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RAILWAY SIGNALS. 

ADVERTISEMENT. 

THE I n s t i t u t i o n is not , as a body, responsible for t h e facts a n d 

opinions advanced i n t h e fol lowing pages . 
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T H E I N S T I T U T I O N O F C I V I L E N G I N E E E S . 

March 31st, 1 8 7 4 . 
T H O S . E . H A R R I S O N , Pres iden t , 

i n t h e Chair . 

No. 1 , 3 9 3 . — " On t h e F i x e d S igna ls of R a i l w a y s . " 1 B y RICHARD 
CHRISTOPHER RAPIER, ASSOC. I n s t . C.E. 

IT is a t r i t e axiom, t h a t t w o solid bodies cannot occupy t h e same 
space a t t h e same t ime . T h e d u t y of t h e r a i l w a y s igna l l i ng en­
g ineer m a y be said to be to endeavour to p r e v e n t t w o bodies, 
w h i c h are m o v i n g a t h i g h velocit ies, from seeking to v io la te t h i s 
l a w of n a t u r e . 

W h e r e v e r t h e poss ib i l i ty exis ts of one t r a i n coining in to col­
l ision w i t h ano the r—as , for ins tance , w h e n a goods t r a i n has to 
come ou t of a s id ing abou t t h e t i m e an express t r a i n is due, 
t ime ly not ice should be g iven b y s igna l as to which of these 
opera t ions should be first performed. F r o m t h i s necess i ty t h e 
p resen t sys tems of F i x e d S igna l s on Ra i lways , and t h e i n t e r ­
lock ing of swi tches a n d s ignals , have been g r a d u a l l y developed. 

T h e demand for increased s igna l l i ng facili t ies is n o t confined to 
t h i s coun t ry , b u t has a r i sen i n o the r E u r o p e a n count r ies a l s o ; 
and d i s t an t colonies a re now i n q u i r i n g for, and pu rchas ing , t h e 
most finished appl iances for these purposes . 

I n endeavou r ing to t race t h e progress of fixed s ignals , i t m u s t 
necessar i ly be t h a t m a n y var ie t i es of a r r a n g e m e n t a n d m a n y 
i n v e n t i o n s m a y escape t h e a t t e n t i o n of t h e A u t h o r ; b u t h i s 
purpose is to describe t h e ac tua l s teps w h i c h have con t r ibu ted 
to p resen t resu l t s , a n d in so do ing h e hopes to demons t r a t e t h a t 
t h e sys tems which n o w appear to be ind ispensab le are no t fanciful 
complicat ions, b u t a re rea l ly s imple i n charac ter , a n d form a com­
ple te series of safeguards , to p rov ide a g a i n s t a lmost every v a r i e t y 
of e r ror on t h e p a r t of t h e persons in c h a r g e of t h e swi tches a n d 
s ignals . 

A g a i n s t e r ror on t h e p a r t of those i n c h a r g e of t h e t r a i n s , t h e 
only safeguard is to be found in t h e complete adopt ion of t h e 

1 The discussion upon this Paper extended over portions of four evenings, but 
an abstract of the whole is given consecutively. 
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absolute block sys tem, a n d of m e a n s for e n a b l i n g t h e dr ivers to 
observe s ignals we l l in advance. 

T h e absolute block sys tem consis ts in d i v i d i n g t h e l ine of r a i l ­
w a y in to longer or shor te r l eng ths , and b y means of t e l eg raph i c 
and fixed s igna ls a l lowing on ly one t r a i n a t a t ime to be on t h e 
same l eng th . T h i s me thod of w o r k i n g r a i l w a y s w a s proposed i n 
t h e yea r 1842 b y Mr. ( n o w Sir W i l l i a m ) Cooke, Assoc. I n s t . C . E . ; 
a n d d u r i n g t h e t h i r t y yea r s w h i c h h a v e succeeded, va r ious 
modifications of Sir W i l l i a m Cooke's p l ans h a v e been t r i ed on 
different r a i lways , w i t h t h e resu l t of finding t h a t n o t h i n g shor t 
of t h e absolute block sys tem, t h e n recommended b y h im, wi l l 
mee t t he p re sen t r e q u i r e m e n t s of E n g l i s h r a i lways . 

U n d e r t h e " absolute " block t h e s i g n a l m a n a t s ta t ion A is n o t 
p e r m i t t e d to send a second t r a i n to s t a t ion B u n t i l he has received 
a s igna l from B t h a t t h e first t r a i n has a r r ived the re . W h e n a 
t r a i n s t a r t s from A to B , t h e s i g n a l m a n a t A t e l eg raphs to B , 
" T r a i n on l ine , " and B acknowledges t h e s ignal , and v i r t u a l l y 
replies, " Yes, t r a i n on l i n e ; keep y o u r s igna l a t d a n g e r u n t i l I te l l 
you ." T h i s is called t h e " absolute " block. 

U n d e r t h e " permiss ive " block sys tem i t is s imply p e r m i t t e d t o 
s i g n a l m a n B to block s i g n a l m a n A i n t h e even t of a n y t h i n g occur­
r i n g a t B w h i c h m a y r ende r t h a t course des i rable . If, however , 
a t r a i n has j u s t left A, of course t h e message comes too la te t o 
enable A to p r e v e n t t h e t r a i n r u n n i n g in to t h e obs t ruc t ion a t B . 

T h e permiss ive block has been we l l t r i ed on the p r inc ipa l 
r a i lways , a n d is preferred b y some because i t enables t h e t r a i n s 
to be sent one after a n o t h e r w i t h g r e a t e r r a p i d i t y ; bu t i t affords 
v e r y l i t t l e protect ion, a n d i t is n o w genera l ly agreed t h a t i n t e r ­
med ia t e s igna l s t a t ions m u s t be erected on a l l l ines of cons tan t 
traffic, so as to m a k e shor te r l eng th s , r a t h e r t h a n a l low several 
t r a i n s to be on a long l e n g t h a t t h e same t i m e . 

W h e n t h e d is tance be tween a n y t w o s t a t ions is so g r ea t as to 
cause t h e l ine to be blocked for too long a t ime , t h e bes t p l an is t o 
in terpose one or more i n t e r m e d i a t e s igna l s ta t ions . T h e d i s tance 
a p a r t of t h e s igna l s ta t ions seldom exceeds 4 miles, and is often 
on ly ^ mile , t h e average b e i n g 1 \ mile . 

I n 1863, a P a p e r b y Mr . W . H . Preece, M. I n s t . C.E., on " Ra i l ­
w a y T e l e g r a p h s , " gave an account of t h e me thods of s i gna l l i ng 
b y te legraph from one s ta t ion to a n o t h e r . 1 

T h e A u t h o r now proposes to describe t h e F i x e d Signals on 
r a i lways b y w h i c h t h e s igna lmen a re enabled to communica te 

1 Vide Minutes of Proceedings, Inst. C.E., vol. xxii. p. 167. 
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w i t h t h e d r ive r s of t h e t r a i n s , also t h e a p p a r a t u s for con t ro l l ing 
t h e movemen t s of s igna ls a n d switches , a n d t h e facilities a t 
p resen t for a l l o w i n g fast t r a i n s to pass slower t r a i n s . 

T h e subject n a t u r a l l y d iv ides i tself i n to t h e fol lowing heads :— 

1. E a r l y r a i l w a y s opened w i t h o u t s ignals . 
2. T h e ea r ly t y p e s of s ignals , a n d t h e i r i n t ended ind ica t ions . 
3. T h e semaphore s ignal , w h i c h is n o w becoming t h e un ive r sa l 

t ype . 
4. T h e use of d i s t a n t s ignals . 
5. A t a l a t e r s t age s igna ls a lone were found insufficient w i t h o u t 

t h e concer ted ac t ion be tween swi tches a n d s igna ls ensured b y 
in t e r lock ing appa ra tu s . 

6. T h e var ious s tages of in t e r lock ing a p p a r a t u s . 
7. T h e necessi ty of p r o t e c t i n g facing swi tches a g a i n s t movement 

d u r i n g t h e pass ing of a t r a i n . 
8. T h e facilities n o w afforded, b y complete s igna l l ing a n d lock ing 

appa ra tu s , for w o r k i n g passing-places for enab l i ng s low traffic to 
ge t out of t h e w a y of faster traffic. 

