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FUNDAMENTAL PRINCIPLES. 

The Automatic Electric Signals introduced by The Union Switch and Signal 

Company depend upon the passage of a current of electricity along the r'ails of the 

railway track. Any interruption of the current causes the signal to turn to "danO'er," 

and it is only when the track is intact and unoccupied that the signal s indicate 

" safety." 
An eminent anthority, writing upon the application of electricity to railway 

working, claims that any automatic system should be based upon the following 

principles : 

1st. The normal condition of the signal should be "danger," i . e. any fail ure 

of the apparatus, or interruptions of the circuit, should result in producing th~ 

" danger" signal. 

2d. The agency by which the signal is placed' at " safety" should be active 

dU1'ing the existence of such signal. 

3d. The apparatus employed should be perfectly free from atmospheric influcnces. 

4th. The apparatus should be simple, strong, and not ~asil.r deranged. 

The Union Switch and Signal Company's automatic ra i.l circuit ,ystcm IS the 

only one that fully meets all of these requirements, and is adapted to all the var

ious necessities of rail way signal service. 

It affords a more perfect protection than is possible with any other block 

~ystem, as every part of the track, as well as dangcrous sidings and cros .. ings, are 

protected , not by human agency, but by mechanism, which is so constructed that failure 

in any part can result only in giving the "danger " signal. 

The most valuable features of our system are.? the use of the track as part of 

the circuit; the use of a secondary or tell-tale .. ignal; the usc of the constantly closed 

circuit; the electric locking of switches ; and . the circuit-breaker for switches. These 

combined g'i ve the most compl ete and reliable systcm of electric railway signals 

III use. 

It l S the only system by which it IS 'impossible to display a safety signal 

when danger exists. 



Figure 1. 
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THE UNION SWITCH AKD SIGNAL COMPANY. 

The electric circuit will be readily nnderstood from the figure and description. 

In the diagram , Figure ' I, "T" represents a secti.on of railroad track, a mile 

or less in length, which is in. ulated at. the ends of the section from the 

adjacent rails. At one end of the section the bat.tery "B," consisting of t1, 

single cell, i, placed, one pole attached· to each rail, while at the other end 

of the same secti.on is placed the electro-magnet ":NI," with one wire attached 

to each rail. Thus a complete metallic circuit i. established from the battery, 

through the rail s . and magnet, back to the battery again. 

The principle of operation is as follows : when several courses are presented, 

electricity will follow that cour. 'e 'which offers the lenst res istance, the rails being 

of metal, of yery large cross-section, and con. equently of great conductivity, are 

vastly superior as conductors to any snrrounding medium, hence, the electrieity 

adheres to the rails ana keeps the magnet magnetized, even during t.he heaviest 

rain and snow storms, ill preference to passing off to the earth. 

The magnet while rnagnetized holds th e signal at '.' safety." vVhen, how

ever, a train enters UpO):'l the 'ection fro'm either end, or from a siding, the 

wheels and axle ' ill, tantly short-circuit the current, because they are better con

du ctors than the small wire of the magnet. The lIiagnet being thu. demagnetized, 

release~' the signal, which instantly turns to the danger position, and remains 

thus while the train, a car, or ev:en one pail' of wheels is on the section. 

It will be observed, that if the track should be torn up, or a rail be 

broken, so as to destroy the metal I ic continuity, the electric current would be 

interrupted, the magnet demagnetized, and the " danger" signal di splayed. Should 

the current be interrupted from any other possible cause, the signal would 

instantly show "danger." 

Th llS any error which may occur will be on the side of safety. 

2 
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THE UNION SWITCH AND dIGNA.L COMPAXY. 11 

®I:ze flU ~oma~ie Elee~l"ie ~ i I ei l"eu i ~ <Blo~ ~Js~em, 
u)e~ fo[V "Ove[V18rrit2~" tQe ~i~t2G\I) of j~J8Cet2t 

~ectiot2S· 

A very important advantage resulting from the use of a track circnit, 15 

the ease with which a train can be made to actuate any number of ·ignal s. 

In the simplest form of the automatic system one signal passes to "clanger" 

as the train enters each section; but this has been found not to g ive sufficient 

protection, hence, a method of overlapping has been adopted, by which two or 

more signals, according to the situation , may be kept at "danger" in the pre

ced ing and succeeding sections. 

This plan has proved to be em inently successful. 

