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Mr. E A P I E R desired to t h a n k numerous friends for t h e va luab le 
assis tance rendered i n t h e compi la t ion of t h e P a p e r and t h e p repa 
r a t i on of t h e d r a w i n g s . H e had only sough t to b r i n g fo rward 
ins tances of w h a t had been accomplished, w i t h o u t p r e t e n d i n g to 
make t h e P a p e r exhaus t ive . On m a n y po in t s connected w i t h 
r a i l w a y s igna l l i ng g rea t difference of opinion prevai led , a n d on 
none more so t h a n on t h e subject of p e r m a n e n t audib le s ignals . 
H e had a l luded to t h e p robab i l i ty t h a t if s igna l s were all a r r a n g e d 
so as to g ive t h e d r ive r s an aud ib le s igna l in add i t ion to t h e 
vis ible s igna l , t h e y would e n t i r e l y re ly on t h e former, a n d be less 
careful in looking out for t h e l a t t e r . H e had , however , w i t h i n t h e 
las t few days had an o p p o r t u n i t y of e x a m i n i n g on t h e London and 
Sou th -Wes te rn r a i l w a y t h e first optional aud ib le s i g n a l ; t h i s 
Mr. B u r n h a d erected since t h e r ead ing of t h e Pape r . T h e 
appa ra tu s enabled a s igna lman to sound t h e wh i s t l e of a n 
approach ing eng ine if t h e v is ib le s igna ls should be obscured b y 
fog, or if for a n y o the r reason t h e s i gna lman were especial ly 
anxious to a t t r a c t t h e d r iver ' s a t t en t i on . T h e s igna l could of course 
be a r r a n g e d e i the r as a nega t i ve or a pos i t ive one. I t m i g h t be a 
ru le t h a t no d r i v e r should proceed pas t a s igna l s ta t ion i n foggy 
w e a t h e r w i t h o u t r ece iv ing an audib le s ignal . I ndeed a t p re sen t 
t h e ru l e was t h a t if a d r ive r w a s i n doub t as to t h e s ignal he was 
to pu l l u p and a sce r t a in—a ru l e w h i c h i t was no t a lways possible 
to obey. 

I t h a d been u r g e d as an objection aga in s t i n t e r lock ing a p p a r a t u s 
t h a t a m a n w a s ap t to ge t puzzled w i t h h a v i n g so m a n y levers to 
a t t e n d to. N o w t h e c o n t r a r y w a s t h e fact. A m a n m i g h t be 
puzzled i n h a v i n g a w a r m corner t o look after, b u t n o t b y t h e 
n u m b e r of levers . Indeed , t h e more t h e be t t e r , as, w h e n ful ly 
furnished w i t h gear , t h e m a n h a d on ly one separa te t h i n g to do b y 
one s epa ra t e movemen t of h i s own, a n d h a d also t h e pro tec t ion of 
t h e mechan i sm aga in s t mis takes wh ich m i g h t invo lve danger . 

T h e complete equ ipmen t of r a i lways w i t h t h e efficient appl iances 
of t h e block sys tem h a d a di rect re la t ionsh ip w i t h t h e d iv idend-
e a r n i n g power of r a i lways . T h e ques t ion w h i c h h e was anx ious 
to see t h o r o u g h l y raised was w h a t was t h e m a x i m u m a m o u n t of 
traffic wh ich could be carr ied on one pa i r of me ta l s . I f t w e n t y or 
t h i r t y t r a i n s could pass over one pa i r of meta l s on t h e Met ropol i t an 
r a i lway in a n hour , w h a t were t h e c i rcumstances l i m i t i n g t h e 
n u m b e r of t r a i n s in t h e case of other r a i lways ? Differences of 
speed a t once in t e rvened , and t h e ques t ion was h o w to accommo
da te those differences. T h e old t e n - m i n u t e s ' i n t e rva l of t h e G r e a t 
W e s t e r n would obvious ly be of l i t t l e service now. B u t t h e n e w 
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fashioned i n t e rva l of space would do e v e r y t h i n g , g iv ing as i t d id 
t h e power to pass t r a i n s over a g iven spot w i t h i n abou t a m i n u t e 
a n d a hal f of each o ther . T h e absolute block sys tem, therefore, 
was t h a t b y w h i c h a r a i l w a y could ge t t h r o u g h t h e grea tes t a m o u n t 
of d iv idend-ea rn ing work . H e had endeavoured to show i n t h e 
tab les t h e probable cost of t h e absolute block sys tem. I n t h e 
P a p e r he h a d t a k e n a low average n u m b e r of levers in a s igna l -
house (fifteen), w h i c h made i t appear more cost ly, because t h e 
s ignal-house and t h e block t e l eg raph i n s t r u m e n t s were more costly, 
i n propor t ion , for a smal l frame t h a n for a l a rge r one. T h e a m o u n t 
he h a d calculated was £ 2 5 per lever, w h i c h would p robab ly be 
called in quest ion, b y some as be ing too h i g h , a n d b y o thers as 
be ing too low. T h e n u m b e r s of po in t s g iven i n Tab le 148 were 
t a k e n from t h e P a r l i a m e n t a r y E e t u r n s of fourteen r a i l w a y compa
nies . T h e L o n d o n a n d N o r t h - W e s t e r n r a i l w a y r e t u r n e d 3,132 
po in t s of communica t ion on i t s passenger l ines . T a k i n g t h e h i g h 
ave rage of t h r ee s igna l s for each swi tch , and a l lowing for a s u b 
ord ina te sw i t ch no t ac tua l ly i n t h e m a i n l ine, b u t w h i c h wou ld 
h a v e to be coupled u p to t h e lock ing frame as we l l as t h e p a r e n t 
one, t h e n u m b e r of levers wou ld be 15,000, or 10*2 per mile. T h e 
Lancash i re a n d Yorksh i re r a i l w a y had 16*55 per mi le . T h e to t a l 
first cost per mi le w a s shown in Tab le 148. 

'Table 149 showed t h e p robab le a n n u a l cost of ma in t enance a n d 
add i t iona l a t t endance . I t gave t h e n u m b e r of levers a n d t h e 
probable n u m b e r of s igna l s ta t ions . T h e probable correctness of 
t h e e s t ima te as to t h e n u m b e r of s igna l s t a t ions was cur ious ly 
confirmed b y t h e L o n d o n and N o r t h - W e s t e r n r a i lway , London to 
Stafford, a n d t h e G r e a t N o r t h e r n r a i l w a y , London to Askern , on 
bo th of w h i c h por t ions of r a i l w a y t h e n u m b e r s v e r y n e a r l y 
accorded w i t h h i s o w n ca lcula t ion , viz., one s igna l s ta t ion to 
every mi le and a ha l f of r a i l w a y on a n average . W i t h r e g a r d 
to t h e n u m b e r of men, i t was m u c h d i spu ted w h e t h e r t h e in 
te r lock ing a n d t h e block sys tem r e q u i r e d more m e n or fewer. 
On t h e one h a n d , i t was a r g u e d t h a t b y do ing a w a y w i t h so m a n y 
g round po in t smen t h e w o r k could be done w i t h fewer m e n ; on t h e 
o ther hand , i t was said t h a t t h e s i gna lmen were a l l n e w men . H e 
h a d t aken a mean be tween t h e t w o , a n d supposed t h a t hal f t h e 
to ta l m e n were n e w men , wh ich he be l i eved to be s l i g h t l y above 
t h e fact. W i t h regard to t h e wages , in te res t , a n d m a i n t e n a n c e of 
gear , h e h a d calculated £100 per m a n per a n n u m , and he h a d 
shown, i n Tab le 149, t h e p robab le add i t iona l cost per mi le per 
a n n u m , t h e London and N o r t h - W e s t e r n be ing £102 , a n d t h e 
Lancash i re and Yorksh i r e £166 per mi le per a n n u m . W h e n , how-
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ever, t h e add i t iona l cost was compared w i t h t h e ve ry h i g h traffic 
rece ip ts of t h e Lancash i r e and Yorksh i r e r a i lway , t h e a n n u a l cost 
of t h e block sys tem per cent , of traffic receipts was less t h a n t h e 
percen tage on some other r a i lways . H e had g iven a comparison 
of t h e block sys tem w i t h t h e whole traffic, and also t h e a n n u a l 
increase of t h e traffic rece ip ts on a n ave rage of t w o years . I n t h e 
case of t h e Mid land r a i l w a y i t wou ld be seen t h a t t he r e w a s an 
increase of £567,000 per a n n u m year after year . I f t h e traffic 
receipts increased a t t h e r a t e of 11 or 12 per cent. , as in t h e 
case of t h e Mid land , or say 8 per cent , a l l round, i t was clear t h a t 
i t would be necessary to face t h e ques t ion h o w to ge t t h e best 
possible r e su l t ou t of t h e ex i s t i ng r a i lways . 

H e h a d n e x t compared t h e a n n u a l cost w i t h t h e to ta l o r d i n a r y 
capi ta l , for t h e shareholder m i g h t n a t u r a l l y i n q u i r e w h a t t h e cost 
of t h e sys tem wou ld be i n t h e shape of reduced d iv idend i n t h e 
first ins tance . H e h a d n e x t shown t h e t o t a l cap i ta l w i t h w h i c h 
i t was most fitting to m a k e a compar ison. I f t h e o r ig ina l cap i ta l 
were smal l as compared w i t h t h e t o t a l capi ta l , as in t h e case of t h e 
Grea t W e s t e r n (£13,000,000 as compared w i t h £51,000,000) , a 
s l i g h t i m p r o v e m e n t in t h e profit wou ld affect t h e o r d i n a r y capi ta l , 
a n d so wou ld a s l igh t d i s advan t age in t h e shape of e x p e n s e ; a n d if 
t h e or ig ina l shareho lders were anxious to g a i n t h e one t h e y should 
be w i l l i n g to i n c u r t h e o ther . T h e t r u e w a y w a s t o compare t h e 
first cost of t h e block sys t em w i t h t h e whole cost of t h e r a i lway , 
and t h e a n n u a l m a i n t e n a n c e also w i t h t h e whole capi ta l . T h e 
ca lcu la t ions as to t h e cost of t h e block sys tem were exclusive of t h e 
s igna l s themse lves , w h i c h w o u l d be used i n a n y case, a n d also 
exc lus ive of s id ings or add i t iona l accommodat ion , because t h e 
cost of add i t i ona l s id ings d id n o t p rope r ly be long to t h e block 
sys tem. I f t h e sys tem were car r ied out , i t wou ld enable a r a i l w a y 
to be worked w i t h less s id ing room, t h e same r e g a r d b e i n g pa id in 
b o t h cases to safe in t e rva l s of t r a in s , s ince i t enabled t h e m a i n l ine 
to be more ful ly and cons tan t ly occupied. 

After t h e block sys tem h a d been carr ied out , t h e n e x t t h i n g 
wou ld be to m a k e add i t iona l l ines . One w a y was to m a k e n e w 
l ines t h r o u g h fresh d is t r ic t s , affording a l t e rna t ive routes , b u t 
i n v o l v i n g n e w s ta t ions , n e w staff, and , i n fact, a n e w r a i l w a y 
a l toge ther . Such l ines m i g h t be of t w o sor t s , l ike t h a t be tween 
Lincoln and H o n i n g t o n , fo rming a n i m p o r t a n t a u x i l i a r y for send
i n g t h e coal traffic, b u t no t s h o r t e n i n g t h e m a i n l i n e ; or, l ike 
several l ines w h i c h had been made on t h e Mid land , s h o r t e n i n g t h e 
m a i n l ine of r a i l w a y , as i n t h e case of t h e l ine from Chesterfield 
to Sheffield, and from T r e n t to Chesterfield, t h e l ine from D o n -
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caster to York on t h e Nor th -Eas t e rn , a n d t h e T e a m Val ley l ine , 
b o t h t h e l a t t e r affording add i t iona l facilities for fast traffic, a n d 
go ing t h r o u g h a n e w dis t r ic t . Ano the r mode of m a k i n g add i t iona l 
l ines w a s t h e sys tem of passing-places, adopted b y t h e G r e a t 
N o r t h e r n Company, F i g . 143. B y t h e k indness of Mr . Johnson , 
chief eng ineer of t h a t r a i lway , he w a s enabled to g ive some 
informat ion as to t h e cost of snch passing-places. T h e addi t iona l 
works a t Ho l loway h a d cost £208,000, b u t t h a t was not , p roper ly 
speak ing , a pass ing-place . I t m i g h t r a t h e r be called a t e r m i n a l 
accommodat ion. T h e l ines from H i t c h i n to S tevenage and from 
Hatf ield to Po t t e r ' s B a r were , s t r i c t ly speaking , fast and slow 
passing-places . T h e 3J- miles from H i t c h i n to S tevenage cost 
£11,000, or £3,200 per mi le . T h e up- l ine be tween Hatf ie ld a n d 
Po t t e r ' s B a r cost £20,000 for 5 miles, or £4,000 per mi le . T h e 
s t a t emen t s as to t h e cost d id no t inc lude l and i n t h e case of t h e 
G r e a 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 Companies . 
N e x t came t h e sys tem of four l ines . T h e cost of conve r t ing t h e 
passing-places in to four l ines on t h e London and N o r t h - W e s t e r n 
r a i l w a y would be £980,000. T h e cost of t h e prev ious pass ing-
places, or t h i r d l ine , had been £350,000. T h e probab le cost of 
comple t ing t h e four l ines on t h e G r e a t Nor the rn , for t h e 32 mi les 
from K i n g ' s Cross to H i t c h i n , wou ld be abou t £1,000,000. 

T h e r e was a g rea t o u t c r y for separa te l ines for goods and o the r 
s low t r a ins , d i s t inc t from t h e fast traffic l ines, b u t i t was , for t h e 
present , i n h i s opinion, p r e m a t u r e . P e r h a p s i n t w e n t y yea rs t h e 
London a n d N o r t h - W e s t e r n m i g h t be doubled a l l t h e w a y be tween 
London and Liverpool , b u t n o w t h e r i g h t me thod appeared to be 
to p rov ide add i t iona l accommodat ion w h e r e i t could be done 
cheaply . I t wou ld no t do to lessen t h e speed. I f a n y one of t h e 
t h r e e g r ea t companies gua ran t eed to spend t w o hours longer be
t w e e n London and E d i n b u r g h , i t would be abou t t h e quickes t 
w a y of go ing to r u i n t h a t could wel l be devised. H e remembered 
accompany ing t w o elder ly , ne rvous gen t l emen to K i n g ' s Cross to 
see t h e m off to E d i n b u r g h . T h e y were full of t h e glories of t h e 
old stage-coach era, and t a lked much of t h e dreadful r a i l w a y acci
den t s as a cont ras t . H e t r i ed to calm t h e i r fears and said, " T h e 
t r a i n you are go ing b y does no t t r ave l a n y t h i n g l ike so qu ick ly 
as t h e t r a i n before i t ." On a r r i v i n g a t K i n g ' s Cross, t h e F l y i n g 
Scotchman h a d no t ye t depar ted . One of h is fr iends said, " D o 
you rea l ly mean to say t h a t t h a t t r a i n wi l l ge t to E d i n b u r g h t w o 
hou r s before we d o ? " " Y e s , I do ." " Then , George, we wi l l go 
by i t , a n d we shal l be able to ge t our d i n n e r comfortably a t 
E d i n b u r g h , ins tead of ha l f chok ing ourselves a t York." Mr. Eap i e r 
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concluded b y say ing , t h a t he h a d endeavoured to place t h e subject 
as fully a n d as c lear ly as possible before t h e members , w i t h o u t 
express ing decided opinions of h i s own, b u t r a t h e r w i t h t h e hope 
of e l ic i t ing t h e v iews of those w h o were prac t ica l ly engaged in t h e 
w o r k i n g of r a i l w a y s . 

Mr . F A R M E R said he desired to m a k e a few observat ions w i t h 
r e g a r d to the o r ig ina l i nven t i on of t h e lock ing a p p a r a t u s . T h e 
A u t h o r had apologized for o m i t t i n g to not ice t h e admi rab le i n v e n 
t i on of Mr . Buck ; b u t Mr. F a r m e r h a d a l i s t of n i n e t y - t w o p a t e n t s 
for locking a p p a r a t u s t a k e n out b y var ious ind iv idua l s from 1856 
to t h e presen t t ime, m a n y of wh ich , as wel l as Mr. Buck 's , deserved 
notice. H e wished to a l lude to t h e cont r ivances referred to i n t h e 
P a p e r as p reced ing w h a t m i g h t be called t h e o r ig ina l i nven t i on of 
t h e lock ing a p p a r a t u s . T h a t of Mr . Gregory , said to h a v e been 
i n use a t t h e Br ick laye r s ' A r m s S ta t ion i n 1843, w a s no doub t 
a mer i to r ious inven t ion as far as i t w e n t ; b u t as t he re was no 
mechanica l communica t ion be tween t h e po in t s a n d t h e s ignals , i t 
d id no t an t i c ipa t e t h e i n t e r lock ing a p p a r a t u s . T h e con t r ivance 
i n use a t E a s t Eetford, was one of t h e h a r e s s t a r t ed b y t h e defence 
i n an act ion b r o u g h t b y h i s firm aga ins t ce r t a in in f r ingers of t h e i r 
p a t e n t ; b u t i t neve r got beyond t h e formal i ty of be ing inc luded 
i n a long l i s t of l ega l objections to t h e pleas in t h e sui t . T h e 
con t r ivance p r even t ed a s igna l b e i n g g iven for traffic from Gains 
bo rough to Manches te r , un less t h e po in t s stood in t h a t d i r ec t ion ; 
b u t i t d id n o t p r e v e n t t h e s igna l for t h e b r a n c h be ing g iven , 
a l t h o u g h t h e po in t s stood c o n t r a r y to t h e b r a n c h ; i t made no 
pre tence to in te r lock w i t h a n y of t h e o the r s ignals or po in t s . 
Mr. Saxby ' s i n t e r l o c k i n g sys tem of 1856, for t h e first t i m e i n t h e 
h i s to ry of r a i l w a y s , p rov ided a mechanica l r ec ip roca t ing com
mun ica t i on and ac t ion u p o n a l l t h e po in t s a n d s igna ls of a r a i l w a y 
junc t ion , w h e r e b y no t only those po in t s a n d s igna l s w h i c h were i n 
d i rec t re la t ion w i t h one ano the r w e r e made to w o r k i n h a r m o n y , 
b u t al l t h e o the r s igna l s of t h e sys tem w e r e also control led a n d 
locked a g a i n s t imprope r or dange rous use. T h e first appa ra tu s , 
i n t roduced a t Br i ck laye r s ' A r m s , consisted of e i g h t semaphore 
s i g n a l s ; and t h e r e were s ix pa i r s of po in t s concent ra ted w i t h i n t h e 
s ignal cabin, a l l so governed and locked t h a t i t was impossible t o 
g ive a n y s igna l w h i c h w a s c o n t r a r y to t h e posi t ion of t h e po in ts , 
and i t was equa l ly impossible to g ive a n y s igna ls w h i c h would be 
i n conflict w i t h o the r s ignals . H e w a s a t a loss to u n d e r s t a n d h o w 
such an i n v e n t i o n could have been overlooked, as he v e n t u r e d t o 
c la im for t h a t i nven t ion t h a t i t was t h e foundat ion of t h e whole 
ex i s t ing system. T h e v i t a l p r inc ip les of t h e in t e r lock ing a p p a r a t u s 
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were t w o :—(1) s imu l t ane i ty of w o r k i n g and m o v e m e n t ; (2) t h a t 
t h e movement of t h e po in t s should i n a l l cases domina t e t h e s ignals . 
These pr inc ip les h a d been adopted in every lock ing a p p a r a t u s since 
1856. W h e n e v e r a po in t lever was moved t h e lock ing gear w i t h 
w h i c h i t w a s connected was moved s imul taneous ly , so as to lock 
a l l those s ignals w h i c h i t would t h e n be dangerous to give i n t h e 
a l t e red posi t ion of t h e p o i n t s ; a n d al l those s ignals were set a t 
l i be r ty w h i c h i t would t h e n be safe to give. W i t h r e g a r d to w h a t 
t h e A u t h o r called a 'pari passu movement of po in t s and s ignals , t h a t 
w a s to a ce r t a in ex t en t an e lement in t h e p a t e n t of 1856, b u t no t an 
essent ia l o n e ; i t was on ly a m a t t e r of convenience, a n d no t of 
sa fe ty—a pari passu m o v e m e n t of itself, t h a t was to say, w i t h o u t 
r ec ip roca t ing influence on o ther s ignals , wou ld be abso lu te ly 
dangerous . H e could no t u n d e r s t a n d how, w i t h such a l i s t of 
i nven t ions (n ine ty - two in n u m b e r ) so complete ly cover ing t h e 
field of mechanica l cont r ivance , t h e A u t h o r h a d con t r ived to s t a r t 
" de novo" and to produce a locking a p p a r a t u s of w h i c h i t m i g h t 
be said ne plus ultra ! 

Mr. IMRAY said t h e P a p e r w a s l ike t h e p l a y of H a m l e t w i t h t h e 
p a r t of t h e P r i n c e of D e n m a r k omi t t ed . I t would be s t r a n g e to h e a r 
a P a p e r u p o n t h e s team eng ine w i t h o u t a n y m e n t i o n of t h e n a m e 
of W a t t , or one on r a i l w a y s w i t h o u t a n a l lus ion to S tephenson . 
I t w a s gene ra l l y a d m i t t e d t h a t t h e first i nven to r of t h e in t e r lock ing 
a p p a r a t u s w a s Saxby, in 1 8 5 6 ; b u t n o t h i n g w a s said of t h a t 
i nven t ion . M a n y p a t e n t s h a d since been t a k e n ou t for va r ious 
mechan ica l d e t a i l s ; b u t t h e fundamenta l pr inc ip le of Saxby ' s appa
r a t u s h a d no t been a l te red . T h e a p p a r a t u s a t E a s t Ketford, referred 
to as a l ock ing a p p a r a t u s , w a s n o t h i n g more t h a n a po in t indicator . 
Mr . S a x b y w a s t h e first in 1856 to p u t i n to a r ow toge the r the levers 
for w o r k i n g t h e po in t s a n d t h e s igna ls . H e w a s t h e first to a p p l y 
to those levers t h e s p r i n g catch a r r a n g e m e n t . I t had been k n o w n 
before, b u t no one h a d t h o u g h t of a p p l y i n g i t to t h a t purpose . I n 
1860, i n s t ead of u s i n g r o c k i n g shafts for c o m m u n i c a t i n g t h e lock ing 
movement , Mr . S a x b y adopted s l i d i n g bars . Since t h a t t i m e 
var ious inven t ions h a d been made for convey ing t h e movemen t b y 
s l id ing ba r s or b y rock ing shafts. Mr . Eap ie r ' s me thod of s l id ing 
ba r s was a mere modification of Saxby ' s a p p a r a t u s . I n 1867 a 
complete ly new p r inc ip l e was in t roduced, also due io Mr . Saxby. 
I n prev ious methods t h e lock ing was effected b y t h e movemen t of 
t h e lever . T h e lever h a d to be moved a ce r t a in d is tance before 
t h e o the r levers were locked, a n d t h e r e su l t w a s t h a t w h e n t h e 
a p p a r a t u s got s lack t h e s i g n a l m a n m i g h t be able to lower t h e 
s igna l w h e n he o u g h t no t to lower i t . Mr. Saxby ' s p l an was to effect 
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the locking b y t h e movemen t of t h e s p r i n g ca tch . Before t h e 
lever was moved, t h e mere i n t en t ion of m o v i n g i t effected t h e 
locking . T h i s w a s t h e most i m p o r t a n t i nven t ion of all , for a 
w r o n g s igna l could n o t be g iven e i the r b y negl igence or b y a n y 
s t r a in or s lackness of t h e a p p a r a t u s . Before t h e lever could be 
moved t h e s p r i n g ca tch m u s t be closed, w h i c h operat ion effected 
t h e necessary locking. Mr. E a p i e r had a l luded to Saxby a n d F a r 
mer ' s inven t ion , b u t only i n t e rms of fa int pra ise . I n o ther respects 
h e va lued t h e P a p e r h i g h l y . 