9. Yar ious m a t t e r s connected w i t h r a i l w a y s igna l l i ng w h i c h a re 
n o t y e t es tab l i shed axioms, b u t some of w h i c h seem l ike ly to 
become so. 

T h e Stockton a n d Da r l i ng ton , t h e Newcas t l e a n d Carl is le , t h e 
Liverpool a n d Manches ter , and o the r ea r ly r a i lways , were opened 
w i t h o u t a n y fixed s igna ls . 

A b o u t t h e yea r 1834 a n approach to fixed s igna l s w a s i n use on 
t h e Liverpool and Manches te r r a i l w a y . On t h e top of a post , t h e 
h e i g h t of an o rd ina ry l a m p post , w a s placed, b y means of a ladder , 
a red or w h i t e l i gh t . T h i s s igna l w a s for n i g h t use only. Mr. 
E d w a r d Woods, M. I n s t . C.E., des igned a more p e r m a n e n t a r r a n g e ­
men t , s u b s t a n t i a l l y as i n F i g s . 1 a n d 2 ; b u t w i t h o u t t h e vanes 
for d a y use. So l i t t l e a t t e n t i o n was , however , t h e n g iven to t h e 
subject of s ignals , t h a t no prac t ica l s teps were t a k e n u n t i l t h e 
open ing of t h e G r a n d J u n c t i o n r a i l w a y i n 1838, w h i c h w a s 
furn ished w i t h t h e s ignals s h o w n in F i g . 3, s imi lar ones were 
erected on t h e Liverpool and Manches te r . T h i s s igna l consisted 
of a c i rcular , or D-shaped board, fixed on a sp ind le w i t h a 
h a n d l e to t u r n i t t h r o u g h an a rc of 90° ; a l a m p for n i g h t w a s 
fixed e i the r on t h e same spindle , or on t h e post w h i c h formed t h e 
suppor t of t h e m o v i n g spindle . T h e disc t o w a r d s t h e d r ive r in ­
dicated " danger , " a n d w h e n t u r n e d on edge " safety." 

Mr . Woods ' s igna l , F i g . 1, became adopted i n Scotland, a n d 
m a n y a re s t i l l i n use in t h a t coun t ry . 
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I n 1838 Sir J o h n H a w k s h a w , Pas t -P re s iden t I n s t . C.E., de­
s igned t h e movable ra i l s w i t h disc s igna l , F i g s . 4, 5, 6, 7, and 8, for 
t h e Manches te r and Bol ton r a i lway . T h e disc s igna l was connected 
to t h e movab le ra i ls , and, w i t h them, was set i n motion b y t h e 
h a n d l e a n d ba lance-weigh t ac t i ng upon t h e bevel-wheels a n d 
eccentric, so t h a t w h e n t h e swi tches were open to t h e s id ing t h e 
disc was presented " full on," whereas if t h e swi tches were open 
to t h e m a i n l ine, t h e edge on ly of t h e disc was seen. I f a n y 
t r a i n came out of t h e b r a n c h w h i l s t t h e swi tches were set for 
t h e m a i n l ine, t h e wheels were e levated b y an incl ined ra i l , a n d 
w e r e t h r u s t l a t e r a l l y by t h e h i g h guard- ra i l , F i g s . 7 and 8, so as 
to p u s h t h e car r iages on to t h e m a i n l ine a n d p reven t t h e m 
g e t t i n g off t h e ra i l s en t i re ly . 

On t h e Newcas t l e a n d Carl is le ra i lway , in 1840, red disc 
s igna ls ( F i g . 9) were p u t up . T h e disc, 4 feet in d iameter , w a s 
fixed on a r evo lv ing pole w i t h a h a n d l e to t u r n i t , and t h e ex­
h ib i t i on of t h e s igna l w a s considered to block bo th l i n e s ; t h e 
ea r ly pract ice on t h a t l ine being, t h a t if a t r a i n were s t a n d i n g 
in t h e s t a t ion on one l ine, a n y t r a i n a r r i v i n g from t h e opposi te 
d i rec t ion had to w a i t outs ide t h e s t a t ion u n t i l t h e first t r a i n 
left. 

I n F i g . 10 a t y p e of s igna l is shown wh ich t h e A u t h o r bel ieves 
w a s pecu l ia r to t h e S tock ton a n d D a r l i n g t o n r a i lway . 

On t h e Stockton and Har t l epoo l t h e first s igna l consisted s imply 
of a candle placed in a w i n d o w of t h e s ta t ion to ind ica te t h a t 
t h e d r ive r was to s top to t a k e u p passengers , and t h e absence of 
t h e candle impl ied t h a t he m i g h t proceed w i t h o u t s topp ing . 
W h e n t h e S tockton a n d Har t l epoo l w a s opened in 1842, t h e t h r e e 
junc t ions , F i g . 11 , were deemed to be sumcien t ly protec ted b y a 
po in t sman ' s box, and a pole 30 feet h i g h , fitted w i t h a pu l l ey a t 
t h e top and a rope, by wh ich a wooden disc or a red l a m p w a s 
hau led up , as a s igna l t h a t t r a i n s m i g h t pass round t h e cu rve 
w h i c h jo ined t h e Stockton and Har t l epoo l l ines, and t h a t t r a i n s 
to or from F e r r y h i l l m i g h t no t pass. W h e n t h e disc w a s down, 
t h e t r a i n s m i g h t pass from Stockton or Har t l epoo l to or from 
F e r r y h i l l , b u t no t round t h e curve . T h i s s igna l w a s cons t ructed 
b y Mr. J o h n Fowle r , Pa s t -P re s iden t I n s t . C.E., t h e n res iden t 
eng inee r and m a n a g e r of t h a t l ine. No fixed s igna l was provided 
to cover t h e cont ingency of t w o t r a i n s a r r i v i n g a t t h e j u n c t i o n for 
F e r r y h i l l a t t h e same t ime ; t h i s was considered sufficiently s imple 
to be w i t h i n t h e personal d i rect ion of t h e po in t sman . 

On t h e G r e a t W e s t e r n r a i l w a y a bal l s ignal , F i g . 12, was in­
t roduced about 1837. T h e bal l d r a w n up to the top of t he post, 
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after t h e m a n n e r of a h i g h - w a t e r s igna l , ind ica ted " safety," a n d 
a common s table l a n t e r n was hooked on a t n i g h t ins tead of t h e 
"ball. T h e k i t e s ignal , F i g . 13, w a s m a d e abou t t h e yea r 1838. 
I t consisted of a l i g h t i ron frame, fixed on t h e top of a post, a n d 
covered w i t h canvas moun ted on r ings on t h e top b a r of t h e frame. 
A double s t r i n g served to spread out t h e canvas on e i the r side 
to ind ica te " d a n g e r " or " c a u t i o n , " or to reef i t en t i re ly t o 
ind ica te " s a f e t y . " These s ignals , t h o u g h favour i tes w i t h Mr . 
B r u n e i , gave place i n 1843 to ./the forms shown in F i g s . 14 
to 2 1 . 

I n F i g . 14 t h e s igna l consists of a cross-bar 8 feet long, a n d 
1 foot wide , a n d a disc, 4 feet d iameter , fixed a t r i g h t ang les t o 
t h e cross-bar. T h e p resen ta t ion of t h e cross-bar to t h e d r ive r 
ind ica tes " d a n g e r , " a n d t h e disc (15) " sa f e ty . " I t is w o r t h y of 
no te t h a t , w h i l s t t h e G r e a t W e s t e r n in t roduced t h e disc as a 
" safe ty" s ignal , o the r companies adopted i t as a " d a n g e r " s igna l . 
A t junc t ions , double a r m s a n d double discs were used to govern 
t h e b r anch l ine, F i g s . 16 a n d 17. 

I n 1847 a d i s t inc t ion was m a d e on t h e G r e a t W e s t e r n be tween 
s igna ls for " u p " a n d for " d o w n " l ines . T h e p l a in cross-bar, 
F i g . 14, was appropr i a t ed to t h e u p l ine, a n d for t h e down l ine 
t h e cross-bar was fitted w i t h end pieces or ho rns p o i n t i n g down­
wards , F i g s . 18 and 19. A s ignal , F i g s . 20 a n d 21 , to block bo th 
u p a n d down l ines was m a d e w i t h end pieces p o i n t i n g u p a n d 
down . 

