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INTERLOCKING APPARATUS. 

As t h e n u m b e r of j u n c t i o n s increased, i t soon became a p p a r e n t 
t h a t not on ly m u s t d i s t inc t s ignals be g iven for d i s t inc t l ines, b u t 
t h a t some k i n d of concerted ac t ion m u s t be secured be tween s igna l s 
and swi tches , as t h e y m i g h t be conflicting. A n i m p o r t a n t s tep w a s 
t a k e n i n th i s d i rec t ion b y Mr. Gregory , who , in 1843, a t t h e Br ick­
layers ' A r m s Junc t i on , ga the r ed toge the r cha ins from al l t h e 
s igna ls in to a s t i r r u p frame (F ig . 73); and a sor t of para l le l mot ion 
w a s fixed to t h e frame, be tween t h e s t i r rups , i n such m a n n e r t h a t 
t h e depression of a n y s t i r r u p pushed t h e para l le l mot ion so as to 
block one or more of t he o the r s t i r rups , and t h u s i t was impossible 
to g ive t w o s ignals wh ich conflicted w i t h one ano the r a t t h e same 
t ime . T h e swi t ch levers were fixed on t h e same p la t form w i t h t h e 
s t i r r u p appa ra tu s , b u t were n o t in ter locked t h e r e w i t h . T h e swi tch­
man , w h i l e w o r k i n g t h e swi tches w i t h h i s h a n d s , w o r k e d t h e 
s ignals w i t h h is feet. 

After t h i s i t w a s a n easy s tep to m a k e t h e swi tches lock also. 
T h e first idea was to couple t o g e t h e r a n y set of swi tches w i t h i t s 
o w n proper s igna l , so t h a t t h e s igna l s a n d poin ts should move 
t o g e t h e r pari passu. T h i s soon appeared to be insufficient, because 
somet imes t h e s igna l moved a n d t h e po in t s d id not , or vice versa, 
a n d t h u s i t was found t h a t t h e mere connection of s ignals a n d 
swi tches d id no t fully meet t he case. Swi tches a n d s igna ls a re 
said to be connected w h e n t h e y a re s imply coupled toge the r a n d 
h a v e a pari passu m o t i o n ; t h e y a re said to be in te r locked w h e n t h e 
movemen t of a s i gna l to safety canno t be commenced u n t i l af ter t h e 
necessary movemen t of t h e swi tches has been completed, a n d also 
t h e movemen t of swi tches canno t be commenced u n t i l af ter 
a l l t h e s ignals concerned b y t h e m h a v e first been set fully t o 
danger . 

T h e first i n t e r lock ing of swi tches and s igna ls took place a t 
E a s t Ketford J u n c t i o n , i n t h e yea r 1852. T h o u g h t h e con t r ivance 
was s imple i n the ex t reme, i t conta ined t h e g e r m w h i c h has 
developed in to t h e sys tems of i n t e r lock ing n o w i n use. 

A s ignal h a d been g iven for a t r a i n to s t a r t w h i l s t a p a i r of 
facing po in t s i n front of t h e t r a i n were s t i l l open. As t h e po in t s 
h a p p e n e d to be close to t h e s ignal-post , a flat b a r w a s b r o u g h t from 
t h e nea r sw i t ch t o n g u e close pas t t h e foot of t h e post ( F i g . 74), 
a n d t h e ve r t i ca l rod w h i c h moved t h e s i g n a l was con t inued down 
t h e post to mee t t h e flat bar . T h e flat b a r t rave l led w i t h t h e 
swi tches , and w h e n t h e l a t t e r were in t h e r i g h t posi t ion for t he 
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m a i n l ine, a hole i n t h e b a r opposite t h e s ignal- rod a l lowed i t 
to pass t h r o u g h , a n d t h e s igna l could he set to safety. After 
t h e s igna l was lowered, t h e po in t s could no t be a l tered, because 
t h e s ignal - rod pass ing t h r o u g h t h e bar , as shown b y t h e do t t ed 
l ines, p r even ted a n y a l t e ra t ion of i t s posi t ion. I f t h e po in t s 
were i n t h e opposite d i rect ion, t h e solid p a r t of the ba r w a s 
opposi te t h e s ignal-rod, and the s igna l could no t be moved. 

T h i s s imple k i n d of lock ing h a s been ex tens ive ly used as a 
s ignal -post lock, a n d i n the form k n o w n as t h e goose-neck lock 
( F i g s . 75, 76), and t h e no tch lock ( F i g . 77, 78). 

T h e w i r e w h i c h moves t h e s igna l has in terposed in i t a square 
bar , w i t h a l ong po in ted piece forged on and para l le l to i t , i n 
such m a n n e r t h a t t h e squa re p a r t moves i n guides , and t h e r o u n d 
l i m b para l le l to i t comes opposi te to a p ro longa t ion of t h e sw i t ch 
rod, w h i c h also moves i n guides . A hole is made i n t h e pro longed 
swi tch rod so t h a t , w h e n t h e swi tches a re in t h e i r r i g h t posi t ion, 
t h e bol t of t h e goose neck can pass t h r o u g h , a n d t h e w i r e be 
pu l led a n d t h e s igna l g i v e n ; b u t w i t h t h e swi tches i n a w r o n g 
posi t ion, t h e solid p a r t of t h e rod is opposi te to t h e po in t of t h e 
goose-neck bolt , and p r e v e n t s t h e s igna l -wi re b e i n g pul led. S imi­
la r ly , w h e n a s ignal has been given, t h e bo l t of t h e goose neck 
pass ing t h r o u g h t h e swi tch-rod p r even t s t h e swi tches b e i n g moved 
u n t i l after t h e s ignal is res tored to d a n g e r and t h e goose-neck bol t 
t h e r e b y w i t h d r a w n . Somet imes t h e same s igna l -wi re is coupled 
to goose-neck locks a p p e r t a i n i n g to several sets of swi tches con­
cerned b y t h a t s ignal . 

T h e more complete development of t h e in t e r lock ing sys tem, b y 
t h e use of a p p a r a t u s , i n w h i c h a l l t h e movemen t s of swi tches a n d 
s igna l s a re rendered ha rmon ious , is i l l u s t r a t ed i n F i g . 44. T h i s is 
a g round p l an of a n o r d i n a r y double junc t ion , a n d for i t s w o r k i n g 
n i n e levers a re requi red , v i z . :— 

Up. swi t ch lever . 
D o w n swi t ch lever . 
U p m a i n d i s t an t s igna l . 
U p m a i n j u n c t i o n s ignal . 
U p b r a n c h d i s t an t s ignal . 
U p b r a n c h j u n c t i o n s igna l . 
D o w n m a i n j u n c t i o n s igna l . 
D o w n b r a n c h junc t ion s ignal . 
D o w n d i s t a n t s igna l . 

I n s t ead , however , of h a v i n g only one down d i s t a n t s ignal , i t is 
b e l t e r to have a down m a i n d i s t a n t a n d a down b r a n c h d i s t an t , 
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t h u s increas ing t h e n u m b e r to t en levers , and if a lock-lever be 
added for t h e facing po in t s , to e leven levers . 

T h e swi tches a re coupled to t h e i r respec t ive levers b y rods 
w o r k i n g i n g u i d i n g rol lers , m o u n t e d in smal l cast- iron frames. 
Sometimes these frames a re made w i t h a l id for pro tec t ion from 
t h e w e a t h e r ( F i g s . 79, 80). T h e rods a re u sua l l y gas pipe of 1 i n c h 
i n t e r n a l d iamete r . I f t h e l e n g t h s a re jo ined b y screwing , a solid 
p l u g should be in se r t ed and r ive ted in to each end of t h e t u b e s as 
a n ex t r a safeguard. W h e n t h e swi tch-rods exceed 30 y a r d s long, 
a n expansion lever ( F i g . 81) should be placed m i d w a y be tween t h e 
swi tches a n d t h e s ignal-house, a n d t h e n a n y expans ion of t h e rods 
i n one d i rec t ion is compensated b y t h e l ike expans ion i n t h e o the r 
— w i t h o u t such levers t h e v a r y i n g l e n g t h of t h e rods p r e v e n t s t h e 
correct w o r k i n g of t h e switches . T h e levers , be l l -c ranks , pedestals , 
a n d screw coupl ings should al l be m a d e of w r o u g h t i ron . T h e 
s igna ls a re coupled to the i r respect ive levers b y s imi la r connections 
of -J-inch gas p ipe for shor t d is tances , a n d b y wires for l o n g d is ­
tances . T h e g rea t e s t d i s tance a t w h i c h swi tches a re so coupled is 
410 y a r d s on t h e G r e a t W e s t e r n a t Moulsford, b u t t h i s d i s tance is 
found to be excessive for traffic, t h o u g h no t for mechanica l , 
reasons. S igna l s a re worked a t d i s tances of 1,400 to 1,500 ya rds , 
b u t a n y d i s tance beyond 800 y a r d s is t roublesome. 

Besides t h e s igna l s and swi tches of j unc t ions—leve l cross ing 
ga tes , cana l b r idges , a n d even t u r n t a b l e s a re somet imes i n t e r ­
locked ; i n shor t , wheneve r a n y one opera t ion in terferes w i t h 
t h e per forming of ano ther , t h e i n t e r l o c k i n g sys tem o u g h t to be 
appl ied . 

T h e n o r m a l posi t ion of swi tches a t a j u n c t i o n should be as 
i n F i g . 44, so t h a t t h e po in t s a re open to t h e ou te rmos t roads 
respect ive ly . T h u s a down t r a i n acc identa l ly o v e r r u n n i n g t h e 
po in t s wou ld go a long t h e b ranch , a n d wou ld no t r u n foul of a 
t r a i n w h i c h m i g h t be coming a long t h e u p b r a n c h l ine . 