®I:ze Ovel"larrin~ <B1oek, fJs~eni, as flrr1ied ~o 

j)oZlble ®rvG\e~ Roads-

The following description, and Figures 2 and 3, will illustrate the appli cation 

of the overlapping system to a double track road where but one signal is u .. ed . 

in each section. The simplest form of overlapping signal s for donble . track 

roads is illustrated in Figure 2. A train traveling in the direction indicated 

by the arrow, on arriving at the point "A;" will set the signal "a'" to 

danger; this signal being fifteen hundred feet, more or less, with in the section 

" AI." On arriving at the point "B," the first pair of wheels will set siQ'nal 

"b" in rear section to danger. 'Ve then have signals "a" and "b" protect

ing the train until the last pair of wheels passes off section "A" on to section 

"B," when signal "a" will , turn to safety. In same ma1ll1er .. ignal "c" will 

be set to "danger" on the entrance of the train on to sect ion "C," and signal 

"h" will turn to safety when the last pair of\vhcel.' has passed on to 
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THE UNION SWITCH _'\ND SIG~AL COMPANY. 13 

section "C." In Figure 3 each signal is so connected with the one of the section 

immediately in the rear that until the train has pa. sed 1,000 feet, or more, 

·within any section it holds the signal of the one ju. t passed to "danger." Thll 

there can by no possibility be less than ] ,000 feet between a train and one following. 

The signals are placed some distance from thc beginning of the ection, in 

order that the approaching engineer may not only see the position of the signal, 

but may note the change from "safety" to "danger" by the automatic action of 

his own train on the rail, and thus be assured that the . ignal is working properly 

and that his train is protected. 

Suppose a train to be approaching section "A," Figure 3, and ignal" a" being 

at "safety," it proceed'; at the moment the wheels touch the rails of section "A" 

signal "a" turns to "danger" and remains at "danger" till the train has passed 

] ,900 feet, or more, within section "B." In the same manner signal "b" will be 

kept at "danger" till the train is 1,000 feet, or more, within section "C," and . 0 

on for any number of sections, always ove1'lappirng the danger signals for 1,000 feet, 

or more, of every section. 

Figures 2 and 3 represent very satisfaetory combinations of signals, and pre

. ent no complications or disadvantages; but as it is sometimes desirable to have 

two signals in each section, called "Primary" and "Secondary" signals, the follow

ing arrangement, shown in Figure 4, may be employed. By this method the signals 

of adjacent ends of sections are so connected as to overlap and operate in unison. 

In the figure a, band c, represent the "primary" signals, and aI, b1 and 

cI, the "secondary" signal s. 

' Vhen a train reaches section "A," signal" a" turns to "danger," and also signal 

"aI," which is not less than 1,000 feet within the section just passed. Both these 

signals are held to "danger" till the ·whole train has passed into section " B," when 

signals" b" and "b1 " go to "danger," and "a" and "a1
" are released. It is ev i

dent that by either of these arrangements a tr,ain ha.' equal protection, and only 

local ex igencies must determine ~hich shall be adopted. 
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~Qe Overvl&.rrin~ &)Io~ ~J'5~em, 85 jlrr1ied ~o 

~in~le ~rv8~ ~&.dS' 

On a single track road it is necessary to have the overlapping systern applied to 

both ends of the section and upon both side. of the track. The right hand signal. ' 

answering for trains proceeding in one direction, and those on the left hand for 

trains proceeding in the opposite direction. 

In Figure 5, suppose a train to be entering upon section "A" from seetiou "At," 

the moment the wheels touch the rails of section "A" the signals" a" and" :1," 
at the ends of the section and on oppo. ite sides of the tl':l<:k, turn to "danfrer," 

and also the secondary signals "a1
" and "at," ",h ich are respectively a whole 

section back and front of section "A," and are also on opposite sides of thc track. 

Thus the train is not only protected while fully within a section, but also whilc 

entering and leaving, as no other train can be nearer than the length of a section. 

Should a train be traveling in the opposite direction, for instance, from section 

" C" to section "R," the signals will turn in the same order, i. e. "b" and "b" 

at the ends and opposite sides of section "B," and" bl
" and " bl

" of sections " C " 

and "A." 



Figure 6. 
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vVhen the electric lock for switches is used, Figure 6, a train having entered 

a section with the signal at " safety" is entirely secure, since it will be impossible 

to throw the switch in front of the train. 