A b o u t the same t i m e the caut ion s igna l , F i g . 22, w a s a d o p t e d ; 
t h e a r r o w pa in t ed red and po in t ing to t h e ra i l s i nd ica ted " danger , " 
and' t h e green side of t h e a r row, F i g . 23, po in t ing from t h e ra i ls , 
" cau t ion ," or " go s lowly." These a r rows referred only to t h e 
l ine n e x t to w h i c h t h e y were placed. T h e p rac t i ce used to be 
to keep t h e d a n g e r s i g n a P o n for five minu te s , t h e n t u r n t h e a r r o w 
to caut ion for five m i n u t e s more, and finally t h e m a i n s igna l , 
F i g . 15, to safety. L a m p s for n i g h t were no t a t first used u p o n 
a l l s igna ls on t h e G r e a t W e s t e r n , b u t w e r e in t roduced gradually.^ 

F o r some years t h e semaphore s igna l has been i n course of appl i ­
cat ion on t h e G r e a t W e s t e r n , a n d i n a shor t t i m e t h e s igna ls 
above descr ibed w i l l have become qu i t e ex t inc t on t h a t r a i lway . 
T h e y are, however , sti l l prefer red to t h e semaphore on t h e Br i s to l 
a n d E x e t e r r a i lway . 

W h e n t h e London and Sou th -Wes te rn w a s opened to Sou th­
ampton , say in 1840, t h e form of s ignal , F i g . 24, w a s in t roduced 
b y t h e l a t e Mr . A l b i n u s M a r t i n . I t consisted of a l i g h t i ron 
f ramework, 5 feet d iameter , covered w i t h canvas or t in , b u t w i t h a 
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semici rcular a p e r t u r e in i t e x t e n d i n g to w i t h i n 6 inches of t h e 
ou te r edge. T h i s disc was m o u n t e d on a cen t r a l p ivot fixed on a 
post . T h e pe r iphe ry of the disc w a s grooved for t h e recept ion of a 
cord. A double cord w a s a t t a c he d to t h e frame of t h e disc, a n d 
b r o u g h t d o w n r o u n d a n adjus table pul ley , nea r t h e g round , so as 
to be w i t h i n convenien t reach of t h e operator , l ike a n o r d i n a r y 
w indow-b l i nd cord, b u t on a l a r g e r scale. T h i s s igna l was m u c h 
used as a cover to s h u n t i n g operat ions , as follows :—If t h e closed 
p a r t w e r e t u r n e d to t h e left as i n F i g . 24, i t ind ica ted t h a t t h e 
lef t -hand road only w a s b locked ; if t h e closed p a r t w e r e to t h e 
r i g h t , as i n F i g . 26, i t i nd ica ted t h a t t h e r i g h t - h a n d road was 
blocked. I f t h e closed p a r t were t u r n e d to t h e top, as i n F i g . 27, 
i t ind ica ted t h a t bo th l ines were blocked, a n d if t h e disc w e r e 
t u r n e d bodi ly , w i t h i t s edge to t h e d r ive r , i t ind ica ted t h a t bo th 
l ines were clear. 

T h e evolut ions above descr ibed were on ly of use d u r i n g t h e 
day : for n i g h t use t w o l amps w i t h red a n d g reen glasses on each 
w e r e fixed on spindles on e i the r side of t h e post , to enable t h e 
s h u n t e r s to show d a n g e r to e i the r or b o t h l ines of w a y . T h i s 
movable disc was a favour i te s h u n t i n g s igna l for n e a r l y t h i r t y 
years , b u t is n o w g i v i n g place to t h e semaphore . 

T h e form of s igna l shown in F i g . 28 was also in t roduced abou t 
t h e same t ime , as a s igna l for one road o n l y ; a n d i t was for a 
long t i m e t h e s t anda rd t ype of d i s t a n t s ignal on t h e London a n d 
Sou th -Wes t e rn r a i lway . T h e disc has a n ape r tu r e on one side 
a n d a l a m p is fixed u n d e r t h e disc and on t h e same spindle . T h e 
p re sen t a t i on of t h e disc w i t h t h e closed p a r t to t h e left h a n d shows 
dange r to an app roach ing t r a i n ; a n d w h e n t h e edge of t h e disc 
is presented , safety is indica ted . A d r ive r coming from t h e 
opposite d i rec t ion sees t h e open side of t h e disc to Ms left hand , a n d 
so is informed t h a t t h e s igna l does no t concern h i m . On t h i s 
l ine , as on t h e G r e a t W e s t e r n r a i lway , double discs were used for 
b r anch l ines. 

A b o u t 1840, on t h e L o n d o n a n d B r i g h t o n , t h e L a n c a s h i r e a n d 
Yorksh i r e , and o the r l ines, t h e s igna l shown in F i g . 29 w a s gene­
r a l l y used. 

A n o t h e r v a r i e t y is shown in F ig s . 30, 31 , i n w h i c h t h e discs a re 
moun ted on a hor izonta l axis , carr ied in bea r ings fixed on t h e top 
of a post . T h i s ha s been used since 1846 as a d i s t a n t s igna l i n 
d i s t inc t ion from t h e semaphore t y p e w h i c h w a s a t first in t roduced 
on some l ines for a " home " s igna l only . 

F i g s . 32, 33 , 34, r ep resen t t h e " dange r , " " cau t ion , " a n d " clear " 
s igna ls respect ively used on t h e Caledonian. 
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T h e above m a y be said to inc lude al l t h e t y p e s of ea r ly s ignals , 
a l t h o u g h m a n y var ie t ies h a v e been made , w i t h s l igh t a n d even 
fanciful differences. Al l these ea r ly s ignals , often puzz l ing a n d 
sometimes conflicting, a re n o w fast g i v i n g w a y to t h e s impler a n d 
more definite semaphore s igna l . 

SEMAPHORE SIGNALS. 

A b o u t t h e y e a r 1841, Mr . C. H . Gregory , Pas t -P re s iden t 
I n s t . C.E., des igned and erected a t N e w Cross t h e semaphore 
s igna l , F i g s . 35, 36. T h i s w a s a n a d a p t a t i o n of t h e old form of 
semaphore used for t e l e g r a p h i n g to shor t d i s t a n c e s ; and h a s 
proved to be, perhaps , the mos t i m p o r t a n t s tep i n t h e deve lopment 
of r a i l w a y s ignals . 

T h e d r a w i n g is a sketch of t h e first s igna l erected, except t h a t 
one a r m only is shown in t h e d r a w i n g for t h e sake of g r ea t e r 
clearness. A t first t h e l amps , w i t h red, g reen , and w h i t e lenses, 
w e r e worked b y a separa te h a n d l e ; b u t soon a pa i r of bevel-wheels 
w e r e added, so t h a t one h a n d l e worked b o t h t h e b lade a n d t h e 
l a m p ; also levers connected b y rods w e r e subs t i t u t ed for pul leys 
connected b y wi re ropes, and coun te rwe igh t s were added to m a k e 
t h e s igna l self-act ing to t h e posi t ion of dange r . 

T h e lef t -hand a r m w h e n in a hor izon ta l posi t ion ind ica ted 
" d a n g e r " to an app roach ing t r a i n ; t h e lef t -hand a r m a t an ang l e 
of 45° proceed w i t h " c a u t i o n ; " a n d t h e a r m a l t oge the r lowered 
" l ine clear." I t n o w appears r e m a r k a b l e t h a t t h i s g r e a t im­
p rovemen t i n s igna l l i ng was n o t a t once gene ra l ly adopted . 
T h e old disc s ignals of va r ious sor ts s t i l l con t inued to be erected, 
and t h e i n t roduc t ion of t h e improved semaphore s ignal was com­
p a r a t i v e l y slow. 