T h e pr inc ip le of a l l i n t e r lock ing sys tems is, t h a t t h e s igna ls can 
on ly be g i v e n i n h a r m o n y w i t h t h e s e t t i n g of t h e swi tches , a n d 
vice versa. F o r example , suppose an u p b r a n c h t r a i n is expected, 
t h e u p swi tches m u s t first be set for t h e b ranch , a n d t h i s move­
m e n t of t h e swi t ch lever o u g h t to lock t h e u p m a i n s igna ls a n d t h e 
down m a i n s ignals , a n d un lock t h e b r a n c h u p s i g n a l s : t h e b r a n c h 
u p home s igna l should t h e n be lowered or " g iven , " a n d t h e n t h e 
u p b r a n c h d i s t an t . 

Much on t h e same p lan as Mr . Gregory ' s concerted s igna l frame, 
Mr. Chambers , some years la te r , ex tended t h e lock ing (p rev ious ly 
confined to s igna ls on ly ) to t h e swi tches , b u t no t to t h e d i s t a n t 
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s ignals . A frame on t h i s p lan , bel ieved to be t h e first of t h e k i n d , 
w a s p u t u p a t Wi l l e sden J u n c t i o n i n 1859. 

T h e frame was b u i l t b y Messrs. S tevens a n d S o n s ; t h e i n t e r ­
lock ing w a s sugges ted b y Colonel Yol land, a n d a race ensued 
be tween Mr. Chamber s a n d Messrs . S tevens to p r e p a r e t h e neces­
sa ry fittings. 

F i g s . 83 to 87 show Mr . Chambers ' j unc t i on a p p a r a t u s . 
T h e u p swi tches ac tua ted b y t h e lever U a re open to t h e m a i n l ine . 
T h e d o w n swi tches ac tua t ed b y t h e lever D a re open to t h e 

b r a n c h l ine . T h e u p p e r s t opp ing p l a t e U w o r k s w i t h t h e u p 
swi t ch lever . T h e lower s t opp ing p l a t e D works w i t h t h e down 
swi t ch lever . 

W h e n t h e u p po in t s a re open to t he m a i n l ine as in F i g . 44, 
t h e u p m a i n s igna l can be g iven , because in t h a t posi t ion of t h e 
p l a t e U, t he r e is a hole in t h e p l a t e opposi te t h e l eg of t h e s t i r r u p , 
w h i c h al lows i t to pass t h r o u g h . B u t t h e u p b r a n c h s igna l could 
no t be g iven, because t h e r e is no hole i n t h e p l a t e U opposite t h e 
l eg of t h e s t i r r u p w h i c h moves t h e u p b r a n c h s ignal , Also as 
l ong as t h e u p m a i n s t i r r u p is pressed down to g ive t h e s ignal , 
t h e u p poin ts U canno t be a l te red , because t h e l eg of t h e s t i r r u p 
locks t h e p l a t e U. 

B u t suppose t h e s t i r r u p a l lowed to go u p to danger , t h e n t h e 
lever U can be b r o u g h t over to open t h e u p po in t s to t h e b r a n c h 
l ine ; and , in so doing , t h e p l a t e U is t h r u s t forward, so t h a t i t s 
solid p a r t comes u n d e r t h e u p m a i n s t i r r u p , w h i c h is t h e r e b y 
locked ; b u t t h e p a r t u n d e r the up -b ranch s t i r r u p n o w has t h e hole 
u n d e r t h e u p b r a n c h s t i r r up , w h i c h is able to pass t h r o u g h . 

B y t h u s p r o v i d i n g a l l swi t ch levers w i t h p la tes pass ing u n d e r 
t h e s igna l s t i r r u p s w h i c h concern t hem, m a k i n g holes in t h e 
p la tes so as to a l low t h e s igna ls to be free, a n d no holes w h e r e t h e 
s ignals o u g h t to be stopped, t h e complete i n t e r lock ing of swi tches 
a n d s igna ls w a s ob ta ined . 

I n a n o t h e r v a r i e t y of Mr . Chambers ' appa ra tu s , F i g . 86, a 
h a n d l e was used for s igna ls w i t h a p r o n g b e n t in t h e a rc of a 
circle, w h i c h p r o n g w a s locked b y t h e swi tch plates i n t h e same 
w a y as t h e s t i r rups before described. 

T h i s a r r a n g e m e n t w a s efficient so long as a n y s igna l h a d to 
be locked b y on ly one or t w o sets of swi tches , b u t if a s i gna l h a d 
to in te r lock w i t h several sets of swi tches , say for example , t en or 
twelve , as in F i g s . 86, 87, a n d t h a t t h e first t e n happened to be 
free to t h e s ignal , and t h e las t one no t free, a considerable move­
m e n t of t h e s igna l m i g h t t a k e place before i t was checked b y t h e 
last p la te . 
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T h e swi tches and s igna ls a re now al l worked b y levers a r r a n g e d 
i n a r o w ; a n d t h e levers a r e u sua l ly sorted, so as to h a v e t h e 
s igna l levers a t t h e ends of t h e frame, and t h e swi t ch levers a t t h e 
cent re . Somet imes t h e swi t ch levers a re a r r a n g e d adjacent to 
t h e s igna l levers to w h i c h t h e y r e l a t e ; and , i n a long frame, t h i s 
p l an is more convenien t to t h e operator , as al l t h e s igna l a n d 
swi tch levers w h i c h have t o be moved for a n y one opera t ion a re 
close t oge the r . F i g . 115 is an example of t h i s a r r a n g e m e n t , be ing 
a d r a w i n g t a k e n from a p h o t o g r a p h of a frame of e i g h t y levers , 
m a d e for t h e level crossing of t h e G r e a t N o r t h e r n w i t h t h e M a n ­
chester , Sheffield, a n d L inco lnsh i r e r a i l w a y a t L inco ln S ta t ion . 
I t wi l l be observed t h a t i n t h i s f rame t he r e a re no less t h a n 
twe lve d i rec t ions for t h e a r r i v a l a n d d e p a r t u r e of t r a i n s , and t h a t 
i n each case t h e levers r equ i red for a n y one t r a i n a re close 
toge ther . 

A t the Wate r loo S ta t ion Messrs . S tevens a n d Sons a r r a n g e d t h e 
levers i n t w o rows, a n d la te ly , a t t h e n e w Ci ty S ta t ion of t h e 
G r e a t E a s t e r n E a i l w a y , Messrs. McKenzie , Clunes , and H o l l a n d 
have a r r a n g e d t h e m i n four p a r t s . 

Sho r t l y after t h e complet ion of Mr. Chambers ' a p p a r a t u s a g r e a t 
s tep was made b y Messrs. S tevens a n d Sons. Hor i zon ta l ba r s h a v i n g 
hooks or c laws on t h e m , F i g s . 88 a n d 89, w e r e a r r a n g e d i n guides , so 
t h a t t h e hooks engaged on to t h e levers . A sp i ra l s p r i n g pressed 
t h e ba r s to t h e left, a n d t h e y were moved to t h e r i g h t b y t h e 
pressure of t h e lever a g a i n s t a shor t incl ined piece m o u n t e d on 
t h e ba r . I n t h e n o r m a l posi t ion, F i g . 88, t h e ba r s a re t h u s k e p t 
t o t h e r i g h t a n d t h e hooks lock some of t h e levers . W h e n a n y 
lever is moved i n t o t h e secondary posi t ion, as soon as t h e p ressure 
of t h e lever is w i t h d r a w n , F i g . 89, t h e sp i ra l s p r i n g pushes i t s b a r 
in to t h e secondary posi t ion, and so unlocks t h e levers w h i c h were 
locked, a n d locks those t h a t w e r e unlocked. T h e back- locking of 
t h e swi t ch levers b y t h e i r respect ive s igna l levers was performed 
b y subs id ia ry catches fixed on t h e levers , abou t ha l fway down 
the i r l e n g t h . 

I n Messrs . S a x b y and F a r m e r ' s a p p a r a t u s , F ig s . 90, 91 , a n d 
92, t h e s w i t c h a n d s igna l levers a r e a r r a n g e d i n a row, a n d 
have abou t half t he i r l e n g t h above, a n d t h e o ther ha l f below, t h e 
floor of t h e s ignal-house. U n d e r t h e floor are , in a hor izonta l 
p lane , shor t lock ing levers be tween t h e swi t ch and s igna l levers , 
each lock ing lever m o v i n g on a p ivo t p a t t h e i n n e r end, t h e ou te r 
end be ing a r t i c u l a t e d to a l ock ing b a r b, m o v i n g i n gu ides , a n d 
h a v i n g locks, L , L , L , a t t ached to i t i n posi t ions cor responding 
w i t h t h e r equ i r emen t s of t h e var ious levers. T h e edges of t h e 
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ac t ive lock ing levers a re s lan ted cam fashion, so t h a t w h e n t h e 
mot ion of t h e swi t ch lever comes in contact w i t h t h e locking 
lever t h e l a t t e r was opera ted sufficiently to cause t h e passive locks 
L , L, F i g . 91 , to engage t h e levers C, D, b u t no t sufficiently to 
unlock t h e lever X . T h e midd le p a r t of t h e m o v e m e n t of t h e 
s w i t c h lever does no t affect t h e lock ing lever, b u t t h e l a t t e r p a r t 
completes t h e movemen t of t h e locking lever , t h u s s t i l l fu r the r 
s ecu r ing t h e levers C, D, b y t h e locks, a n d re l eas ing t h e locks of 
t h e lever X , F i g . 92. 

If, for example , a main- l ine s igna l be g iven , b y t h e lever X 
b e i n g d r a w n over, t h i s movemen t of t h e lever backlocks or secures 
t h e sw i t ch lever A in t h e r i g h t posi t ion for t h e m a i n l ine. Of 
course a n y one lever m a y requ i re to be locked b y a n y one or more 
o the r l e v e r s ; t h i s is done b y successive t i e r s of lock ing levers , 
s imi la r to t h e one t i e r shown in t h e figures. 