Should a train enter section "A," the mam line being clear, signal "a" 

will show" safety"; but should the switch be set for the side track, signal "a" 

would show" danger." If the train should proceed upon the switch, signal "a" 

will remain at "danger" till the train has passed entirely upon the side track 

and out of dangerous proximity to the main track, and also till the switch i not 

only re-set for the main line but locked in place, then and then only will signal 

"a" go to "safety." Any number of switches may be connected in like manner 

with a section, and their connection or disconnection with the main line will be 

indicated by the block signal, unless that signal should not be suitably situated, 

for such conditions special switch signals are provided. 

As a necessary precaution against the turning of a switch through mischief 

or ignorance, the lock is so constructed and connected with the electric c il'cuit.~ 

that it cannot be unlocked except . by means of the proper key, wh ich is in th 

hands of the trainman. In certain cases signals aee so electeically locked with 

the switehes that the switch lever cannot be moved until after the signal IS 

turned to "danger," and conversely the signal can be put to "safety" only by 

locking the switch in its place. 

3 



18 TIlE UNION SWITCH AND SIGXA L COMPANY. 

" That has been said about the locking of switches and signals is equally 

applicable to the locking of draw-bridges and their .. ignals. Draw-bridges arc 

alway.. provided with locking-bolts, which, when connected with circuit instru

ments, will set the signals to " safety" or "danger," as th ~ draw is locked or 

unl ocked. The signal s may be placed at any distance from the bridge that 

may be con. i(lered best for the protection of the train. It is always desirable 

that the bridge-tender should know the position of the sigllals, and if the latt<:~r 

arc placed at a great distance, or obstructions prevent him from seeing tl:em, a 

mini:;t.ture repeating .. ignal which indicates the position of' the out-door signal is 

placed in his hou. e. Any change of position of the signal is accompanied by 

a stroke on a bell to call his attention. After a train has passed the signal 

which indicates safety, it is impossible to open the draw pntil the train has 

passed entirely over it; this is aceomplished by the automatic locking of the 

locking-bolt of the draw by the train as soon as it has reached the signal. 

This locking of the draw may be effect d by the preF;ence of the train on the 

line at any desired distance from the bridge, even before the signal is reached. 

See, also, Catalogue of Interlocking . . 

vVhere t\vo or more railroad track. cros. ' each other at grade, "primary" 

and "secondary" ignals arc located at propel' distance. f)'o111 the crossing, in 

all directions, and so arranged, that when a train approaches from any direction, 

it will operate sHch signals as may be nece .. sary to guard the crossing from 

the approach of another train. 

At junctions, train;:; approaching on the main line expose a "danger" signal 

on the branch track, and trains approaching on the branch expose "danger" 

signals ill both directions 011 the maiu line. Grade crossinD'S and jUlletions arc 

more perfectly protected by the " derailing" switches. See Catalogue of Interlocking. 



THE UNI0~ SWITCrr A~D SI GNAL COMPA NY. 19 

The automatic system provides for the thorough protection of highway 

cross ings. 

Highway cros. in g::; where gatemen arc not employed, are protected by bells, 

either in addition to, or independent of, vi snal signal s. 

Highway cross ing signal s are operated in the most simple Hnd effectual 

mann er, both on single and double track roads, and by trains moving in either 

direction. On single track roads the bell begins ringing when th e train np

pl'oaching the crossing is half a mil e or more di s'tant, and ceases to l'll1g as 

soon as the train has passed the crossing. 

Bells and other signal s are located at stations, and opented in connection 

with, or independently of, the block signal s, to annonnce to station-agents _ alld 

passengers the approach of trains to the stations, and indi cat n from which 

-direction they are coming. 

Signals which protect junctions, draw-bridges, 01' an entrance to a depot, 

are, when necessary, connccted with miniature repeating signal s 'which are phlCed 

in the switchman's or bl'idge-tender's hou e., or in the stations. They faithfully 

repeat the position of the out-door signals, and enable the switchman or the 

station-agent to keep a constant control over the out-door signals, if desirabl.:. 

In addition to the miniature signal, a bell is made to ring a stroke when a 

change in the position of the signal takc.' p~ac~ . 

A repeating-signal is, moreover, a tim ely detective of any derangcment of 

the electric current or breaking oC a rail ill the track. 

On railroads where t.he "telegraph io block system" is in nse, the "block . 

towers " being several miles apart, the automatic block signal s are nsed to 

divide the blocks into sub-sections, and repeating ·ignal. placcd in the "block 

towers," whereby th e operators are continually notified of th e location of the 

trains as they proceed alonO' or .' top within their " block " 



Figure 7. 

