm a nd co nsis tcnt prac ti ce, 

The poin ts at issuc a rc as follo\\'s:-

lst. The use of t hc" Ca ll on " signal in t hc ma n ncr de. cri bed on page 
28 and as show n in Fig, ID without a ny di stin o'ui shing ma rk in connection 
t herewi t h, confli cts wi th its use in interlocking practice, Indication "No. 
9" a. recommended by t he R ailway Signa l Association a nd as shown by 
F ig, 57 i. t hcrefore propo. ed in it pl ace, 

.'> OT E :- It is bclic \'cd by the writc r that a scparate s igna l on tbc samc mast with 
thc high spced signal, as shown by Fig. 19, is a neatcr a rrangcmc nt, has thc advantagc 
thnt it only shows whcn required nnd by thc usc of a suitab le dist inguishing fcature 
'uch as a ring, would not confl ict with ils usc in intel·locking pmctice ; but un t il such 
timc as this has t hc sanction of I he llnilway Signa l Association its usc i not urgcd. 
With )'cgard to thc )'ing on thc bladc as sho wn by F ig, 57. I t is uggcs tcd tha t i t does 
not make a \'c r)' good looki ng signa l and that as an cx~ra light must be used as thc 
night indication, sa id light could shinc t hrough a target whi ch in thc daytimc would be 
the distin ,uishing fcaturc for this indication, 

2nd. P oin ted b lades, as shown by Figs. 53, 54 a nd 55 a re recom­
mended for pe rmi . sive signals in lieu of t he sq ua re ended blades shown 
by F igs. 14, 15 and 16 . 

NOT E:-Squarc cndcd blades wherc shown in the intcrcst ' of uniformity, and a re 
being used by some roads fo )' both absolutc and permissivc si ' na ls with sa tisfactory 
results. 
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3rd. R ed ma rke r li ghts are rccommcnd ed in li eu o f \I·hite. 
'\"OTE :- White marker l i :~h Ls arc being used but red iti mO,'e 'enera lly" lllplo.red . 

a nd it is thc write ,'s be lief that its usc i~ justified . 

..(.th. Thc \"crtiea l posit ion o f thc b ladc with g rec n at nigh t is reco lll ­
mcnded as thc runnin g .· ignal , as shown b.v .Fig . 58. in li eu of the .j..5 0 

position \I·ith .vcllow at night, as shown by Fig. 17. 
'\"OTE :- 'rhe origina l inte rpretation placed on the \'e"l ica l posilion of the blade 

w:th green aL night was " Proceed at normal pecd p"epared to pass Lhc nexl signal at 
nOl"lna l speed." As proposed in connection with single tr:lck 'iignaling (. 'ee page H ) 
it would not do ro,' the motorman Lo a~sume lhat the ncxt ignal i., clear: on the 
cont rary we want him to be prepal"ed to s top at the next signa I; hence the usc or the 
indication Fig. 17. As hown in Fig. J howe\'e r, the inler-prelation is mer-ely ··pro(·eed" 
mea ning continue at no rmal speed until otherwi . e instrrr cLed. When SO defined it ma." 
do but iL is be lie\"ed lhat some modirying reaLure honld be cmployed Lo di;Linguish 
iL f" om t he proceed indications hown by Figs. 5~ a nd :;.j . 

. jth. .\ ttcntion is ca ll ed to thc mod ifications in t he wo rding ttnder 
the nuiou ind ieation ' from t hat o ri g ina lly g il·cn . 

Th e fo ll owing is a furth c r d eseription of the rc\"ised seheme of aspect 
and indications: 

Figs. 50 to .58 inclu sil'c sho ll' a se ri es of d a.v and night a .· peets in 
which an a rm in the hori zon tal position o r a I' d light a hl'a,'"s mea ns stop; 
thc a rm inclincd upI\"a rd l.v at a n a nglc of 45° o r a .vc ll oll' li ghL al\l'ays 
mea ns p roceed wi th cc r tain rC' t ri d ion. a nd thc a rlll in a I ' rli ea l posi­
tion 0 1' a g reen lig ht a lll'ct.vs means procecd \I' ith out rest ri clion as fa r as 
that signal is conce rned. 