M a n y var ie t i es of s imi la r a p p a r a t u s were subsequen t ly des igned, 
t h e genera l p r inc ip l e of a l l be ing , t h a t lock ing ba r s moved in 
horizontal p lanes should in te r lock t h e levers m o v i n g i n vertical 
p l a n e s ; t h e chief po in t of difference be ing t h e me thod of caus ing 
t h e levers to i m p a r t t h e necessary mot ion to t h e locking bars . 

One of these, m a d e for t h e la te Mr. Michael Lane , M. I n s t . C.E., 
is shown in F i g s . 93, 94, and 95. T h e necessary mot ion was 
ob ta ined b y a r ack a t t ached to t h e swi t ch lever , w h i c h caused a 
p in ion to revolve . T h i s p in ion was fixed on t h e axis of a screw, 
w h i c h b e i n g t h e r e b y m a d e to revolve i n a fixed n u t , t r ave l l ed 
i n a hor i zon ta l d i rec t ion , t h u s o b t a i n i n g t h e necessary change of 
pos i t ion of t h e lock ing ba r s or p la tes . T h i s me thod was no t so 
good as those before described, as t h e locking w a s obta ined on ly 
b y w h a t m a y be cal led a 'pari passu mot ion, w h e r e a s t h e o ther 
p l ans secured t h e locks compara t ive ly ear l ie r in t h e s t roke of 
t h e lever a n d released t h e m compara t ive ly la te r . 

Messrs. Sk inne r , Ba ines , I 'Anson , a n d others , l ikewise produced 
different modifications. 

A n o t h e r k ind , F i g . 96, m a d e b y Mr. F r a n c i s B r a d y , M. I n s t . C.E., 
w a s of a s t ronger cons t ruc t ion and less l ike ly to be de ranged b y 
t h e appl ica t ion of excessive exer t ion a t t h e hand le . T h e swi t ch 
a n d s igna l levers a re i n a row. U n d e r t h e floor hor izonta l shafts 
a p p e r t a i n to, a n d a re ac tua ted by , t h e different swi t ch l e v e r s ; on 
these shafts a re fixed cam pieces opposi te to such s igna l levers as a re 
concerned b y those s w i t c h e s ; from each s igna l lever a pa i r of long 
connec t ing l i nks proceed in a d i rec t ion a t r i g h t ang les to t h e shafts , 
a n d a r t i cu la t ed to these l i nks a re concave a r m s m o v i n g on p ivo t s 
fixed on t h e bed p la te . T h e concave a r m s worked b y t h e s igna l 
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levers a re opposi te t h e cams w h i c h a re worked b y t h e swi t ch levers 
i n such m a n n e r t h a t a n y s igna l lever can only be moved w h e n 
a l l t h e sw i t ch cams a re t u r n e d a w a y from t h e concave a r m s worked 
b y t h a t s igna l lever . I f a n y swi tch cam be t u r n e d t owards a n y 
s igna l concave a r m as a t B , t h a t s igna l lever is t h e r e b y locked. 
Also, w h e n a n y s igna l lever ha s been moved, t h e concave a r m s 
fit aga ins t t h e cams on t h e shaft worked b y t h e swi t ch levers , as 
shown b y the b lack dot ted l ines a t A, F i g . 96, and so p r e v e n t t h e 
l a t t e r from be ing a l tered . T h i s a p p a r a t u s is ex tens ive ly used on 
t h e Sou th -Eas te rn r a i l w ay . I t consists of m a n y p a r t s , b u t i t is 
s t rong , a n d t h e va r ious p a r t s a re fac-similes of each other . 

A decidedly different a p p a r a t u s was b r o u g h t ou t b y Messrs. 
L ivesey and E d w a r d s ( F i g . 97). Above each lever was a sho r t 
a r m m o u n t e d on a p ivo t a t one end, a n d finished a t t h e o the r end 
i n t h e form of a n eyelet . T h e shor t a r m s w e r e ac tua t ed so t h a t 
w h e n a n y h a n d l e w a s moved w h i c h r equ i r ed t h e lock ing of t h e 
s igna l lever A for example , t h e mechan i sm pul led down t h e shor t 
a r m so t h a t t h e eyelet embraced t h e end of t h e s igna l lever a n d 
securely locked i t . T h i s me thod h a d t h e g r e a t a d v a n t a g e t h a t t h e 
locking w a s al l in s i g h t : b u t i t h a d t h e g r e a t d i s a d v a n t a g e of 
r e q u i r i n g a n o t h e r p l an of back locking, i.e., s ecu r ing t h e sw i t ch 
lever i n i t s n e w posi t ion b y t h e subsequen t movemen t of t h e s igna l 
lever . 

After t h e var ious lock ing a p p a r a t u s above described h a d been i n 
use a few years , a n d t h e w e a r a n d t e a r of ac tua l w o r k i n g b e g a n to 
h a v e i t s effect, t w o poin ts arose r e q u i r i n g a t t e n t i o n — 

1st. T h e locks, w i t h t h e except ion of Mr. Livesey ' s , h a d h i t h e r t o 
been al l u n d e r t h e floor, and so far down t h e l e n g t h of t h e lever , 
t h a t t h e s i g n a l m a n h a d considerable l eve rage over t h e m a n d t h e 
p ins a n d s tuds on w h i c h t h e y were pivoted, a n d as a good deal of 
force was often appl ied, i t f requent ly happened t h a t some p a r t of 
t h e a p p a r a t u s was damaged . 

2nd ly . W e a r and t ea r resu l ted i n considerable clearance be tween 
t h e locks a n d t h e levers , so t h a t l evers were f requent ly imperfec t ly 
locked. 

EECEXT INTERLOCKING APPARATUS. 

T h e n e x t decided s tep was to perform t h e lock ing and in ter lock­
i n g b y means of t h e s p r i n g catch rods used for secur ing t h e levers 
i n t h e i r places. 

F i g s . 98 and 99 show Mr. Eas te rb rook ' s me thod of effecting t h i s . 
E a c h ca tch rod has a p ro longa t ion e x t e n d i n g some d is tance below 
t h e floor. On t h e ou te r side of t h i s rod a re notches J inch wide , 
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a n d 1 inch p i t ch . Adjacent to these, hor izon ta l bars , also notched, 
a r e so placed i n gu ides t h a t t h e t ee th of t h e ba r s engage in to t h e 
t e e t h of t h e ca tch rods to p r e v e n t t he i r movement . W h e n t h e ba r s 
a re slid a long so t h a t a no tch comes opposite to a ca tch rod, t h e n 
t h a t rod can be moved. 

T h e hor izonta l ba r s have mot ion i m p a r t e d to t h e m b y t h e ca tch 
h a n d l e of t h e lever to w h i c h t h e y belong. T h i s movemen t is 
i m p a r t e d s imp ly enough w h e n t h e levers a re i n t h e i r ve r t i ca l 
pos i t i on ; b u t i n order to ob ta in i t af ter t h e lever ha s been moved 
in to i t s n e w posit ion, F i g . 99, a sector lever has to be provided , 
so as to p e r m i t of t h e ca tch rod t r a v e l l i n g a long t h e sector. 
W h e n t h e t r a n s i t of t h e lever is completed, t h e depression of t h e 
ca tch rod depresses t h e sector lever, w h i c h in i t s t u r n moves t h e 
s l id ing b a r i n to i t s n e w posi t ion. 

T h i s me thod of lock ing has t h e a d v a n t a g e t h a t t h e m a n ' s h a n d 
has no t m u c h leverage over t h e locks, a n d so canno t s t r a i n t h e m ; 
a n d also t h e a d v a n t a g e t h a t t h e locking of t h e s igna l levers t h a t 
o u g h t to be locked is completed before t h e swi tch lever begins to 
move, and t h e u n l o c k i n g is no t accomplished u n t i l after t h e move­
m e n t of t h e swi tches has been fully completed. T h e complicat ion, 
however , is g rea t , and t h e n u m b e r of pieces i n t h e gear considerable . 

S imi la r a p p a r a t u s was m a d e b y Messrs. S a x b y and F a r m e r . 
Eecen t ly , however , a m u c h improved mach ine has been produced 
b y t h a t firm, F i g s . 100 and 101 . 

T h e levers a re a r r anged in a row as usua l , and 6 inches apa r t . 
Be tween t h e levers a re sector p la t e s m o u n t e d on p ivo ts 6 inches 
above t h e floor. E a c h catch rod t e r m i n a t e s in a subs t an t i a l end 
piece, w h i c h carr ies a s tud projec t ing l a t e r a l l y so as to engage 
t h e slot of t h e sector. W h e n t h e lever is i n i t s forward posit ion, 
t h e catch rod depresses t h e sector i n to t h e posi t ion shown in b lack 
l ine . On t h e top of t h e sector, and formed in t h e same piece w i t h 
i t , is a lever r i s i n g pe rpend icu la r ly for 16 inches , and t e r m i n a t i n g 
i n an e y e ; coupled to t h i s eye is a lock ing ba r , w h i c h is t h r u s t 
ou t in a hor izonta l and forward direct ion. N o w i t w i l l be seen, 
t h a t if t h e hand le be pressed aga ins t t h e lever, t h e ca tch rod wi l l 
be e levated and w i t h i t t h e sector, t h u s caus ing a movemen t of 
t h e eye of t h e sector lever , and consequent ly a movemen t of t h e 
lock ing bar . I n t h i s posi t ion of t h e sector t h e a rc of t h e slot is 
t r u e to t h e p ivo t on w h i c h t h e lever moves : consequen t ly as 
t h e lever is d r a w n over no m o v e m e n t of t h e sector t akes place. 
W h e n t h e movemen t of t h e lever is completed, t h e depression of 
t h e ca tch rod and s t u d depresses t h e sector, and t h e sector lever 
d r a w s t h e locking b a r s t i l l f a r the r out . E a c h s ignal lever has 
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a lock ing b a r w i t h no tches cu t i n i t , m o v i n g in a to-and-fro 
di rect ion. 