Figure 8. 
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For the proper working of our system it is necessary to have reliable 

metallic continnity throughout the whole length of the signal section. The fish

joints ordinarily make electrical connection between adjacent rail s, but this 

connection cannot be relied npon; sometimes the splice will be loose, and often 

the rust and dust between the rails ·and splice-bar will interfere 'with a 

cont inuous circuit. To make the circuit entirely reliable, therefore, at the rail

j oints we connect adjacent rails in the manner shown in ] igure 7, in which, as 

will be seen, the rails are. connected by a wire. The ends of this WIre are 

wrapped around the heads of stout rivets and soldered thereto; holes are then 

chilled in the flanges of the adjacent rails, and the rivets are firmly driven 

into the holes, thus making an entirely reliab e electrical connection from rail 

to rail. 

The insulation of a track section is accomplished 111 seyeral ways; in one, 

the Fishel' & Norris joint is llsed for the purpose, an ::l the arI'nngement is shown 

in cross~section in Figure 8. 

Plates of fibre, about one-eighth inch thick, are placed between the bot

tom of the rail and the chair, and between the forelocks and the rail, as 

shown in the engraving. Also a piece of the same material, and of the 

shape of' the rail section, is placed between the ends of the connecting-rail s, to 

prevent an electric contact being made by the creeping or expansion of the 

rails. 

The rails are insulated by using a wooden splice-bar on the outside of the 

rail s, .a di vided fi ~h-bar on the inside, and a piece of fibre between the entls 

of the rail s; this is very simple, effective and durable. 
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"A" SIGNAL. 

Front view, showing Disc. 

" H" ~TGNAL. 

. \1 Dnngc r. 

"A" SIGNAL. 

Side view, showin o' mal1lH'1" of 
hanging th e Lamp. 

"B" STGNA L. 
A t Safety . 
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"c" SIGNAL. "c" SIGNAL. 

Open. Closed. 

OlD" SIGNAL. "D" SIGNA L. 

Open. Clo~ed. 
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"E)) SIGNA L "E" SIGNAL. 

At Safety. At Danger. 

"F" SIGNAL. " F " SIGNAL. 

Open. Closed. 
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\Ve CUll supply any form of Signal, all of which are mounted on irol1 posts. 

'l'hose shown in the illu tl'ation ~ being 1I 0W III u. e. Preference is generally 

given to the "C" sigmd. 

The "A" signal is an ell closed signal, and is used mostly at stations 01' 

under cover. It is pro\'ided with two rounLl glas.' windows on oppo. ite side. , 

Oll the ontside of the back window a lump is .. uspended, as shown. The 

signal elisc within COll i 'is of red or green bunting stretched tightly over a wire 

rinO', formincl' a banner 01' disc. -\/Vhen this . ignal disc is at right angles to 

the track, it shows red for danger, or green for catdion, but when turned a 

q uarteI' round, the edge only is seen, indicating all clear. At night, when the 

bUllting disc is exposed in front of the white light, the light is changed to 

red 01' g reen; but IVhen the signal is withdrawn, the light again becol1l es 

white. \Vhen it is desired to show a signal in both dircct iun:-;, two banners 

01' disc.. are used, one being exposed at eaeh wi.ndow. In th i~ ea. e the lamp 

I. placcd within the box betwcen the signals. 

In maLlY cases, two distinct signals, a red and a greCH, lLrc placed on 

the same post. Thesc are primary and secondary signals, ' rcpresellting 

d:mger and cautioll respectively, and work independently of each other. 

The eon .. truetion of the enclosed signal is very -imple. Its motive power 

IS a stiff, coiled spring, and is so constru~ted that neglect of wil1c1 ing will 

eause the signal to show "danger" or " caution," never "safety ." The expansion 

of the un wound spring in the "A" . ignal will instantly throw the .~ i gn al to 

"dangel'," and hold it there. 

'1"'he "B," "C," "D," "E " and ' (( F" signal - arc all out-door and open 

signaL ' ; the lI1echanislTl containcd in the cast iron box below operating a 1'e

vol vi ng stem 01' shaft, to wb ieh arc attached, in the case of the "B" and "E " 

signals, shcct iron vune:-:; of different shap' s placed at right ~\I1gl es to each other, 

and in the case of the "C," "D" and "F" :-; ignaJ s, banners composed of sla ts 

haJlg ing freely, thus avoiding wind pressllre. 