Mr . D. A. CARR said i t h a d been r e m a r k e d t h a t t h e wors t pol icy 
of a r a i l w a y company would be to reduce t h e speed of i t s t r a i n s . 
Mr. Car r v e n t u r e d to t h i n k t h a t if t h e ' F l y i n g S c o t c h m a n ' h a d 
gone t h r o u g h a fog on i t s w a y to E d i n b u r g h , no t only would i t 
have been t w o hours la te , b u t possibly i t would never have a r r ived 
t he r e a t a l l . T h e A u t h o r h a d en la rged on t h e e x i s t i n g sys tem of 
i n t e r lock ing poin ts and s ignals ; b u t h a d on ly made s l i gh t m e n t i o n 
of a n y modes of c o m m u n i c a t i n g w i t h t h e eng ine-dr ive r i n foggy or 
snowy wea the r . Mr. Car r had , in conjunct ion w i t h Mr. Crawford 
Bar low, endeavoured to fill u p t h a t gap , a n d h a d m a d e a series of 
exper imen t s w i t h t h a t object. One defect in t h e p re sen t sys tem 
was t he possibi l i ty of a mal ic ious s i g n a l m a n p u l l i n g off t h e po in ts , 
even t h o u g h he h a d received t h e danger -s igna l . W i t h t h e v i ew of 
mee t ing t h a t difficulty, a sys tem of electr ical s ignals fixed on t h e 
wea ther -board of t h e eng ine h a d been proposed to t ake t h e place of 
t h e so-called fixed s igna ls . T h e a r r a n g e m e n t for s igna l l i ng on to 
t h e t r a i n i tself i n connect ion w i t h t h e p resen t fixed s ignals w a s 
shown in F i g . 1. C w a s a n i n t e r m e d i a t e block-signal s ta t ion, w i t h 
home a n d d i s t a n t s ignals . A t t h e po in t w h e r e t h e ex i s t ing d i s t a n t 
s ignal was first seen, t h e electr ical d i s t an t -ba r was placed, a n d 
t he r e was a second b a r abou t 50 y a r d s nea re r t h e box to r epea t t h e 
s igna l received on t h e eng ine . A t t he box the re was a longer b a r 
or home s ignal . T h e th ree ba r s w e r e placed in electr ical connect ion 
w i t h t h e s igna l i n s t r u m e n t , F i g . 2, w h i c h w a s worked b y t h e levers . 
T h e act ion was as follows :—The s i g n a l m a n h a d received notice of 
t h e approach ing t r a i n b y means of t h e block in s t rumen t s . Should 
t h e n e x t block l e n g t h be clear, he proceeded to p u l l off t h e home 
and t h e d i s t a n t s ignals . I n do ing so h e moved t h e shades i n t h e 
s igna l i n s t r u m e n t from red to wh i t e , t h e r e b y c h a n g i n g t h e d i s t a n t 
and t h e home s igna l -bars . T h e a p p r o a c h i n g t r a i n passed over t h e 
d i s t an t s igna l -ba r a t A, received a " clear " s igna l , w h i c h i t r epea ted 
on pass ing B , and proceeded to t h e home s igna l -bar , w h e r e t h e clear 
s igna l was a g a i n received a n d t h e t r a i n proceeded to t h e n e x t block 
s ta t ion. Should, however , t h e block l e n g t h ahead no t be clear, t h e 
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s i g n a l m a n left t h e s ignals a t danger , w h e n t h e electr ical s ignals 
also remained a t danger . I t would be observed t h a t , b y means of 
t h e repeater , t h e s igna lman k n e w d i rec t ly t h e t r a i n h a d come w i t h i n 
t h e d i s t an t s ignal , and could therefore a t once cover i t . F i g . 3 
showed t h e au tomat i c a r r a n g e m e n t for a double junc t ion . A D 
was a t h r o u g h l ine w i t h a b r a n c h to C. A and B were t w o 
s ta t ions , fitted w i t h electr ical s ignal -bars , as shown b y b lack l ines, 
a n d i n s t r u m e n t s t e rmed t r a n s m i t t e r s , T . T h e t r a n s m i t t e r w a s 
moved b y a t readle , depressed b y wheels , and a w i r e passed from 
t r a n s m i t t e r to t r ansmi t t e r , and also to t h e s ignal -bars . T h e act ion of 
t h e t r a i n from A to D was as fo l lows :—A t r a i n a r r ived a t t h e d is tance 
s igna l of s ta t ion A . I f t h e block l e n g t h was clear be tween A a n d B 
t h e t r a in received a clear s ignal , a n d proceeded pas t t h e d is tance 
a n d a r r ived a t t he home s ignal , w h e r e i t aga in received a clear s ignal . 
I t t h e n passed t h e home s ignal and a r r ived a t t r a n s m i t t e r a t a, 
w h i c h it depressed i n pass ing, caus ing ba r s a t A to be set to danger , 
and a t the same t i m e s t ruck an electr ical bel l i n t h e s ignal -box 
a t B . W h a t took place i n t h e i n t e r io r of t h e s ignal -box a t B, t h e 
t r a i n be ing be tween A and B, w a s as follows : w h e n t h e s i g n a l m a n 
received not ice of t h e approach ing t r a in , he depressed t h e k e y of 
t he s ignal i n s t r u m e n t marked " M a i n L ine , No. 1," F i g . 4, g i v i n g 
a clear s igna l to t h e a p p r o a c h i n g t r a i n ; b u t , as t h i s k e y w a s i n 
connect ion w i t h t h e w i re from t h e t r a n s m i t t e r a t b, no c u r r e n t 
was sent in to t h e ba r s as long as a p rev ious t r a i n was t r a v e l l i n g 
be tween b and t h e block s ta t ion a t D. T h e i n s t an t , however , t h a t 
t h e block l e n g t h between b and D was clear, t h e t r a n s m i t t e r a t b fell, 
and, t h e c i rcui t b e i n g completed, t h e ba r s received t h e clear s ignal , 
wh ich was t r a n s m i t t e d on to t h e app roach ing t r a in , w h i c h t h e n 
t rave l led pas t t h e d is tance a n d home s ignals as before, and proceeded 
towards D . If, however , a block h a d occurred be tween B and D, 
t h e t r a n s m i t t e r a t b had no t fallen, a n d therefore, a l t h o u g h t h e 
s igna lman had g iven " L ine Clear ," the c i rcui t was no t coupled u p , 
and the approach ing t r a i n received a d a n g e r s igna l a t t h e d i s t a n t 
s ignal , and a t once s lackened to slow speed, s topp ing a t t h e home 
s ignal a t B . F o r t r a i n s t r ave l l i ng in o ther di rect ions t h e opera
t ion was precisely t h e same, i t b e i n g necessary on ly t h a t if a t r a i n 
was proceeding on to t h e b ranch , t h e swi t ch -hand le m u s t first be 
moved before t h e s ignal -key could be depressed. I t was to be 
observed tha t , as t h e keys were in ter locked, t h e s i gna lman h a v i n g 
depressed t h e k e y for t he U p Main l ine, could no t depress t h e keys 
for t h e U p B r a n c h No. 2, b u t could depress e i the r t h e D o w n Main 
L i n e No. 4 or t h e D o w n Branch No. 3, b u t no t bo th . 

Mr . A . E . POOLE said, t h o u g h no t a scientific man , he had had 
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i n h i s professional du t i e s s o m e t h i n g to do w i t h in t e r lock ing a p 
pa ra tu s , and had himself made some a t t e m p t s i n t h a t d i rect ion. 
I t was no t a lways t he pa ten tee w h o was t h e i nven to r : t h e g round
work m i g h t have been la id b y another . I t m i g h t be t h a t t h e 
i nven t i on was t a k e n u p and worked b y r a i lway companies, t h o u g h 
i t had never been pa ten ted . Al l t h a t t h e publ ic , however , 
could do was to look in to t h e documents in t h e P a t e n t Office, 
to see w h a t was rea l ly pa ten ted , and t h i s was w h a t he h a d 
done. T h e first g r o u n d w o r k t h a t he had found was t h e pa t en t 
of Mr. Saxby, i n 1856, for w o r k i n g s ignals and po in t s s imul
t aneous ly b y means of one lever . T h e n the re w a s Mr. Saxby ' s 
p a t e n t of 1858, i n which , for t h e first t ime , a lever was found lock
i n g a l eve r ; b u t he agreed w i t h t h e A u t h o r in t h i n k i n g t h a t t h e 
real g r o u n d w o r k of a l l t he different k i n d s of in te r lock ing a p p a r a t u s 
t he r e exhibi ted , and a t p resen t in use, was t h e p a t e n t of A u s t i n 
Chambers of 1859 ( F i g . 66). B y tha t , for t he first t ime , s ignal- levers 
w e r e b r o u g h t t oge the r and connected w i t h point - levers , and for t h e 
first t ime t h e act ion of t h e s ignal- lever was found lock ing t h e poin t -
lever . B u t t h e object w a s no t so m u c h to consider how different 
i nven t ions excelled o thers , b u t w h a t were t h e r e q u i r e m e n t s of t h e 
p resen t day . I t w a s for men of science to say w h a t was w a n t e d ; 
a n d v e r y often a n o rd ina ry w o r k m a n m i g h t supp ly t h e necessi ty. 
Mr . Saxby 's p a t e n t of 1860 was, no doubt , a g r ea t advance upon 
Chambers ' i nven t ion . H e w a s informed t h a t t he r e was also a n 
inven t ion , pe rhaps a pa ten t , b y Mr. S tevens of t h a t da te , b u t he had 
been u n a b l e to find i t . H e had been told, however , t h a t in p r inc ip le 
i t was m u c h t h e same as Mr. Saxby 's , t h o u g h pe rhaps car r ied 
ou t i n a different way . A t a l l events , for a n u m b e r of years those 
t w o gen t l emen seemed to have gone on upon these inven t ions . 
Af ter seven yea r s ' w o r k i n g i t was found t h a t t h e locking w a s ap t 
to wea r out, a n d t h a t if m a d e s t r o n g e n o u g h i t was too heavy . 
A n o t h e r defect was t h a t t h e u n l o c k i n g could not be performed a t 
t h e pa r t i cu l a r momen t w h e n i t was requ i red . T h e t w o requi re 
m e n t s ev iden t ly were t h a t t h e lever should no t be locked abso
lu te ly b y t h e lock, t h e leverage be ing too grea t , a n d t h a t t h e r e 
should be some movement , i ndependen t ly of t h e movemen t of t h e 
lever, wh ich should effect t h e lock ing pr ior a n d subsequen t ly to 
t h e s t roke of t h e lever i n pe r fo rming t h e ac tua t ion of t h e po in t or 
s igna l . No sooner were these r equ i r emen t s ascer ta ined t h a n t h e y 
were suppl ied . T w o p a t e n t s were t a k e n out in March 1867, 
w i t h i n t h r ee da}^s of one another , one b y Mr . Saxby, t h e o ther b y 
Mr. Eas te rbrook , bo th u s i n g t h e ca tch rod to obvia te t h e first 
difficulty. T h e t w o gen t l emen w e n t to law, and Mr. Saxby was 
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wors ted . H i s p a t e n t w a s th ree days pr ior to t h a t of Mr. E a s t e r 
brook, b u t Mr. Eas te rb rook was left i n possession of t h e p a t e n t for 
l ock ing t h e catch rod. A n o t h e r s tep h a d ye t to be t aken , name ly , 
to ac tua te t h e lock ing gear b y t h e catch rod, and t h a t was clone 
t h r ee mo n th s subsequen t ly . A g a i n two p a t e n t s came ou t w i t h i n 
t h r e e days of each other , Mr. Eas t e rb rook be ing th ree days l a t e r 
t h a n Mr. Saxby. T h e same act ion was t aken , and on t h i s occasion 
Mr . Eas te rb rook was wors ted . T h e resu l t w a s most unsa t i s fac tory 
to t h e publ ic . No doub t t h e t w o p a t e n t s were r ea l ly for one 
inven t ion . W h e n one p a r t was adopted t h e o the r w a s a necessary 
consequence ; b u t t h e inference w o u l d seem to be t h a t Mr . E a s t e r 
brook could lock h is ca tch rods, and Mr . Saxby could ac tua t e h i s 
lock ing gear b y ca tch rods, b u t t h a t n e i t h e r of t h e m could do b o t h ; 
a n d t h e pub l i c could no t do bo th , because these g e n t l e m e n wou ld 
no t agree . Since 1867 var ious me thods h a d been t r i ed to supp ly 
those r equ i r emen t s in o ther w a y s . T h e r e h a d been several in 
ven t ions to lock b y w h a t h a d been called p r o m p t locking . T h i s 
m i g h t possibly do before t h e s t roke , w h e n t h e r e was a ce r ta in 
slackness, b u t i t wou ld no t do a t t h e end of t h e s t roke w h e n eve ry 
t h i n g was t i g h t . A n o t h e r objection to ' p r o m p t l o c k i n g ' was t h a t , 
since t h e lock ing took place a t t h e same t i m e as t h e po in t or s i gna l 
of t h e lever was b e i n g ac tua ted , t h e s igna lman would often use
lessly exer t h is s t r e n g t h , a n d pe rhaps s t r a i n t h e lock, before he 
discovered t h a t t h e lever was locked. O the r i nven t ions h a d been 
t r i ed to obvia te t h e o the r difficulty to w h i c h he had referred, b u t 
t h e y did no t appea r to have answered t he i r purpose. T h i n k i n g t h e 
m a t t e r over, a n d keep ing these t w o difficulties i n v iew, i t occurred 
to h i m t h a t h e could ob ta in a mot ion subsequent and pr ior to 
t h e mot ion of t h e lever i n a c t u a t i n g t h e point , w h i c h would be 
equ iva l en t to t h e mot ion of t h e ca tch rod of Mr . Saxby , and t h e 
locked catch rod lever of Mr. Eas te rb rook . H e me t t h e l a t t e r 
difficulty b y oppos ing no t t h e lock i tself to t h e lever i n i t s back
w a r d and forward movement , b u t t h e top p la te . H e gave t h e lever 
a l a t e r a l as wel l as a b a c k w a r d and fo rward motion. T h i s r equ i red 
a v e r y s l igh t mot ion a t t h e fulcrum. T h e lock on ly p reven ted 
t h e l a t e ra l mot ion. I t wou ld be obvious t h a t , as long as t h e 
levers ( F i g . 104) were in a recess a t t h e end of t h e a p e r t u r e of 
t h e top p la te , t h e y could n o t move backwards a n d forwards. 
T h e y were k e p t t h e r e b y a s p r i n g w h i c h would g ive if t h e lever 
were moved la te ra l ly . T h e s igna lman could no t move t h e lever 
b a c k w a r d s and forwards w i t h o u t m o v i n g i t l a t e ra l ly out of t h e 
recess. T h i s movemen t effected t h e locking , b u t i t d id no t move 
t h e po in t . I t was l ike Mr . Saxby ' s ca tch rod, a c t u a t i n g e v e r y t h i n g 
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t h a t o u g h t to he ac tua ted before t h e po in t - lever was moved. W h e n 
i t came out of t h e recess of t h e a p e r t u r e i t could be moved for
wards , a n d would come opposi te t h e o ther recess. T h e n i t moved 
l a t e r a l l y a g a i n i n t o t h a t recess, a n d unlocked e v e r y t h i n g t h a t 
o u g h t to be unlocked, b u t no t u n t i l t h e lever h a d finished i t s 
s t roke, and had b r o u g h t t h e po in t perfect ly home ; t h e n i t ac tua ted 
t he locking gear . I n t h i s w a y he h a d endeavoured, as he v e n t u r e d 
to t h ink , successfully to supp ly t h e t w o r e q u i r e m e n t s to w h i c h h e 
h a d referred. I t had been said t h a t i t w^as advisable to h a v e as 
few p a r t s as possible. I f w h e n several levers should successively 
depend u p o n one ano the r t h e y were m a d e to depend u p o n one 
only in order to have only one p a r t gove rn ing t h e m , t h a t wou ld 
be a mis take . T h e p a r t s should no t be too m a n y , b u t i t would n o t 
do to ge t r id of a n y t h i n g t h a t w a s w a n t e d , for t h e sake of h a v i n g 
few pa r t s . I t did no t m u c h m a t t e r if t h e p a r t s were numerous so 
long as t h e y were s imple and easi ly worked . Mr . Poole fu r the r 
s ta ted , t h a t in h is i nven t ion t h e lock ing was m a i n t a i n e d as fol lows:— 
T h e r e w a s a fa l l ing b a r w h i c h came upon a no t ch on t h e s l id ing 
bar , and t h e r e was a p in upon t h e lever w h i c h raised t h e fa l l ing 
b a r as i t came be tween t h e j a w s of t h e s l id ing bar . As i t left those 
j a w s t h e p i n left t h e fa l l ing bar , w h i c h fell i n to t h e notch, a n d 
held t h e s l id ing ba r immovab le in i t s place, so t h a t n o t h i n g could 
d i s t u r b i t u n t i l t h e lever came back, and a g a i n had i t in control . 

Mr . W . L . O W E N asked permiss ion to b r i n g before t h e members a 
locking a p p a r a t u s ( F i g . 5, p . 65), wh ich he h a d b r o u g h t out in 1866, 
on a sys tem different from a n y described i n t h e Paper . I t fulfilled 
al l t h e requi red condi t ions , i na smuch as i t p reven ted t h e s l igh tes t 
m o v e m e n t of t h e s igna l levers before t h e swi t ch lever was in 
t h e proper posi t ion. I n de s ign ing t h e a p p a r a t u s (which was in
t ended to be as economical as possible) t h e idea of i m p a r t i n g mot ion 
to t h e lock ing b a r b y t h e s igna l levers or swi t ch levers was 
t h r o w n aside. I n s t ead of one lever be ing made to act upon ano the r 
by m o v i n g a lock b y means of a more or less complicated mecha
n ica l cont r ivance , t h e levers in t h e i r m o v e m e n t s imply r ende red 
i t possible or impossible, as t h e case m i g h t requ i re , for t h e swi tch
m a n to sl ide b y h a n d a lock ing bol t , a l t e r n a t e l y lock ing a n d 
un lock ing t h e necessary levers . T h e several levers , w h i c h were 
s imi l a r in cha rac te r to o r d i n a r y g round levers, worked side b y side 
i n segmen ta l frames of s imi la r o r d i n a r y cons t ruc t ion , and were 
provided w i t h s egmen ta l ta i l -pieces (forged solid w i t h t h e levers) 
w o r k i n g t h r o u g h slots i n t h e ends of t h e frames. These tai l-pieces 
were made to t h e same c u r v a t u r e as t h e frames. T h e segmen ta l 
frames were s lot ted t r ansve r se ly j u s t in front of t h e levers, w h e n 
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these were in t h e back w ard posit ion, and a s l id ing bol t worked 
backwards and forwards t h r o u g h these slots, w h e r e b y i t was m a d e 
capable of a l t e rna t e ly locking t h e one lever or set of levers in t h e 
one side of t h e frame w h e n in b a c k w a r d posi t ion, wh i l e t h e o ther 
levers were free. As soon as t he l as t -named lever or one of 
t h e set commenced to move, t h e segmenta l tai l-piece covered t h e 
t r ansve r se slot, a n d p reven ted t h e s l id ing bol t be ing moved back, 
a n d so re leas ing t h e first-named lever. T h e a p p a r a t u s was des igned 
for smal l roadside s ta t ions . I t was appl icable to al l cases, excep t ing 
a t t h e most crowded or complicated junc t ions , and h a d been ex ten
sively u s e d — a t coll iery s id ings w h e r e no box was r e q u i r e d ; a t 
s id ings whe re no s igna lmen were kep t , t h e gea r be ing provided 
w i t h padlock ba r s a n d padlocks to p r e v e n t in terference b y u n 
au thor i sed persons ; a t facing po in t s on s ingle l ines of r a i l w a y , to 

lock bo th t h e swi tches a n d the s ignals , w h e r e t h e y could be 
read i ly worked from t h e same frame - a cheap a r r a n g e m e n t , dis
pens ing w i t h long swi t ch rods. Also as a t e m p o r a r y means of 
locking t h e s igna l s a n d swi tches of cross-over roads, w h e n p u t in 
for t he purpose of w o r k i n g s ingle l ine in shor t l e n g t h s d u r i n g 

[1873-74. N .S . I v 
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r epa i r s of b r i dges or o the r works . A t o r d i n a r y junc t ions ( w h e r e 
s ignal-boxes w e r e r equ i r ed ) , t h e back locking w a s easi ly obta ined 
b y a s imple a r r a n g e m e n t of slots of different p a t t e r n s cut in t h e 
r ea r end of t h e segmen ta l tai l -piece. T h i s gea r h a d been i n opera
t ion since 1866, and possessed t h e fol lowing a d v a n t a g e s : — I t could 
be cons t ruc ted a n d repa i red b y an o rd ina ry smi th , t h e r e be ing no 
fi t ter 's w o r k abou t i t . I t could be fixed in place b y a p la te layer . 
T h e lock was perfect. T h e levers could no t commence to move 
u n t i l a l l confl ict ing levers were complete ly locked. T h e r e was 
g r ea t s impl ic i ty of cons t ruc t ion combined w i t h sol idi ty in t h e lock. 
T h e r e b e i n g no side s t r a in on t h e lock, t h e lock ing was v e r y 
du rab le , t h e r epa i r s b e i n g i n prac t ice s imply " n i l . " W h e n used 
as a n o u t l y i n g fac ing-poin t lock, no lock ing ba r s or detector bo l t s 
were requ i red . To move t h e swi tches t h e s igna l m u s t first be p u t 
to danger , t h e lock be sl id over, and t h e swi t ch lever pul led, a l l 
t hese opera t ions h a v i n g to be gone t h r o u g h w i t h i n a few feet of 
t h e facing po in t and of t h e m o v i n g t r a i n . T o ex tend i t s use to 
longer d is tances t h e form of t h e frame h a d since been a l te red . 
T h e lock ing bol ts , ins tead of be ing p u t i n front of t h e bars , w e r e 
placed b e h i n d ; a n d t h e frames w e r e made more u p r i g h t , a n d t h e 
lever of g r ea t e r l e n g t h . T h e n u m b e r of m o v i n g p a r t s i n t h e 
a p p a r a t u s was smal l . I n d e p e n d e n t l y of t he levers themselves 
t h e r e w a s only one mov ing p a r t for an o r d i n a r y roadside s ta t ion ; 
and for a double j u n c t i o n t he r e were on ly t w o m o v i n g pa r t s . I t 
m i g h t be objected t h a t t h e opera t ions he re described were tedious , 
a n d took u p t i m e . I t was found in prac t ice t h a t t h i s was no t 
s o : t h e s i gna lmen worked t h e hand-moved locks q u i t e read i ty , 
even af ter b e i n g accus tomed to those to w h i c h t h e necessary 
movemen t w a s i m p a r t e d b y t h e levers . T h e t i m e t a k e n i n 
m o v i n g t h e locks was a lmost i n a p p r e c i a b l e ; a n d as a ru l e t h e 
swi t chmen , k n o w i n g w h a t t r a i n to expect, h a d t h e locks in read i 
ness for t h e opera t ions about to be gone t h r o u g h w i t h t h e 
lever . A fu r the r modification of t h e a p p a r a t u s h a d been 
adopted for t h e purpose of lock ing o u t l y i n g facing po in t s on 
s ingle l ines . A b a r w a s p rov ided in t h e frame, i n t e r lock ing w i t h 
t h e s l id ing bolt , a n d i n s u b s t i t u t i o n of t h e s igna l lever a n d seg
m e n t . T h i s ba r was e i the r connected di rec t on to t h e s igna l w i re , 
or worked ( b y means of double control wires) b y an in ter locked 
lever i n t h e m a i n frame a t t h e s ta t ion . T h i s a r r a n g e m e n t w a s 
adopted , as i t had been found t h a t , in al l o r d i n a r y w i r e or bol t 
locks, o w i n g to t h e necessary slack in t h e a p p a r a t u s , and t h e p l ay 
be tween t h e end of t h e locking rod a n d t h e s l id ing bar , t h e 
swi tches could be p a r t i a l l y opened whi l e t h e s igna l was d o w n ; 
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a n d t h e frict ion of these p a r t s h a d a t endency to p r e v e n t t h e r e t u r n 
of t h e s igna l to t h e d a n g e r posi t ion, w h e n t h e s igna l lever w a s 
t h r o w n over for t h a t purpose . These objections did no t exis t i n 
t h e form of gear n o w described : t h e sw i t ch lever could no t be 
moved in t h e leas t u n t i l t h e s igna l w a s a t danger , a n d w h a t 
ever s t r a in t he r e m i g h t be on t h e swi tches , none w a s t r a n s 
m i t t e d to t h e lock ing bar . I n t h i s form t h e gea r h a d been ex ten
s ively appl ied to in te r lock t h e facing po in t s i n connect ion w i t h 
such of t h e s ignals as cont ro l led t r a i n s a p p r o a c h i n g such po in t s 
from t h e facing d i r ec t i on ; t h e cost was b u t l i t t l e i n excess of 
o r d i n a r y levers i n s imi la r s i tua t ions w i t h o u t t h e in t e r lock ing . 
W h e n t h u s used i t became s imply a cheapened and improved form 
( in connection w i t h t h e s igna l s ) of s w i t c h indicator , g i v i n g to an 
app roach ing eng ine -d r ive r ample not ice as to t h e pos i t ion of t h e 
switches , w h i c h w a s no t t h e case w i t h o r d i n a r y indica tors . 