I n t h e frame in t h e r ea r of t h e levers a re a r r a n g e d b a r s m o v i n g 
in a l o n g i t u d i n a l d i rec t ion, and each swi tch lever ha s one of these 
l o n g i t u d i n a l b a r s b e l o n g i n g to i t . These l o n g i t u d i n a l ba r s a re 
so nea r to t h e t r ansve r se lock ing b a r s of t h e s igna l levers , t h a t 
lock ing pieces m o u n t e d on t h e swi t ch ba r s m a y engage i n t o t h e 
notches of t h e s igna l bars . G i v e n t h e s igna l b a r w i t h as m a n y 
notches in i t as t h e r e a re swi t ch bars , i t is c lear t h a t lock ing 
pieces m a y be m o u n t e d on a n y swi tch ba r so as to lock a n y s ignal 
b a r in a n y desired m a n n e r . 

T h e swi t ch levers h a v e also sectors, b u t t h e i r t h r u s t i n g b a r s , 
ins tead of be ing notched, a re furnished w i t h a ma l e w e d g e piece, 
F i g . 101 , e n g a g i n g i n t o a dove- ta i led w e d g e piece fixed on t h e 
l o n g i t u d i n a l b a r b e l o n g i n g to t h a t set of swi tches , so t h a t t h e 
rec ip roca t ing mot ion of t h e b a r in a to-and-fro d i rec t ion d r a w s t h e 
l o n g i t u d i n a l b a r i n a l ong i tud ina l d i rec t ion . F o r economy of 
space some of t h e l o n g i t u d i n a l ba r s a r e placed above, a n d some 
below, t h e t r a n s v e r s e ba r s , as s h o w n i n F i g . 100. 

I f i t be proposed to move a n y s igna l lever, t h e depression of 
t h e ca tch h a n d l e a t once shows w h e t h e r t h e s igna l lever is locked 
or no t . I f i t be n o t locked, t he depression of t h e ca tch h a n d l e 
d r a w s ou t t he lock ing b a r ;V i nch a n d t h u s opposes t h e solid p a r t s 
of t h e b a r t o t h e locks on t h e s w i t c h bars , a n d consequen t ly no 
con t rad ic to ry swi t ch could be moved. 

T h i s a p p a r a t u s is so s t rong i n p r inc ip le , t h a t i t is made a lmos t 
e n t i r e l y of cast i ron, a n d a l l s imi la r p a r t s a re cast from t h e same 
p a t t e r n s . 

I n Messrs . S tevens a n d Sons' n e w frame, each lever ha s one or 
more t h r u s t i n g ba r s a t t a ched to i t . These t h ru s t ing ba r s pass 
t h r o u g h g u i d i n g bars fixed i n t h e frame, a n d r u n n i n g i n a longi ­
t u d i n a l d i rec t ion . Be tween t h e g u i d i n g ba r s t h e r e are s l i d ing 
blocks w h i c h a b u t aga in s t one or o the r of t h e t h r u s t i n g ba r s of 
a n y t w o conflicting levers , F i g s . 102, 103. 

I f lever No. 7 be moved, t h e b a r a would t h r u s t t h e block b 
aga in s t t h e t h r u s t i n g b a r of lever No. 8, w h i c h would be t h e r e b y 
locked. 

I f a n y lever ( say No. 5) has to lock a lever, No. 7, a t a d is ­
t ance from it , the i r respect ive s l id ing blocks a re connected b y 
l i nks L , L, shown in do t t ed l ines . W h e n the levers a re we l l 
sorted, so as to lock adjacent ones, compara t ive ly few of these l i nks 
are requi red . 

A n e w lock ing frame is also made b y Messrs. McKenzie, Chines 
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a n d Hol land , of w h i c h t h e r e is a good example a t t h e n e w Liverpool 
S t ree t S ta t ion of t h e G r e a t E a s t e r n r a i l w a y . 

I n M r Poole's gea r t h e usua l de t en t s a n d s p r i n g ca tch hand les 
for secur ing t h e levers i n posi t ion are dispensed w i t h , and t h e 
levers a re pressed b y sp r ings i n to recessed notches in t h e top p la te 
of t h e a p p a r a t u s . Before t h e opera tor can pu l l a n y h a n d l e t o w a r d s 
h i m , he m u s t first move i t i n a l a t e ra l d i rec t ion to ge t i t ou t of t h e 
notch, a n d t h i s p r e l i m i n a r y movemen t performs t h e locking. I t 
w i l l be seen from F i g . 104, t h a t if t h e sw i t ch lever be pressed 
l a t e r a l l y so as to release i t from t h e notch , t h e lower p a r t of t h e 
lever ( F i g . 105) wi l l move t h e s l id ing b a r to t h e r i g h t , and th i s , 
b y means of t h e bel l -cranks , t h e locks L, L, so t h a t t he i r projections 
w i l l come i n front of t h e levers for t h e m a i n home a n d m a i n 
d i s t an t s ignals a n d p r e v e n t those levers b e i n g moved l a t e ra l ly out 
of t h e notches i n t h e u p p e r ca tch pla te . T h e r e are also d e t e n t s 
for p r e v e n t i n g t h e s l id ing ba r s b e i n g acc identa l ly d i s tu rbed , b u t 
t h e above is t h e p r inc ip le of t h e locking . E a c h swi tch lever and 
each d i s t a n t s i gna l lever requ i res a set of locks, a n d t h e successive 
sets a re a r r a n g e d in t iers . 

Mr . Buck ' s a p p a r a t u s is on t h e p r inc ip le of h a v i n g one sub­
s t a n t i a l lock to each lever m o u n t e d on p ivo ts formed as a con­
t i n u a t i o n of one edge of t h e lock, F i g . 107, so t h a t w h e n left to 
i tself t h e lock falls clear of t h e lever, F i g . 106 ; p a r t of t h e axis of 
t h e lock is square , a n d from t h e ver t ica l side of t h i s square a 
p l a t e P h a n g s ver t i ca l ly . T h i s p la te is for t h e purpose of ex­
t e n d i n g over several l ong i t ud ina l s l id ing ba r s A, B, & c , F i g . 108, 
r u n n i n g t h e whole l e n g t h of t h e frame. These s l id ing ba r s a re 
appropr i a t ed to and ac tua t ed b y such s w i t c h levers or s igna l levers 
as r equ i r e t h e m ; a n d on t h e m bracke t s a re fixed ( F i g . 106) to 
engage t h e ve r t i ca l p l a t e of a n y lock, or locks, w h i c h i t m a y be 
desired to move in to t he locked posi t ion. 

W h e n a lever is requ i red to in ter lock w i t h several o thers , i t is 
fixed on ly once b y i t s one l o c k ; b u t t h i s can be moved b y a n y 
of t h e levers concerned, and a n y n u m b e r of successive levers be ing 
moved do no t in terpose successive locks, b u t t h e y s imply lock a 
lever , if t h i s is not a l r eady effected. 

A n e x a m i n a t i o n of t h e va r ious compl ica t ions of lock ing ap ­
p a r a t u s led t h e A u t h o r to consider w h e t h e r some s impler con­
s t ruc t ion could no t be devised, for t h e r e are t housands of p a r t s i n 
a s ingle mach ine . 

I n a t t e m p t i n g simplification, t h e A u t h o r de t e rmined to d i s r ega rd 
al l p rev ious sys tems, a n d to commence, as i t were , de novo. T h e 
subject w a s successfully reasoned ou t as fo l lows: As a first 
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pr inc ip le i t m a y be predicated, t h a t i t is q u i t e easy to lock a 
n u m b e r of levers i n t he i r n o r m a l posi t ion b y shoot ing bol ts 
t h r o u g h them, or over t hem, as i n Messrs. Stevens 's first a p p a r a t u s . 
W h e n , however , a n y lever is moved in to i t s secondary posit ion, i t 
can no longer be locked or un locked b y t h e same bol ts , because 
t h e lever has moved a w a y a n d is no longer nea r t h e said b o l t s ; 
therefore t h e locking a n d un lock ing in t h e secondary posi t ion 
m u s t be accomplished b y o the r locking bol ts or bars . T h e A u t h o r 
conceived t h e idea of m a k i n g each lever w i t h a sector forged on 
i t ( F i g s . 109, 110), so a r r anged t h a t t he r e should a lways be some 
p a r t or o the r of t h e sector adjacent to a l l t h e lock ing bars , and 
t h u s t h e same locking b a r s could perform bo th t h e p r i m a r y lock ing 
and t h e " backlocking." I n th i s he succeeded so wel l as to lock 
a n d backlock al l t h e levers of a ten- lever junc t ion , b y means of 
only six mov ing pieces, and t h e whole of t h e l evers of an e igh ty -
lever frame ( F i g . 115), for t h e G r e a t N o r t h e r n r a i l w a y , b y on ly 
twen ty - seven m o v i n g pieces. 

I n F i g . 110, lever No. 3 ac tua tes t h e d o w n po in t s . As t h e frame 
s tands , t h e down po in t s h a v e j u s t been opened to t h e m a i n l ine, 
a n d t h e locking ba r X has been moved to t h e left, a n d is in t h e 
posi t ion shown in F i g . 111. 

T h e sectors have notches cu t i n t h e m whereve r t h e locking ba r s 
o u g h t to pass t h r o u g h , and a r e left solid w h e r e t h e b a r s o u g h t 
no t to pass . X is t h e locking ba r be long ing to lever No. 3, and 
Y to ano the r swi tch lever . These ba r s a re moved b y flanges 
forged on t h e sectors, w o r k i n g i n finger pieces fixed to t h e ba r s , 
F i g . 114. 