,.\, t rain stoppcd b.v a n a b. o lu tc s igna l, Fig . .50, nllt. t re lll a in unti l 
a u t horized to proceed II'hc reas I"hen stoppcd by a pc rmissi\"e signal. Fig . 
.53, it may, aftc r ha l' ing stoppcd, procccd cauti ousl." ttn t il a ne ll' in u iea­
t ion i. rcccil·cd. 

T he markcr li ghts shown belo ll' t he . 'emaph ore arc u. 'ed to inc! ica tc 
II'h cther a s igna l is absolu te o r perm i sil·c. If th e signa l is absolute lht' 
ma rkcr will bc direetly undcr thc . ema ph ore lig ht as hOl\"l1 b.\" Fi g .. 30 

a nd if pcrmissil'e t hc ma rke r will bc staggered with refc rcnce to t he se ma ­
pho re light as shO\l'n by Fig . .53. .-\ bso lu tc s ig na l ' should furthermore 
be dist ingui shed from pc rmiss iI"C sig nal. by t he sha pc of t hc blade. hal' ing 
a sq tt a re cnd in thc fo rmcr and a pointcd end in the lattc r euse . 

. \.. t ra in pa 'sing a . igna l a l ca u t ion i. c. it. pl ai n a rm in the _~ .5 c position 
o r sho wing a ycll ow ligh t as in Figs. 51 o r .54, mu sL at once p repa re to 
top at the ncxt igna l meaning of cour c thc next signal of like cha r­

adeI'. In t hi s conncc tion it is assumed that a signa l which g i\"es lhis 
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FIG.59 FIG.60 FIG.61 f'IG.62 FIG.S3 FIG.64 P'IG.6S FIG.66. FiG.S" 
STOP PROCEED PROCEED STOP PROCEED PROCEED STOP PROCEED PREPARE TO PROCE!:O 

PREPlRE TO STOP THEN PROCEED PREPARE TO STOP STOP SHORT Of ANY OB-

AT NEXT SIGNAL AT NEXT SIGNAL STRUCTION IN THE BLOCK 



i nd ica lion will bc loca ted approx inl:l Lcl,\' "s lopping" di sLance a lH'ad of 

the sig nal ncx L in ad\'ance and will hc used Lo g ive an appro<leh indica­

Lion t hcre Lo , 

If the a nll has a ring o n it 0 1' if an a ddiliona l li gh t i hown s ide hy 
side wilh t hc em aphore li gh t a shown by Fig, 57, it means LhaLLhe lrain 

must proceed. p repa ring at once to , Lop sho rL of any ob truction in lh c 
hlock, Th e ring ha s no signifi cance when th e a rm is in the \'e ltical 0 1' 

hori zonlal pos ilio n, S ig na ls g i\' ing Lhis indiea Lio n a re proposed fo r usc 
in co nncct ion wilh s larling s ignals in lo a pi cce of s ingle t rack, pe rmiLling 
onc lrain lo fo ll ow ano lhe r , This indica tion would only bc g i\'cn if lhc 
opposing sig na l 0 1' s ig nal s wcrc al s Lop }lnd a Lra in wcrc in Lh c block, ha y­
ing cn tercd fro nl I hc e nd nJ which the ,; ignal in qllC, t io n is localcd , 

A L ra i n pa ss i ng ;1 procced signn I as shown by Figs, 52, 5:3 0 1' :3H is 
pl'f'l1lil Led 10 conl inuc aL normal spced until o lherwisc ins lrll c led , 

Th e co lo r sc hemes illusLraLed J)l'CH'nts g iying a fa lse clear indicaLion 
du e lo l he brcakin " of a g lass a nd a lso preycnts mi la king a forei gn lig hl 
fo r a signa l. This of eourse bars whitc fo r clear a nd req uircs th e use of 
t he di s lincLi ve co lo rs rcd , yellow a nd "Teen as explain ed, 

Thc usc o f lhc upwa rd incl ina li on in going to clea r redu ccs the tcnd­
ene,)' for an accumu lation of snow 0 1' , lect to hold th e signa l in lh c c lcal' 
0 1' c}lul ion posit ion which exists wilh the downwa rdly inclincd hlade , 