On mos t B r i t i s h ra i lways , t h e t h r e e s ignals " dange r , " " caut ion ," 
a n d " c l e a r " ( F i g . 37) , a re s t i l l used a t i n t e rmed ia t e s ta t ions , a n d 
" s t o p " a n d " c a u t i o n " a t j u n c t i o n s . O n some, as t h e G r e a t 
W e s t e r n , B r i g h t o n , G r e a t Eas t e rn , Met ropol i t an , a n d Sou th -Wes t ­
ern , only " s t o p " a n d " go o n " ( F i g . 38) , a n d o the r companies 
seem inc l ined to adop t t w o s igna ls only. T h i s t h e A u t h o r 
conceives t o be r i g h t , for whe reve r t h e block sys tem is i n use 
t h e " c a u t i o n " s igna l means precisely t h e same as t h e " c l e a r " 
s ignal , viz. , " go on to t h e n e x t s i gna l -pos t ; " a n d if no t , t h e n n o 
amoun t of caut ion wi l l afford sufficient secur i ty . T h e r e is a n o t h e r 
reason for t h e abol i t ion of t h e cau t ion s ignal , and t h e adopt ion 
of t h e 45° s igna l (or s t i l l b e t t e r 60°, as on t h e G r e a t W e s t e r n ) , 
viz., w h e n t h e a r m is comple te ly down, t h e s igna l is pos i t ive ly 
absent, t h u s i n a measure r e v e r t i n g to the sys tem (now found to be 
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insufficient) t h a t absence of s igna l means safety. On t h e o the r 
hand , t he hor izon ta l a rm for " s top " and t h e a r m lowered 60° can 
a l w a y s be seen. A n arc of 60° is preferable to 45°, as i t is less 
un favourab ly influenced b y va r i a t ions in t h e l e n g t h of t h e s ignal 
wi res , caused b y changes of t e m p e r a t u r e . 

N o w t h a t so m a n y a r m s a re fixed on one post, or on posts n e a r 
toge ther , i t is more t h a n ever desirable t h a t al l s igna l a rms should 
a t a l l t imes be d i s t inc t ly in view, so as to d imin i sh t h e l ikel ihood 
of one be ing m i s t a k e n for ano the r . 

A s igna l is said to be " o n " w h e n i t is a t danger , a n d "o f f " 
w h e n a t caut ion or clear. 

A l t h o u g h d i s t a n t s ignals were no t gene ra l l y used u n t i l long 
after t h e in t roduc t ion of t h e semaphore , disc s ignals cont inued to 
be p u t u p for d i s t an t s ignals , a n d t h e i n t roduc t ion of t h e sema­
phore was for a long t i m e l imi ted to t h e j u n c t i o n or s t a t ion 
s ignals ; and hence arose a special and l imi ted use of t h e word 
" semaphore ," as m e a n i n g " home s i g n a l " — a l imi ted use of t h e 
word w h i c h cont inues to t h i s day, even a l t h o u g h al l t h e s igna ls 
m a y be of semaphore t ype . 

F igs . 39, 40, r epresen t t h e present o r d i n a r y semaphore s igna l , 
w i t h l a m p and glasses for n i g h t use. Sometimes t h e l amps are 
fitted w i t h i n t e r n a l coloured glasses, movable e i the r in a ve r t i ca l 
or a r evo lv ing direct ion ; b u t t h e u^ual p l a n is to have a fixed 
l amp , a n d movable ex t e rna l coloured spectacles. B y u s i n g red 
a n d g reen l i g h t s only, if a coloured glass falls out t h e l i g h t is 
shown whi t e , a n d t h u s a d r i v e r is able to w a r n a s igna lman of 
t h e defec t ; whereas , if red, green, and w h i t e a re used, t h e fa l l ing 
out of a red glass would no t be detected, because t h e d r ive r wou ld 
consider t h e l i g h t g iven as w h i t e ( b y reason of t h e fai lure of t h e 
coloured glass) as a genu ine " clear " s ignal . F i g . 41 shows t h e 
l i g h t a n d e legant posts of Messrs . S tevens and Sons, of l a t t i ce 
i r o n ; F i g . 42, t h e i ron posts made b y t h e E i b b o n Pos t Company. 

I n fixing s ignals i t is f requen t ly necessary to m a k e t h e m v e r y 
h i g h , in order to ob ta in a sky backg round . On t h e N o r t h 
London , w h e r e t h e l ines a re m u c h enclosed b y houses, t h e s ignal-
posts a re sometimes u p w a r d s of 60 feet h igh , and i t t h e n becomes 
necessary to fix dupl ica te a r m s low d o w n on t h e post. I n F i g . 43 , 
t h e h i g h a r m is seen aga in s t t h e sky from a d i s t a n c e ; and as t h e 
d r ive r approaches t h e post, and t h e h i g h a r m is less d i s t i ngu i sh ­
able, t h e lower a r m becomes more so. T h e t w o a rms , a n d of 
course t h e glasses of t h e l igh t s also, a re moved toge the r b y t h e 
same mechanism. 

I t is often convenient to p u t several a r m s r e l a t i n g to as m a n y 
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roads on one post . F o r some t i m e j u n c t i o n s ignals were f requen t ly 
so a r ranged , b u t t h i s ha s n o w been g iven u p for t h e fol lowing 
reason : — I n F i g . 44, if t h e s ignal -post p lan ted i n t h e fork carr ied 
al l t h e four s igna l s—up and down ma in , u p and d o w n b r a n c h — a s 
t h e ru le is for a d r ive r to s top at a s ignal-post , one d r i v e r m i g h t 
come a long t h e l ine x as far as t h e post , and i n do ing so have 
' fou led ' t h e b r a n c h l ine, w h e n a t r a i n a r r i v i n g from y would cu t 
t h e first in two . T h i s led to t h e p l an of p u t t i n g t h e down 
s ignals on one post i n front of t h e swi tches , a n d t h e u p s ignals 
i n t h e fork (or vice versa, as t h e case m a y be) , a n d t h u s a d r ive r 
a r r i v i n g from t h e d i rec t ion x would s top a t t h e s ignal -pos t A, 
and one a r r i v i n g from y wou ld s top a t t h e s igna l -pos t B . 

A sti l l b e t t e r p l an a t j u n c t i o n s is to have a separa te s ignal-post 
for each l ine . 

F i g . 45 shows a case i n w h i c h i t is necessary i n a s ta t ion-
y a r d to exh ib i t several s igna ls on one post to p rov ide for as m a n y 
roads . 

U n t i l recen t ly i t w a s usua l , t h o u g h t h e p rac t i ce was no t 
un iversa l , to p u t t h e main- l ine s igna l a t t h e top, a n d t h e n i n 
ro ta t ion , t h e m a i n pla t form, t h e goods, a n d t h e t h r o u g h cross ing 
or o the r subord ina te l ine . 

A n o t h e r p l an is to m a k e t h e top s igna l refer to t h e road far thes t 
to t h e left hand , t h e n e x t s ignal to t h e n e x t road, a n d so on. 

T h e first me thod has t h e a d v a n t a g e t h a t t h e d r ive r of a n express 
t r a i n a lways knows t h a t t h e top s igna l is the one for h im, r e g a r d ­
less of w h a t s ta t ion i t m a y be, and of t h e a r r a n g e m e n t of t h e l ines . 
On t h e n e w p lan t h e d r ive r has to r e m e m b e r n o t on ly w h e r e he is, 
b u t also t h e a r r a n g e m e n t of t h e roads a t t h a t place, and t h e n h e 
has to p ick out h i s s igna l accordingly , w h i c h m a y be t h e first a t 
one place, a n d t h e second, t h i r d , or four th a t o thers . 

Ano the r modification of severa l s igna ls on one post is shown 
i n do t ted l ines i n F i g . 46, i n w h i c h t h e s igna l f a r thes t to t h e left 
h a n d also refers to t h e road fa r thes t to t h e left. A l t h o u g h n o t 
l ong in t roduced , i t is a l r eady found necessary to g ive some' p re ­
ferent ia l d i s t inc t ion to t h e m a i n l ine . T h i s is done b y m a k i n g 
t h e main- l ine s igna l t h e h ighes t , t h e p la t form s igna l t h e nex t , and 
so on. T h u s a d r ive r on t h e m a i n l ine af ter a l l k n o w s h i s s igna l 
no t b y i t s pos i t ion w i t h reference to t he r i g h t or t h e left h a n d , 
b u t from i t s be ing t h e h ighes t . T h e r e seems therefore to be no 
compensa t ing a d v a n t a g e for t h e g r e a t a m o u n t of top w e i g h t a n d 
consequent i n s t ab i l i t y incu r red b y t h e n e w a r r a n g e m e n t . 