T h e bars a re shown in p l an w i t h t h e levers in section, F ig . I l l , 
112, and 113. I t w i l l be seen t h a t w h e n lever No. 3 i s down 
t h e main- l ine s igna ls a re movable , and t h e b ranch- l ine s igna ls a re 
locked. I f t h e swi t ch lever, No. 3, be p u t u p so as to set t h e 
swi tches in favour of t h e b ranch , t h e first p a r t of t h e mot ion 
causes t h e flange of t h e sector to move t h e locking b a r in to t h e 
posi t ion shown in F i g . 112, b y w h i c h i t wi l l be seen t h a t a l l 
s igna ls a re locked, and after t h e mot ion of the lever is completed 
t h e b a r is p u t i n to t h e posi t ion F i g 113, t h u s s t i l l f a r the r lock ing 
t h e ma in - l ine s igna ls and un lock ing only t h e branch- l ine s igna ls . 
Now if a b ranch- l ine s igna l , No. 2, be g iven, t he solid p a r t of 
t he sector of No. 2 comes in to t h e no tch i n t h e bar , and t h u s 
renders i t s mot ion impossible, a n d b y consequence the swi t ch lever 
to w h i c h i t belongs, so long as t h e s ignal is g iven . To move 
a n y swi t ch lever i t is necessary t h a t al l t h e s igna l l evers wh ich 
concern i t be res tored to d a n g e r or s top. 

[1873-74. N.s.J p 
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The possibility of thus making a locking apparatus being thus 
established, the next inquiry should be as to its efficiency. 

1st, as to locking early in the travel of the lever; the amount 
of movement required to effectually lock all levers is only i inch 
at the man's hand, and T ^ t h inch at the short end of the lever 
to which the switches are connected, an amount far less than the 
slack or spring of the gear; and thus the locking is secured before 
the switches begin to move. 

2nd, as to strength of the locking mechanism; this is satis­
factory, inasmuch as the locking is obtained simply by the inter­
locking of two notched bars, without the intervention of pins or 
articulated par ts ; these bars are \ inch thick, and the man's hand 
has only a leverage of 2 to 1 over them, an amount quite in­
sufficient to enable him to injure either of them. 

3rd, wear and tear may reasonably be taken as diminished in 
proportion to the diminished number of pieces, and further 
by the circumstance of their being almost all of wrought iron 
and machine cut. 

4th, all the apparatus is in sight, and can be readily examined 
or taken out for any necessary additions or alterations. 

The majority of engineers shrink from the effort to follow the 
complex arrangements of a large locking machine. The apparatus 
under notice demonstrates that complete interlocking can be ac­
complished without any complexity of parts. The whole of the 
switch levers and distant-signal levers are interlocked by the 
addition of only one moving piece to each lever, and all other 
signal levers are interlocked without any additional parts what­
ever, simply by making the levers themselves of the right shape. 

Level crossings.— A detail, which appears to have some advan­
tage in dealing with level crossings, is to have a separate locking 
bar or lever so that in one position all the signals of one road are 
entirely locked, and in the other position all the signals of the 
other road are locked. This plan has the advantage of giving 
the operator something special to do, in such exceptional cases, as 
changing his attention from one line to another which crosses it. 
In Fig. 115 is shown a locking-up bar worked by a lever for de­
termining which railway is open and which is locked. When 
the lever is in its normal position the Great Northern line is free 
and the Manchester, Sheffield, and Lincolnshire line is locked. 
If the lever be brought down the locking-up bar would be slid 
to the left and the Great Northern signals would be locked, and 
the Manchester, Sheffield, and Lincolnshire signals would be free. 
This plan is also adopted for locking canal bridges, turn-tables, 
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street gates, &c, which are all level crossings of less degree, but 
similar in character to the crossing of one railway by another. 

SWITCH LOCKS. 

From the confidence engendered by the interlocking system a 
new danger soon arose. 

I t frequently happened that a signalman reversed the switches 
before the whole of the train had passed over them, and thus 
caused part of the train to change lines, or to go off the line 
altogether. In 1867 Messrs. Livesey and Edwards made a switch 
lock to prevent this sort of accident. I t consisted of a bar 12 feet 
long laid close to the rail, either inside or outside, and articu­
lated on fulcra somewhat after the fashion of a parallel ruler 
(Figs. 116, 117). In the completed position of the switches either 
way, this bar lies so that its upper surface is just below the wheels. 
In order to produce any movement of the switches, the bar must 
be elevated; and the bar cannot be elevated if any wheel of a 
vehicle is resting upon it (Fig. 118). At first this bar was actuated 
by the same lever which moved the switches; but in 1869 Messrs. 
Saxby and Farmer made the important improvement of actuating 
this lock by a separate lever. This has been further improved 
by the addition of a locking bolt acting upon a bar connected 
with the switches in such a way, that if the switches were not 
fully home to one side or the other, the bolt would not enter either 
of the holes provided for that purpose (Figs. 119 and 120). 

On this plan any set of facing switches is controlled by two 
levers in the locking frame. If it be desired to move a particular 
set of switches, the lever wThich locks them must first be drawn 
over so as to withdraw the bolt. As this lever acts at the same 
time on the long bar, the locking bar cannot be lifted if any portion 
of a train is still passing over it, and consequently in that case the 
switches could not even be unlocked, much less moved. After the 
switches are unlocked, their position can be changed, and then the 
locking lever must be restored to its place before a signal can be 
given, for the signals are interlocked by the locking lever so that 
no signal can be given, whilst the locking lever is in the unlocked 
position, and when it is in the locked position signals can only be 
given in accordance with the position of the switch lever. 

This invention provides against the most dangerous class of 
accident. The locking bolt ascertains whether the switches are 
fully set in one position or the other, but not if the switches have 
moved, or remained stationary. For example, the rod leading 

D 2 
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from t h e s igna l box to t h e swi tches m i g h t be broken , a n d t h e 
l ock ing bol t wou ld n o t i n t h e o r d i n a r y course ascer ta in t h e fact, 
because i t locks u p j u s t t h e same for e i the r completed posi t ion 
of t h e poin ts . 

I n some switch- locks n o w b e i n g manufac tu red for t h e G r e a t 
N o r t h e r n r a i lway , t h e A u t h o r has suppl ied t h i s des idera tum. 

F i g . 121 shows t h e posi t ion of t h e lock ing bol t w h e n t h e po in t s 
a re locked for t h e ma in l ine ; F i g . 123 w h e n locked for b r a n c h 
l i n e ; and F i g . 122 w h e n unlocked. T h e swi t ch bar ha s a T-shaped 

•aper ture , F i g . 121 . T h e lock ing bol t ha s one end 4 1 inches b road 
on t h e hor izonta l l ine a n d 1 inch th ick , t h e midd le p a r t is 1 inch 
square , a n d t h e o the r end is 3 inches broad on t h e ver t i ca l l ine a n d 
1 inch th ick . N o w i n t h e mid-posi t ion of t h e lever, t h e lock, 
F i g . 122, is in mid-pos i t ion also, and t h e swi tches can be moved 
e i the r w a y . I f t h e swi tches be moved i n favour of t h e b ranch , t h e n 
t h e locking lever can on ly be go t home b y b r i n g i n g i t down i n 
favour of t he b r a n c h also, and vice versa, because t h e hor izonta l l i m b 
wou ld no t en ter t h e ve r t i ca l hole. T h i s p l an ascer ta ins w h e t h e r t h e 
swi tches have moved in t h e di rect ion i n t ended or no t . I t covers 
t h e con t ingency of t h e f rac ture of t h e rod wh ich o u g h t to move 
t h e s w i t c h e s ; for if a s i g n a l m a n found t h a t t h e lock lever would 
no t come home in favour of t h e b ranch , h e would be t h e r e b y 
informed t h a t t h e swi tches were no t home for t h e b ranch , and, 
of course, a l l t h e s igna l s would r ema in locked. 

Var ie t ies of t h e lock ing bar , b u t w i t h o u t t h e lock-up lever, h a v e 
been made b y Mr . B r a d y , of t h e Sou th -Eas t e rn r a i lway , F i g . 1 2 4 ; 
Mr. Buck , of t h e B r i g h t o n r a i lway , F i g . 1 2 5 ; Messrs. S tevens 
a n d S o n s ; Mr . Bell , of t h e N o r t h Br i t i sh r a i l w a y ; a n d Mr . L u k e , 
of t h e G r e a t W e s t e r n r a i lway . Al l these a re s imi lar in pr inc ip le , 
and differ on ly i n de ta i l . 

Messrs. S tevens and Sons ' swi tch lock consists of a long b a r 
in advance of t h e swi tch , l ike a movable checkrai l . I n i t s 
no rma l posi t ion a ba lance-weight causes i t to touch t h e r u n n i n g 
edge of t h e m a i n ra i l ( F i g . 127). T h i s b a r is moved a w a y from 
t h e r u n n i n g edge b y the gear wh ich lowers e i ther s ignal , b y means 
of t he c ranks c or d e n g a g i n g in to t he s lot ted ba r b; a t t h e 
same t i m e a goose-neck bol t ( F i g . 128) is shot in to t h e swi t ch rod 
r, t a k i n g in to t h e hole provided for t h e m a i n l ine or t h e b r a n c h 
l ine according as t h e po in ts m a y be set. T h u s as long as t h e lock-
b a r is open t h e swi tches are locked, and t h e b a r cannot be shu t as 
long as a n y vehicles a re pass ing because t h e flanges of t h e wheels 
are interposed be tween t h e b a r and t h e ra i l . 

T h e use of t h e s lot ted b a r b enables t h e s igna lman to restore 
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t he s igna l to " s top " before t h e t r a i n has fully entered t h e p o i n t s ; 
in t h a t case t h e b a r is s imply k e p t open b y t h e flanges of t h e 
wheels, a n d after t h e y have a l l passed i t is closed b y t h e balance-
w e i g h t and cha in P . T h i s gear is complete, w i t h t h e exception 
t h a t i t does no t discover w h e t h e r t h e swi tches have moved in t h e 
direct ion in tended or n o t ; t h e goose neck locks u p t h e same w a y 
bo th for m a i n l ine a n d branch . 