4 
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The taro' ts of the "B" and "E" signaL - indicate safety 01' dangel', as 

howll in the illustration. In the "C," "D" and "F" . -ignals the banner 

when closed i. at right angles to the track and indicates danger; whell re

ver. d it present. an edge view which indicates safety. In the "D" and "F" 
signal s there are peculiar form s of banners shown in addition to the edge "iew. 

On top of the shaft of the "B," " C," "D," "E" and "F" signal. is placed 

a lamp which at night present.- a colored or white light as the signal changes 

from danger to safety. 

All signals should be wound daily when the lights are lit, the wind ing 

being done from the outside v,rithout opening the box containing the mechani .. m, 

and are so constructed that neglect of winding wnl cause the signal to show 

danger, never safety. 

Astonishing as it Illay seem, in practice it 1S fonnd that a single cell of 

gravity battery will operate any of these signals through a mile section of track. 

Therefore, the simplest and mo. t economical form of battery, with the least 

poss ible nnm bel' of cell~, is all that is required . 

CQrrespondencc 'respectfully soli.cited, and proposal. will be made upon appli

cation for any 0'1' all k:ind - of signaling required in railway service ; also, for 

frogs, crossings, switcll es and switeh . tands. 

THE UNION SWITCH AND SIGNAL COMPANY, 

PITTSEURGH, PENNA. 
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usin~ CQe Union jwiccQ and 

eIucomacic Eleccrvic ~loc~ 

~i s c of R~ilrvo~dS 

Ji~n~1 eomlani~ 

ji~n~1 jJ~tem and "Hi~I2'v!~J eFo~~in~ ~ell~ . 

THE PR.OVIDEXCE & ' VORCESTER 

THE BOSTON & ALBANY R. R. 

THE OLD COLOTY R. R. 

THE F ITCHBUR.G R. R. 
THE EASTERN R. R. 

THE BOSTON & PROVfDEKCE R. 

THE BOSTON & l\1ATNE R. R. 

THE BOSTON & Low ELL R. H,. 

R. R. 

H. 

T HE NEW Y OR,K & :r\ EW EN~ LA ND R. R. 

THE NE W YORK CENTTI.AL & HUDSON RIY En H. R. 

THE NE"W YORK, LAKE ERIE & VVESTERN R. R. 

THE 'V ES'l' JERSEY R. R. 

THE BALTIMOR,E & POTOMA C R. R. 

THE N on.'I'RERN CENTRAL R . R. 

THE PHILADELPI:HA, \Vn':M: fNGTON & BALTB'lORE R. R. 

THE P ENNSYL VANIA R . R. 

THE P., C. &, ST. L. Ry. 

T HE ALLEGHENY ,1 ALLEY R. R. 

T'HE PfT'J'SHURGH, FrI'. ' VAYNE & CHICAGO Ry. 
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THE LITTLE J\'hA~rr Ry. 

THE CH£CAGO, ST. Louts & PJTTSBURGH H,y. 

THE JEFFBRSONVILLE, NfADISON & INDIA~APOL IS Ry. 

THE LOUISVILLE &, N A~UVlJ.JLE R. H. 

THE NASHVILLE, CI-IATTA.NOOGA & f-;T. LOUD-) Ry . 

THE CHESAPEAKE & OlflO J1)'. 

THE CINCINNA'rI, NEW ORLEANS &, TEXA~ PACJFIC ny. 
THE CLEVELAND, COLUMBUS, CINCI~NA'l'I &' INDIANAPOLIS R ·I'. 

THE NEW YORK, CHICAGO &, ST. LOUIS Ry. 

TUE ST. LOUJS HH,fl)GE CO. & TlJ~NEL R. H. 

THE MJSSOUH,J PAUU'lC R. J~ . 

. TUE l\!rCHIGAN CENTRAL R. H. 

THE DE'fROl'L' & BAY CJ'fY R. H. 

THE ST. PAUL, ~I.[N~EAl'OLIS & l\IIA~J'L'OHA n. H. 

THE G J{AND TRUNK R. n. 
TILE BnOOKLYN, ] LArrB(JS.L 1 & CONEY ISLA~ D H. R. 

T il E NEW YOR.l~, PROVIDE~CE & BOSTON R. R. 

TJI E NAUGATUCK R. H. 

1'1.1 E CO~~EC'fIUUT R.L V.ER R. R. 
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