T h e London a n d N o r t h - W e s t e r n Company m a k e t h e fol lowing 
d i s t inc t ions of s ignal-blades , F i g . 47. 
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T o p b lade p la in is for t h e m a i n l ine. 
Second blade, w i t h an a n n n l a r p l a t e 15 inches d iamete r , fixed 

flat on t h e b lade and nea r t h e end of i t , i s for t h e a u x i l i a r y l ine . 
A b lade w i t h a p l a t e i n t h e form of a n S refers t o a s id ing . 
On t h e B r i g h t o n r a i lway , d i s t a n t s ignal -b lades a re somet imes cut , 

F i g . 48, for t h e sake of d i s t inc t ion w h e r e s igna l s a re n u m e r o u s . 
Several companies p a i n t t h e n a m e s of t h e different s ignals on t h e 

blades . 
T h e semaphore s igna l is n o w r a p i d l y supersed ing a l l o the r t y p e s 

of m a i n a n d b r a n c h l ine s ignals , a n d w i l l soon be un ive r s a l as a 
means of g u i d i n g t r a i n s on the i r j o u r n e y . T h e only o the r t y p e 
l ike ly to be of con t inued service is t h e disc, as a s igna l to t r a i n s 
w h i c h have to t respass on t h e m a i n l ine i n t h e course of s h u n t i n g 
opera t ions . 

F i g s . 49, 50, r epresen t a g r o u n d ind ica to r i n genera l u s e ; 
sometimes to show t h e posi t ion of swi tches for s h u n t i n g purposes , 
b u t w h e n worked b y a separa te lever in a lock ing frame, i t forms 
a good s igna l for l e a v i n g a s id ing or for go ing t h r o u g h a cross-over 
road. T h e a d v a n t a g e of t h i s s igna l for these purposes is t h a t i t is 
l ow down on t h e g round , a n d is u s u a l l y seen on ly b y t h e persons 
w h o m i t concerns. 

I t consists of a l a m p w i t h r ed a n d g reen lenses a n d correspond­
i n g discs fixed on t h e l a m p ; t h e l a m p is car r ied b y a n i n t e r n a l 
sp ind le h a v i n g a shor t a r m keyed on to i t , and a rod or w i r e t u r n s 
t h e l a m p t h r o u g h an a rc of 90°. I t s n o r m a l posi t ion is w i t h t h e 
red lens t o w a r d s t h e s iding, a n d t h e g reen lens b e i n g t u r n e d 
t owards t h e s i d i n g b y t h e s i g n a l m a n g ives permiss ion to come o u t 
of i t . 

A n o t h e r disc for these purposes, on t h e B r i g h t o n l ine, is s imi la r 
in cons t ruc t ion a n d ind ica t ion to t h a t shown in F i g s . 30, 3 1 , 
excep t ing t h a t one disc only is used 15 inches i n d iameter , a n d t h e 
post is on ly abou t 4 feet or 5 feet h i g h . 

A s igna l for l e av ing a s id ing ( F i g . 51) has been l a te ly des igned 
b y Mr. Blackal l of t h e G r e a t W e s t e r n . I t consists of a smal l 
semaphore a rm, a n d a pa i r of r ed a n d w h i t e lenses fixed a t a n 
ang le of 45°, so as to t h r o w t h e l i g h t u p w a r d s . T h i s s igna l can 
easily be m a d e so as to be visible only from t h e s id ing a n d no t from 
a d is tance on t h e m a i n l ine . 

A n o t h e r useful purpose to w h i c h a smal l disc s igna l ( F i g . 52) 
m a y be appl ied can be seen a t t h e Vic tor ia S ta t ion . T h e p la t ­
forms are a l l furnished w i t h d e p a r t u r e s igna l s of t h e semaphore 
t y p e , a n d in add i t ion to these t h e r e is a smal l disc s igna l 
a p p e r t a i n i n g to each p la t form, fitted on t h e opposi te side of t h e 
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post. T h e discs a re used to show t h a t ca r r iages s t a n d i n g t he r e 
m a y be s h u n t e d across t h e m a i n l ines to t h e ca r r i age s id ings 
abou t I mi l e off. These smal l discs ( l ike t h e semaphores) a re 
moved solely b y levers i n t h e lock ing a p p a r a t u s , a n d can on ly be 
" g i v e n " af ter a l l necessary swi tches h a v e been set to su i t t h e 
opera t ion abou t to be performed. T h e a d v a n t a g e of these discs 
for t h i s purpose is , t h a t each post a l r e ady carr ies t w o semaphore 
a rms r e l a t i n g to t w o p l a t f o r m s ; a n d d i s t inc t s igna ls b e i n g r equ i red 
for t h e ca r r i age s h u n t i n g , i n a s m u c h as t h e ca r r i age s h u n t i n g 
crosses t h e m a i n l ines, t h e d i s t i nc t t y p e of s igna l h a s a n a d v a n t a g e 
i n b e i n g less l ike ly to be m i s t a k e n . 

Semaphore blades of a sma l l e r size a r e somet imes used for t h e 
same purpose . 

DISTANT SIGNALS. 

S igna l s placed a t a d i s tance i n advance of t h e po in t of d a n g e r 
w e r e first i n t roduced in Scot land, af ter t h e o p e n i n g of t h e 
j u n c t i o n of t h e H a w i c k b r a n c h w i t h t h e m a i n l ine from E d i n ­
b u r g h to Berwick i n 1846. T w o board s ignals , s imi la r to F i g . 1, 
w e r e erected, one for t h e pro tec t ion of t h e u p l ine , a n d t h e o the r 
for t h e down l ine . These were placed abou t 50 y a r d s on e i the r 
side of t h e po in t sman ' s box, i n front of w h i c h t h e swi t ch hand les 
w e r e concent ra ted . T h e po in t sman , h a v i n g to w a l k to a n d fro to 
these s igna ls m a n y t imes i n a day , a r r a n g e d a wi re , w i t h a few 
cha i r s as a back ba lance-weigh t , so t h a t he could from h i s box p u l l 
e i the r s igna l to " safety." T h i s w a s found to be such a convenience 
t h a t a d i s tance s igna l w a s p u t u p a t St. M a r g a r e t s , n e a r E d i n b u r g h , 
250 y a r d s i n advance of t he po in t of d a n g e r ; a n d after t h i s d i s t a n t 
s igna ls became genera l . T h e i r ind ica t ions a n d w o r k i n g a re j u s t 
t h e same as t h e o r d i n a r y s ignals , w i t h t h e s imple difference t h a t 
ins tead of be ing worked b y a h a n d l e a t t h e post , t h e y a re worked 
b y a lever a t a d i s tance p u l l i n g on a w i r e to b r i n g t h e s igna l to 
" s a f e t y " ( F i g . 53) , a n d a ba l ance -we igh t a n d lever fixed on t h e 
post res tore t h e s igna l to d a n g e r upon t h e w i r e b e i n g re laxed. I f 
from a n y acc ident t h e w i r e should be b roken t h e s igna l goes to 
t h e " s top " posi t ion. 

T h e G r e a t N o r t h e r n r a i l w a y w a s , a t i t s cons t ruc t ion i n 1852, 
comple te ly fitted w i t h d i s t a n t s igna ls of t h e semaphore t y p e , a n d 
th i s was , the A u t h o r bel ieves, t h e first i n s t ance of t h e k ind . 

I n pract ice d i s t a n t s igna l s a r e used i n t w o w a y s : — 
1. W h e r e t h e d i s t a n t s igna l is lowered first, and ac ts on ly as an 
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i n t e r m e d i a t e s igna l , t h e d r i v e r b e i n g expected to be p repared to 
p u l l u p a t t h e home or s t a t ion s igna l . T h i s is t h e prac t ice a t a l l 
s ta t ions on t h e Met ropo l i t an , b u t no t a t j u n c t i o n s . 

2. W h e r e t h e d i s t an t s igna l is lowered on ly after t h e home s i g n a l 
ha s been set to " go on." I n t h i s case a d r i v e r finding a d i s t a n t 
s igna l aga ins t h i m d r a w s w i t h i n i t s lowly, wh i s t l e s to t h e s igna l ­
m a n , a n d p repares to p u l l u p a t t h e h o m e s igna l , if i t should 
s t i l l be aga in s t h im. If, on t h e o the r h a n d , t h e d i s t a n t s igna l 
is a t " go on," t h e d r i v e r expec ts to find t h e home or j u n c t i o n 
s igna l t h e same, a n d o rd ina r i l y does n o t p u l l u p . 