Mr . C. H . GREGORY, Pas t -P res iden t , said, w i t h o u t des i r ing to 
en t e r in to those ques t ions w h i c h i t m i g h t be t h o u g h t h a d a l r eady 
been sufficiently discussed, he wished to sugges t one add i t ion to t h e 
h i s to ry g iven b y Mr. Kapier , viz., t h a t t h e d e t o n a t i n g fog s igna l w a s 
first in t roduced b y Mr. E . A. Cowper, M. Ins t . C.E., somewhere abou t 
1841 or 1842, a n d t h a t i n a repor t da ted t h e 14th of Apr i l , 1844, 
Genera l Pas ley , t h e Inspec to r -Genera l of E a i l w a y s a t t h e t ime , 
recommended i t as w o r t h y of genera l adopt ion . T h e Pape r u n d e r 
discussion m u s t have cost t h e A u t h o r a l a r g e a m o u n t of careful 
research , and i t w a s a va luab le add i t ion to t h e records of t h e I n s t i 
tu t ion , con t a in ing as i t d id so complete a h i s to ry of t h e most im
p o r t a n t changes in r a i l w a y s igna ls . Never h a v i n g pa ten ted t h e 
appl ica t ion of t h e semaphore as a r a i l w a y s ignal , or der ived a n y 
benefit from i t , he could no t b u t be pleased t h a t in th i s , t h e first 
complete h i s to ry of s igna l s , t h e fact should have been recorded t h a t 
he in t roduced t h e semaphore s igna l , n o w of a lmost un ive r sa l 
use on r a i lways , a n d t h a t he h a d t aken w h a t h a d been described 
as " a n i m p o r t a n t s t e p " in in t e r lock ing s ignals . F r o m 1840 to 
1845 Mr . G r e g o r y was engaged as res ident eng ineer on t h e 
Croydon r a i lway , a n d was ac t ive ly employed i n t h e mechanica l 
deta i ls of r a i l w a y w o r k i n g . D u r i n g t h a t t i m e mechanica l in
ven t ions were in t roduced b y v e r y slow degrees, and wh i l e t h e 
period of t h e first i n t roduc t ion of t h e semaphore was correc t ly 
fixed a t t h e end of 1841, or t h e b e g i n n i n g of 1842, and i t s use 
was soon ex tended from t h e Croydon r a i l w a y to t h e B r i g h t o n and 
t h e Sou th -Eas t e rn r a i lways , i t was some t i m e before i t was adopted 
in to genera l use. T h e B r i g h t o n r a i l w a y was opened from Croydon 
to H a y w a r d ' s H e a t h in 1841, b u t i t w a s no t t i l l t h e s u m m e r of 
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1844 t h a t a double semaphore w i t h s igna l lock ing a p p a r a t u s w a s 
p u t u p a t t h e B r i g h t o n J u n c t i o n , a few m o n t h s after t h e erect ion 
of t h e Br ick layers ' A r m s J u n c t i o n s ignals . T h e a r r a n g e m e n t s a t 
t h e B r i g h t o n J u n c t i o n , as wel l as a t t h e Greenwich a n d Croydon 
J u n c t i o n s , were a t first of t h e s imples t charac ter . A s i g n a l m a n 
w i t h t w o flags b y day and h a n d - l a m p s b y n i g h t worked t h e whole 
of t h e traffic, which , as far as t h e Greenwich J u n c t i o n was con
cerned, was a v e r y l a rge one. I n order to show t h a t such sim
p l ic i ty of w o r k i n g was no t only adopted b y r a i l w a y companies b u t 
m e t w i t h t h e approva l of t h e G o v e r n m e n t au thor i t i e s of t h e day , 
he quoted a shor t ex t r ac t from t h e Eepor t of Si r F rede r i ck S m i t h 
r e l a t i n g to t h e open ing of the B r i g h t o n r a i l w a y , da ted J u l y 10, 
1 8 4 1 : — " T h e po in t s of j u n c t i o n w i t h t h e Croydon and Greenwich 
l ines are also m a t t e r s of some a n x i e t y ; for, u n l i k e t h e o r d i n a r y 
j u n c t i o n of o ther r a i lways , these occur w h e r e t h e r e are no s ta t ions , 
a n d consequent ly t h e safety of t h e t r ave l l e r depends m a i n l y on t h e 
s w i t c h m a n a t each place. 

" I t is to be borne i n m i n d t h a t , u n t i l t h e n e w s ta t ion a t London 
Br idge is formed, and t h e add i t iona l l ine of ra i l s laid, t h e eng ines 
of t h e t h r ee companies wi l l w o r k on t h e same rai ls from t h e 
London t e r m i n u s to t h e Greenwich Junc t i on . G r e a t v ig i lance 
wi l l therefore be r equ i red a t t h i s j u n c t i o n ; a n d i t is des i rable to 
impress upon t h e d i rec tors of t h e Greenwich Company t h e pa ra 
m o u n t necess i ty of a l w a y s p lac ing a t t h i s i m p o r t a n t po in t a 
pol iceman of wel l -es tabl ished charac te r for s t r i c t obedience of 
orders , steadiness, p r o m p t i t u d e , and presence of mind , since a t t h i s 
j unc t ion , o w i n g to t h e f requent pass ing of t h e Greenwich t r a in s , 
and to t h e c i rcumstance of t he Croydon and B r i g h t o n t r a i n s h a v i n g 
to cross bo th t h e u p and t h e down l ines, i t w i l l be chiefly on t h i s 
s e r v an t t h a t t h e safety of t h e passengers wi l l depend. 

" My presen t d u t y , however , is w i t h t h e B r i g h t o n l i n e ; and i t 
behoves t h e m a n a g e r s of t h i s r a i l w a y to m a k e t he i r eng ine-dr ivers 
a n d conductors fully sensible of t h e necess i ty of t h e s t r ic tes t 
obedience be ing pa id to a l l s ignals , a n d of t he i r approach ing t h e 
two junc t ions a t such a modera te r a t e of speed as to a d m i t of t h e i r 
h a v i n g t h e t r a i n s complete ly u n d e r command." 

T h e selection of good m e n and good a d m i n i s t r a t i o n were consi
dered t h e bes t safeguard r a t h e r t h a n t h e in t roduc t ion of n e w 
mechanica l appl iances . To show t h e correctness of Si r F rede r i ck 
Smi th ' s j u d g m e n t , i t m i g h t be s t a ted t h a t for a long period from 
150 to 200 t r a i n s per d a y passed t h e Greenwich Junc t i on w i t h o u t 
t h e s l igh tes t accident . 

As ano the r i l l u s t r a t ion of t h e fact t h a t in those days t he personal 
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qualif ications of t h e men were looked upon as t h e best secur i ty for 
safety, he read an ex t r ac t from Genera l Pas ley ' s Eepor t , da ted 
14 th March, 1843 , 1 on t h e extens ion of t h e E a s t e r n Count ies ra i l 
w a y from Bren twood to Colchester :—" I n fact, I have t h e g rea tes t 
confidence i n t h e ski l l and j u d g m e n t bo th of Mr . B r a i t h w a i t e , t h e 
engineer-in-chief, a n d Mr. H a l l , t h e manage r , upon w h o m these 
de ta i l s wi l l depend, as I have seen no r a i l w a y w h e r e t h e a r r a n g e 
m e n t s b y s ignals , policemen, & c , for i n s u r i n g t h e safety of pas
sengers , a re more pe r fec t ; and I know, b y t h e dec la ra t ion bo th of 
t h e di rectors and officers of t h e company, as we l l as from t h e m e n 
themselves , t h a t t h e i r eng inemen a n d firemen g ive perfect sa t i s 
faction to t h e i r employers , and a re con ten ted w i t h t h e t r e a t m e n t 
t h e y r ece ive ; and on i n q u i r y I found t h a t t h e n u m b e r of mi les 
w h i c h t h e y d r ive d u r i n g t h e week is v e r y moderate , w h i c h is an 
essent ia l point , no t only for t h e comfort of t h i s i m p o r t a n t class of 
men, b u t for t h e publ ic safety, w h i c h depends upon t he i r no t b e i n g 
overworked ." 

I n a E e p o r t da ted 17 th March , 1843, 2 on t h e projected Pe t e r 
borough b r a n c h of t h e London a n d B i r m i n g h a m ra i lway , i n 
reference to t h e proposed level crossings on s ingle l ines of ra i l s 
t h a t had been objected to as dangerous to t h e publ ic safety, t h e 
Gene ra l said :—" I n order to j u d g e h o w far level crossings m a y be 
dange rous to t h e publ ic safety, I h a v e repea ted ly passed a long t h e 
N o r t h e r n and E a s t e r n r a i lway , from S t ra t fo rd to Bishop Stortford, 
w h i c h m a y be considered as a p ro to type of t h e B l i s w o r t h a n d 
Pe t e rbo rough b ranch , as i t ascends first t h e va l ley of t h e E i v e r 
Lea , t h e n t h a t of t h e E i v e r S to r t , i n t h e same m a n n e r t h a t t h e 
l a t t e r wi l l descend t h e va l ley of t h e E i v e r N e n ; and in consequence 
of t h i s advan t age , t h e N o r t h e r n a n d E a s t e r n r a i l w a y has been 
completed w i t h v e r y l i t t l e l abour in e a r t h w o r k , b u t i t abounds i n 
level crossings, t h e r e be ing no less t h a n 19 or 20 i n t h e space of 
28 miles, a t a l l of which , except p r i v a t e or occupat ion roads, ga t e s 
h a v e been erected, s h u t t i n g across t h e road, a n d on ly opened for 
passengers w h e n requ i red , a t w h i c h per iod t h e y a re s h u t across 
t h e r a i l w ay . T h i s is done b y a ga te -keeper l i v ing in a co t tage on 
t h e spot. T h e t r a ins of t h e N o r t h e r n a n d E a s t e r n r a i l w a y neve r 
s lacken the i r speed on pass ing those po in t s , unless t h e ga tes should 
be s h u t across t he r a i lway , w h i c h a re sufficiently conspicuous b y 
day , a n d rendered so b y a red l a m p a t n i g h t , w h i c h is a s igna l to 

1 "Report of the Officers of the Railway Department for the year 1843." 
Appendix III. p. 150, folio. London, 1844. 

2 Ibid, p. 154. 
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s top. T h i s r a i l w a y has been opened, t h o u g h no t to t h e whole of 
i t s p resen t ex ten t , for about t w o years a n d a half, and no acc ident 
ha s ever occurred a t a n y of i t s numerous level crossings. T h e 
example of t h i s l ine is, therefore, a sufficient proof t h a t level 
crossings on a r a i l w a y are perfect ly safe, if s t eady gate-keepers be 
employed a t a l l those of t u r n p i k e , or o ther pub l i c r o a d s ; a n d t h e 
m a n a g e m e n t of t he B i r m i n g h a m r a i l w a y is so v e r y perfect, a n d al l 
t h e enginemen, policemen, and o thers i n t h e i r e m p l o y m e n t so com
p e t e n t and correct i n t h e execut ion of t h e i r d u t y , t h a t I see no 
d a n g e r w h a t e v e r i n a l lowing t h e m to have as m a n y level crossings 
as t h e y please i n t h e proposed l ine be tween B l i s w o r t h a n d Pe t e r 
borough , w h i c h wi l l no t be more numerous i n propor t ion t h a n on 
t h e N o r t h e r n a n d E a s t e r n r a i l w a y ; for t he n u m b e r wi l l be about 28 
i n 47 miles , of w h i c h t h e g r e a t e r p a r t a re l i t t l e f requented, w h i l s t 
a t t h e crossings of t h e most i m p o r t a n t pub l i c roads i t is proposed 
to h a v e s ta t ions w h e r e t h e t r a i n s wi l l s top." 

These ind ica t ions of t h e sp i r i t of t h e day, to depend upon 
m e n more t h a n upon mach ine ry , were confirmed b y a c i rcumstance 
w h i c h occurred sho r t l y af ter he became res iden t eng ineer of t h e 
Croydon r a i l w a y . H e t h e n made a t ou r of most of t h e r a i l w a y s 
opened i n E n g l a n d , fired w i t h t h e sp i r i t of mechanica l improve
m e n t and w i t h t h e desire to reduce r a i l w a y ru les to a code. T h e 
Liverpool a n d Manches te r r a i l w a y w a s v e r y wel l managed , a n d 
he asked t h e m a n a g e r of t h a t l ine to le t h i m h a v e a copy of 
t h e i r gene ra l ru les a n d r egu la t ions . H e w a s informed t h a t t h e y 
h a d none, b u t t h a t t h e y p u t good m e n i n eve ry place, a n d took 
care to keep t h e m u p to t h e i r d u t y . As a l as t i l lus t ra t ion , he 
men t ioned t h a t i n looking t h r o u g h t h e E e p o r t s of t h e Board of 
T r a d e on r a i l w a y s opened from 1841 to 1845, he found t h a t a n y 
reference to s igna ls was qu i t e except ional . 

A d m i t t i n g t h a t t h e increase of traffic, a n d s t i l l more t h e i r r egu 
l a r i t y a t t e n d a n t on i t s w o r k i n g , h a d induced t h e necess i ty for 
mechanica l appl iances , i t was to be considered how far those 
appl iances were necessary. T h e r e were , no doubt , m a n y r a i l w a y s 
on which , w i t h o u t a complicated sys tem, t h e traffic could n o t be 
worked a t a l l ; b u t t h e r e were some cases in w h i c h he could n o t 
he lp t h i n k i n g t h a t these sys tems of i n t e r lock ing swi tches a n d 
s igna ls , a n d o ther mechanica l appl iances m i g h t be carr ied too far, 
w h e n i t was considered w h a t m i g h t be t h e resu l t of t h e loss of a 
p i n or a bolt , or t h e s lacking of a rod, a n d t h e d a n g e r of m e n 
t r u s t i n g impl ic i t ly to cont r ivances w h i c h were no t infal l ible, 
a n d so depend ing less on t he i r own caut ion a n d v ig i lance . H e 
h a d inves t iga t ed t h e c i rcumstances a t t e n d i n g one of t h e wors t 
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r a i l w a y accidents w h i c h h a d ever occurred i n t h i s coun t ry , a n d 
h a d come to t h e conclusion t h a t i t w a s caused b y t h e sudden 
fa i lure of a special s igna l w h i c h m i g h t p e r h a p s h a v e been dis
pensed w i t h . 

Mr. J . DIXON said he w a s n o t engaged i n t h e m a n a g e m e n t of 
r a i lways , no r was he connected w i t h t h e manufac tu re of s i g n a l s ; 
therefore he d id no t propose to describe t h e m e r i t s of a n y special 
pa ten t . T h e conclusion a t w h i c h t h e A u t h o r of t h e P a p e r seemed 
to h a v e a r r i ved was, t h a t b y a jud ic ious use of t h e var ious i n v e n 
t ions a n d a r r a n g e m e n t s placed w i t h i n t h e i r reach b y u s i g n a l " 
engineers , t h e use b y r a i l w a y eng ineers of facing po in t s w a s 
r endered no t on ly safe b u t also feasible. I t w a s an axiom, t h a t t o 
r u n twice over t h e same g round necessar i ly involved a n increased 
expend i tu r e of w e a r and tear . A n y one w h o saw t h e s h u n t i n g of 
a long t r a i n m u s t be convinced t h a t t h e s t opp ing of t h a t h e a v y 
mass of m a t e r i a l could only be achieved a t a g r e a t expend i tu re , 
w h i c h had to be repea ted i n t h e back s h u n t . Be tween Aske rn a n d 
London m a n y of t h e slow t r a i n s h a d to be s h u n t e d a n d passed from 
t e n to t w e n t y t imes b y t h e qu icker ones, w h i c h m u s t add m a t e r i a l l y 
t o t h e ave rage cost a n d w e a r a n d t ea r on t h e j o u r n e y . A g a i n , i t 
w a s clear t h a t ten m i n u t e s ' obs t ruc t ion to a l ine added a l a rge ly -
increased a m o u n t of r i sk . I f therefore facing po in t s a n d cross ings 
could be used w i t h i m p u n i t y , a g r ea t a d v a n t a g e i n t he m a n a g e m e n t 
a n d faci l i ty for economical w o r k i n g of r a i l w a y s would be ga ined . 
On t h e London a n d Nor th -Wes t e rn , a t t h e Wat fo rd T u n n e l , each 
t r a i n on t h e same l ine of ra i ls w a s p rac t i ca l ly ou t of s i g h t before 
t h e succeeding t r a i n came in to v iew. I f t h a t was so, a l a r g e 
a m o u n t of r a i l w a s p rac t ica l ly unused . A n d w h y should i t b e ? 
W h y should no t t h e engineers , m a n a g e r s , a n d manufac tu re r s of 
t h i s m a c h i n e r y be able to devise such precaut ions , t h a t each p a i r 
of ra i l s m i g h t be more t h o r o u g h l y u t i l i sed ? T h a t facing po in t s 
could be used w i t h i m p u n i t y no one could doubt . No accident 
h a d ever occurred w i t h Saxby and F a r m e r ' s lock, a n d t h a t w a s 
ce r ta in ly i n favour of w h a t he h a d adduced. I f ano the r i l l u s t r a t ion 
were wan ted , i t m i g h t be found in t h e fact t h a t on t h e London 
and N o r t h - W e s t e r n for t w e n t y yea rs t h e passenger traffic out of 
E u s t o n was worked b y a t t a c h i n g a n e x t r a eng ine . Ar r ived a t t h e 
top of t h e bank , t h e ex t r a eng ine s l ipped h e r coupl ings , and rushed 
forward i n advance i n t o a b l ind s i d i n g ; t h e s i g n a l m a n the re , 
t r u s t i n g alone to his sure eye a n d s t eady hand , t u r n e d over t h e 
po in t s w i t h such success a n d r e g u l a r i t y , t h a t d u r i n g t h e whole of 
t he t w e n t y yea r s no accident occurred. I t m i g h t , however , be 
sat isfactory t o k n o w t h a t since t h e Wil lesden J u n c t i o n had been 
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opened al l t h e t r a i n s s topped there , and t h e engine was de tached. 
Cap ta in T y l e r was decidedly adverse to facing poin ts , and regarded 
t h e m probab ly w i t h some degree of p re jud ice ; b u t t h o u g h Cap ta in 
Ty le r ' s E e p o r t for las t yea r showed t h a t a few accidents m i g h t 
h a v e occurred a t facing points , t he r e were a l a rge n u m b e r of cases 
i n w h i c h i t was probable t h a t acc idents m i g h t h a v e been avoided 
if facing poin ts had existed. T h e complicat ions of t h e s igna l and 
in te r lock ing a r r a n g e m e n t s were no t l ike ly to p romote t he use of 
facing points . Moreover he feared t h a t s ignal manufac tu re r s h a d 
a n idea t h a t £ 2 5 a hand le w a s the pr ice to charge for a lock ing 
frame, a n d for t r a d e purposes increased t h e n u m b e r s . To make 
one hand le do t h e work of five was a s tep i n t h e r i g h t d i rect ion. 
I n i l lus t ra t ion of t h i s s t a t e of complicat ion, he m i g h t men t ion t h a t 
a n eminen t E n g i n e e r wen t , abou t two m o n t h s since, to a s ta t ion n o t 
far from London to examine t h e po in t s and s igna l a p p a r a t u s . T h e 
s u p e r i n t e n d e n t a t t ended and expla ined t h e w o r k i n g , a n d showed 
h o w long a t i m e i t wou ld occupy for a t r a i n to pass t h r o u g h , 
wh ich , for a r g u m e n t ' s sake, m i g h t be t a k e n to be five minu te s . 
H e fu r the r expla ined t h a t on b u s y days t h e y f requent ly had t en , 
fifteen, or even t w e n t y t r a i n s i n an hour . On i t s b e i n g r e m a r k e d 
to h i m t h a t th i s would seem to be imprac t icable , if each t r a i n 
requ i red five minu te s to be worked th rough , t h e r ep ly was g iven , 
" O h , sir, on t h e m days we pul l s ou t a l l th i s gear . " 