Th e marker li ghL ahoyc refe rred to, in addi t ion to di s Lingui shing 
hetwccn a permi ss i\'e a nd an a bsolule sig na l, is useful as a n indicalion 
of l he pre, cnce of a signa l in case lh c scmaphore ligh t hould he oUl- in 
olher word s the use of lwo lighLs on e \'e l'y signa l prevent ils di sappca r­
anec duc to lhc go ing ou L of one lighL. A fUl'Lh e r a rgumen t in fa\'o r o f 
l hc marke r is the c laim Lhat Lwo ligh l ma ke a better signa l lhan onc, 
IL is he lievcd t hat Lhi ' is true, du e to the faet that li o'hts a lways show lip 
be LLe r hy conLrasL Lhan lhe,\' do a lone, 1. nde r cc rtain condi t io ns of thc 
almosphere, rcd a lonc looks yc ll ow a nd vice vel' a, hu t when con trasted wi lh 
an adjacent ligh t whic h is known a lways to be ,:ed , there will be no cha ncc 
of mistaking red for yel low 0 1' v ice versa in the semaphore li gh t. Thi s 
is a good a rgum cn t 1'0 1' red as a marker in add iti on to the c1ainl that if 
thc scmaphore lig ht goes out a stop s ignal should rcma in , This ('0 10 1' 

ha, been objected to o n th e score that it req uire, a man to pass a red 
signal. In th is co nnection it s hould be rememb red t hat it is common 
pradicc to pass a rcd light wh en modifi ed b'y a sui tab ly localed li g h t o f 
a nothe r co lo r, by lh e shap ' of a blade 0 1' by othe r means. a nd furLh er that 

1371 



in the schemc of igna ling shown it j not the onc ligh t but a combination 
of ligh t· t hat ma kes a ·igna l. 

Thosc who may wi sh to go mo re dceply in to t hc mattcr of aspects 
and indications a re rcfcrred to t he puhlishcd proeccdin O's of t hc Rail­
way Sig nal AssoeiaLion . 

. \ . c ri es of lig h t s io'nal s is shown in Figs. :i 9 to C,7 inclusive wh ich 
('on 1'01'111 H S rcgards i nd ieaLions wi I h I he sc ri e. Figs. 50 to 58 il1(· lus ive. 
For a 1'111'1 her d ise ll ss ion o f I igh t sio'nal s, sec page 21. 

Marker Lights 
Si n('c Lhc original papcr wns read a question has been raised 11 . to 

wllC'Lher 0 1' not Ihe l11arker light Ciln be :illst ifi cd on El ect ri c R oads. IL is 
('Iai III cd I ha I as I he sig na Is ell n he eOlllpa rativcly low down 11 nd d osc to 
Ihe Ira (' k Ihe great illllillinalin g power or Lh c head lighl will se rvc to . how 
whal a s ig llal is wilhollllllarkcr li ghl s. Whil e Lhis l11a y be Irlle on ,' Im ig ht. 
Il';l<'k , il is nol so wh ere Lhc re a re g rad es o r ('urves in t hc vieiniLy o f lh c 
sig na l bccausc or Lh e facl Lhat Lhc hcadlighL Illay not bc dircc tcd t oward 
Lh c signa l in such case. It is t hereforc beli evcd tha L the mattcr of t he 
illuminating power of a h ead li gh t should not be con ideredin th i connec­
tion on electri c road a ny Illore t han on steam roads. Again it h a bccn 
cla imed t hat the two li rr hts, which it i admittcd shou ld beonevery ignal, 
('an bc behind the same Icnse when thc igna l is elec trically ligh ted instead 
o r bcing bchind eparate lenses as in the ca e of t he marker light a nd t hu s 
econom ize on equipmcnt whil e maintaining a n eq ua l degree of safety . 
The objection to us ing two lights bch ind the a me Icnse i thaL when onc 
goe ' out t here is not a suffi c iently noticeable change in thc b rilli a ncy of 
I he ligh t a nd therefo rc th i cond i tion is not likely to be reported ; whereas 
with t he light behind separate lenses, if one goes ou t it will be qu ickly 
noticed, rcported and fix ed up t hu redu cing t he ch a nce of h av ing a ignal 
without a light. The writer admi t th at m a rker light a a mean of 
di t ingui hing between an absolute and a permi ive igna l while very 
cffec tive a re not ab olu tely necessary in c a train mu t top a ny way a nd ' 
Lh e motorma n can thcn tell what the s ignal is ei ther by t he hapc of t he 
blade or by orne disting ui hing feature on t he pole ; thc genera l illumina­
t ion o f th e car affording suffi c ient ligh t fo r th i purpose. In vic \\' of the 
fore"oin <r remarks a nd of the fact that an elec trically lighted m a rker is a 
very inexpensive a lTangemen t a nd does not invoh 'e a ny extra expen e 
for maintena nce it has been hown in the variou. illustratio ns of ig nal 
nspect accompany ing thi a r t icle and its use i rccolllmcnd ed . 
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Ligh t Signals 