Mr. J a m e s Bel l J u n r . ' s swi tch lock has a b a r l ike Messrs . 
Stevens 's , b u t coupled to a n d w o r k i n g w i t h t h e switches, and t h e 
main a n d b r a n c h s igna l wi res a re locked w i t h t h e swi tches on a 
s imi lar p l a n ; except t h a t t h e locks a re so a r r a n g e d t h a t only t h e 
r i g h t s igna l can be g iven, corresponding w i t h t h e ac tua l posi t ion 
of t h e points , and an erroneous posi t ion would be discovered. 

T h e var ied movement s of t h e swi tch lock ing b a r i n a ve r t i ca l 
d i rect ion b y Messrs. L ivesey a n d E d w a r d s , i n a l a t e ra l d i rect ion 
b y Messrs. S tevens a n d b y Mr . Bel l , i n a n a rc b y Mr . Buck a n d b y 
Mr. Brad} r , a r e fu r ther supp lemen ted b y Mr. L u k e of t h e s igna l 
d e p a r t m e n t of t h e Grea t W e s t e r n r a i lway . Mr . L u k e moves t h e 
ba r in a l ong i tud ina l di rect ion. I t is placed ( F i g . 126) j u s t so 
t h a t t h e flanges of t h e wheels touch it , a n d as i t we re t e n d to k ick 
i t a w a y in t h e con t ra ry d i rec t ion to t h a t in wh ich t h e t r a i n is 
moving . I n order to un lock t h e points , t h e b a r has to be moved 
in t h e same direct ion as t h e t r a i n is t r ave l l ing , w h i c h canno t be 
done wh i l s t t h e flanges of t h e wheels a re t e n d i n g to p u s h i t 
t h e o ther w a y . 

A n o t h e r t y p e of swi tch lock has been in t roduced b y Mr . H a r ­
rison, President , on t h e N o r t h - E a s t e r n sys tem of r a i lways . T h i s 
lock has for i t s p r inc ipa l object t he secur ing of t h e swi tch tongues 
at t h e po in t b y means of i ron wedges, wh ich a re pushed home b y t h e 
appa ra tu s after t h e movement of t h e switches has been completed 
(vide F i g s . 129, 130 a n d 131). T h e tongues are ac tua ted b y a p l a t e 
w i t h a cam-shaped groove in i t ( F i g . 130), and m o v i n g in g u i d e s ; 
a t t h e first p a r t of t h e mot ion i t w i l l be seen t h a t no movement of 
t he tongues takes place wh i l s t t h e s t r a i g h t p a r t of t h e groove is 
pass ing t h e a c t u a t i n g s tud, b u t d u r i n g t h a t p a r t of t h e t r ave l t h e 
wedges are w i t h d r a w n ; t h e n t h e a n g u l a r p a r t of t h e groove presses 
aga ins t t h e s tud a n d moves t h e tongues , and finally d u r i n g t h e 
t rave l of t h e r e m a i n i n g s t r a i g h t pa r t , t h e wedges are slid in to 
place aga in to hold t he tongues in the con t ra ry position, t he closed 
tongue be ing held t i g h t l y aga in s t t h e s tockrai l , and t h e open 
tongue be ing also secured b y be ing he ld in a slot formed in t h e 
body of t h e wedge for t h a t purpose, F i g . 130. 

T h e swi tches are t h u s wel l secured aga ins t accidental displace-
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merit by t h e t r a i n i tself ; t hey are also secured aga ins t be ing inad­
v e r t e n t l y moved b y t h e s igna lman , b y t he addi t ion of a n y of t h e 
long locking bars above described. 

I n a lock for secur ing swi tches a t t h e ex t reme po in t b y Messrs. 
McKenzie , Clunes a n d Hol land , F i g . 132, t h e locks L and M a re 
moved b y t h e same mechan i sm as t h e s ignals of t he i r respect ive 
roads . W h e n bo th s igna ls a re a t danger , b o t h tongues a re u n ­
locked. N o w if i t be desired to g ive a s igna l for a t r a i n to go 
a long t h e m a i n l ine, t h e same gear w h i c h moves t he s igna l also 
pul l s t h e lock L in to t h e posi t ion shown in t h e figure, and t h i s 
lock presses t h e t o n g u e close to t h e s tockrai l . I f a n y a t t e m p t 
were made to move t h e b ranch- l ine s ignal , i t s lock M would 
s t r ike aga ins t t h e end of t he open, tongue , a n d t h e s igna lman 
would t h u s be informed t h a t t h e swi tches were no t i n favour 
of t h e b ranch . 

These locks p r e v e n t t h e swi tches b e i n g moved u n t i l after t he 
s igna ls h a v e been res tored to " s top , " b u t t h e y do no t p r even t t h e 
swi tches be ing d i s tu rbed wh i l s t a t r a i n is pass ing if t h e s ignals 
h a v e been qu ick ly res tored to t h e s top posit ion. 

Mr. Pr ice Wi l l i ams ' s swi tches , F i g s . 133 to 136, a re in tended to 
g ive a cont inuous road, and a re i n course of t r i a l a t Crewe. 

A n o t h e r k i n d of a p p a r a t u s for a s imi lar purpose, b u t specially 
adap ted for Ind ia , was made b y Mr. J o h n B r u n t o n , M. In s t . C.E. 
( F i g s . 137, 138, 139, 140, 141.) T h e first p a r t of t h e mot ion of t h e 
h a n d l e A t u r n s " o n " a s igna l disc ( F i g . 138), and a t t h e same 
t i m e elevates t h e t o n g u e ra i l of t h e swi tch , w h i c h cannot be done 
w i t h a t r a i n on (F ig s . 139, 140). T h e fu r the r mot ion of t h e 
h a n d l e causes t h e tongues to move l a t e ra l ly in to t he i r o the r 
posi t ion, b y means of t h e w o r m on t h e r evo lv ing shaft a c t i ng on 
t h e ro l lers fixed on t h e swi tch rod. T h e conc lud ing p a r t of t h e 
mot ion al lows t h e closed t o n g u e to descend, a n d to become locked 
b y t h e block locks, a n d also reverses t h e s igna l a r row, w h i c h 
a lways poin ts to t h e side on w h i c h t h e road is open (F ig . 137). 

T h e pr inc ipa l object Mr. B r u n t o n had in v i ew w a s t h e provis ion 
of mechanism, adap ted for man ipu l a t i on b y n a t i v e po in t smen. 
Hence t h e desire t o accomplish t h e several operat ions of m o v i n g 
t h e swi tch , locking t h e swi tch , and showing t h e s igna l b y means 
of one h a n d l e only . After p r e l i m i n a r y t r i a l s in E n g l a n d a n d 
Scot land, t w o sets of t h i s a p p a r a t u s were made for t h e G r e a t 
I n d i a n Pen insu la r a i lway , and sen t to Bombay, b u t t he re has no t 
been t i m e ye t to have news of t h e i r performance in w o r k i n g . 
F o r I n d i a and s imi lar countr ies , w h e r e t h e places to be pro tec ted 
a re chiefly t h e en t rances from t h e s ingle l ine of w a y to t he s ta-
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t ions , Mr. B run ton ' s appa ra tu s has t h e a d v a n t a g e of b e i n g less 
costly t h a n a complete locking frame, a n d pe rhaps be t t e r adap ted 
for n a t i v e use. 

H a v i n g t h u s shown t h a t facing swi tches may , b y t h e use of p roper 
appl iances, be rendered as safe as backing-out switches, t h e A u t h o r 
wi l l n o w proceed to describe some of t h e conveniences of facing 
switches—conveniences wh ich canno t be h a d w i t h o u t t he i r use . 
T h i s is pe rhaps t h e most su i tab le place to refer to t h e c i rcumstance , 
t ha t , for m a n y years , facing swi tches were used on t h e London 
and N o r t h - W e s t e r n l ine, about a mi le out of E u s t o n Sta t ion, for r e ­
ce iv ing a n ass i s tan t locomotive from t h e front of t h e t r a i n . H e a v y 
t r a ins l eav ing E u s t o n requ i re t w o engines to ge t t h e m u p t h e 
steep g r ad i en t to Camden. After t h e t r a i n was wel l s t a r ted , t h e 
front eng ine was d isengaged b y a sl ip coupl ing, and t h e n r a n on 
a few y a r d s in front of t h e t r a i n . A poin tsman, s t a n d i n g al l ready, 
opened t h e swi tches to receive t h e first eng ine i n to t h e s id ing, and 
immedia t e ly reversed t h e m to a l low t h e second eng ine a n d t r a i n to 
proceed on t h e m a i n l ine . These po in t s were no t worked from a 
s igna l box, w h i c h would have been unsafe, b u t b y a m a n on 
t h e g round . T h e d i s tance was too shor t to cover t h e opera t ion b y 
s igna l of a n y k ind , and i t was e n t i r e l y a m a t t e r of careful 
h a n d l i n g . These po in t s were so used for fifteen years , m a n y t imes 
every day, w i t h o u t a n y accident occur r ing . T h e i r use w a s d is ­
cont inued five yea r s ago, w h e n the t r a i n a r r a n g e m e n t s w e r e 
changed, so as to a l low al l t r a i n s to s top a t Wil lesden. Since 
t h e n t h e aux i l i a ry engines have been unhooked a t Wi l l e sden . 
T h i s is a r emarkab l e t e s t imony t h a t facing points , we l l looked 
after, a re n o t necessar i ly dangerous . 

FACILITIES NOW AFFORDED FOR GETTING THE FAST TRAFFIC CLEAR OF 
THE SLOW TRAFFIC BY MEANS OF FACING SWITCHES. 

T h e absolute block sys tem enables t h e grea tes t possible n u m b e r 
of t r a in s to t r ave l over one pa i r of ra i l s in a g iven t ime, and t h e 
var ious contr ivances of complete s ignals , in te r lock ing appa ra tus , 
and facing swi tch locks t e n d to insure t h e safety of t h e t r a f f i c -
indeed w i t h o u t al l these mechanical adjuncts i t would be impossible 
to work t h e block system satisfactori ly. 