I n order to secure comple te ly t h i s safe p lan , i t is des i rab le to 
h a v e t h e d i s t an t and t h e home s igna ls to in te r lock w i t h each other , 
so t h a t t h e d i s t a n t s igna l canno t be g i v e n u n t i l after t h e home 
s i g n a l ; for i t h a s happened t h a t a s i g n a l m a n has g iven t h e d i s t a n t 
s igna l w h i l s t t h e j u n c t i o n w a s s t i l l foul, expec t ing to ge t i t c lear 
before t h e a r r i v a l of t h e t r a i n , w h i c h t h e even t showed he w a s n o t 
able to do. 

Separa te d i s t a n t s igna ls should also be fixed for each road, 
because, if not , t h e r e is n o t h i n g to show t h e d r ive r w h e t h e r t h e 
r i g h t road is p repa red for h i m or not . 

I f on ly one d i s t an t s igna l be used, t h e n i t o u g h t to be locked, so 
t h a t i t canno t be g iven if a b r a n c h road, goods road, or s id ing , i s 
o p e n ; a n d for these t h e d r ive r should creep w i t h i n t h e d i s t a n t 
s igna l u n t i l he could see t h e j u n c t i o n s igna ls . T h e g i v i n g of a 
d i s t a n t s igna l o u g h t to imp ly a clear road for t h e m a i n l i n e ; a n d 
if i t be desired to ind ica te a clear road for t h e b r a n c h also, i t can 
on ly be done sat isfactor i ly b y a separate arm on t h e d i s t a n t s igna l 
post , as shown a t x, i n F i g . 44. 

Somet imes w h e n t h e s igna l is r o u n d a curve , or i n a c u t t i n g , 
double d i s t a n t s igna l s a re u s e d ; e.g., one s igna l is fixed a t abou t 
1,000 ya rds , a n d one a t abou t 400 ya rds . A d r i v e r finding t h e 
first one a g a i n s t h i m d r a w s ins ide i t , and goes a t reduced speed 
to t h e second—by t h a t t i m e t h e second m a y be in h i s favour, 
b u t if no t he d r a w s v e r y s lowly w i t h i n i t . T h e second s igna l ha s 
also t h i s a d v a n t a g e : t h e first m a y be ou t of s i g h t of t h e s i g n a l m a n 
b u t t h e second i n s igh t , and h e can t h u s see t h a t t h e s ignals a re 
w o r k i n g p roper ly . 

D i s t a n t s igna ls a re somet imes fixed a t 1,500 ya rds , b u t beyond 
800 y a r d s the i r ac t ion is a l w a y s more or less unce r t a in , a n d should 
be checked b y a repea ter . W h e r e t h e s igna l -pos t is round a curve , 
or is in a n y w a y obscured from v iew, such a r epea te r should also 
be fitted. 

A n electr ic r epea te r is a m i n i a t u r e a r m beside t h e s igna lman , 
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control led b y an e lec t ro-magnet , t h e c i rcu i t of w h i c h is comple ted 
or i n t e r r u p t e d b y a contac t make r fixed on t h e signal-post , a n d 
t h u s t h e movemen t s of t h e s igna l a re repea ted on t h e m i n i a t u r e . 

A mechan ica l r epea te r is a smal l disc or s igna l -a rm beside t h e 
s ignal lever , worked b y a r e t u r n w i r e from t h e s i g n a l ; t h u s , w h e n 
t h e r e p e a t i n g disc or a r m moves in consonance w i t h t h e expecta­
t i on of t h e operator , i t shows t h a t t h e d i s t a n t s ignal has also been 
moved as in tended . Mechanica l repea te rs a re i n use for a l l d i s t a n t 
s ignals on t h e Met ropo l i t an r a i l w a y . 

W 7here t h e d i s t an t s ignal of one s ignal -box is n e a r t h e home 
s ignal of ano the r s ignal-box, F i g . 146, a useful con t r ivance is t h e 
" s lot ted " s igna l , b y w h i c h one s igna l does d u t y for bo th purposes . 
I n F i g . 146 t h e same s ignal -blade C acts as home s igna l for s igna l -
box A, a n d as d i s t an t for s ignal-box B . T h e rod E ( F i g . 54) 
which ac tua tes t h e s igna l ha s a slot in i t , a n d is loaded b y t w o 
w e i g h t e d levers , t h e one b e i n g control led b y s igna lman A, and t h e 
o the r b y B , e i ther w e i g h t b e i n g sufficient to p u t t h e s igna l " on." 
T h u s e i ther m a n can keep t h e s igna l " on," b u t i t r equ i res t h e 
consent of bo th to t a k e i t " off." T h i s s igna l is ex tens ive ly used. 

Stop s ignals a re sometimes placed be tween a d i s t an t s igna l and a 
home s igna l of a busy s ta t ion, to a l low t r a i n s to s top u n d e r cover 
of t h e m in readiness to en te r t h e s ta t ion as soon as o p p o r t u n i t y 
offers. 

S imi lar ly , advance s igna ls are placed a l i t t l e beyond t h e exi t of 
a s ta t ion to al low t h e s ta t ion to be cleared of d e p a r t i n g t r a in s . A 
t r a i n m a y go as far as t h e advance s ignal , and w a i t u n t i l informed 
b y i t t h a t t h e l ine is clear to t h e n e x t s ta t ion . 

INDICATORS. 

T h e A u t h o r bel ieves t h a t t h e semaphore a n d disc s igna l s a re t h e 
on ly k inds l ike ly to con t inue i n use, b u t before t h e sys temat ic 
in t roduc t ion of lock ing a p p a r a t u s several forms of swi t ch indica tor 
d id good serv ice ; t h e t y p e most used be ing Stevens 's , F i g s . 55, 56. 
I t consisted of a s igna l -a rm m o u n t e d in a Y-shaped frame, ac tua ted 
b y a rod w h i c h received i t s mot ion from t h e swi tches . T h e b lade 
la id to t h e r i g h t or left ind ica ted w h i c h w a y t h e swi tches w e r e 
s t and ing . Below t h e a r m w a s an a r r a n g e m e n t of coloured glasses 
a n d l a m p for n i g h t use. Var ious forms of l a m p close to t h e g r o u n d 
have also been t r i ed for showing t h e posit ion of a n y p a r t i c u l a r set 
of swi tches . 

T h e G r e a t W Testern indica tor is shown in F ig s . 57, 58. 
Deas and Kapier ' s post ind ica tor i n F i g s . 59, 60. T h e s igna l -
[1873-74. N.S.] c 
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blade a n d t h e spectacle-frame a re u n i t e d a n d h a n g on a p ivot , 
t h e spectacle-frame b e i n g heav ie r t h a n t h e b lade . U p o n a s tud 
a shor t d is tance from t h e cen t ra l p ivot h a n g s a rod, and w h e n t h e 
w e i g h t of th i s rod is on t h e s tud i t causes t h e b lade to overbalance 
t h e spectacle-frame, a n d so b r i n g s t h e b lade down and t h e glasses 
u p to s a f e ty ; t h e o the r end of t h i s rod is connected to t h e balance-
w e i g h t of t h e swi tches , so t h a t an a m o u n t of movemen t no t sufficient 
to be dange rous to t h e swi tches wou ld ye t lift t h e rod far enough 
to a l low t h e s igna l to go fully to t h e " s top " posi t ion. 

These indica tors , as also t h e t y p e s shown in F i g s . 61 , 62, 63 , 
a r e ex tens ive ly used in Russia , Aus t ra l i a , South America , and o ther 
c o u n t r i e s ; b u t for c rowded traffic t h e y a re a l toge ther insufficient, 
a n d t h e y are now superseded b y more secure contr ivances , to be 
hereaf ter described. 

SELF-ACTING SIGNALS—GIVING AN INTERVAL OF TIME. 

D u r i n g t h e l a s t t h i r t y yea r s numerous i n v e n t i o n s have been 
t r ied on r a i lways , for t he purpose of showing t h e l e n g t h of t ime 
w h i c h h a d elapsed since t h e l as t t r a i n passed. Mr. C u r t i s on t h e 
G r e a t "Western, Mr . Gibson on t h e Nor th -Eas t e rn , Mr . Baro-
n ow sk i on t h e N o r t h London, h a v e al l m a d e prac t ica l con t r ibu­
t ions i n t h i s di rect ion. Mr. Baronowsk i ' s i nven t ion consisted of a 
mercu r i a l column, w h i c h was filled b y t h e mot ion of a lever 
( F i g . 64) ac tua ted b y t h e wheels of a pass ing t r a i n . T h e m e r c u r y 
passed freely in to t h e column t h r o u g h a l a rge va lve i n t h e pis ton, 
a n d d r ipped s lowly out of i t t h r o u g h a smal l ape r tu re . T h e 
descent of t h e m e r c u r y i n t h e co lumn ac tua ted a s igna l w h i c h 
could be seen b y t h e d r ive r of a pass ing t r a i n . 