Mr . ROBERT B U R N wished to refer to a po in t w h i c h as ye t h a d no t 
received m u c h a t t en t ion , namely , fog s igna l l ing . H e was afraid 
t h a t mechanics were a t a discount , for a n explosive s igna l h a d 
been spoken of as t h e best fog s ignal . H e bel ieved t h e on ly 
mechanica l a p p a r a t u s ye t devised was t h a t used on t h e N o r t h 
London ra i lway , whe re a lower dupl ica te a r m was fixed to 
t h e s ignal-post so as to come w i t h i n easy r a n g e of t h e eng ine -
d r ive r ' s vision, a n d to enable h i m in foggy w e a t h e r to be su re 
abou t t h e s ignal . T h i s expedient was , however , l imi ted i n i t s 
appl ica t ion . T h e A u t h o r had spoken of aud ib le s ignals , a n d h a d 
g iven a d r a w i n g of Mr . Anderson ' s audib le s igna l on t h e N o r t h 
Br i t i sh r a i lway . T h e g r e a t faul t w h e n a n aud ib le s igna l w a s 
fixed to a d is tance s igna l was t h a t t h e gong or t h e w h i s t l e 
w a s a lways sounding . P rac t i ca l men said t h i s was a n objection, 
because in l a rge s ta t ions and complicated j u n c t i o n s t h e whis t l e s 
cons t an t ly sound ing would be a perfect nu i sance to every one 
connected w i t h t h e r a i lway , especial ly to t h e d r ive r s themselves . 
O n one of t h e l a rge r a i lways r u n n i n g in to London the re was a 
s t a n d i n g ru le t h a t t h e d r ive r s were no t to wh i s t l e even in pass ing 
t h r o u g h j unc t i ons ; if t h e s igna ls were set for t h e m to go forward 
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t h e y m u s t do so w i t h o u t wh i s t l i ng . To g a i n exper ience he h a d 
t rave l led on a n eng ine on a foggy n i g h t . T h e head l i g h t s 
s h i n i n g upon t h e fog i n front , produced a n effect v e r y m u c h 
l ike t h a t of r u n n i n g in to a w h i t e b l a n k e t ; no object or l a n d m a r k 
could be seen. T h i s m u s t t end to bewi lde r even t h e mos t ex
per ienced engine-dr iver , w h o if he happened to miss t h e d i s tance 
s ignal , m i g h t be in a s t a t ion before he expected i t . Cases h a d 
occurred w h e r e fogs h a d formed ve ry suddenly , and a t r a i n 
coming u p before t h e fog men were out , ser ious consequences 
h a d resu l ted from t h e d r ive r no t seeing t h e s igna ls . I f t h e 
semaphore s igna ls could n o t be seen, i t n a t u r a l l y followed t h a t 
some s igna l should be devised w h i c h could be h e a r d ; a n d t h i s w ras 
t h e p l an w h i c h i n a n e l emen ta ry form h a d been acted upon for 
t h e las t t w e n t y y e a r s — d e t o n a t i n g s igna l s had been la id down. 
H e bel ieved t h a t some mechanica l con t r ivance m i g h t be in t roduced 
to free p la te layers from s t a n d i n g ou t d a y and n i g h t i n foggy 
w e a t h e r to l ay down these d e t o n a t i n g s ignals , as i t often proved, 
a t some r i sk to t h e m s e l v e s ; a n d t h a t an aud ib le s igna l , no t 
a lways sounding , b u t w h i c h could be made to sound w h e n i t w a s 
desired, wou ld prove t h e bes t subs t i t u t e . Such a n appl iance w a s 
r equ i red to perfect a n d complete t h e block sys tem. A n expe r imen t 
wh ich he h a d been c a r r y i n g ou t a t E p s o m promised to end i n t h i s 
direct ion. A smal l gear w a s erected u n d e r t h e s ignal-box, b y 
means of w h i c h t h e s igna l could be worked in fine w e a t h e r j u s t 
as a t p r e s e n t ; t h e r e was also a s u p p l e m e n t a r y lever, to p a y ou t a 
l i t t l e more wi re , a n d ra ise a t r ead le b y t h e side of t h e l ine some 
ya rds i n advance of t h e d is tance s igna l above t h e level of t h e ra i l , to 
b r i n g i t i n to contac t w i t h a t r i g g e r on the eng ine su i t ab ly prov ided 
a n d connected w i t h t h e whi s t l e . I n foggy wea the r , if t h e s igna l 
m a n wished to g ive t h e d r ive r a n aud ib le s igna l , h e t u r n e d over a 
smal l s u p p l e m e n t a r y hand le , w h i c h a t once appr ised t h e d r ive r t h a t 
t h e s igna ls were aga in s t h im . T h e same resu l t s could be ob ta ined 
b y u t i l i s ing a por t ion only of t h e s t roke of t h e o rd ina ry lever for 
w o r k i n g t h e s igna l b lade , a n d t h e r e m a i n i n g por t ion for w o r k i n g 
t h e t readle . T h e eng ine a t t a c h m e n t w a s of t h e s imples t descr ipt ion, 
mere ly cons i s t ing of a rock ing shaft, ex t end ing across t h e eng ine , 
suspended b y t w o b racke t s , w i t h a v i b r a t i n g t r i g g e r on each end, 
a n d a smal l ve r t i ca l lever keyed on to one end of t h e same shaft, 
from w h i c h a cord w a s led t h r o u g h g u a r d e d pu l leys to t h e h a n d l e 
of t h e a l a rm wh i s t l e . T h e A u t h o r said t h e idea h a d occurred t o 
h i m t h a t i t m i g h t be m a d e an affirmative s ignal , a n d i t was v e r y 
clear i t m i g h t ; t h a t w h e n a d r i v e r approached a s ta t ion in a t h i ck 
fog he w a s no t to go on unless t h e t r ead le was raised and t h e 
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whis t l e sounded. H e hoped t h a t t h e p lan described, or some modi
fication of i t , w h e n fur ther i nqu i r ed in to , would commend itself to 
t h e members , a n d t h a t t h e presen t cumbrous a n d somewha t expen
sive sys tem of fog s igna lmen m i g h t be superseded. 

Mr . RICHARD JOHNSOX said he r eg re t t ed t h a t men t ion of t h e Mid
l a n d r a i l w a y w a s nea r ly left out of t h e Paper . Not on ly had t h e 
London and N o r t h - W e s t e r n and t h e G r e a t N o r t h e r n , b u t t h e Mid land 
Company had, for some years past , pa id considerable a t t en t i o n to 
t h e i m p o r t a n t quest ion of p rov id ing for t h e safe w o r k i n g of t h e 
increased traffic. F o r t h e las t t h i r t e e n or fourteen years he h a d 
been a lmost every d a y carefully cons ider ing th i s ques t ion of locking 
a p p a r a t u s or no locking a p p a r a t u s . F i f t een or s ix teen yea rs since, 
a lmost every set of swi tches in a s t a t ion w a s a t l i b e r t y to be 
moved b y a n y m a n w h o happened to be w o r k i n g i n t h a t s ta t ion 
e i the r as s h u n t e r or p o r t e r ; and as t h e traffic d a y b y d a y increased 
so d id t h e difficulties i n c a r r y i n g on t h e increased work . H e 
repea ted t h a t for t h i r t e e n or fourteen yea rs he h a d carefully con
sidered t h i s ques t ion of w o r k i n g ra i lways , a n d especial ly t h e 
w o r k i n g of l a rge s t a t ions and t h e safety of j unc t i ons t h r o u g h 
w h i c h t r a i n s h a d to pass a t h i g h s p e e d ; a n d pe rhaps no one 
p resen t h a d been more afflicted b y those gen t l emen w h o schemed 
these appl iances t h a n himself. H e had , as far as he could, 
opposed t h e in t roduc t ion of lock ing a p p a r a t u s , b u t i t was n o w on ly 
fair to admi t , t h a t , i n h i s opinion, every set of swi tches w h i c h 
communica ted i n a n y w a y w i t h t h e m a i n l ine should be u n d e r 
t h e control of a s igna lman , and t h a t i t should be out of t h e 
power of a n y s h u n t e r or po r t e r to a l t e r those swi tches a t w i l l . 
I t therefore came to th i s , t h a t , more or less, lock ing a p p a r a t u s 
w a s a necessi ty. H e believed, jud ic ious ly applied, lock ing appa
r a t u s saved t ime, and h e w a s sure i t saved m e n in s ta t ions , a n d 
so far as he could see, i t con t r ibu ted m a t e r i a l l y to t h e safety 
of t h e w o r k i n g of t h e l ine . S igna l engineers e r red in t h i s 
direct ion, t h a t t h e i r mach ine ry w a s too complicated ; if t h e y wou ld 
t u r n the i r a t t en t i on r a t h e r more to s impl ic i ty i t would be wel l for 
t h e m , a n d i t would ce r t a in ly be wel l for t h e Companies . One 
g e n t l e m a n spoke s t r o n g l y i n favour of facing po in t s for s h u n t 
i n g t r a in s . H i s experience w a s t h e fewer facing poin ts t h e be t te r . 
H e did no t l ike s h u n t i n g to a n y g r e a t ex ten t , b u t i t was preferable 
t h a t a t r a i n of t h i r t y or for ty wagons should be s h u n t e d safely 
r a t h e r t h a n t h a t t he re should be a n excess of facing swi tches . 
T h e r e were s h u n t i n g s id ings a t a l l l a r ge r a i l w a y s ta t ions , and if 
facing swi tches were in t roduced as t h e means of g e t t i n g in to those 
s id ings , m a n y e lements of d a n g e r would ar ise wh ich did no t a t 

O N T H E F I X E D S I G N A L S O F R A I L W A Y S . 7 5 

p resen t exis t . H e confessed t h a t t h e n u m b e r of levers i n a box 
sometimes f r igh tened h im . Mr . Rap ie r h a d shown a lock ing f rame 
wh ich he h a d p repared for t h e level crossing a t L inco ln w i t h e i g h t y -
one levers . Mr. J o h n s o n t r i ed v e r y h a r d to cu t i t d o w n to s ix ty , 
b u t seeing t h a t t h i s was to govern a level cross ing of t w o r a i lways , 
m a n y connect ions on each side of t h a t level crossing, a n d also t h e 
var ious connect ions i n L inco ln s ta t ion communica t ing w i t h t h e 
m a i n l ine, he bel ieved t h e n u m b e r h a d been reduced to a m i n i m u m . 
T h e n as to t h e sys tem of block w o r k i n g , he w a s no t sure t h a t t h e 
P a p e r fa i r ly b r o u g h t t h a t ques t ion before t h e I n s t i t u t i o n . Most 
r a i lways were n o w worked on w h a t w a s called t h e absolute or 
pos i t ive block sys tem. T h e r e were , no doubt , var ie t ies of opinion 
as to t h e m a n n e r i n w h i c h t h e block absolute was car r ied out . H i s 
opinion was , t h a t i t w a s no t qu i t e sufficiently absolute , a n d t h a t 
a t no d i s t an t da te , t h e ques t ion should be t h o r o u g h l y discussed 
a t t h e I n s t i t u t i o n . T h e r e was so m u c h t e n d e n c y to c rowd on t h e 
traffic t h a t he feared r a i l w a y companies were r a p i d l y app roach ing 
a permiss ive block ins tead of a d h e r i n g to a n absolute block sys tem. 
H e t h o u g h t t h a t t w o t r a i n s should n o t be a l lowed to be be tween 
t w o block s ta t ions . I t m i g h t be answered t h a t t h a t was the s t a t e 
of t h i n g s now, b u t he bel ieved h e w a s correct i n say ing , t h a t i m m e 
d ia t e ly a t r a i n h a d passed—say s ta t ion B — t h e prac t ice was to 
a d m i t a t r a i n from A, a l t h o u g h t h e t r a i n , w h i c h h a d j u s t passed B 
m i g h t n o t be mov ing . H e contended t h a t , no t on ly o u g h t t h a t 
mi le a n d a half, or w h a t e v e r i t m i g h t be, to be k e p t clear, b u t 
before t h e d r i v e r s t a r t ed t h e t r a i n from s t a t i on A he o u g h t to 
k n o w t h e s t a t e of t h i n g s a t B . I f a t r a i n was s t a n d i n g the re h e 
should approach B w i t h g r ea t caut ion, if not , a collision, some d a y 
or other , w a s inev i t ab le . H e t h o u g h t t he r e was some th ing to be 
done b y w a y of i m p r o v e m e n t i n t h a t p a r t of r a i l w a y w o r k i n g a t 
t h e p resen t day . I t w a s k n o w n t h a t t h i r d l ines were b e i n g con
s t ruc ted as r a p i d l y as possible for dea l ing w i t h t h e g r e a t l y increased 
traffic on nea r ly a l l l a rge r a i lways . 

Mr . SPAGNOLETTI r e m a r k e d t h a t t h e P a p e r w a s an i n t e r e s t i n g 
h i s t o r y of t h e i n t r o d u c t i o n and progress of r a i l w a y s ignals . I t 
showed t h e i m p r o v e m e n t s t h a t h a d been in t roduced , a d v a n c i n g 
from a s imple l a m p on a post u p to a lock ing a p p a r a t u s ; h o w 
s igna lmen could be educa ted for t h e i r w o r k ; a n d h o w t h e l a rge 
a m o u n t of traffic n o w conveyed on r a i l w a y s was carr ied b y t h e 
agency of mechanica l appl iances . T h e marve l lous increase of r a i l 
w a y traffic, and the a m o u n t of t h e ea rn ings of r a i lways for t h e pas t 
t en years , were a proof of h o w m u c h had been ga ined b y mechanica l 
a n d electr ical assis tance i n w o r k i n g t h e m ; a n d h o w t h e c a r r y i n g 
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capaci ty of t h e lines had been s t re tched and expanded b y appl iances 
of t h i s k i n d ; and, a t a compara t ive ly smal l ou t lay , w i t h such g r e a t 
resul t s . H a d no t these appl iances been used, t h e on ly a l t e r n a t i v e 
would have been to have doubled t h e r a i lways . T h e expense of 
t h i s wou ld doubt less h a v e been m u c h more t h a n t h a t of t h e 
o r ig ina l cons t ruc t ion of t h e l ines , from t h e advanced prices, w h i c h 
t h e r a i l w a y s themse lves had caused, of land, ma te r i a l s , and 
labour . T h i s he t h o u g h t w a s a s t r o n g a r g u m e n t in favour of 
such appl iances , and t h a t , had t h e y no t been adopted, t h e d iv idends 
of t h e companies a n d t h e p resen t pr ice of t he i r s tock would be 
considerably less t h a n t h e y were now. Seeing t h a t mechan ica l 
appl iances h a d done so m u c h in these respects, he considered t h a t 
a n y b r o u g h t forward possessing desirable improvemen t s deserved 
a fair t r i a l . Pre judice , genera l ly found to be t h e w a n t of a b e t t e r 
knowledge and comprehens ion of a n y object or t h i n g , was a n 
a w k w a r d a n d difficult b a r r i e r to ge t o v e r ; b u t h a d no t exper ience 
of pas t i nven t ions (some of wh ich were now a d m i t t e d to be quite-
necessary) shown h o w long i t took to i n t roduce a n d ge t e x i s t i n g 
ones in to u se? T h e sys tem of w o r k i n g r a i l w a y s i n the p resen t 
day , from t h e va r ied a n d l a t e r developed classes of traffic, w a s 
v e r y different from t h a t of t h e t i m e w h e n t h e accommodat ion of t h e 
l ines w a s adequa te to t h e demand t h e n m a d e upon them, and ho 
could easily u n d e r s t a n d h o w those w h o bad no t closely followed 
s t ep b y s tep t h e recent improvemen t s should feel doubtful as to 
t h e i r r e s u l t s ; b u t exper ience should g ive confidence. E a r l y im
pressions w e r e a lways t h e s t ronges t , a n d therefore he t h o u g h t 
t h e i r conclusions were on ly n a t u r a l , a l t h o u g h pe rhaps no t we l l 
founded. Mr. P a p i e r h a d po in ted out t h e g r e a t a d v a n t a g e a r i s i ng 
from sect ional l ines be ing l a id down para l le l w i t h t h e m a i n l ine . 
T h i s would be found advan t ageous i n t h e w o r k i n g of r a i lways . 
T r a i n s f requent ly h a d to pass each o ther on t h e g r e a t l ines, a n d 
fast t r a i n s wou ld pe rhaps ove r t ake several s low t r a i n s in t h e course 
of t h e i r j ou rney . T h e r e were m a n y places w h e r e pe rhaps these 
l ines m i g h t be cons t ruc ted on l and a l r eady he ld b y t h e company , 
a n d t h e expense wou ld no t therefore be so g rea t as if t h e whole of 
t h e l and h a d to be purchased ; a n d b y means of t h e block t e l e g r a p h 
these por t ions of l ine would s imply represen t j u n c t i o n s w i t h b r a n c h 
l ines . I t was t r u e t h a t facing po in t s would in such a sys tem be 
r a t h e r freely in t roduced ; b u t if these were worked w i t h t h e lock
i n g bar , or t h e s igna lmen ' s cabins were placed so t h a t t h e y could 
ge t a good v iew of them, he d id no t t h i n k much , if a n y , d a n g e r 
wou ld resu l t from the i r i n t roduc t ion . If, however , t h e y were 
considered b y a n y company dangerous , t h e n t r a i l i n g po in t s could 
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be laid, and t h e t r a i n s could back in to these l ines . T h e only delay 
exper ienced would be t h e t i m e of s h u n t i n g back, and t h e r e would 
be t h e a d v a n t a g e of be ing able to proceed as soon as t h e w o r k a t 
a s ta t ion h a d been accomplished, ins tead of w a i t i n g for fast or 
t h r o u g h t r a i n s to pass ; w h i c h w a i t i n g added to t h e de lay a n d 
i r r e g u l a r i t y and to t h e t roub les a n d dange r s of w o r k i n g a r a i lway . 

W i t h r ega rd to t h e block t e l eg raph , expressions had been used 
to show tha t , a l t h o u g h i t was genera l ly employed, i t in t roduced a n 
e lement of d a n g e r ; inasmuch as d r ivers , k n o w i n g t h a t t h e y were 
w o r k i n g u n d e r t h e block sys tem, a n d g e t t i n g an a l l - r igh t s igna l to 
s ta r t , concluded a t once t h a t t h e l ine was clear r i g h t a w a y to t h e 
n e x t s t a t ion ; b u t w i t h o u t i t , as t h e i r l ives were endange red if 
a n y t h i n g should happen , t h e y would keep a be t t e r look-out. B u t 
d r ivers k n e w , and no men be t t e r , t h a t t he r e were o the r causes for 
t h e m to look out ahead t h a n t h e fact of r u n n i n g i n t o a p rev ious 
t r a i n ; because i n a l l cases w h e n t r a i n s b roke down, i t was a ru l e 
t h a t t he g u a r d w e n t back to s top t h e t r a i n fo l lowing. T h e d r ive r s 
also k n e w th i s , and i t m i g h t be said equa l ly as wel l to be a sys tem 
l ike ly to render t h e m more i n a t t e n t i v e t h a n t h e y o therwise would 
be w i t h o u t i t . T h e o ther causes, such as p la t e l aye r s be ing a t w o r k 
w i t h a t ro l ly on t h e l ine, or h a v i n g a meta l u p , level crossings, 
ca t t l e or ca r t s pass ing , or a n y t h i n g h a v i n g fallen off t h e previous 
t r a i n , or a n accident to a t r a i n coming i n t h e opposi te d i rec t ion— 
al l these t h i n g s were l ike ly to occur, a n d because h i s own life w a s 
in j eopa rdy t h e d r ive r would be careful in a l l cases to keep a good 
look-out to see t h a t t h e l ine was clear, w h e t h e r t h e block t e l e g r a p h 
w a s t h e r e or not . W i t h r e g a r d to aud ib le s ignals , he bel ieved 
t h e y m i g h t be used w r i th a d v a n t a g e i n t h e case of a fog, or i n a 
snowstorm, a h a i l s t o r m or a h e a v y downfal l of ra in , w h e n t h e 
m e n would n a t u r a l l y shel ter themselves beh ind t h e wea ther -board . 
T h i s m i g h t be carr ied out b y an electr ical a r r a n g e m e n t w i t h a 
bel l on t h e eng ine , w h i c h w h e n set r i n g i n g would no t s top u n t i l 
t h e d r iver s topped i t b y p ress ing a k n o b clown; a n d a sp r ing a t t ached 
to t h e eng ine to r u b over a piece of b e n t i ron r a i l as t h e t r a i n w a s 
pass ing . P l a c i n g these pieces of i ron ra i l on a r a i l w a y 200 or 300 
y a r d s from every s ignal , t h e a t t e n t i o n of t h e d r ive r would be called 
to t h e fact t h a t he was coming to a s igna l . T h i s would be useful 
a t a l l t imes , for even i n fine w e a t h e r h e m i g h t be engaged i n 
looking a t h i s eng ine , a n d p e r h a p s r u n closer to a s ignal t h a n h e 
should do, especial ly down an incl ine, before he was a w a r e of 
i t . Mr. Spagno le t t i t h e n proceeded to describe his fixed s ignals 
worked b y e lect r ic i ty , t h e y be ing in size t h e same as t h e o rd ina ry 
semaphore s igna ls now in use on r a i lways , t lrus g e t t i n g r id of 
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wires , wh ich h a d to be s t r a ined to w o r k t h e s ignals . H e also 
s ta ted he could lock s ignals a n d points , and s igna ls and s ignals 
t oge the r b y t h i s electr ic s ignal , as was n o w done, b y s imply m a k i n g 
contacts , and t h u s remove al l t h e compl ica ted mach ine ry n o w used, 
w h i c h h a d been so m u c h complained of. H e also showed his 
a r r a n g e m e n t for i n d i c a t i n g i n a s igna lman ' s cabin w h e n t h e l a m p 
of a d i s t an t s igna l was in or out , w h e n i t could no t be seen b y 
t h e s igna lman w o r k i n g i t ; a n d l ikewise h i s s i gna l repeater , w h i c h 
showed t h e s i gna lman t h e posi t ion of t h e same w h e n t h e s igna l was 
placed out of h i s s igh t . W i t h reference to i n t e rmed ia t e s t a t ions 
on l ines, he sa id t h a t on t h e G r e a t W e s t e r n , t h e d i s tance be tween 
some s ta t ions be ing 5, 6, or 8 miles, i t w a s found necessary to h a v e 
in t e rmed ia t e boxes ; b u t w i t h t h e e lectr ical s ignal , as only i n s t a n t 
contac t w a s requ i red to w o r k i t , a n d as i t could be worked equa l ly 
wel l a t a n y dis tance, i t could be worked au tomat ica l ly b y t h e 
pressure of t h e eng ine on t h e ra i l , a n d t h u s save t h e expense of 
b u i l d i n g h u t s a n d a p p o i n t i n g m e n s imply to ac t as repea te r s of t h e 
s igna ls sent to t hem. 