A l ready t h e n u m b e r s of t r a in s on several r a i lways a re far 
beyond w h a t wou ld be possible w i t h o u t t h e block sys tem. F o r 
ins tance , on t h e N o r t h London ra i lway , a t Liverpool St ree t , 250 
t r a i n s pass over t h e same ra i l s i n a d a y of n ine teen hours , g i v i n g 
an ave rage of only four m i n u t e s be tween t h e t r a in s , and fre-
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q u e n t l y t h e i n t e rva l is only t w o m i n u t e s . W i t h o u t t h e ce r t a in ty 
afforded b y t h e block sys tem t h a t t h a t i n t e rva l of t ime represented 
a rea l i n t e r v a l of control led space, i t would be far too shor t . 

On t h e Met ropol i t an r a i l w a y 193 t r a i n s per d a y t r averse t h e 
same meta l s , and 400 t r a i n s could w i t h safety be passed, i na smuch 
as 20 of t h e m pass in one h o u r ; b u t here t h e t r a i n s a l l t r ave l a t 
t h e same speed. On t h e N o r t h London r a i l w a y n e a r l y t h e same 
condi t ions ob ta in as on t h e Met ropol i tan , as to i d e n t i t y of speed 
of t h e t r a i n s fol lowing each o ther . 

T h e Met ropo l i t an r a i lway be tween K i n g ' s Cross a n d Moorga te 
S t ree t is laid w i t h four l ines of ra i l s , t w o l ines be ing reserved for 
t h e use of 

T h e Metropol i tan, 
T h e Met ropol i tan Dis t r ic t , a n d 
T h e G r e a t W e s t e r n Companies , 

and t h e o ther t w o l ines called t h e " Widened l ines " be ing set a p a r t 
for t h e traffic of 

T h e Midland , 
T h e G r e a t N o r t h e r n , a n d 
T h e London, Cha tham, and Dover Companies . 

T h e fol lowing ex t rac t s from t h e Company ' s w o r k i n g T i m e 
Tables , show t h e in t e rva l s a t w h i c h t h e t ra ins r u n d u r i n g t h e b u s y 
period of t h e day , viz., 9*0 to 10*0 A.M. 

EXTRACT NO. 1.—MAIN LINE. 

Arrive at 
NOTE. Description. Moorgate 

Street. 

A.M. 
G. W. and D. K. 9-0 

G. W. and D. K. signifies joint Great Western D. 9-5 
and District trains H. 9-10 

D. 9 1 5 
H. 9-20 

D. signifies District D. 9*25 
G. W. and D. K. 9-30 

D. 9-35 
Metropolitan Co.'s jH. signifies Hammersmith G. W. P. 9-38 

trains. \M. „ Main line H. 9-41 
M. 9-45 
H. 9-50 

G. W. P. signifies Great Western Main line M. 9-55 G. W. P. signifies Great Western Main line 
G. W. P. 9-58 

G. W. and D. K. 10-1 
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EXTRACT NO. 2.—WIDENED LINES. 

NOTE. 
Arrive at 

NOTE. Description. Moorgate 
Street. 

Mid. signifies Midland train Mid. T. 
G. N. P. T. 

A.M. 
9 2 

L. C. and D. M. 9 ! 7 
G. N . P. T. 9-11 

L. C. & D., O. P. 9-14 
G. N. P. T. 9-16 

G. N. „ Great Northern train 
Mid. T. 9*18 

G. N. „ Great Northern train L. C. & D. M. 9 21 
G. N. P. T. 9-24 

L. C. & D. T. 
G. N. P. T. 9 : 28 

L. C D . „ London, Chatham, and Dover 
L. C. & D. M. 9-30 

L. C D . „ London, Chatham, and Dover Mid. T. 9-32 
trains G. N. P. T. 9-34 

G. N. P. T. 9-38 
Mid. T. 9-43 

L. C. & D. M. 9-45 
G. N. P. T. 9-45 

L. C. & D., C. P. 9-51 
G. N. P. T. 9-53 

Mid. T. 9-55 
L. C. & D. M. 9-58 

T h e to ta l n u m b e r of t r a i n s u s i n g t h e Moorga te S t ree t S ta t ion 
da i ly is as follows :— 

MAIN LINE. 

Description of train. Up. Down. Total. 

Metropolitan 
District 
Addison Eoad (G. W. and D. Joint) 
Great Western, Main line 

116 
38 
32 
7 

116 
38 
32 
7 

232 
76 
64 
14 

Total 193 193 386 

WIDENED LINES. 

Description of train. Up. Down. Total. 

Midland 
Great Northern. . 
L. C. and D. . . . . ] \ ' ] [ 

49 
62 
80 

49 
62 
80 

98 
124 
160 

Total 191 191 382 

Total number of trains 768 per day. 
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5 miles, and from Wood Green to Caledonian J u n c t i o n , 5 mi les—al l 
on p a r t s of t h e l ine free from t u n n e l s or o the r expensive w o r k s . 
I n t h e d i ag ram t h e pass ing places or slow lines, and also t h e b r a n c h 
rai ls , a re shown b y a full l ine , a n d t h e m a i n ra i ls b y do t ted l ines . 
W h e n a coal t r a i n a r r ives a t one of these pass ing places, if t h e 
m a i n l ine is clear a n d no fast t r a i n is expected, t h e coal or goods 
t r a i n is a l lowed to go b y t h e m a i n l i n e ; b u t if a n y fast t r a i n is 
expected, t h e coal t r a i n is d i rec ted b y t h e s i g n a l m a n t h r o u g h t h e 
facing po in t s on to t h e side l ine . W h e n t h e slow t r a i n a r r ives a t 
t h e sou th end of a n y pass ing place, i t is a l lowed b y t h e s igna l ­
m a n to rejoin t h e m a i n l ine , u n d e r t h e protect ion of t h e block 
t e l eg raph . A t H i t c h i n a n d a t Hatf ield such long pass ing places 
a re provided on ly on t h e up- l ine , t h e up-traffic be ing mos t i n need 
of t hem, inasmuch as t h e coal t r a i n s are h e a v y on t h e up- journey 
a n d e m p t y on t h e d o w n ; and also p u n c t u a l i t y is less cer ta in in t h e 
a r r i v i n g t h a n i n t h e d e p a r t i n g t r a in s . On t h e l ine be tween H o l ­
lo w a y a n d F i n s b u r y P a r k , 56 t r a i n s pe r d a y a re passed over t h e 
down m a i n l ine , and 78 t r a i n s per d a y over t h e down side l i n e — 
to ta l 1 3 4 ; and 67 t r a i n s over t h e u p main , a n d 74 t r a i n s over t h e 
u p s ide—tota l 141 ; exclusive i n b o t h cases of specials and l i g h t 
engines . T h i s shows a modera te n u m b e r of t r a i n s over each l i n e ; 
b u t t h e mere numer i ca l r educ t ion of t h e n u m b e r of t r a i n s does no t 
r ep resen t t h e whole benefit. T h e g rea tes t a d v a n t a g e is ga ined b y 
so r t i ng t h e t r a i n s , so t h a t t h e t r a i n s on t h e same l ine a re more 
nea r ly of t h e same speed, a n d consequent ly p reserve more n e a r l y 
t he i r i n t ended i n t e r v a l s of t i m e a n d space. A t Ho l loway t h e 
accommodat ion is s t i l l fu r the r increased b y t h e addi t ion of more 
l ines, a n d t h u s a long 2 miles of t h e u p t h r o u g h l ine t h e r e a re 
only 25 t r a in s per day, chiefly t h e express t r a i n s from Y o r k a n d 
Manches ter . T h e fast traffic is t h u s re leased from obs t ruc t ion b y 
goods or coal t r a i n s : these l a t t e r w a i t i n t h e Hol loway s id ings , 
u n t i l such t ime as convenient i n t e rva l s be tween passenger t r a i n s 
a d m i t of t h e i r be ing passed t h r o u g h t h e t u n n e l to t h e goods y a r d . 
T h e junc t ions a t E d g w a r e , H i g h b u r y , and Enfield a re special ly 
w o r t h y of notice, as t h e y a re a r r a n g e d so as to avoid an u p 
b r an ch l ine crossing a down main , or a down b ranch crossing a n 
u p m a i n l ine. A t H i g h b u r y J u n c t i o n t h e l ine to H i g h b u r y leaves 
t h e u p slow l ine on t h e level , and t h e l ine from H i g h b u r y descends, 
and passes u n d e r t h e m a i n l ine a t Hol loway, curves round and jo in s 
t h e down slow l ine. A t E d g w a r e J u n c t i o n t h e down b r a n c h l ine 
s t r ikes off from t h e down slow l ine to t h e left on t h e l eve l ; t h e 
u p b r an ch l ine, wh ich m u s t cross t h e down m a i n l ine, does no t cross 
i t on t h e level , b u t i s carr ied u p a n inc l ine a n d crosses over t h e 

As each a r r i v i n g a n d d e p a r t i n g t r a i n requires a separa te move­
m e n t of t h e eng ine , for c h a n g i n g from one end of t h e s ta t ion to t h e 
other , t h i s g ives a to ta l of 1,536 movements of engines, on t h e 
four l ines of w a y in n ine teen hours , a n d every movement has to be 
d i s t i nc t ly and separa te ly s ignal led. T h i s of course could no t be 
done w i t h o u t t he a id of electric i n s t r u m e n t s , to enable t h e s ignal -
men to communica te w i t h each other , and to have a cons tan t record 
on t h e face of the i n s t r u m e n t s to show w h a t i s be ing done a t t h e 
t i m e even b y themselves . 