SELF-ACTING SIGNALS—GIVING AN INTERVAL OF SPACE. 

Yar ious a t t e m p t s h a v e also been m a d e to r ende r t h e s ignals of 
r a i l w a y s self-acting, so as to g ive a n i n t e r v a l of space ins tead of, 
or i n addi t ion to , an i n t e rva l of t ime . 

Sometimes t h e smal l a p e r t u r e in Baronowski ' s a p p a r a t u s w a s 
control led b y a cock, w h i c h w a s opened b y a w i r e ac tua ted b y 
m e a n s of t h e gear a t t h e n e x t s igna l s ta t ion . 

I n 1864 Mr . F u n n e l l m a d e a series of s ignals ( F i g . 65) for t h e 
B r i g h t o n r a i l w a y . These were fixed be tween B r i g h t o n , Shoreham 
a n d L a n c i n g . T h e i r ac t ion w a s as follows :-— Suppose an eng ine 
s t a r t ed from A, b y means of a t read le i t p u t t h e s igna l a t A to 
d a n g e r . W h e n t h e eng ine a r r ived a t B i t p u t a s i gna l to dange r 
a t B , and t h e same mot ion b y means of a contac t sp r ing completed 
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an electr ic c i rcui t , w h i c h passed a c u r r e n t of e lec t r ic i ty t h r o u g h 
an e lec t ro-magnet fixed a t A, a n d t h u s released t h e A s ignal . 
S imi la r ly w h e n t h e t r a i n a r r i ved a t C, t h e C s igna l was p u t to 
d a n g e r and t h e B s igna l to safety. These s igna ls were in use for 
some t ime , b u t were finally abandoned as t h e wi re s were con­
s t a n t l y e i the r purpose ly or acc identa l ly b roken . 

On t h e N o r t h London, t h e Lancash i r e a n d Yorksh i re , t h e 
Br igh ton , t h e Sou th -Eas te rn , and o the r l ines , a lever has been 
used for r e s to r ing s igna ls to t h e " s top " posi t ion, b y t h e wheels 
of a pass ing t r a in . T h i s a r r a n g e m e n t somet imes did good service 
w h e n t h e s ignals were w o r k e d b y t h e por t e r s of t h e s ta t ions , 
a n d t h e y omi t ted to res tore t h e s igna ls to " s top " w i t h sufficient 
p rompt i t ude . Now, however , these levers h a v e a l l been t a k e n out . 

A n o t h e r scheme has l a t e ly been b r o u g h t forward for w o r k i n g 
t h e po in t s and s igna ls of a j u n c t i o n b y levers w h i c h t h e eng ine 
d r ive r could p resen t from t h e u n d e r side of t h e eng ine to gea r 
fixed be tween t h e r a i l s ; bu t , suppos ing a perfect sys tem of self-
ac t ing s igna ls to be devised capable of w o r k i n g as a self-act ing 
block sys tem w i t h o u t t h e expense of a s igna lman , i t wou ld s t i l l 
be necessary to overlook each set eve ry day to see t h a t t h e y were 
in proper w o r k i n g order. A g a i n , such self-act ing sys tem would 
only be appl icable to long s t re tches of road free from s t a t ions or 
junc t ions , because a t s ta t ions and j u n c t i o n s t he r e m u s t be some 
in t e l l i gen t control of t h e s ignals , t h e i r use a t such places b e i n g 
of a charac te r too va r i ed to be reducib le to a n a u t o m a t i c 
mechanism. Such long s t re tches of road a r e so r a r e l y to be found 
in t h i s count ry , t h a t i t wou ld no t be w o r t h w h i l e to in t roduce an 
except ional sys tem even if i t we re perfect. 

AUDIBLE SIGNALS. 

T h u s far v is ible s igna l s on ly h a v e been t r ea t ed of; i n foggy 
w e a t h e r i t is necessary to supp l emen t t h e v is ib le s igna ls b y a 
s ignal w h i c h sha l l appea l to t h e ear. I n t h e y e a r 1841 Mr. E . A . 
Cowper, M. In s t . C.E., des igned t h e de tona t i ng fog-signal n o w 
universa l ly used on t h e r a i lways of t h i s count ry . I t consists of a 
t h i n m e t a l case, 2 inches in d i amete r a n d % inch deep, furnished 
w i t h t w o leaden ears w h i c h can be r ead i ly b e n t down, so as 
to embrace t h e head of t h e ra i l , a n d p r e v e n t i t fal l ing off. 
( F i g . 66.) A smal l q u a n t i t y of gunpowder is placed in t h e case, 
a u d is exploded b y t h e compression of one or t w o matches as t h e 
wheel of t h e eng ine passes over t h e case. T h e matches are of t h e 
k ind former ly called " P r o m e t h e a n m a t c h e s ; " t h e y are made w i t h 
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a smal l glass b u l b of su lphur i c acid inclosed i n a l i t t l e chlora te of 
po tash and sugar , or o ther combust ib le wrapped i n paper , and a re 
v e r y cer ta in in t h e i r act ion. Eecen t ly , d e t o n a t i n g powder has 
been subs t i t u t ed i n some cases. I n t h e first ins tance , Mr . C. H . 
Gregory , Pas t -P re s iden t I n s t . C.E., a l lowed t r i a l s to be -made on 
t h e Croydon ra i lway , w h e r e t h e efficiency of t h e n e w s igna l was so 
t ho rough ly demons t ra ted t h a t i t was adopted shor t ly a f te rwards . 
I n the fol lowing year i t was in t roduced on t h e London and B i r ­
m i n g h a m , a n d soon after on r a i l w a y s gene ra l ly . No t only a re a l l 
s ta t ions furnished w i t h a supply , b u t gua rds , s igna lmen, a n d 
gange r s a re requ i red to have cons tan t ly a t h a n d a ce r ta in n u m b e r 
of these fog-signals. 

E a c h p la te- layer has h i s appo in ted place a t some s ignal -post , 
and be ing furnished w i t h a supp ly of fog-signals, he uses t h e m as 
follows :—Wheneve r a s igna l - a rm is a t s top he places a fog-signal 
on t h e l ine served b y t h a t s i g n a l ; w h e n e v e r t h e s igna l is p u t 
t o safety he t akes t h e fog-signal off t h e l ine a g a i n . 

Cont r ivances h a v e been proposed for p u t t i n g fog-signals on t h e 
r a i l b y mechanica l means , so t h a t , wheneve r a danger - s igna l was 
exhib i ted , a fog-signal should be presen ted to t h e ra i l . O the r 
cont r ivances h a v e also been proposed to s igna l to t h e d r i v e r b y 
means of a bell or wh i s t l e on t h e eng ine w i t h o u t t h e use of a 
d e t o n a t i n g signal . One sys tem of t h i s k i n d is i n use on t h e 
N o r t h e r n E a i l w a y of F rance , b u t i t is s u b s t a n t i a l l y t h e same as 
t h a t fixed i n 1865 on t h e N o r t h B r i t i s h r a i l w a y ( F i g s . 67 and 68), 
a t t h e sugges t ion of Mr. J o h n Anderson, Secre tary of t h e Cal lander 
a n d Oban r a i lway . On t h e engine , tender , or gua rd ' s v a n w a s 
fixed a gong, bell , or whis t le , to be ac tua t ed b y the m o v e m e n t 
of a lever h a n g i n g down from t h e u n d e r side of t h e eng ine or 
b reak-van , t h i s lever reached w i t h i n a few inches of t h e g round , 
a n d i t s t e r m i n a l end carr ied a pu l l ey or rol ler . 