Mr. R O W E , w i t h reference to t h e lock ing gear exhib i ted , 
said no doubt , w i t h t h e pu r se of t h e London and N o r t h 
w e s t e r n , t h e Midland , t h e G r e a t N o r t h e r n , or o the r l a rge com
panies , expens ive s igna ls were al l v e r y w e l l ; b u t he happened 
to r ep re sen t t w o smal l l ines be long ing to l andowner s , w h e r e 
t h e y h a d no t t h e a d v a n t a g e of such a command of money, and so 
these e laborate descr ipt ions of lock ing gea r w e r e a l toge the r out of 
t h e quest ion. T h e j u n c t i o n expenses cost £ 7 0 0 for 12 miles of 
s ingle l ine . On a n o t h e r l i t t l e l ine t h e r e were t h r e e local s ta t ions , 
and i t cost £500 for lock ing gear before t h e Board of T r a d e would 
al low t h e l ine to be opened. H e found, w h a t w i t h t h e frict ion and 
t h e l e n g t h of t h e rods , a n d one t h i n g or ano the r , t h i s lock ing gear 
w a s con t inua l ly g e t t i n g out of order, and he was bound to confess, 
in some cases i t was necessary to t a k e out t h e lock and t e m p o r a r i l y 
w o r k w i t h o u t i t . H e bel ieved t h e ca tch-rod sys tem of Messrs. 
Saxby and F a r m e r , Mr. Eas te rb rook , a n d o the r s w a s t h e r i g h t 
t h i n g , as t h e r e was no s t r a in upon t h e gear . I t was al l in t h e 
man ' s h a n d ; he had on ly a cer ta in power in t h e g r i p of h i s 
fingers, and could no t s t r a in t h e locking gear . No doub t a l i t t l e 
more s impl ic i ty in t h e w o r k i n g p a r t s was desi rable . W i t h reference 
t o Mr. Spagnole t t i ' s electr ical a r r a n g e m e n t , he of course could 
no t claim t h e mercur i a l l a m p as an o r ig ina l i nven t ion . Mr. Rowe 
happened to be connected w i t h i t some years ago, in w o r k i n g out 
t h e p a t e n t s of Messrs. W h i t a k e r a n d Jones , w h e n i t was found 
t h a t t h e mercury , be ing so volat i le , could no t be depended upon. 
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T h e v ib ra t i on of a pass ing t r a i n wou ld sometimes cause i t to 
ind ica te t h a t t h e l i g h t was out w h e n i t was n o t ; i t wou ld b r eak 
contact i n fact, and r i n g t h e bel l . A n endeavour h a d been m a d e 
to overcome t h i s b y u s i n g a compound me ta l bar , w h i c h m a d e 
a n d broke contact by h e a t a n d cold, b u t t h e difficulty t h e n w a s 
to m a i n t a i n perfect insula t ion , as t h e e lec t r ic i ty was con t inua l ly 
r u n n i n g to e a r t h ; t h e least speck of dus t g e t t i n g in to t h e con
nect ions upse t t h e whole t h i n g . A t l as t he gave u p e lec t r ic i ty , 
a n d succeeded in m a k i n g t h e d is tance l a m p r e l i g h t itself, b y 
a p p l y i n g t h e unfa i l ing power of t h e compound b a r to a c t u a t e a 
lock ing rod, w h i c h if t h e l a m p ceased to b u r n or go n e a r l y out , 
a l lowed t h e oil chamber to fly round , a n d l i g h t u p ano the r w ick 
b y means of o rd ina ry matches . N o w ma tches could be dispensed 
w i t h , and a l a m p could be k e p t b u r n i n g a n y l e n g t h of t i m e ; as 
t h e oil chamber i n t u r n i n g round would keep l i f t ing a n d re -
t r i m m i n g t h e wick. H e was bound to say, from h is exper ience of 
e lec t r ic i ty , t h a t w i t h o u t t h e aid of a s t r o n g staff of e lectr ic ians, 
and of gen t l emen such as Mr. Spagno le t t i to keep t h e m going , he 
should no t l ike to re ly upon i t . 

Mr. AUSTIN CHAMBERS said t h e A u t h o r of t h e P a p e r h a d g iven 
h i m credi t for be ing t h e first i n v e n t o r of locking, b u t h a d con
nec ted Colonel Yol land ' s n a m e w i t h i t . N o w t h e facts w e r e 
these : I n October 1859, w h e n t h e H a m p s t e a d J u n c t i d h l ine was 
finished, Colonel Yol land to ld t h e N o r t h L o n d o n company 
t h a t he d id no t consider t h e K e n t i s h T o w n s ta t ion safe w i t h o u t 
some means of p r e v e n t i n g t h e s i g n a l m a n from m a k i n g a mis t ake . 
Messrs. S tevens and Sons, h a v i n g t h e s igna l w o r k in hand , unde r 
took to so a r r ange t h e s ignals , a n d t h e opening of t h e l ine w a s 
pos tponed for t h a t purpose . I n t h e fo l lowing m o n t h Colonel 
Yo l l and a g a i n inspected t h e junc t ion , w h e n t h e s t i r r u p s t h a t 
worked t h e s ignals h a d been so a r r a n g e d t h a t t h e act of p u t t i n g 
down one s t i r r u p d isengaged t h e s t i r r u p t h a t he ld t h e other . 
Colonel Yol land p u t h is foot in t he t w o s t i r r u p s a t t h e same t ime , 
and t h u s lowered b o t h t h e ' U p m a i n ' a n d t h e ' U p b r a n c h ' 
s ignals , w h e n he refused to pass t h e l ine . B e i n g appealed to for 
in format ion as to how t h e object could be a t t a ined , Colonel Yol land 
repl ied, " I t is no t m y province to sugges t , b u t to approve . ' 
H a v i n g ascer ta ined w h a t was requi red , t h a t t h e facing po in t s 
m u s t be set for t h e m a i n l ine before t h e ' U p m a i n ' l ine s igna l 
could be g iven, a n d t h a t t h e * U p m a i n ' l ine and the ' U p b r a n c h ' 
s igna l could no t be g iven a t t h e same t ime, he b y t h e end of 
December 1859 h a d fitted u p t h e K e n t i s h T o w n and Wil lesden 
J u n c t i o n en t i r e ly to Colonel Yol land ' s sa t i s fac t ion; and he m i g h t 
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add t h a t t h e same locking, wh ich a lmost amoun ted to t h e approved 
sys tem of t h e p resen t day, h a d been w o r k i n g ever since, was n o w 
in good w o r k i n g order, a n d h a d never been repai red . D u r i n g t h e 
inspect ion Colonel Yol land made t h i s r e m a r k to t h e Manager , 
" You see I have no t asked for more t h a n could be done, as one of 
you r own staff has provided i t ; you wi l l some d a y t h a n k me . " 
T h e same d a y he received from t h e Genera l Manager , in t h e n a m e 
of t h e company, a cheque for £ 5 0 to p a t e n t t h e lock ing a r r a n g e 
men t . A few weeks after t h e p a t e n t w a s offered to Messrs. S tevens 
a n d Sons for t h e sum of £100 , bu t t h a t offer was refused. 

T h e difficulty of keep ing locking a p p a r a t u s in order had been 
referred to . H e had h a d charge of t h e s igna ls for t h e pas t s ix 
m o n t h s on t h e Met ropo l i t an r a i lway , where , he believed, t h e t r a i n s 
were more n u m e r o u s t h a n a n y w h e r e else, and a t Moorgate Street 
S ta t ion , w i t h 60 levers in one box, t he re had neve r been occasion 
to r epa i r t h e m in a n y w a y . I t had been suggested t h a t on b u s y 
days t h e locking was t a k e n out . H e could safely say t h a t on a 
b u s y d a y t h a t could no t be done, as i t wou ld t a k e t w o or t h r e e 
days to t a k e t h e m out . H e therefore t h o u g h t t h a t more had been 
made of t h e difficulty of lock ing t h a n the re w a s a n y occasion for. 
H e did, however , find faul t w i t h t h e w a y in wh ich s igna l work 
w a s genera l ly done. Sufficient care was no t g iven to t h e q u a l i t y 
of t h e m a t e r i a l and t h e class of w o r k m a n s h i p u s e d ; and a g rea t 
deal of t h e difficulty w i t h t h e s igna ls was no t in t h e locking, b u t 
i n t h e rods themselves . T h e r e were t w o or t h r e e causes for t h i s 
infer ior w o r k m a n s h i p c reep ing in . F i r s t , from l e t t i n g t h e same 
class of w o r k do for a po in t rod of 300 or 400 feet long, as for a 
rod of 3 or 4 feet l o n g ; also t h e r ise i n t h e ex t en t of s igna l w o r k 
w a s so sudden t h a t t h e expense w a s looked a t . F o r m e r l y , in t h e 
cons t ruc t ion of a l ine , t h e cost of t h e s ignal was a lmost unnot ice-
able . About t en yea r s ago t h e E n g i n e e r of t h e Grea t E a s t e r n 
r a i l w a y told h i m t h a t if a j unc t ion w i t h locking a p p a r a t u s w e r e to 
cost £400 or £500 t h e y would be few and far be tween . T h i s 
referred to a j u n c t i o n w i t h 10 or 11 s ignals and 5 or 6 pa i r s of 
points . Another cause was t he h u r r i e d way in w h i c h s igna l w o r k 
was gene ra l ly p u t up . As a ru le , i t could no t be commenced u n t i l 
t h e o the r work was finished. I t was often done in a g rea t h u r r y . 
T h e E n g i n e e r was so anxious to ge t t h e l ine finished, and t h e 
s igna l w o r k complete , t h a t he overlooked q u a l i t y of w o r k ; and 
t h e manufac tu re r and h i s m e n would genera l ly condescend to over
look i t , from t h e same cause. I t was a common practice, w h e n 
o rder ing sleepers and t imbe r for r a i l w a y work , to specify t h e 
qua l i t y , and w h e t h e r creosote w a s to be employed or n o t ; b u t i t 
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was a v e r y uncommon t h i n g to have the horsings, to wh ich w a s 
fastened t h e c rank w h i c h he ld t h e facing point , creosoted. Aga in , 
w h e n i ron w a s ordered for b r idge work i t w a s genera l ly specified 
to bear so m a n y pounds pe r square i n c h ; b u t w h e n rods were 
ordered to work points , i t w a s u n u s u a l to specify w h a t t h e y were 
to be or w h a t t h e y were to bear . Aga in , w h e n p la te or ba r i ron w a s 
ordered, some pa r t i cu l a r b r a n d was n a m e d ; b u t w h e n w i r e was 
ordered for s igna l w w k t h i s was no t a lways t h e case. Pr ice 
genera l ly ru led . T h e lock ing w a s so smal l an i tem, and gave so 
l i t t l e t roub le compared w i t h t he outs ide wxxrk, t h a t he should 
l ike to see more a t t en t i o n pa id to i t ; and t h e n he w a s qu i t e cer ta in 
t h a t , ins tead of t h e complicat ion of s ignals be ing , as i t was called 
b y some, a d rawback , t h e y would have g r ea t secur i ty w i t h v e r y 
l i t t l e t rouble . 

Mr . ALLPORT said t h e object of t h e discussion seemed to be t o 
b r i n g before t h e I n s t i t u t i o n t h e va r ious p a t e n t s for w o r k i n g 
lock ing a p p a r a t u s a n d s igna ls . Some of t h e r e m a r k s h a d surpr i sed 
h i m , a n d he feared t h e t endency of t h e p resen t d a y was so t o 
increase t h e complicat ions of these t h i n g s , w h e t h e r b y e lec t r ic i ty 
or b y sound, t h a t i t w o u l d be a lmos t imprac t i cab le to w o r k ra i l 
w a y s , un less a s top was p u t to t h e in t roduc t ion of m a n y of these 
i nven t ions . H e unders tood t h e r e were n i n e t y ex i s t ing pa t en t s , 
a n d w a s sor ry to hea r t h e n u m b e r w a s l ike ly to be s t i l l fu r the r 
increased. W i t h r e g a r d to t h e block system, t h e Mid land r a i l w a y 
was , if no t t h e first, ce r t a in ly one of t h e first to in t roduce i t , n i n e 
or ten years since, on the i r m a i n l ine. H e d id n o t approve of 
some of t h e observa t ions as to t h e sys tem of b locking between 
s ta t ions . I n t h e case sugges ted , t h e d i s tance s igna l a t B o u g h t 
to be a sufficient pro tec t ion be tween A a n d B . H e could no t 
sufficiently impress upon those in c h a r g e of r a i lways t h e impor t 
ance of d i sc ip l in ing t h e d r ive r s i n a t t e n d i n g to s ignals , because h e 
contended t h a t t h e block sys tem, or a n y o ther system, ough t no t 
to supersede t h e necess i ty of t h e eng ine -man a t t e n d i n g to t h e 
s ignals . W h e t h e r a t r a i n was r u n n i n g in foggy or in fine wea the r , 
an experienced engine-dr iver k n e w p r e t t y wel l w h e r e h e w a s ; 
h e k n e w w h e n he approached a s ignal , a n d t h a t a d is tance 
s igna l o u g h t to s top h im . T h e r e w a s a genera l feeling amongs t 
eng ine -d r ive r s t h a t t h e y need no t look out , as o ther people were 
t a k i n g care of t h e m ; and t h e more t h i s was t h e case t he less 
care would t h e y t a k e of themselves . H e contended t h a t a perfect 
block sys tem should be ma in ta ined , a n d t h a t w h e n a t r a i n had 
once passed t h e home s igna l a t B, t h e s i gna lman should keep h i s 
d i s t a n t s igna l u p u n t i l he k n e w t h a t t h e t r a i n was beyond 

[1873-74. N.s.] a 
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reach of a second t r a i n approach ing . T h a t rn le should be 
r igorous ly observed on al l l ines, and i t o u g h t to be sufficient to 
secure safety. I t h a d been said t h a t facing po in t s were v e r y 
desirable, so as to a l low a slow t r a i n to ge t ou t of t h e w a y of a 
fast t r a i n , b u t he would neve r have a facing po in t in to a s id ing 
if i t could possibly be avoided. W i t h t h e block sys tem proper ly 
worked t h e r e o u g h t to be ample t i m e for a n y t r a i n to s h u n t from 
t h e m a i n l ine in to a s id ing i n t h e usua l w a y b y t h e back shun t , 
w i t h o u t ;the .danger of facing poin ts . H e objected to t h e i n t ro 
duct ion of t h i r d l ines for shor t distances, because t h e add i t iona l 
j unc t i ons a n d facing po in t s m u s t necessari ly increase t h e danger . 
~No doub t t h e lock ing a p p a r a t u s was a g r e a t improvemen t upon 
t h e old ' s y s t e m ; b u t i t w a s a fallacy to suppose t h a t i t would 
a l toge the r p r e v e n t accidents . T h i s was exemplified a t Sys ton 
J unc t ion , where , for t w e n t y - t h r e e years , w i t h t h e old system, t he re 
h a d neve r been an a c c i d e n t ; b u t u n d e r t h e n e w system, i n t ro 
duced a t t h a t j unc t i on t h r ee yea r s ago, one of t h e mos t serious 
accidents took place t h a t h a d occurred upon t h e Mid land for some 
considerable t ime. T h a t accident happened s imply because t h e 
m a n was some dis tance off, a n d could no t see t h e po in t u n d e r h i s 
control . H e t h o u g h t i t wou ld be dangerous to depend upon 
e lec t r ic i ty for w o r k i n g t h e block sys tem a t in t e rmed ia te poin ts , 
w i t h s ta t ions 5 miles a p a r t and a crowded traffic; a n d t h a t i t 
would be far be t t e r to block t h e whole 5 miles. 

Mr. FINDLAY, m a n a g e r of t h e L o n d o n a n d N o r t h - W e s t e r n Ra i l 
w a y Company , s t a t ed t h a t t h e block sys tem h a d been adopted on 
abou t 8 0 0 miles of t h e 1 , 6 3 0 miles of opened l ine be long ing to 
t h a t company, and t h a t i t w a s to be ex tended to t h e whole of t h e 
m a i n l ine, i n c l u d i n g also t h e a r r a n g e m e n t s for t h e in t e r lock ing 
of t h e po in t s and s igna ls in t e r m s of a promise made to t h e Board 
of T rade , in common w i t h o thers of t h e l ead ing r a i l w a y companies. 
M a n y of t h e officers of t h e company he ld t h e permiss ive sys tem, 
w h i c h was first adopted on t h e London and N o r t h - W e s t e r n 
r a i l w a y more t h a n t w e n t y yea r s ago, to be a good one. T h e r e 
w e r e 1 3 5 miles n o w worked accord ing to t h a t sys tem. T h e com
p a n y emphryed 4 0 , 0 0 0 men, 1 6 , 0 0 0 of w h o m were special ly engaged 
in w o r k i n g t h e traffic. T h e r e were 1 , 6 0 0 eng ine-dr ive r s and 2 , 0 0 0 
s i g n a l m e n ; a n d on t h e i r selection and t r a i n i n g safety l a rge ly 
depended. T h e block sys tem on such l ines as t h e London and 
N o r t h - W e s t e r n m e a n t more s id ings , more men, more s igna ls (and 
he was no t p repa red to say t h a t an increase in t h e n u m b e r of 
s igna l s was a l w a y s an add i t ion to safety), and to a g r e a t ex t en t a 
r econs t ruc t ion of t h e accommodat ion works at t h e p r inc ipa l s t a t ions . 
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Cur ious ly enough , t h e sys tem h a d developed a class of accidents no t 
k n o w n before. I t w a s impossible to secure perfect safety u n d e r a n y 
s y s t e m ; p robab ly t h e block sys tem, wh ich was more expensive a n d 
complicated t h a n t h e one i t superseded, in ter fered too m u c h w i t h 
t h e personal respons ib i l i ty of t h e d r ive r s and t h e s igna lmen . T h e 
eng ine-dr ivers of t h e fast and express t r a i n s had , i n a memor ia l 
to t h e di rectors , expressed t he i r doub t as to t h e add i t iona l safety of 
t h e sys tem. Ce r t a in ly m a n y modifications a n d i m p r o v e m e n t s 
wou ld be requ i red before i t a t t a i n e d a n y t h i n g l ike perfect ion. 
T h e qualif ications now requ i red on t h e p a r t of s igna lmen w e r e 
g rea t e r t h a n e v e r ; t h e y m u s t k n o w s o m e t h i n g of mechanics , 
u n d e r s t a n d t e l eg raphy , a n d be able to read and w r i t e . 1 I n 
addi t ion to t h e 2 , 0 0 0 men ac tua l ly employed, a n ex t r a staff of 
s igna lmen to t h e e x t e n t of 1 0 pe r cent . , to fill u p vacancies occa-

1 MEMORANDUM AS TO PRACTICE ADOPTED BY THE LONDON AND NORTH-WESTERN 
B A I L WAY WITH REGARD TO THE TRAINING AND RELIEF OP SIGNALMEN : — 

(1.) No man is allowed to take tip regular duty as a signalman until lie has 
had at least a fortnight's training at the post for which he is intended, his pay 
during that time being passed as extra. 

In cases where men require a longer training owing to the difficult nature of 
the duties, or from other causes, the fortnight is extended, frequently to as much 
as six weeks, under the authority of the Chief Traffic Manager. 

(2.) At the expiration of the training period, and before the man takes up 
duty, the Superintendent of the district must forward to the Chief Traffic 
Manager a form, signed by himself, certifying the man as to— 

(1.) A knowledge of telegraphy. 
(2.) The working of semaphore and other signals. 
(3.) The company's rules. 
(4.) Reading and writing. 
(5.) Sight and capacity for judging distance. 
(6.) Ability of distinguishing colours. 

(3.) For the purpose of relieving the men on Sundays and during meal hours, 
and of providing for cases of sickness, the company employ a staff of about 10 per 
cent, extra signalmen, who are termed " porter pointsmen," and who when not 
employed in these duties are utilised on the platforms. Practically, however, it is 
found that the men are almost entirely occupied in relieving the various signal 
posts—when so engaged they are allowed the same pay as the men they are 
relieving, and when sent away from home they are allowed expenses in addition. 

(4.) In addition to the appointment of the porter pointsmen, at the smaller 
stations, one or more of the porters are trained as signalmen—so as to relieve the 
men at the boxes during meal hours and on Sundays. 

(5.) At the most important posts the signalmen are relieved every eight hours, 
at less important posts, every ten hours; and at stations where the duties are not 
particularly onerous, every twelve hours. 

G 2 
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sioned b y sickness and o ther emergencies , was r e g u l a r l y engaged . 
No m a n was a l lowed to t ake r egu la r d u t y as a s i g n a l m a n u n t i l 
he had h a d a t least a fo r tn igh t ' s t r a i n i n g a t t h e post for wh ich he 
was in tended , a n d t h e t ime was often ex tended in special cases to six 
weeks . A certificate was also r equ i red from t h e s u p e r i n t e n d e n t 
of t h e d is t r ic t s t a t i n g t h a t t h e m a n h a d a knowledge of te legra
ph ing , of w r orking semaphore and o the r s ignals , of t h e company ' s 
rules , and of r e a d i n g a n d w r i t i n g , t h e capac i ty of j u d g i n g of 
dis tances, and t h e ab i l i ty to d i s t i n g u i s h colours. A t t h e most im
p o r t a n t posts t he s igna lmen w rere re l ieved every e i g h t hours , a t less 
i m p o r t a n t posts every t e n hours , and a t s t a t ions w h e r e t h e du t i e s 
were no t pa r t i cu la r ly onerous, every t w e l v e hours . T h e r e was an 
accident a n d a p rov iden t society a m o n g t h e men for rel ief i n case of 
s ickness or dea th . I t was m a n a g e d b y t h e m e n themse lves , a n d t h e 
company con t r ibu ted to i t s funds £3 ,000 or £4 ,000 a year . T h e 
in t e re s t wh ich t h e men took in t h e i r w o r k was r emarkab le . N o t 
long since a foreman a t Bol ton had his shoulder dislocated, and 
was t a k e n home and ordered to be k e p t quie t . T o w a r d s seven 
o'clock t h e n e x t e v e n i n g — h e was accustomed to n i g h t d u t y — 
he said to h is wife, " E h ! lass, a w canno ' s t ay h e r e ; t h e y canno ' 
ge t on w i t h o u t m e ; a w m u n go yonder ;" a n d he dressed himsel f 
a n d w e n t to his accustomed p o s t ; b u t h a d no t been t h e r e an h o u r 
before he was knocked down and lost h i s l eg in t h e performance 
of h i s d u t y . No soldier in t h e battle-field showed g rea t e r courage 
or self-sacrifice t h a n some of these men , a n d he wished to bear t h e 
h ighes t t e s t i m o n y ' t o t h e good conduct and discipl ine of al l t h e 
s e rvan t s ac t ing u n d e r h im, and to r a i l w a y se rvan t s genera l ly . 
Signal-boxes of al l sizes had been erected. One a t Edgeh i l l , nea r 
Liverpool , h a d e ighty- four levers . I t was des i rable to avoid such 
l a rge cons t ruc t ions wheneve r i t was prac t icable . T h a t a t E d g e h i l l 
could no t be worked w i t h o u t a n n o u n c i n g t h e a r r i v a l of t h e t r a i n s 
b y t e l egraph . I n w o r k i n g t e legraph ic gongs were more to be rel ied 
upon t h a n the mechanica l gongs first in t roduced . T h e mode of work 
i n g in fogs and snowstorms h a d received g r e a t a t t en t ion . F o g -
s igna lmen were appo in ted to r epea t t h e s ignals , a n d t h e company 
h a d an a r r a n g e m e n t b y w h i c h t h e s ta t ion-mas te r s and traffic in
spectors obta ined t h e names and addresses of t h e p la te layers and 
o ther persons connected w i t h t h e l ine w h o h a d posts assigned to 
t h e m for t h e performance of t h a t d u t y . E a c h m a n w a s prov ided 
w i t h a g r ea t - coa t ; and if he was on d u t y more t h a n s ix hours , he 
received refreshment . I n case of fog or snows to rm t h e eng ine -
d r ive r had to pu l l u p a t t h e s ignal , and ascer ta in persona l ly t h a t 
t h e l ine was clear. T h e fol lowing were ex t r ac t s from t h e official 
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c i rcu la r of ins t ruc t ions to s ta t ion-mas te rs and o thers in t he case 
of fogs a n d snowstorms : — 

" S ta t ion-mas te r s m u s t a r r a n g e w i t h t h e traffic inspectors to h a v e 
t h e names and addresses of the p la te layers recorded a t t he i r s t a 
t ions , a n d m u s t come to a n u n d e r s t a n d i n g w i t h t h e g a n g e r of t h e 
d i s t r ic t as to t h e posi t ions on t h e l ine w h i c h are to be occupied b y 
t h e respect ive p la te layers in case of fogs or snowstorms , coming on 
b y d a y or a t n i g h t , and also as to t he i r relief a t proper i n t e rva l s 
should t he fog or snowstorm cont inue . 