On t h e G r e a t E a s t e r n r a i l w a y 220 t r a i n s a n d engines per d a y 
pass on t h e same me ta l s be tween B e t h n a l Green J u n c t i o n and 
S t ra t ford . T h e t r a i n s a t t h a t p a r t of t h e l ine a l l t r ave l a t nea r ly t h e 
same speed. 

W h e r e t h e r e is a m i x t u r e of fast passenger t r a i n s w i t h s lower 
goods traffic, a n d w i t h s u b u r b a n traffic, n e w e lements come in to 
p l ay . I t m a y be premised t h a t t h e r e is a g r e a t difference be tween 
t h e n u m b e r of t r a i n s w h i c h can be s t a r t ed from a t e r m i n u s on 
t h e same meta l s a n d t h e n u m b e r w h i c h can a r r i ve on t h e same 
meta l s , for t h e s imple reason t h a t t r a i n s m a y be s t a r t ed w i t h 
a lmost absolu te p u n c t u a l i t y , a n d so preserve t h e i r i n t ended dis­
tances from each o t h e r ; whereas , in a r r i v i n g , t h e fast t r a i n s wi l l 
ove r t ake t h e s lower ones, a n d t h e p u n c t u a l i t y is less cer ta in , a n d 
so t h e same r e g u l a r i t y canno t be secured : consequent ly , several 
r a i l w a y s are furnished w i t h a t h i r d l ine of ra i l s for t r a i n s a r r i v i n g 
in London. On t h e B r i g h t o n l ine, for instance, t he re is a t h i r d 
l ine for a r r i v i n g t r a i n s from B a l h a m J u n c t i o n to Victor ia S ta t ion , 
F i g . 142. T h e t h i r d l ine enables t h e fast traffic to clear five 
s t a t ions i n t h e l as t 6 miles of t h e j ou rney , and as m a n y s u b u r b a n 
t r a i n s en route. D u r i n g t h e d a y of twen ty - four hours , 34 t r a i n s 
pass a long th i s t h i r d l ine , a n d 88 t r a i n s on t h e slow l ine . A l l t h e 
t r a i n s , from Clapham J u n c t i o n to B a l h a m J u n c t i o n , 127 in n u m b e r , 
are despa tched b y one l ine. 

A fu r the r s tep in t h i s p a r t of t h e subject is i l l u s t r a t ed b y 
t h e G r e a t N o r t h e r n and t h e London a n d N o r t h - W e s t e r n r a i lways , 
b o t h of w h i c h have a fast passenger service a n d also a l a rg e 
coal traffic. I t is obvious t h a t t h i s is q u i t e different from t h e 
s te reo typed traffic and speed of such r a i l w a y s as t h e Met ropo l i t an 
or N o r t h London , a n d on bo th t h e Grea t N o r t h e r n a n d t h e London 
a n d N o r t h - W e s t e r n l ibera l a r r a n g e m e n t s a re made for s epa ra t i ng 
— n o t so m u c h t h e goods traffic from t h e passenger traffic, as for 
s epa ra t ing t h e fast t r a i n s from t h e slow ones. 

On t h e G r e a t N o r t h e r n , F i g . 143, pass ing places a re provided 
from H i t c h i n to S tevenage , 3£ miles, from Hatf ield to Po t t e r ' s Bar , 
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main l ines b y a b r idge , i t t h e n descends and sweeps r o u n d in to t h e 
u p slow l ine . A t Enfield J u n c t i o n the u p b r anch l ine approaches 
t h e u p slow l ine on t h e level, and t h e down b r a nc h leaves t h e down 
slow l ine b y a curve , and ascends an incl ine and crosses t h e m a i n 
l ines b y a b r idge . A t each of these j unc t ions t h e level crossing 
usua l a t o rd ina ry junc t ions is avoided, and t h e effect i s to release 
t h e 141 u p t r a i n s a n d 56 down ^trains from h a v i n g to r u n t h e 
g a u n t l e t of abou t 60 t r a i n s of t h e H i g h b u r y and Enfield branches , 
a n d to release t h e 134 down m a i n t r a i n s a n d 25 u p m a i n t r a i n s 
from h a v i n g to be crossed b y about 30 u p t r a i n s from B a r n e t . 
M a n y o ther j unc t ions on t h e G r e a t Nor the rn , London a n d B r i g h t o n , 
a n d o the r r a i lways , a r e a r r a n g e d on t h e same p lan . 

On t h e London a n d N o r t h - W e s t e r n a n add i t iona l u p l ine , 
F i g . 144, has been for some years i n opera t ion from Ble tch ley to 
K i n g ' s L a n g l e y and from Wat fo rd to Wil lesden, t h e only in te r ­
rup t i on be ing caused b y t h e Wat ford T u n n e l , t h r o u g h w h i c h the re 
a re b u t t w o l ines . A n addi t iona l t u n n e l has n o w been made, and 
v e r y shor t ly t h e t h i r d l ine wi l l be complete from Ble tch ley to W i l ­
lesden. T h e fast passenger traffic goes b y t h e m a i n l ine, and t h e 
slow passenger traffic a n d most of t h e goods a n d coal t r a i n s b y t h e 
u p slow l ine, b u t some express goods t r a i n s go b y t h e ma in u p l ine . 
T h e to t a l n u m b e r of d o w n t r a i n s is n o w 91 on t h e same meta ls , 
exclus ive of specials a n d l i g h t e n g i n e s ; on t h e u p m a i n l ine t h e r e 
a r e 31 passenger a n d 8 goods t r a in s , a n d t h e on u p slow l ine 
57 goods a n d 11 passenger t r a i n s ; b u t these re la t ive n u m b e r s 
a re var iab le , because t h e s ta t ion-mas te rs have a d i sc re t ionary 
power to send a n y t r a i n b y e i the r l ine as c i rcumstances m a y 
requ i r e . W h e n the n e w four th l ine , n o w m a k i n g from W i l ­
lesden to Ble tchley , 43 miles, is finished, t h e i n t e n t i o n is to work 
t h e m as shown on F i g . 145. Al l t h r o u g h passenger t r a i n s , a n d 
some t h r o u g h goods, wi l l go b y t h e fast l ines . T h e s lower t r a i n s 
of a l l k inds w i l l go b y t h e slow l ines . T h i s sub-divis ion of t h e 
traffic w i l l increase t h e c a r r y i n g power of t h e r a i l w a y i n a m u c h 
g r e a t e r r a t io t h a n t h e increased n u m b e r of l ines, for t h e reasons 
before referred to . P r o b a b l y t w o pa i rs of ra i l s wou ld ca r ry four 
t imes as m u c h traffic as one p a i r wou ld do w i t h t h e same 
m i n i m u m in t e rva l s be tween them. I t is i n t ended to h a v e a l l 
goods ya rds as far as possible on t h e east," or slow side of t he 
r a i l w a y , so as to keep s h u n t i n g operat ions as m u c h as possible ou t 
of t h e w a y of t h e fast l ines . I t is proposed shor t ly to complete 
t h e four l ines of w a y to E u s t o n Sta t ion on t h e south, and to Eoade 
on t h e no r th . A dupl ica te t u n n e l has a l ready been made side b y 
side w i t h t h e Kensa l Green T u n n e l ; and, indeed, t h e four l ines 
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are completed as far as t h e face of P r imrose H i l l T u n n e l . A n 
add i t iona l u p l ine is i n use from N u n e a t o n to E u g b y , 14 mi les . 
Add i t iona l u p a n d down l ines a re in use from H u y t o n to E d g e H i l l , 
and in course of const ruct ion from Stafford to Crewe. I n a l l these 
cases t w o l ines wi l l be appropr ia t ed to fast traffic and t w o l ines to 
slow traffic. Be tween Stafford and Crewe t h e fast l ines wi l l be to t h e 
east and t h e slow l ines to t h e west , as t h e e x i s t i n g goods accom­
modat ion is chiefly on t h e wes t side. 

B y t h e k indness of Mr. Johnson , M. I n s t . C.E., Chief E n g i n e e r 
of t h e Grea t N o r t h e r n r a i lway , t h e a u t h o r is enabled to g ive some 
pa r t i cu la r s as to t h e cost of t h e pass ing places on t h a t l i n e : — 

GREAT NORTHERN RAILWAY. 
Miles. 

Cost of additional up and down lines between Copenhagen) 
Tunnel and Wood Green, including alterations of stations/ 

* 3 | Ditto of up line between Hitchin and Stevenage 
Per mile 

*5 Ditto of up line between Hatfield and Potter's Bar . 
Per mile 

Ditto of down line between Hatfield and Welwyn Junction) 
for Luton traffic . . . . . . . . / 

£246,500 

32 Probable cost to complete four lines, King's Cross to Hitchin £1,000,000 
Per mile . 3 1 , 2 75 

T h e i tems marked w i t h an as ter i sk (*) a re s t r i c t ly speak ing pass­
i n g places for fast and slow traffic. T h e sites were selected as 
be ing free from t u n n e l s or o ther expensive works . T h e cost of t h e 
l and is no t included, as i t w a s a l r eady in t h e possession of t h e 
company, b u t even so £4000 per mi le m u s t be considered a mo­
dera te sum. T o m a k e four complete l ines from H i t c h i n to K i n g ' s 
Cross would be v e r y costly, o w i n g to t h e l a rge propor t ion of 
t u n n e l work. 

Mr. Baker , M. I n s t . C.E., Chief E n g i n e e r of t h e London and 
N o r t h W e s t e r n ra i lway , has ob l ig ing ly communica ted t h e cost of 
t h e t h i r d l ine from Ble tch ley to Wil lesden, 43 miles, as be ing 
£350,000, or abou t £8000 per mile. T h i s is also a modera te sum, 
for i n m a k i n g long pass ing places the re is no t t h e same oppor­
t u n i t y of choice of si te as i n m a k i n g shor t ones, and some expensive 
works m u s t be incurred . T h e es t ima te for comple t ing four l ines, 
from Camden to Ble tch ley is £980,000. 

£208,734 
11,406 

3,258 
20,291 

4,058 

6,069 