W h e n a n y s igna l was p u t to danger , a cor responding inc l ined 
p lane , P , w a s slid i n to a c en t r a l posi t ion be tween t h e ra i ls , so t h a t 
if an eng ine should pass i t , t h e rol ler of t h e lever would touch t h e 
incl ined p lane , and t h e l ever would t h e r e b y be e levated to t h e 
posi t ion shown i n do t ted l ines , and t h e s igna l a p p a r a t u s on t h e 
eng ine or b reak -van p u t i n mot ion . W h e n t h e danger - s igna l w a s 
t a k e n off, t h e wedge-shaped block was slid l a t e ra l ly abou t 6 inches , 
so as to clear t h e lever h a n g i n g d o w n from t h e engine . T h i s 
a p p a r a t u s was fully tes ted d u r i n g e igh t m o n t h s , w h e n i t was 
approved. Anderson ' s appa ra tu s w a s also useful in case of r epa i r 
of t h e l i n e ; t h e p la te - layers b e i n g furnished w i t h a wedge-shaped 
block of wood, h a d only to spike i t to t w o sleepers \ mi le in 
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advance, to ensure a d r ive r rece iv ing t ime ly w a r n i n g t h a t r epa i r s 
were go ing on. 

E a i l w a y s i gna l l i ng has afforded m a n y s t r i k i n g i l l u s t r a t ions of 
t h e t r u i sm t h a t " i n v e n t i o n repeats i tself ;" a n d in t h e t y p e of 
s igna l n o w u n d e r considerat ion t h i s has been especially exem­
plified. Mr. A g e r has , d u r i n g t h e las t th ree years , fixed severa l 
s ignals on t h e London , C h a t h a m a n d Dover r a i lway , t h e same 
as Mr. Anderson ' s except t h a t , ins tead of s l id ing a solid inc l ined 
p l ane i n a l a t e ra l d i rec t ion to mee t t h e depend ing lever from t h e 
engine , he adopts a steel s p r i n g abou t 6 feet long ( F i g s . 69, 70) , 
moun ted on a ba r w h i c h t u r n s on j ou rna l s a t each end, so t h a t 
w h e n t h e b a r is caused to perform one q u a r t e r of a revolu t ion 
t h e s p r i n g is l a id flat, as shown in do t t ed l ines in F i g . 70, 
and is t h u s t a k e n ou t of t h e w a y of t h e gear on t h e engine . I f 
a n eng ine comes u p w h e n t h e s igna l is a t danger , i t wou ld find 
t h e s p r i n g in t h e ve r t i ca l direct ion, and t h e lever or rod ( furn ished 
w i t h a ro l le r ) h a n g i n g down from t h e eng ine ( F i g . 69) s t r ikes t h e 
s p r i n g a n d t h u s receives mot ion sufficient to open t h e whis t l e on 
t h e engine . 

T h e a p p a r a t u s on t h e N o r t h e r n E a i l w a y of F r a n c e is iden t ica l 
w i t h Mr . Anderson 's , w i t h t h e except ion t h a t , ins tead of a lever 
u n d e r t h e eng ine , t he re is a meta l l i c b rush , wh ich , coming i n 
contac t w i t h t h e inc l ined p lane , completes a n electr ic c i rcui t . 
T h i s causes an e lec t ro-magnet on t h e eng ine to open a smal l 
s t eam-whis t l e w h i c h cont inues sound ing u n t i l t h e d r i v e r s tops 
i t , t h u s a r r e s t i n g h is attention—provided a l l goes wel l w i t h t h e 
a p p a r a t u s . I f aud ib le s ignals were adopted in add i t ion to vis ible 
s ignals , t he r e would be a t endency to cease to look out for v is ible 
s ignals , a n d too g r e a t dependence wou ld be placed on t h e aud ib le 
s igna ls . A dr iver , so long as he hea rd no s ignal , wou ld p resume 
t h a t a l l was in h i s favour. Now, qu i t e a p a r t from possible fai lures 
of t h e a p p a r a t u s , t h i s wou ld be s e t t i n g u p t h e p r inc ip le t h a t 
absence of s igna l impl ies permiss ion. 

A l l p l ans of aud ib le s igna l s r e v e r t to t h e old idea of "giving 
danger signals" a sys tem inadequa t e to t h e r equ i r emen t s of E n g l i s h 
r a i lways . 

A n o t h e r form of aud ib l e s ignal , free from t h e objection above 
stated, has been cont r ived b y Mr . E . B u r n , j u n . T h i s is i l l u s t r a t ed 
m F i g s . 71 , 72. I f t h e s igna lman should deem i t advisable to g ive 
an audib le s igna l i n addi t ion to t h e o rd ina ry s ignal , he moves a n 
add i t iona l or s u p p l e m e n t a r y lever ( F i g . 71), wh ich causes a ca tch 
to t a k e in to t h e r a t c h e t whee l c a r r y i n g t h e s igna l wi re , wh ich is 
s lackened sufficiently to a l low t h e t read le to r ise above ra i l level 



2 2 ON THE FIXED SIGNALS OF RAILWAYS. 

and present a n incl ined p l ane to t h e lever or o the r gear fixed on 
t h e eng ine to receive t h e s igna l . T h i s aud ib le s igna l has t h e 
a d v a n t a g e of no t a l w a y s sound ing t h e wh i s t l e as a m a t t e r of course 
w h e n t h e semaphore is a t danger . 

OF SWITCHES AND THEIR CONNECTIONS. 

I n t h e ea r ly days of r a i l w a y s , swi tches consisted on ly of t w o 
po in t ed ra i l s abou t a y a r d long, p ivoted a t t h e heel ends, and 
w i t h o u t a n y rods or gear . I n e n t e r i n g facing swi tches , i t w a s t h e 
d u t y of t h e fireman to descend a n d adjus t t h e facing poin t , a n d 
as t h e w a g o n s t rave l led s lowly a long, he , from t i m e to t ime , gave 
t h e t ongue a h i t c h to close i t , i n t h e i n t e r v a l be tween t h e pass ing 
of one whee l a n d ano ther , an opera t ion r e q u i r i n g bo th a qu ick eye 
for wheels and a qu ick h a n d a t t h e swi t ch t ongue . T h e m a n w h o 
first fitted a pa i r of these p r i m i t i v e po in t s w i th a rod a n d a lever 
was considered to h a v e m a d e a n i m p o r t a n t inven t ion . 

W h e n r a i lways b e g a n to be cons t ruc ted for passenger traffic, i t 
w a s soon es tabl ished t h a t t h e r e should be as few " facing" swi tches 
as possible. 

T h e r e is no t so m u c h d a n g e r w i t h back ing-ou t or t r a i l i n g 
swi tches , for if acc identa l ly left open to t h e s id ing , t h e flanges of 
t h e wheels of t h e eng ine a n d vehicles, p re s s ing aga ins t t h e ins ide 
of t h e closed tongue, move i t in t h e requ i red direct ion. 

T h e impor t ance of t h e facing s w i t c h can be best apprec ia ted b y 
suppos ing a h e a v y mine ra l t r a i n t r a v e l l i n g a long a m a i n l ine of 
r a i l w a y ( F i g . 44) , a n d an express t r a i n be ing n e a r l y due, i t is 
desirable t h a t t h e coal t r a i n should go i n t o a s id ing and leave 
t h e m a i n l ine clear for t h e fast t r a i n . N o w t h i s can be done e i the r 
b y means of a back ing -ou t swi t ch as a t D , F i g . 44, or b y means 
of a facing swi tch , as a t F . T o leave t h e l ine b y t h e back ing -ou t 
swi tch , t h e t r a i n , often a ve ry long one, m u s t go ahead i t s full 
l e n g t h t i l l t h e t a i l of t h e t r a i n clears t h e po in t s . T h e t r a i n m u s t 
t h e n be b r o u g h t to a s tand , a n d n e x t be p u t in mot ion a g a i n in a 
b a c k w a r d d i rec t ion u n t i l t h e whole of t he t r a i n is ins ide of t h e 
s id ing . I t is obvious t h a t t h i s is a n operat ion r e q u i r i n g m u c h 
t ime, f requent ly t e n minu te s . 

On t h e o the r hand , t h e " facing " swi tch al lows t h e h e a v y t r a i n to 
clear t h e m a i n l ine w h i l s t i t is s t i l l on t h e move, a n d w i t h o u t 
s topp ing u n t i l i t is safely ou t of h a r m ' s w a y . 

Now a m a i n l ine of r a i l w a y canno t be in ter fered w i t h for t e n 
minu te s , unless pro tec ted b y s ignal , and no pro tec t ion b y s igna l 
can be considered complete except b y in t e r lock ing t h e swi tches 
w i t h such s igna l . 