" If t h e fogmen are ou t more t h a n six hours , a r r a n g e m e n t s m u s t 
be m a d e for fu rn i sh ing t h e m w i t h t h e needful ref reshments . 

" On a fog or snow-storm coming on suddenly , and t h e fogmen no t 
h a v i n g t a k e n u p t h e i r posi t ions, eng inemen are i n s t ruc t ed to s top 
a t t h e m a i n s igna l cabin and ascer ta in w h e t h e r t h e section i n 
advance is clear. 

" During foggy weather or snowstorms, when a train or engine has 
stopped at a station, or is shunting into a siding under the protection of 
the main and distant signal, the signal ' line clear' must not be sent to 
the block station in the rear until the train or engine has proceeded on its 
journey, or has shunted into a siding clear of the main line. 

" D u r i n g frosts or sudden changes of t empera tu re , m e n in cha rge 
of po in t s a n d s igna ls wi l l be he ld responsible for h a v i n g t h e m 
examined b y t h e p la te layers or ganger to see t h a t t h e y w o r k 
correct ly, and t h a t t h e expans ion or con t rac t ion of t h e rods a n d 
wi re s h a s been p rope r ly adjusted by means of t h e r e g u l a t o r ; a n d 
i n addi t ion to th i s , i t w i l l be t h e d u t y of t h e s igna lmen, w h e n 
going off a n d coming on d u t y , to ascer ta in t h a t t he poin ts , s igna l 
l amps , and a r m s a re w o r k i n g correc t ly i n accordance w i t h t h e 
movemen t s of t h e levers . 

" Care m u s t be t a k e n after heavy falls of snow to examine the 
w o r k i n g of t h e exposed por t ions of t h e a p p a r a t u s in connect ion 
w i t h t h e s igna l posts, in order to see t h a t no obs t ruc t ion lias been 
caused b y t h e accumula t ion of snow, so as to p r e v e n t t h e p rope r 
act ion of t h e a r m s and l amps . 

" D u r i n g snowstorms t h e p la te layer w h o is employed to r epea t 
t h e d i s t an t s igna l m u s t look to t h i s ; b u t if no fogman is employed, 
t h e gange r on d u t y m u s t do so w h i l e t h e snow, or i t s effect, 
con t inues . " 

F r o m t h e l a rge increase t h a t h a d t a k e n place in t he traffic of t h e 
r a i lways genera l ly , i t wou ld be impossible now to work t h e l ines 
on t h e old t ime system. H e admi t t ed t h a t t h e block t e l eg raph and 
t h e i n t e r lock ing of po in t s and s igna ls w e r e a necessi ty u n d e r t h e 
presen t condi t ions of t he traffic, b u t unde r t h e p ressure t h a t h a d 
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been brought to bear by public opinion, both had been adopted too 
hastily, and both were in his opinion capable of improvement and 
simplification. 

Mr. FRANCIS F O X , of the Bristol and Exeter railway, remarked, 
that although he represented a line of small length and traffic com
pared with the London and North-Western railway, yet on it ran 
the fastest trains in England, and probably in the world, and 
it was worked throughout on the absolute block system. The 
valuable and admirably illustrated Paper would assist Engineers 
of railways in the selection of suitable interlocking apparatus, 
without which the sanction of the Board of Trade could not now 
be obtained to the opening of a new line, or of a connection with 
an existing passenger line. Messrs. Saxby and Farmer generally 
performed their work in a most efficient manner, being well aware 
of the requirements of the Board of Trade, and understanding 
the subject of interlocking thoroughly, which had now become 
quite a science. Mr. Poole's apparatus appeared to be a feasible 
mode of effecting what was accomplished by the catch-rod system, 
and it was under trial on the Bristol and Exeter. He was surprised 
to find railway managers of high position and experience pre
ferring to trust to a man's intelligence rather than to machinery. 
I t was impossible, in his opinion, for intelligence alone to meet 
the requirements of the present day without the aid of machinery. 
He advocated the combination of the two, by the adoption of 
efficient machinery under the control of intelligent signalmen. 
I t would not be possible to work large stations with safety with
out a concentration and interlocking of signals. The great value 
of the interlocking system was that i t rendered it exceedingly 
difficult for a man to produce an accident by a temporary loss of 
self-possession, to which the most intelligent signalmen were 
liable. Some of the requirements, however, of the Board of Trade 
he thought carried the system too far, and rendered it very diffi
cult to work the traffic; but the inspectors were generally willing 
to relax the requirements when shown to be productive of serious 
inconvenience. The interlocking system had also the merit of 
economy, it being obviously more economical to employ concentrated 
effort than effort distributed over a larger area. The old-fashioned 
disc and cross-bar were still in use on the Bristol and Exeter. They 
had the advantage of being more readily seen from a distance and 
of being always positive in their indications, giving no negative 
signal whatever. The semaphore had certain obvious advantages, 
such as that of placing signals on the same post for trains in differ
ent directions. He did not at all approve of " caution " signals. 
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T h e y were indefini te a n d led i n prac t ice to var ious degrees of 
speed ; b u t t h e r e could be no misapprehens ion of t he m e a n i n g of 
" dange r " a n d " a l l r i g h t " s igna ls . H e h a d i n v e n t e d a n a r r a n g e 
m e n t b y w h i c h t h e disc and cross-bar were p ivoted on one b a r ; 
a n d ins tead of t u r n i n g r o u n d hor izonta l ly , t h e y mere ly t u r n e d 
a q u a r t e r of a circle. T h e y w e r e found easier to w o r k a t dis
t ances of ha l f to th ree -quar te r s of a mile . H e approved of t h e 
regu la t ions w h i c h compelled an eng ine-dr ive r to pu l l u p a t t h e 
d i s t a n t s igna l , a n d proceed caut ious ly to t h e home s igna l . H e 
agreed i n t h e objection t o facing p o i n t s ; t h e y were a t bes t b u t 
d isagreeable necessit ies, a n d should be avoided w h e r e v e r i t w a s 
possible. T h e r e were several difficulties t h a t h a d no t ye t been 
overcome i n t h e w o r k i n g of facing po in t s b y t h e i n t e r l o c k i n g 
appa ra tu s , such as t h e expansion of t h e rods, a n d t h e necess i ty for 
accura te fitting i n t h e bol ts of facing-point locks, as t h e s l igh tes t 
e r ror in fitting m i g h t lead to a serious accident . G r e a t e r s im
p l i c i ty i n t h e a p p a r a t u s w a s s t i l l most desirable . T h e abso lu te 
block sys tem w a s in t roduced p a r t i a l l y on t h e Br i s to l a n d E x e t e r 
l ine in 1861, and en t i r e ly t h r o u g h o u t the l ine and b ranches i n 
1866 a n d 1867, no permiss ive block sys tem b e i n g i n use. Special 
r egu la t ions were adopted for w o r k i n g s ing le l ines . T h e sys tem 
was s t rong ly objected to b y t h e t h e n traffic officers of t h e ra i l 
way , as b e i n g l ike ly to lead to obs t ruc t ion t o t h e traffic ; b u t i t 
w a s now approved b y all t h e officials, and was found to faci l i ta te 
g r e a t l y t h e p u n c t u a l w o r k i n g of t h e l ine . F o r m e r l y on t h a t 
l ine , and p robab ly on m a n y o ther l ines , a sor t of " h i t a n d m i s s " 
sys tem was often adopted in t h e s t a r t i n g of t h e t r a i n s ; b u t n o w 
eve ry i r r e g u l a r i t y was booked. T h e adopt ion of t h e block sys tem 
h a d p reven ted t h e recur rence of a class of accidents to w h i c h 
t h e y w e r e p rev ious ly l iable , viz., t h a t of collisions be tween t r a i n s 
fol lowing each o ther on t h e same l ine . T h e s igna l h u t s were 2 miles 
or 2 J miles a p a r t from each other , b u t in some cases t h e dis tances 
were much shor ter . G r e a t care w a s t a k e n in t h e selection and 
t r a i n i n g of t h e m e n ; for t h e block sys tem, if worked a t a l l , should 
be worked t h o r o u g h l y wel l . T h e sys tem was also found useful in 
o ther ways , such as i n enab l ing t h e s i g n a l m a n to send forward a n 
i n t i m a t i o n of t h e loss of a t a i l - l amp to a t r a i n and t h e l ike . H e 
d id no t approve of t h e au toma t i c electr ic block sys tem, p re fe r r ing 
t h a t t h e control of t h e s igna l l i ng a p p a r a t u s should res t w i t h an 
i n t e l l i gen t s igna lman . No s h u n t i n g was al lowed to t a k e place 
on t h e Br is to l a n d E x e t e r l ine , a t s t a t ions t h r o u g h w h i c h t r a i n s 
passed w i t h o u t s topp ing , w i t h i n five minu te s of t h e adver t i sed 
t i m e of pass ing . T h e s ta t ion-mas te r h a d to en te r t h e t i m e a t 
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w h i c h each t r a i n o u g h t to pass, and t h e t i m e a t w h i c h i t ac
t u a l l y passed, and had to s ign h i s n a m e as a wi tness of t h e fact. 
M a n y serious accidents migh t , in h i s opinion, be p r e v e n t e d b y t h e 
genera l adopt ion of such a regu la t ion . T h e r e were be tween t w e n t y 
a n d t h i r t y t r a ins da i ly each w a y on the Br i s to l and E x e t e r l i n e ; 
b u t on por t ions of t h e l ine t h e t r a i n s were more numerous . I n 
ce r t a in cases where a s id ing occurred be tween t w o o r d i n a r y block 
s ta t ions , r a t h e r t h a n r u n a n y risk, an add i t iona l h u t h a d been 
erected, and t h e j u n c t i o n of t he s id ing had been worked as a block 
s ta t ion . 

Mr. SIEMENS said i t was now genera l ly conceded t h a t t h e block 
a n d in t e r lock ing sys tems were conducive to t h e safety and de
ve lopment of r a i l w a y traffic. N o t h i n g could exceed t h e in 
g e n u i t y d isp layed in t h e cont r ivances e x h i b i t e d ; b u t he ob
served t h a t t h e electr ic t e l eg raph was left ou t of t h e i n t e r lock ing 
a r r a n g e m e n t s w h i c h h a d been b r o u g h t forward. I t was used only 
as a n aux i l i a ry to s igna l t r a i n s from s ta t ion to s ta t ion, b u t i t 
formed no p a r t of t h e i n t e r l ock ing sj^stem. I n G e r m a n y a n d 
B e l g i u m an i n t e r l ock ing sys tem h a d been adopted l a t e ly w i t h most 
sa t isfactory resul t s , in wh ich t h e t h r ee e lements of t h e swi tch , t h e 
optical s igna l , a n d t h e t e l eg raph ic s igna l were combined in to a n 
au tomat i c s y s t e m ; so t h a t i t was impossible for a t r a i n to leave a 
s ta t ion, for t h e opt ical s ignal to be ra ised for i t s depa r tu re , and for 
t h e swi tch to be p u t r i g h t , u n t i l t he t e l eg raph ic s igna l had a r r ived 
from t h e n e x t s ta t ion to say t h a t t h e l ine was clear. H e t h o u g h t 
t h a t no in te r lock ing block sys tem could be looked upon «is safe 
a n d complete unless i t combined t h e t h r ee e lements a l luded t o ; 
and he was s t rong ly of opinion t h a t a block sys tem, if adopted a t 
all , should be made absolute and complete , and no t permiss ive as 
h a d been advocated in t h e course of t h e discussion. 

Mr . Fox , t h r o u g h t h e Secre tary , desired to add t h e fol lowing 
r e m a r k s b y w a y of e x p l a n a t i o n : — H e did no t w i s h to be unders tood 
as object ing to au toma t i c electr ic s igna l l ing , if used in conjunct ion 
w i t h t h e employmen t of i n t e l l i gen t s igna lmen . I n i l l u s t r a t ion of 
t h i s s t a t emen t he m i g h t men t ion t h a t he was i n t r o d u c i n g electr ic 
repea te r s for d i s t an t s ignals , to show in t h e s i gna l -hu t d u r i n g foggy 
wea the r t h e ac tua l posi t ion of the disc a n d crossbar s ignal , w h e t h e r 
a t " a l l r i g h t , " a t " dange r , " or ( owing to t h e expans ion or con
t r ac t ion of t h e s igna l -wi re ) in an i n t e rmed ia t e posi t ion. H e was 
also a d o p t i n g a n electr ic ind ica to r for t h e po in t s of self-act ing 
swi tches s i t ua t ed a t t h e end of loop-lines on s ingle b r a n c h l ines , 
too far from t h e s i g n a l - h u t to be safely ac tua ted b y po in t connec
t ions , and wh ich consequent ly opened w i t h t h e passage of t h e t r a i n 
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from the m a i n l ine to t h e b ranch , and closed for t h e t r a i n s from t h e 
b ranch to t h e m a i n l ine. I f from a n y cause t h e sw i t ch -po in t 
should no t fall qu i t e close to t h e stock ra i l , e lectr ic contac t was 
broken, and a bel l was set r i n g i n g i n t h e hu t , g i v i n g not ice of t h e 
fact to t he s igna lman , w h o wou ld the reupon p u t on a n d keep t h e 
up -b ranch s igna ls a t " danger , " u n t i l t h e defect h a d been remedied . 
Refe r r ing to t h e cases of s id ings j o i n i n g t h e m a i n l ine a t places 
s i tua ted be tween o rd ina ry block s ta t ions , i t appeared to h i m t h a t 
as a t a l l i m p o r t a n t s id ings a m a n was usua l ly s ta t ioned, t he 
p roper course was to conver t t h e junc t ion of t h e s id ings i n to a block 
s ta t ion and work i t as such. On t h e Br i s to l a n d E x e t e r r a i l w a y 
w h e r e s id ings s i tua ted i n t e rmed ia t e ly be tween block s ta t ions jo ined 
one l ine only, t h e whole section of t h a t l ine was blocked, u n t i l t h e 
t r a i n do ing w o r k a t such s id ing h a d passed i n t o t h e succeeding 
section. I n order to in su re t h a t t w o t r a i n s should no t be in one 
section a t t h e same t ime, s t a r t i n g s ignals worked in connect ion w i t h 
t h e block sys tem were fixed a t t h e forward end of every block 
s ta t ion, and t h e ru l e was s t r i n g e n t l y enforced t h a t " l ine clear " 
should no t be g iven from box B to box A u n t i l t h e whole of t h e 
t r a i n had passed beyond the s t a r t i n g s igna l in to t h e section B 
to C, or h a d been s h u n t e d i n t o a s i d i n g ; a n d a w h i t e t a r g e t a t t h e 
t a i l of eve ry t r a i n enabled t h e s igna lman (as we l l as t h e p l a t e 
layers and others) to see t h a t t h e en t i r e t r a i n h a d passed. Al lus ion 
h a d been made to t h e d a n g e r of g i v i n g " l ine clear " from B, a t a 
j u n c t i o n w i t h a b r a n c h l ine, to A on t h e m a i n l ine and to C on 
t h e b ranch , a t t h e same t ime , and t h a t u n d e r such c i rcumstances 
t h e o rd ina ry s ignals were t h e only pro tec t ion aga in s t a collision 
a t t h e junc t ion . T h i s difficulty was met on t h e Br i s to l and E x e t e r 
r a i l w a y by a pos i t ive ru l e t h a t al l b r anch t r a i n s should s top before 
e n t e r i n g t h e m a i n l ine and before l eav ing t h e m a i n l ine for t he 
b ranch . 

Mr . W. H . PEEECE said he h a d been for m a n y years engaged in 
t h e appl ica t ion of e lec t r ic i ty to t h e w o r k i n g of traffic upon ra i l 
ways , and could therefore speak from some exper ience. T w e n t y -
one years ago he was employed b y Mr. E d w i n Cla rk i n c a r r y i n g 
out w h a t was now k n o w n as t h e Pe rmiss ive Sys tem, and e leven 
years ago he presented to t h e I n s t i t u t i o n a T a p e r 1 w h i c h per
formed to electr ic s igna l s a t t h a t per iod t h e same function w h i c h 
Mr . Eap ie r ' s Pape r had now performed to fixed s ignals . T h e 
w o r k i n g of r a i l w a y traffic was fast becoming a science, and a 
science based, as al l sciences should be based, on experience a n d 

1 Vide Minutes of Proceedings lust. C . E . , vol. xxii., pp. 167-192. 
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observat ion. I t was a p u r e example of t h e doc t r ine of " evolu t ion ," 
a n d t h e pr inc ip le of t h e " su rv iva l of t h e fittest" was wel l i l lus t ra ted 
in m a n y of t h e sys tems i l lus t r a t ed i n t h e d i ag rams . E a c h r a i l w a y 
company h a d been w o r k i n g upon i t s own expe r i ence ; and now t h e 
j o i n t exper ience of t h e whole was be ing welded a n d moulded in to 
genera l pract ice , a n d t h e re su l t w a s shown in improved w o r k i n g . 
S ta t i s t ics did no t jus t i fy t h e genera l ou tc ry aga ins t r a i l w a y m a n a g e 
men t . I f t h e dea ths t h a t occurred in factories, or i n t h e s t ree t s 
of London, were pub l i shed b y t h e press w i t h t h e zeal t h a t r a i l w a y 
acc idents were n o w made k n o w n , publ ic a t t e n t i o n would soon be 
d ive r t ed from i t s c rusade aga ins t r a i l w a y m a n a g e m e n t . E a i l w a y 
m a n a g e r s and officials h a d acqui red b y experience a knowledge of 
t h e facts upon w h i c h t h e science could be based, b u t t h e r e was no 
l i t e r a t u r e of r a i l w a y w o r k i n g to w h i c h o thers could refer. D a t a 
a n d a u t h e n t i c facts w e r e r equ i red for those w h o were be ing edu
ca ted for t h e fu ture m a n a g e m e n t of r a i lways , a n d these w e r e 
to be found no t on ly in such paper s as Mr. Eap ie r ' s , b u t in t h e 
repor t s of t h e inspec t ing officers of t h e Board of T r a d e . T h e 
object of t h e P a p e r appeared to be to show t h a t t h e t w o g r e a t 
r e q u i r e m e n t s in r a i l w a y w o r k i n g were un i fo rmi ty and s impl ic i ty . 
Un i fo rmi ty wTas no t ye t obtained, for t h e same s igna ls were used 
for different purposes , ins tead of be ing employed for t h e same 
purpose . T h u s t h e semaphore w h e n used as a home s igna l m e a n t 
" s t o p ; " as a d i s t a n t s ignal , " Stop, b u t go on." T h e disc on one 
l ine m e a n t " dange r , " on ano the r l ine " safety." I t m u s t no t be 
forgot ten t h a t s impl ic i ty m e a n t comprehension. W h a t w a s incom
prehens ib le a n d appa ren t l y complicated to one m i n d m i g h t be 
s impl ic i ty i tself to ano the r mind . A s igna lman , confined i n a 
cab in w i t h n o t h i n g else to do b u t to w o r k a n d w a t c h a lever , 
m u s t h a v e a v e r y du l l comprehension if he d id no t t h o r o u g h l y a n d 
speedi ly mas t e r w b a t appeared to an occasional v i s i tor t h e most 
complicated a r r a y of levers a n d swi tches . T h e impor tance of t h e 
in t roduc t ion of r epea t e r s h a d scarcely been dwel t upon suffi
c ien t ly . F o r m e r l y t h e posi t ion of d i s t a n t s igna ls was fixed 
w i t h t h e sole object of k e e p i n g t h e m w i t h i n s i g h t of t h e s igna l 
m e n ; b u t t h e in t roduc t ion of r epea t ing s ignals had provided t h e 
means of fixing t h e m so as to consider a lone t h e a t t e n t i o n of t h e 
d r ive r . T h e effect of slack wi res a n d t h e numerous causes w h i c h 
in terfered w i t h t h e due exh ib i t ion of t h e s igna l were compensated 
for, a n d t h e g rea tes t confidence was g iven to t h e s i gna lman in t h e 
w o r k i n g of t h e s ignals . T h e block system, as a n abs t rac t pr inc ip le , 
s imply mean t t h a t t r a i n s should be kep t apa r t b y a n i n t e r v a l of space 
ins tead of by an i n t e r v a l of t i m e ; b u t t he re were i n n u m e r a b l e 
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me thods of c a r r y i n g t h a t sys tem in to prac t ice . T h e g r o w t h of the 
sys tem had been slow, and, indeed, sudden changes were no t desir
able. Oppor tun i t i e s h a d been g iven to perfect t h e a p p a r a t u s 
employed. B u t t he re were causes w h i c h in ter fered w i t h i t s genera l 
in t roduct ion . On the S o u t h - E a s t e r n l i ne t h e sys tem h a d been 
u n i n t e r r u p t e d l y in use for e igh teen years ; on t h e N o r t h - E a s t e r n i t 
w a s only j u s t b e i n g in t roduced ; on t h e N o r t h London i t h a d been 
r e g u l a r l y worked for seventeen y e a r s ; on t h e London a n d N o r t h 
w e s t e r n l ine i t h a d on ly been in t roduced a few years . T h e 
s low progress of t h e sys tem w a s pe rhaps , i n a measure , due as 
m u c h to prejudice as to ignorance . I n a Commi t t ee of t h e House 
of Lords , r ecen t ly appoin ted to i n q u i r e i n t o t h e subject , a noble 
lord, t h e C h a i r m a n of a r a i l w a y company , asked w h e t h e r i t w a s 
possible for l i t t l e boys to p l a y t r i c k s w i t h t h e block sys tem, w h i l e 
t w o o the rs endeavoured to show t h a t t h e sys t em was inappl icab le 
u p o n a s ingle l ine worked b y a s ing le eng ine ! A r a i l w a y official 
had also asser ted t h a t i n such a case i t wou ld be a n unmixed evi l 
and a useless e x p e n s e ; a n d a n o t h e r said, t h a t w h e n t h e t r a i n s were 
a long w a y a p a r t a n d were few in n u m b e r t h e sys tem w a s 
unnecessary . T h e fact w a s t h a t i n each of these cases t h e 
t r a i n s were k e p t a p a r t b y a space w h i c h w a s infinite. I t 
w a s objected to t h e block sys tem t h a t i t t ended to i m p a i r 
t h e look-out of t h e dr iver , b u t t h i s objection was as m y t h i c a l 
as those adduced a g a i n s t t h e in t roduc t ion of r a i l w a y s t h e m 
selves. I t w a s no t to be supposed t h a t w h e n a d r ive r received 
a n " a l l c l e a r " s igna l h e b u t t o n e d u p h i s coat, l i t h i s p ipe , 
a n d desired t h e s toker to te l l h i m w h e n t h e y came nea r t h e n e x t 
s ta t ion . D r i v e r s w e r e as careful of t he i r own lives as of those of t h e 
passengers u n d e r t he i r charge , and the re were m a n y causes besides 
t r a i n s i n front of t h e m to occupy the i r careful w a t c h . T h e h is 
tor ical " coo," b roken ra i ls , fallen s ignal-posts , de tached goods, 
fouled l ines, & c , wou ld a l w a y s r e m a i n to r equ i re t he i r careful 
a n d incessant look-out. Moreover, prac t ice and exper ience belied 
t h i s objection. I t w a s also sugges ted t h a t t h e sys tem increased 
t h e e lement of h u m a n fa l l ib i l i ty b y a d d i n g to t h e n u m b e r of 
s igna lmen . S ta t i s t ics h a d been g iven to show t h a t t h e n u m b e r of 
s i gna lmen h a d been l a rge ly inc reased ; b u t i t h a d not been sa t is 
factor i ly shown w h e t h e r t h a t increase w a s due to t h e in t roduc t ion 
of t h e block sys tem, or to t h e increase of t h e traffic. I f t h e sys tem 
were car r ied ou t i n i t s e n t i r e t y i t wou ld rea l ly lead to a d i m i n u 
t ion of t h e ac tua l n u m b e r of m e n employed a t a g iven t ime, a n d i t 
would ma te r i a l l y lessen t h e a n x i e t y a n d respons ib i l i ty of keep ing 
a look-out on t h e p a r t of t h e s i gna lman . I n s t ead of confidence 
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be ing impai red b y mechanica l appl iances , he t h o u g h t t h e y t ended 
to insp i re confidence. Machinery did no t w o r k of i tself; i t w a s 
no t a u t o m a t i c ; i t d id n o t supp ly a subs t i t u t e for m a n u a l labour . 
I t in t roduced delay, b u t i t could no t favour acc iden t ; i t reduced 
t h e l i ab i l i ty to error , a n d h a d t h e a d v a n t a g e of never s leeping or 
t i r i n g . I t was objected t h a t t h e block sys tem did no t afford 
perfect s e c u r i t y ; b u t i t s advocates h a d neve r contended t h a t i t 
did. L i k e o the r mach ine ry , i t was to some e x t e n t dependen t upon 
t h e ski l l a n d a t t e n t i o n of those w h o worked i t . Care and a t t e n 
t ion were more t h a n ever r equ i red on t h e p a r t of those w h o worked 
i t , b u t i t involved less v i sua l watchfu lness . Bells and t e l eg raphs 
suppl ied cer ta in informat ion, and freed t h e s igna lmen from t h e u n 
cer ta in exercise of t he i r eyes. Al l i n s t r u m e n t s were , however , 
dependen t on h u m a n act ion, discret ion, a n d j u d g m e n t ; and as 
long as d r ive r s would r u n pas t s ignals , po in t smen pu l l over t h e 
w r o n g levers, no t a l l t h e resu l t s of experience, t h e d ic ta tes of 
reason, t h e inven t ions of genius , or t he ski l l of t h e eng inee r w o u l d 
p r e v e n t accident . T h e t r u e w o r k i n g of t h e block sys tem w a s 
essent ia l ly a ques t ion of discipl ine, and i t s proper ma in t enance w a s 
t h e re su l t of supervis ion. T h e sys tem h a d t h e a d v a n t a g e of afford
i n g freedom from anx ie ty . Some years ago t h e genera l m a n a g e r 
of a r a i l w a y company, after a series of accidents , h a d a bell placed 
i n h i s house, and gave ins t ruc t ions t h a t i t was to be pul led day or 
n i g h t wheneve r an accident took place. A t t h e same t i m e h e 
in t roduced the block sys tem upon t h e l ine, and from t h a t day to 
th i s t h e bell had never been r u n g . I t avoided confusion of mind . 
T h e s i g n a l m a n in h i s box h a d n o t h i n g to do b u t to fix his a t t en 
t ion upon t h e a p p a r a t u s before h im, and was in no dange r of b e i n g 
d is t rac ted . T h e r e were , no doubt , some defects in t h e w o r k i n g of 
t h e block system upon var ious l i n e s ; b u t t h e sys tem itself ough t no t 
to be made t h e scapegoat for t h e defects of t he a g e n t s employed i n 
c a r r y i n g i t out . T h u s on some l ines t h e objectionable prac t ice w a s 
in use of b lock ing t h e l ine before t h e t r a i n w a s al lowed to s ta r t , 
ins tead of t h e more n a t u r a l method of b lock ing t h e l ine beh ind 
t h e t r a in . T h e necessary resu l t of t h i s pernic ious pract ice w ras 
f requent ly to secure t w o t r a i n s i n one section a t one t ime, a n d 
t h e r e b y to produce acc iden t ; and t h i s mus t occasionally happen , 
on t h e doct r ine of probabi l i t ies , on those l ines w h i c h cont inued 
t h a t prac t ice . I t compelled t h e t r u e exh ib i t ion of signals, and 
t h e r e b y remedied one of t h e g rea tes t causes of reckless d r i v i n g . 
I t increased t h e capac i ty of l ines for t h e conveyance of traffic, 
as was i nd i spu t ab ly shown in t h e cases of t h e N o r t h London and 
t h e Metropol i tan r a i lways , and i t unques t ionab ly expedi ted t h e con-
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veyance of t h a t traffic. B y p r e p a r i n g t h e w a y for t h e passage of 
t r a i n s i t stopped t he nu isance of cont inuous a n d useless w h i s t l i n g . 
I t had been s ta ted t h a t t h e permiss ive sys tem was s t i l l employed 
to some e x t e n t on t h e London and N o r t h - W e s t e r n l ine . T h a t 
sys tem was not in t roduced for t h e sake of safety so much as w i t h a 
v iew of inc reas ing t h e capaci ty of t h e l ine . T h e block system, t o 
be p roper ly worked, should be worked on t h e same pr inc ip le as a 
d i s t a n t s igna l . T h e speak ing t e l eg raph in connect ion w i t h block 
s igna ls he r ega rded as a n u n m i x e d evil . I t s i n t roduc t ion was based 
on t h e assumed fal l ibi l i ty of t h e electr ic s igna ls ; b u t electr ic s igna ls 
gave t h e least t rouble , a n d worked t h e best of a l l t h e mechanica l 
appl iances on r a i lways . Old modes of t e l e g r a p h i n g were n o w 
g i v i n g w a y to improved sys tems, based upon t h e n u m b e r of bea t s 
upon a bel l and upon va r i a t ions in sound. H e t h o u g h t t h e bell com
munica t ion be tween cabin and cabin answered al l t h e purposes w h i c h 
were supposed to be fulfilled b y speak ing t e legraphs . I t had been 
objected t h a t s ix beats upon t h e bel l ind ica ted one t h i n g , and t h r e e 
bea t s repea ted twice indica ted another , and t h a t errors m i g h t ar ise 
from th i s i d e n t i t y in t h e n u m b e r of beats . T h e r e was , however , 