On page 21 t he write r made re fere nce to li ght s igna ls. S in ee 
the n, furth e r tes ts have been made wh ich ha ve demonstra ted th a t 
. uch s igna ls whe n p rope rly des igned will furni sh an a rrestivc 
s igna l at a cl io ta nce o f from 1,200 to 1,500 fee t in the brigh t 
sunligh t a nd with a cove ring of f resh s now on t he g round . Tlt e 
cuts, F igs. 68 a nd GO sho w th e fron t a nd . ide v ie w of it two pos i­
t ion, double light s igna l. Thi s s io·na l will Lake ca re of such 
locations as shown by signa l 1 a nd 2 Fig. 27 fo r 
exa mple. In fact it can be u ed whe rever 
Lig ht S ig na ls can J e employ cd opposite each 
othe r combining in one device t he ·ignal s fo r 
bo th directions . Th ey will bc made b l·o pos i­
ti on whe re s ig nal s a re not req uircd to g il·e ovc r 
t wo indicat ions o r three pos iLi on whe r l hrel' 
indical ions a rc Lo be g ive n . Each lallIJ ) hox 
is i ndcpende ll L1 y rc volvahle s ide wn .vs Lo perlll i l 

nG 68 of prope r focus i ng. Th e s ig ll a Is wi II a Iso he Illad e 
lI'iLh a s ing le 101 1111' hox a lld eit lrer Lwo or three 

posiLioll fo r li se whe re o ll e s ig llal wi ll he Il sed a lolle as 
ill l he case of a di s La n l s ig nal fo r cxalllple. Th e cnse 
al L1l c bo Llo l1I is a rran gcd Lo a cC"o llllllodn Le Llr c \'n ri o ll s 
rela ys required . 

The Absolute-Permissive-Block System 

In Figs. 70 lo 7!J ill .J us i ve is s hown a se rie." of Lrack 
di ag ralll s the sa 111 , as Lhose showlI by fi gures -UJ Lo "~!J 

no B8 

illelll Sil"l' and as ex plailled 0 11 pngcs 28 nlld Q!J exccpl t hn l L1l c l"el·ised 
se ri cs of aspeels alld illdicnlioll s as s llo ll'lI hy Figs. 5(; Lo 58 illclu sil·e 
a rc used ill li e u o f the cnll -o ll a nll o ri g illally s howlI . 

ALLcnLioll is ca ll ed Lo L1l e fad L1la l ill th e .\hsolil le-l'e nlli ."sil·e- Block 

."ys Le lll lI'iLho uL illLe rl1l edinLe s ig nals, a lllpl e fac ili Ly fo r s wiLchillg 1I101T ­

lLl e nLs aL s idings can b(' a r rallged fo r \\"i Lh ou t ho ldillg Lrains aL adjace llL 

s idings . Furthcrmore, inLc rmed ia tc s igna ls if required ca n be ins Lali ed 

and can ha ve t he pe rmi s." ive a ttachment a pplied a nd wh ich wh en in Lh e 

cautiona ry pos ition will tell from wh ich direc tion a t rain a head has enter­

ed t he p iece of s ing le track in q ues t ion . 

[ 39 J 

• 



Furth rmore u ing in termediate signal the circuits ca n be so a rranged 
lhat a tarting ignal into a given piece of single track cannot be given 
unless t he tart ing and perm is ive signals at the other end of said piece 
of single t rack are at stop. In fact an endle ·s ,-a ri eLy of combinati o ll ~ 

can be made, the net result being that for a given outlay greater safety 
a nd greater capac ity can be a A'ordcd with the Absolute- Penui sive-Block 
sysLem than \vi th any othcr fo rm of a utomatic b loek ignaling known 
to the wri ler. 
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