«m much d is t inc t ion be tween t h e t w o s igna ls as be tween the words 
" p r e s i d e n t " and " secre tary ." H e could see no reason w h y t h e 
block sys tem should no t be m a d e compulsory . Where t he traffic w a s 
l i g h t i t could be easi ly carr ied out w i t h ex i s t ing a p p a r a t u s ; a n d 
as t h e traffic increased t h e company h a d t h e means of bea r i ng t h e 
add i t iona l expense. W h e n t h e sys tem w a s once in t roduced upon 
t h e m a i n l ine, t h e r e was no difficulty in e s t ab l i sh ing i t upon t h e 
b r a n c h e s ; and unless t h e r a i l w a y companies v o l u n t a r i l y adopted 
t h e system, P a r l i a m e n t , as t h e exponent of pub l i c opinion, wou ld 
p robab ly force t h e m to do so. 

Mr . JOHNSON expla ined, b y t h e aid of d iag rams , t h e mode of 
w o r k i n g t h e block sys tem on cer ta in l ines, and expressed h is belief 
t h a t t h e me thod genera l ly adopted was a n approx imat ion to t h e 
permiss ive block sys tem. H e objected to g i v i n g " l ine clear " a t a 
s ta t ion u n t i l a p reced ing t r a i n h a d s t a r t ed from t h e s ta t ion i n 
advance . H e also objected to g i v i n g " l ine clear " a t a j unc t i on for 
t w o t r a i n s a t t he same moment . 

Mr . W . H . BARLOW said t h a t t h e faul ty de ta i l s in t h e c a r r y i n g ou t 
of t h e block sys tem formed no good g r o u n d of objection aga ins t t h e 
sys tem itself. H e believed t h e sys tem to be a good o n e ; b u t he did 
no t t h i n k t h a t i t wou ld remove t h e inconvenience and d a n g e r a t 
t e n d i n g t h e w o r k i n g of mixed traffic, t h e only cure for wh ich would 
be t h e l a y i n g down of separa te l ines for fast a n d slow t r a in s , w h i c h 
would g ive add i t iona l safety, and g rea te r capabi l i ty as to the a m o u n t 
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of traffic. T h e block sys tem could be read i ly appl ied to l ines l ike t h e 
Met ropo l i t an and o thers i n t h e south, w h e r e t h e g r e a t b u l k of t h e 
traffic consisted of consecutive t r a i n s on t h e same l ine, h a v i n g no 
d e p a r t u r e from t h e l ine except a t s t a t i o n s ; b u t i t was v e r y dif
ferent i n t h e n o r t h , whe re a t a lmost every mi le t h e r e was a b r a n c h 
or a s id ing . One g r ea t difficulty w a s to secure a t t e n t i o n i n foggy 
wea the r . T h e sys tem a t p re sen t adopted, of ca l l ing i n t h e t e m 
pora ry a id of p la te- layers , l abourers , a n d por t e r s to place exp lod ing 
s igna ls on t h e ra i ls , was a r o u g h expedient , defective in i tself a n d 
u n w o r t h y of t h e age . T h e s igna l should be g iven on to t h e eng ine 
itself, a n d no t placed upon t h e l ine . W h e n mai l -bags could be 
t a k e n i n t o a n d be de l ivered from t h e Pos t office v a n s w h i l e 
r u n n i n g a t h i g h speeds, i t was obvious t h a t t h e s imple m a t t e r 
of m o v i n g a s igna l placed on t h e eng ine w a s easy to accomplish ; 
a n d i t s effect wou ld be to obvia te a l l those accidents w h i c h arose 
from dr ive r s r u n n i n g pas t s igna ls w i t h o u t see ing t h e m . A d iminu 
t ion of speed would remove one of t h e g rea t sources of accidents . 
W h e n t r a i n s r a n a t t h i r t y mi les a n hour , d r ive r s were ordered to 
s lacken speed to t e n mi les an hour i n pas s ing j u n c t i o n s a n d im
p o r t a n t s ta t ions . A t t h i s speed a m a n w i t h a h a n d - l a m p or a flag 
sufficed for safety. T h e presen t speed of fo r ty miles a n h o u r 
requ i res t r a ins to be r u n t h r o u g h j u n c t i o n s a n d s ta t ions a t speed. 
H e did no t d e n y t h e a d v a n t a g e s of i n t e r l o c k i n g ; b u t exper ience 
showed t ha t , w i t h a l l t h e e labora te cont r ivances a n d l a rge expen
d i t u r e i n s ignal a r r a n g e m e n t s , t h e accidents were as n u m e r o u s . 
T h a t r e su l t he a t t r i b u t e d to excessive speed over j unc t ions a n d 
t h r o u g h s ta t ions , to t h e m i x t u r e of t r a i n s r u n n i n g a t different 
speeds on t h e same l ines of ra i l s , a n d to t h e p re sen t imperfect 
sys tem of s igna l l ing d u r i n g fogs. 

Mr . E . P R I C E W I L L I A M S said t h e h i s to ry of t h e r ise and progress 
of s igna l l i ng as g iven i n t h e P a p e r was exceeding ly in t e re s t ing , 
more especial ly as i t showed, i n a s t r i k i n g manne r , t h a t t h e im
provement s were b u t t h e n a t u r a l consequence of t h e r e m a r k a b l e 
deve lopment of t h e r a i l w a y traffic in t h i s coun t ry . I n t h e days 
w h e n t r a i n s were few a n d t h e speed compara t ive ly slow, t h e s imple 
expedien ts a l luded to for s i g n a l l i n g t r a i n s were p robab ly sufficient. 
W h e n , however , t h e i n t e rva l s be tween t r a i n s came to be measured 
b y minu te s ins tead of b y hours , t h e n those s imple exped ien t s could 
no longer be rel ied upon, and so b y g r a d u a l s teps t h e semaphore 
s igna l and t h e block sys tem w e r e a r r i v e d a t . H e considered t h a t 
n o t h i n g shor t of a d i s t inc t space i n t e r v a l , w i t h t h e add i t iona l p r o 
vision, a l luded to b y Mr . Johnson , of a caut ion s igna l communi 
cated to t h e s ta t ion immedia t e ly i n t h e rea r of t h e blocked por t ion 
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of t h e l ine would effectually prov ide for t h e safe w o r k i n g of t h e 
traffic. I n confirmation of these v iews, he m i g h t men t ion t h a t 
t h e j u r y in t h e case of t h e E u x t o n accident h a d j u s t recommended 
t h a t such a caut ion s igna l should i n fu ture be g iven . 

T h e a d v a n t a g e r e su l t i ng from t h e in t e r lock ing of poin ts and 
s igna ls h a d been quest ioned b y Mr . Al lpor t . However , as a p rac 
t ica l mechanic , famil iar w i t h t h e cons t ruc t ion a n d w o r k i n g of 
var ious in t e r lock ing sys tems, Mr. P r i ce W i l l i a m s considered t h a t , 
w i t h good w o r k m a n s h i p a n d t h e use of sound and well-selected 
mate r ia l s , w h i c h should alone be employed for such cr i t ical work , 
h e saw n o t h i n g to w a r r a n t t he i r no t be ing most impl ic i t ly re l ied 
upon . I n fact, h e would as soon d i s t rus t t h e w o r k i n g of t h e 
complex mach ine ry of a locomotive as t h a t of t h e p re sen t admi rab le 
in t e r lock ing appa ra tus , w i t h i n a t least such reasonable d is tances 
as 800 ya rds . T h e effect of t h e a l t e ra t ions of t e m p e r a t u r e upon 
t h e long swi tch rods, wh ich h a d been t h e chief obstacle i n t h e 
w a y of t h e i r safe use, h a d n o w been s u r m o u n t e d b y t h e s imple 
expedient of t h e compensa t ing bar . T h e beneficial resu l t s w h i c h 
h a d followed t h e in t roduc t ion of t h e sj^stem of i n t e r lock ing po in t s 

^and s ignals h a d been described b y Mr. F o x . No g rea te r cont ras t , 
pe rhaps , could be afforded t h a n in t h e case of a roadside s ta t ion 
Mr . Pr ice W i l l i a m s h a d recen t ly had occasion to rev is i t af ter a l ong 
in t e rva l . The re , ins tead of t h e point - lever h a n d l e s — w h i c h he h a d 
remembered in former yea rs scat tered about t h e place, a s t u m b l i n g -
block and offence to all w h o u n f o r t u n a t e l y came in contact w i t h 
t h e m , and a t t h e mercy of a n y one who , impel led e i the r b y mal ice 
or w a n t of t h o u g h t , chose to meddle w i t h t h e m — h e found t h e 
swi tches a l l connected u p to a n d worked from a ra ised s igna l -hu t 
wh ich commanded a complete v i ew of t h e s t a t ion a n d far beyond. 
No one, he t h o u g h t , could fail to recognise in t h i s case—which t e n 
years ago w a s t h e o rd ina ry t y p e of a roadside s t a t i o n — t h e remova l 
of a rea l source of dange r i n r a i l w a y w o r k i n g . T h e Cannon S t ree t 
S ta t ion s igna ls m i g h t be men t ioned as ano the r s t r i k i n g ins tance of 
t h e beneficial r esu l t s a r i s i ng from t h e adopt ion of t h e in t e r lock ing 
sys tem. P a s s i n g in a n d ou t of t h a t s ta t ion , as he had done d u r i n g 
t h e las t e i gh t years , on an ave rage twice a day, he could tes t i fy t o 
t h e most perfect w o r k i n g of t h e sys tem, u n d e r c i rcumstances as 
difficult a n d complicated as i t was possible to conceive ; w i t h a 
double j u n c t i o n a t one end of a v iaduct , a n d a t t h e o ther one of 
t h e l a rges t and bus ies t s t a t ions in t h e k ingdom, w i t h i t s m u l t i 
t ud inous a r r i va l and d e p a r t u r e pla t form s id ings , cross-over a n d 
t h r o u g h roads, & c , a l l control led a n d worked from t h e s igna l -hu t 
on t h e v iaduc t , and worked w i t h t h e most perfect ease a n d safety. 
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years . F i g s . 6, 7, a n d 8 showed t h e receipts from passenger and 
goods traffic on th ree p r inc ipa l E n g l i s h r a i lways , v iz . : t h e London 
and Nor th -Wes t e rn , t h e Midland , a n d t h e Grea t Nor the rn . T h e 
r a t e of increase of t h e passenger a n d goods traffic on t h e London 
a n d N o r t h - W e s t e r n h a d ave raged a l i t t l e over 5 pe r cent , pe r 

FIG. 6 . 

LONDON AND NORTH-WESTERN RAILWAY. 
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The lighter shading represents Goods traffic. 
The darker shading represents Passenger traffic. 
The average annual rate of increase of the total traffic is 5 per cent. 

a n n u m d u r i n g t h e las t t h i r t e e n years . Th i s , however , scarcely 
gave a fair idea of t h e a m o u n t of t h e increase. H e m i g h t , however , 
s t a t e t h a t in t h a t t i m e t h e n u m b e r of passengers had increased 
from 18,000,000 to 31,000,000, or a t an ave rage a n n u a l r a t e of 
increase of about 8 per cen t . ; in o the r words , t h e passenger traffic 
was doub l ing i tself i n every n ine years . On t h e Mid land a n d 
t h e G r e a t N o r t h e r n r a i l w a y s t h e increase of t h e traffic receipts 
was s t i l l more r emarkab le , ave rag ing , in bo th cases, ful ly 7^ per 
cent, per a n n u m ; r a t e s of increase which , if ma in ta ined , wou ld 
double t h e traffic i n t en years , and q u a d r u p l e i t i n t w e n t y years . 
I t m i g h t be u r g e d t h a t i n t h i s increase of traffic no account was 
t a k e n of t h e concur ren t increase of t h e mi leage of n e w l ines opened 
d u r i n g t h e period in ques t ion . T h a t , however , had, he considered, 
ve ry l i t t l e bea r ing upon t h e quest ion, since those extens ions were 
of t h e charac te r of smal l t r i bu ta r i e s , wh ich served b u t to add to 
t he volume of t h e traffic upon t h e ma in l ines . T i m e l y provision, 

[1873-74. N . S . ] H 

H e h a d f requent ly had an o p p o r t u n i t y of carefully e x a m i n i n g t h e 
mechanica l a r r a n g e m e n t s of those s ignals , and could hear t e s t i 
m o n y to t h e g r ea t s impl ic i ty of t h e i r w o r k i n g . H e h a d not iced 
as m a n y as four t r a i n s pass ing a t t h e same t i m e u n d e r t h e Cannon 
St ree t signal-box, and some of t h e m t r a v e r s i n g r i g h t across from 
t h e l ines a t one end of t h e v iaduc t t o t h e a r r i v a l s id ings a t t h e 
o the r end of t h e s ta t ion , and yet , to h i s knowledge , no t one s ingle 
acc ident had occurred t he r e in t h e period referred to . 

T h e quest ion, however , to wh ich he more p a r t i c u l a r l y wished to 
d r a w a t t en t i on was , how far t h e block sys tem, w i t h al l t h e con
c u r r e n t advan t ages of t h e in te r lock ing of s igna ls a n d poin ts , was 
capable of m e e t i n g t h e fu ture r equ i rements of t h e cons tan t ly 
increas ing traffic on t h e p r inc ipa l m a i n l ines of r a i lway . I n 
order more c lear ly to exp la in h i s v iews on t h e subject, he h a d 
placed upon t h e wal l s , w i t h t h e permission of Mr. Oakley, a 
d i a g r a m (Pla te 32), w h i c h w a s a g r a p h i c r epresen ta t ion , or cha r t , 
of t h e w o r k i n g t ime- tab le of t h a t por t ion of t h e Grea t N o r t h e r n 
r a i l w a y be tween London and Pe te rborough . I t showed t h e t imes 
of d e p a r t u r e from London, and t h e t imes of a r r iva l a t Pe t e rbo rough 
a n d t h e i n t e rmed ia t e s ta t ions d u r i n g each four and t w e n t y hour s . 
H e should exp la in t h a t t h e t h i c k b lack and t h e t h i n b lue l ines 
represen ted t h e coal t r a i n s a n d t h e slow goods t r a i n s respect ive ly , 
t h e t h i ck b lue l ines t h e fast goods, t h e l i g h t red t h e o r d i n a r y pas 
senger , and t h e t h i ck red l ines t h e express passenger t r a ins . I t 
would no t fail to be observed, t h a t t h e express passenger t r a in s in t e r 
sected t h e slow t r a i n s a t a n u m b e r of po in t s be tween London a n d 
Pe t e rbo rough . W i t h o u t t h e agency of t h e block system, i t would 
be impossible for t h e necessary s h u n t i n g of t h e slow traffic to be 
car r ied on w i t h t he freedom from r i sk of accident w h i c h charac
ter i sed t h e w o r k i n g of t h e traffic on t h a t l ine . A glance a t t h e 
d i a g r a m sufficiently showed t h a t a l r eady a good account was t h e r e 
g iven of t h e t i m e d u r i n g t h e four and t w e n t y hours ; and i t was 
a ques t ion w o r t h y of considerat ion how far, even w i t h t h e a id of a 
rea l ly perfect block system, provis ion could be m a d e for t h e fu ture 
deve lopment of traffic. H i s belief was t h a t if t h e t i m e h a d no t 
a l ready ar r ived , i t would soon do so, when , h a v i n g r ega rd to t h e 
r ap id r a t e a t wh ich r a i l w a y traffic was increas ing , t h e fast and slow 
traffic on t h e p r inc ipa l m a i n l ines m u s t of necessi ty be separa ted . 

I n i l lus t ra t ion of t h e r a t e a t w h i c h r a i l w a y traffic was increas
ing , he m i g h t men t ion t h a t t h e gross receipts i n E n g l a n d and 
W a l e s had increased in t h e t en years , 1861 to 1871, from £24,021,928 
to £41,383,065, or r a t h e r more t h a n 5h pe r cent , per a n n u m , a r a t e 
a t wh ich t h e en t i r e traffic wou ld double itself in eve ry t h i r t e e n 
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therefore, should, he thought, be made for this natural growth of 
traffic. From what had been said, i t appeared that already the 

FIG. 7. 
MIDLAND EAILWAY. 
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The lighter shading represents Goods traffic. 
The darker shading represents Passenger traffic. 
The average annual rate of increase of the total traffic is 7 74 per cent. 

FIG. 8. 
GREAT NORTHERN RAILWAY. 

The lighter shading represents Goods traffic. 
The darker shading represents Passenger traffic. a . M . 
The average annual rate of increase of the total traffic is 7*49 per oeni. 
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Midland Company was taking steps to provide for the increase of 
traffic by the construction of long sidings; but these sidings in
volved either the use of facing points, or the alternative of trailing 
points, through which the trains would have to be shunted, 
involving much loss of time, to say nothing of the risk. Pending 
the quadrupling of the main lines to meet the growth of traffic, 
he thought some such plan as he had indicated in Fig. 9, might 
be used with advantage, as a means of avoiding the necessity for 
either facing or trailing points; the long sidings being con-

FIG. 9. 
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tinued side by side with the main lines through the tunnel. One 
great advantage would result from quadrupling the lines at the 
London end of the principal railways, and the consequent separa
tion of the slow from the fast traffic, that would be the simplifi
cation of the working of the interlocking gear, and the removal 
of that tendency to complexity which had been so much objected 
to in connection with it, as directly the slow and the fast traffic 
were worked on separate lines each line would have its own sepa
rate system of signals and points. 

A great deal had been said and written lately with regard to the 
increase of railway accidents. He thought the rapid increase of 
the traffic had not been sufficiently taken into account in consider
ing this question, as it followed that, whilst the same or even 
greater precautions might be taken, the tendency to accident must 
necessarily increase in a far higher ratio than the direct increase of 
traffic. 

He was glad to be able to confirm the statement of Mr. Chambers 
as to the share which Colonel Yolland had in the discovery and 
application of the interlocking principle. He remembered that in 
1857, when the Welwyn Junction signals were being put up, 
Colonel Yolland laid great stress upon the necessity for connecting 
the signals and the levers ; and the repeating signal adopted there 
was, he believed, Colonel Yolland's own suggestion. I t was a 

H 2 
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m a t t e r of r eg re t tfiat t h e d i s t ingu i shed officers of t h e Board of 
T r a d e , who m i g h t have g rea t l y added to t h e in te res t of t h e dis
cussion, were no t p resen t to s ta te t he i r v iews. 

Mr . E . A. COWPER said he believed t h e method sugges ted b y Mr . 
Tr ice W i l l i a m s for s epa ra t ing t h e t w o l ines of ra i ls b y a few inches 
( a l t hough t h e t r a i n s r a n over t h e same g round) was an excel lent 
one for avo id ing t h e necessi ty of facing points , and was adopted 
w i t h good effect in t h e t u n n e l s a t P r imrose H i l l and Wat ford . 
H e agreed t h a t t h e commencement of in te r lock ing da ted from t h e 
t i m e w h e n Colonel Yol land and Mr. Grego ry expressed t he i r v iews 
on t h e subject, and he t h o u g h t t h e complete in te r lock ing system, 
i n s u r i n g t h e safety of t h e s igna ls and t h e sw i t ch appa ra tus , w a s 
l a rge ly due to Messrs. Saxby and F a r m e r . T h e a p p a r a t u s as a t 
p resen t used, could no t possibly g ive conflicting s ignals . As to 
facing points , w i t h express t r a i n s r u n n i n g t h r o u g h them a t for ty 
mi les a n hour , in h i s opinion, t h e y should only be used u n d e r 
except ional c i rcumstances . H e t h o u g h t someth ing fur ther w a s 
r equ i red i n t h e w a y of commun ica t i ng be tween t h e m a n on the 
road a n d t h e m a n on t h e eng ine in foggy wea the r , i n add i t ion to 
t h e fog s ignals w h i c h he h a d h a d t h e pleasure of i n t r o d u c i n g 
in to t h e r a i l w a y system. W i t h respect to t h e calculat ion as to 
t h e cost of accidents , he hoped i t would no t be unders tood t h a t 
t h e loss of life and mise ry produced b y t h e m were d i s regarded . 
H e d id no t t h i n k shareholders would hes i ta te to sanct ion t h e 
smal l add i t iona l ou t l ay of 0*5 per cent, for t h e sake of secur ing 
add i t iona l safety. B u t t h e bes t sys tem would provide for t h e 
l a rges t a m o u n t of traffic, and ough t to be adopted, if only as a 
m a t t e r of economy. I t w a s rea l ly a quest ion w h e t h e r t he re should 
be a n increase in t h e n u m b e r of s igna lmen, or a decrease i n t h e 
n u m b e r of t h e publ ic . H e w a s g lad to hea r t h e s t a t e m e n t t h a t 
some s igna lmen did no t w o r k more t h a n ten, or, in some cases, 
e igh t , h o u r s a day . H e k n e w of cases i n w h i c h t h e y worked 
t w e l v e hours , a n d w h e n t h e y left work t h e y w e r e often in a 
s t a t e of complete exhaus t ion . The re could no t be a be t t e r ar
g u m e n t in favour of t h e block sys tem t h a n t h e d i a g r a m of t h e 
w o r k i n g t ime- tab le of t h e Grea t N o r t h e r n r a i l w a y be tween London 
a n d P e t e r b o r o u g h (P la t e 3 2 ) ; i t was i n fact s imply an unanswer 
able a r g u m e n t for keep ing t h e t r a ins a ce r t a in dis tance apa r t . 

Mr . J A S . N . DOUGLASS said he understood i t h a d been in t ended 
to inc lude in t h e P a p e r a chap te r on t h e subject of s ignal - lamps, 
b u t t h a t t h i s had been abandoned o w i n g to t h e l e n g t h of tfie 
communica t ion . H e g r e a t l y r eg re t t ed th i s , as r a i l w a y s igna l -
l a m p s were s t i l l v e r y inefficient. T h e presen t l a m p ( F i g 10), 
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wh ich should be an efficient gu ide to t h e eng ine-dr ive r b y n i g h t 
m al l s ta tes of t h e a tmosphere , w i t h t h e except ion of t h i ck fog, 
was l i t t l e be t t e r t h a n the common s table l a n t e r n referred to as 
h a v i n g been used on t h e Grea t Wes t e rn about 1837. T h e l i g h t 
was inclosed i n a t i n box, and a l l t h a t was ut i l i sed for t h e in 
t ended purpose was w h a t issued from t w o holes, 4 to 5 inches 
d iameter , t h e t w o beams of l i g h t be ing somewha t condensed 

FIG. 10. 

P L A N 

PRESENT RAILWAY SIGNAL LAMP. 
Scale 1 inch = 1 foot. 

b y a glass bul lseye fitted in each hole. H e h a d found b y exper i 
ment , t h a t t h e m a x i m u m power of each beam w a s on ly four t imes 
t h a t of t h e una ided power of t he b u r n e r ; and w h e n t h e red a n d 
g reen spectacles were applied, the m a x i m u m power of each 
coloured beam was only l j t ime t h e una ided power of t h e 
bu rne r . H e h a d devised a l amp (F ig . 11), compr i s ing a cyl indr ica l 
box, provided w i t h t w o b u r n e r s and parabol ic reflectors, in wh ich 
n e a r l y t he whole of t h e l i g h t r a d i a t i n g from each b u r n e r was con
densed in to t w o beams of 18 to 20 degrees divergence. E a c h 
reflector was a r r a n g e d for ad jus tmen t hor izon ta l ly or ve r t i ca l ly t o 
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PROPOSED RAILWAY SIGNAL LAMP. 
Scale 1 inch = 1 foot. 
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meet a n y c u r v a t u r e in t h e l ine or e levat ion of t h e s ignal-post . T h e 
m a x i m u m power of each beam from th i s l a m p would be about 1 2 0 
t imes t h a t of t h e una ided power of each bu rne r . Therefore, a s suming 
t h a t t he b u r n e r s consumed collectively t h e same q u a n t i t y of oil as 
t h e presen t l amp , t h e re la t ive efficiency of t h e proposed a n d t h e 
p resen t l amps would be as 1 5 to 1 . T h e cost of such a l a m p as h e 
had described would be from £ 1 0 to £ 1 2 . I f economy of oil were a 
m a t t e r of p r i m a r y considera t ion , he would sugges t a p l a n w h i c h 
h a d la te ly been adopted w i t h success a t some E n g l i s h l igh thouses , 
t h a t of h a v i n g t w o powers for each b u r n e r ; a s ingle power suf
ficient for a clear a tmosphere , a n d a double power for t h i ck wea the r . 
H i s r e m a r k s as to t h e insufficiency of s igna l - lamps would also 
apply to t h e roof-lamps of r a i l w a y car r iages : w i t h t h e p resen t 
l a m p s no passenger could read w i t h a n y degree of comfort, a l t h o u g h 
more t h a n sufficient oil was usua l ly consumed for t h e purpose. 

Mr. OAKLEY said, re fe r r ing to t h e d i ag ram (P la t e 3 2 ) repre 
s e n t i n g t h e w o r k i n g of t h e t r a i n s of t h e G r e a t N o r t h e r n l ine 
be tween London a n d Pe t e rbo rough , t h a t t h e block sys tem w a s 
adopted, t oge the r w i t h t h e " i n - a n d - o u t " sys tem of t e l e g r a p h i n g , 
b y wh ich each s ta t ion h a d t w o advices of t h e approach of a t r a i n 
before rece iv ing t h e " be r eady " s igna l of t h e block sys tem. F o r 
ins tance , i n s t a r t i n g a goods t r a i n , i t would be t e l eg raphed to 
e igh t or n i n e s t a t ions f o r w a r d ; a n d each s ta t ion , as t h e t r a i n 
passed, took u p t h e tale, and t e l eg raphed to t w o or t h r ee s ta t ions 
beyond, so t h a t i t m i g h t be k n o w n w h e n t h e t r a i n would a r r ive , 
and t h a t t h e l ine m i g h t be cleared accordingly . W h e n t h e t r a i n 
w a s a t t h e l as t block s ta t ion t h e " be r eady " s igna l w a s g iven, to 
which t h e r ep ly was r e tu rned , " come on," or " s top ." I n order to 
afford t h e necessary facilities, t he r e were t w e n t y - t w o separa te 
s h u n t i n g s id ings on t h e d o w n l ine, a n d abou t as m a n y on t h e 
u p l ine , besides t w o l e n g t h s of a t h i r d l ine 5 mi les each. A 
w o r k i n g t ime- tab le w a s suppl ied to every s ta t ion-master , d r ive r , 
gua rd , a n d s igna lman , con ta in ing a l i s t of t h e s id ings , so t h a t 
i t was k n o w n w h e r e a t r a i n could be safely housed i n case of 
accident or de lay . T h e o the r sections of t h e l ine w e r e worked 
i n a s imi la r w a y . W i t h r e g a r d to t h e observat ions as to t h e 
necessi ty for addi t iona l l ines , he could only say t h a t he should be 
h a p p y to u n d e r t a k e to p rov ide for double t h e p resen t traffic over 
t h e same road w i t h o u t a n y difficulty. As to facing poin ts , t h e y 
were l ike good d i n n e r s — t h e fewer one h a d of t h e m t h e be t t e r . 
W h e n t h e facing po in t w a s opened for t h e m a i n l ine, and the 
t r a i n h a d no t to i m p i n g e on t h e tongue , no l imi t was placed to 
speed ; b u t if t h e t o n g u e was closed a reduct ion of speed w a s 

FlG. 11. 
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ins is ted on, s ince t h e point could no t be so safe as t h e cont inuous 
ra i l , however wel l i t m i g h t be locked. T h e method adopted on 
t h e N o r t h - E a s t e r n l ine, a t t h e sugges t ion of Mr . H a r r i s o n , t h e 
P res iden t , w h i c h me thod p inned the t o n g u e a t t h e e x t r e m i t y , 
appeared to h i m to be t h e neares t approach to safety. T h e 
po in t of t h e t o n g u e was t h e weakes t pa r t , a n d i t was to t h a t 
t h a t a t t en t i on should be directed. W i t h r e g a r d to s igna ls a t 
j unc t ions , experience h a d shown t h a t t h e y o u g h t no t to be 
placed on one post . E a c h l ine should h a v e a separa te post , 
a n d t h e s igna l should be from 5 0 to 70 y a r d s from t h e foul
i n g poin t , so as to leave sufficient m a r g i n be tween t h e t r a i n 
and danger . I t would , he t h o u g h t , be found necessary t o 
ex tend t h i s pract ice to s ta t ions . These precaut ions were needed 
no t so m u c h to provide for a crowded s t a t e of t h e l ine as for 
a n u n u s u a l or unexpec ted occurrence i n t h e o rd ina ry course of 
w o r k i n g . T h e t r a i n i n g of s igna lmen was a m a t t e r of t h e g rea t e s t 
impor tance . T h e y should be m e n of a pecul ia r class, w h o t h o u g h t 
p rac t ica l ly of n o t h i n g b u t s igna l l ing . A gen ius or an i n t e l l i g e n t 
m a n m i g h t be w a n d e r i n g w h e n he o u g h t to be looking a t h i s 
s ignal . W i t h r ega rd to fog s ignals , t h e r egu l a t i ons were p r i n t e d 
and placed in every block box and a t every s ta t ion . T h e p la te 
layers , w h o could no t w o r k i n foggy wea ther , were to ld off to t h e 
different boxes w h e n the fog began . I t w a s t h e d u t y of t h e p la te 
l ayer to go to t he s ignal-post , and if h e found t h e s igna l a t 
dange r to p u t down a fog s igna l , r e m o v i n g i t on ly w h e n t h e 
s igna l a t t h e post w a s a t safety. I t w a s sugges ted t h a t t h e r e 
should be a self-act ing s igna l t h a t could be p u t down immedia te ly . 
M a n a g e r s would be g lad to consider a n y proposal in reference to 
t h a t subjec t ; b u t i t should be remembered t h a t to put- down a 
fog s igna l a t a s igna l post was , prac t ica l ly , to lessen t h e space 
be tween t h e s igna l a n d t h e s t a t ion w h e r e t h e dange r l a y ; . for, 
o rd ina r i ly , a m a n saw a d a n g e r s igna l 3 0 0 or 5 0 0 ya rds before he 
approached it . T h a t was t h e po in t to w h i c h a t t en t ion should be 
d i rec ted—to provide someth ing , say 1 , 5 0 0 y a r d s from t h e s ta t ion , 
w h i c h w a s s imple, economical, a n d t h a t could be depended on 
w h e n used. I t m i g h t be, as had been s ta ted , t h a t inven to r s were 
somet imes a n infliction ; b u t r a i l w a y s could only be successfully 
m a n a g e d a n d developed b y t h e combined efforts of t h e mechanic 
a n d t h e m a n a g e r ; a n d r a i l w a y m a n a g e r s were u n d e r too m a n y 
obl iga t ions to t h e i n v e n t i v e gen ius of t he i r c o u n t r y m e n no t to be 
gra te fu l for i t , and to desire t h a t i n v e n t o r s would go forward in 
t h e same direct ion, in t h e full belief t h a t t h e y would find in 
r a i l w a y m a n a g e r s r eady acceptors of t h e i r methods . 
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Mr. J . G. PICKING described, b y means of a d i ag ram, " Age r a n d 
P i c k e r i n g ' s Improved means of S igna l l i ng on K a i l w a y s " in foggy 
wea ther . To t h e side frame of an o rd ina ry locomotive eng ine was 
a t t ached a w r o u g h t - i r o n p la te , e x t e n d i n g d o w n w a r d s to w i t h i n a 
few inches of t he top of t h e ra i ls , a n d also a few inches outs ide t h e 
meta ls . N e a r t h e bo t tom of t h i s p l a t e a smal l rol ler was fitted a t a 
r i g h t angle , free, of course, to t u r n on i t s axis , a n d also to move 
v e r t i c a l l y ; in t h e l a t t e r case p u s h i n g u p a smal l rod, w h i c h a c t i n g 
b y c ranks and levers , took direct hold of t h e spindles of t h e dr iver ' s 
whis t le , a n d by means of a sp r ing , locked i t open, m a k i n g i t abso
l u t e l y necessary t h a t some act m u s t be done on h i s p a r t — t h e 
mere p ress ing of a b u t t o n — t o cause t h e w h i s t l e to cease sound ing . 
Now, say 5 0 ya rds i n advance of t h e d i s t an t s igna l w a s fixed e i the r 
to t h e sleepers of t h e p e r m a n e n t way, or i n b racke t s bol ted to 
t h e ra i l s , a n d free to t u r n on i t s lower and long axis , a steel 
y i e ld ing sp r ing camber connected to t h e same wi re and lever, or i t 
could have a separate a r r a n g e m e n t , w o r k i n g from t h e s ignal cabin 
t h e o rd ina ry a r m or l i g h t . T h i s bow r, or camber, w h e n ver t i ca l , 
h a d i t s c rown s l igh t ly above t h e l ine of t h e bo t tom of t h e roller , 
fixed as described to t h e e n g i n e ; bu t , as i t was y ie ld ing , i t neve r 
received a blow, however fast t h e t r a i n m i g h t pass over i t , t h e on ly 
effect be ing to e levate ( s l i gh t l y ) t h e roller, and open t h e whis t l e , & c , 
as described. T h i s only happened w h e n t h e semaphore , a rm, or l i g h t 
was a t " danger , " a n d t h e d r ive r w ras unab le , from obscure or foggy 
wea the r , snow-s torms, i n tunne l s , & c , to see a s igna l aga ins t h im. 
Upon t h e w h i s t l e sounding he reversed t h e eng ine , appl ied t h e 
b r a k e s ; t h e g u a r d was also aroused, and t h e i m p e n d i n g accident was 
p reven ted . I n t h e case of t h e p e r m a n e n t w a y b e i n g u n d e r repa i r , 
t h e s u p e r i n t e n d e n t h a d on ly to p u t one of these t empora ry cambers , 
say 1 0 0 y a r d s on t h e advance side of t h e road u n d e r repair , and 
casual t ies to w o r k m e n would be p reven ted . T h e ques t ion of t h e 
cambers s t a n d i n g t h e speed of a fast t r a i n h a d been proved b y t h e 
fact t h a t t h e y h a d been passed over b y t h e engines of t h e London, 
Cha tham, a n d Dover E a i l w a y , a t t ached to t h e i r da i ly con t inen ta l 
t i da l t r a i n s n o w for t h r ee years , w i t h o u t t h e s l igh tes t appearance 
of in jury . 

Mr. P A P I E R , i n reply , said, if a n y proof were needed t h a t t h e 
s i g n a l l i n g sys tem w a s far from perfect, i t wou ld be found in t h e 
able observa t ions m a d e i n t h e course of the discussion. T h e 
d i a g r a m ( P l a t e 3 2 ) of t h e w o r k i n g t ime- tab le of t h e G r e a t 
N o r t h e r n r a i l w a y was v e r y v a l u a b l e ; and he m i g h t add t h a t , 
b u t for t h e example set by Mr. Pr ice Wi l l i ams in connect ion w i t h 
previous Pape r s , t h e p resen t communica t ion m i g h t not have been 
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were in terposed be tween t w o block s ta t ions , a n d could no t be ful ly 
control led b y e i ther , t h a t was no t t h e block sys tem. T h e on ly safe 
w a y i n such a case w a s to cons t i tu t e t h e s id ing i tself a block 
s ta t ion . To t h i s course i t was objected t h a t t h i s wou ld lead to a 
g rea t mul t ip l i ca t ion of block s ta t ions . To mee t t h i s objection he 
could on ly u r g e , t h a t i t w a s n o w found necessary to g u a r d eve ry 
po in t of connect ion w i t h t h e m a i n ra i l s , a n d if i t we re necessary 
to have t h e profit a n d a d v a n t a g e of more communica t ions w i t h t h e 
m a i n ra i ls , t h e expense of m a k i n g t h e m reasonably safe o u g h t n o t 
to be feared. T h e d a n g e r a r i s i ng from compl ica t ion w a s ce r t a in ly 
less w i t h t h r e e block s ta t ions t h a n w i t h t w o block s ta t ions h a v i n g 
a s id ing s i tua ted somewhere be tween t h e m . I t h a d been said, 
t h a t on b u s y days a t t h e t imes of fairs a n d races, t h e locking gear 
was often t a k e n ou t a n d no h a r m done. B u t on v e r y b u s y days , 
w h e n t h e r e was a congest ion of traffic, acc idents r a r e ly happened , 
because t h e t r a i n s were gene ra l ly t r a v e l l i n g a t a slow speed a t a l l 
s t a t ions or po in t s of junc t ion , and , in fact, w e r e often w i t h i n s i gh t 
of one a n o t h e r ; every d r ive r k n e w t h a t he was a c t i n g on his own 
responsib i l i ty , and w e n t as far as he could see a n d no far ther . 
Acc idents more f requent ly h a p p e n e d from except ional c i rcum
s tances on o r d i n a r y days . T o a t t e m p t to ca r ry ou t t h e block 
sys tem w i t h o u t t h e in te r lock ing sys tem was h a r d l y fair to t h e 
un fo r tuna t e s i g n a l m a n w h o h a d to w o r k i t . W i t h reference to t h e 
m a c h i n e r y adop ted for t h i s purpose , h e could say t h a t t h e r a i l w a y 
manage r s h a d p l e n t y of choice ; t h e r e b e i n g now severa l v e r y good 
mach ines for t h e p u r p o s e ; b u t i n a lmost a l l of t h e m t h e inven to r s 
appeared to h a v e overlooked t h e g r e a t ax iom in mechanics t h a t t h e 
g r e a t po in t to be a t t a i n e d i n a n y con t r ivance w a s s impl ic i ty a n d 
fewness of pa r t s . I n m a n y of t h e mach ines now in use t he re were 
from a dozen to fifty pieces of mechan i sm be tween t h e lever wh ich 
locked a n d t h e lever locked b y i t . I t w a s imposs ible for t w o 
levers to lock each other , a n d y e t h a v e i ndependen t mot ion, w i t h 
ou t t h e i n t e r v e n t i o n of some p a r t or pa r t s , b u t if a lever was made 
to lock a n o t h e r b y t h e i n t e r v e n t i o n of on ly one piece be tween t h e m , 
t h e n t h e lock ing w a s performed undoub ted ly b y t h e least possible 
n u m b e r of pieces. F u r t h e r , if t h e same add i t iona l piece w a s made 
to do d u t y for severa l levers , such mechan i sm m u s t as a n a t u r a l 
consequence be v e r y s imple . I t w a s w i t h t h i s v i ew t h a t he h a d 
con t r ived t h e lock ing a p p a r a t u s w h i c h h a d been described, 
be l i ev ing t h a t t h e mach ine w i t h t h e smal les t n u m b e r of p a r t s 
would be found to be t h e most p rac t ica l in use. 

W i t h regard to fu ture expec ta t ions of traffic, and t h e p robab i l i ty 
of t h e r a i l w a y s be ing able to cope w i t h i t , b y means of improved 

i l l u s t r a t ed so ex tens ive ly as i t h a d been. Mr . Douglass w a s 
r i g h t i n s ay ing t h a t t he r e w a s g rea t room for i m p r o v e m e n t i n 
s igna l l amps . H i s sugges ted improvemen t was no t a mere t heo ry , 
b u t h a d been found a prac t ica l necessi ty, n o t a b l y on t h e G r e a t 
E a s t e r n r a i lway , wh ich was special ly subject to fogs. Mr . 
Siemens's proposal had received more a t t e n t i o n on t h e Con t inen t 
t h a n i n E n g l a n d . A t present , s i g n a l m a n B informed s igna lman A 
t h a t a t r a i n had passed or h a d no t p a s s e d ; b u t t h e n e w idea w a s 
t h a t s i g n a l m a n B locked u p s igna lman A, so as to t a k e i t ou t of 
h i s power to s igna l a n y add i t iona l t r a i n forward. I t h a d been 
u r g e d b y Mr. J o h n s o n t h a t a t a j u n c t i o n t h e s igna l " l ine clear " 
o u g h t no t to be t e legraphed back to b o t h l ines a t t h e same t i m e ; 
whi le , on t h e o ther hand , Mr. Al lpor t h a d expressed h i s preference 
for t h e p l a n w h i c h did no t g ive t h e d r ive r too m u c h informat ion 
a t once, and sugges ted t h a t permiss ion to leave a block s t a t ion a n d 
approach a j unc t i on o u g h t to be t a k e n s t r i c t ly as permiss ion on ly 
as far as t h e d i s t an t s ignal , a n d t h a t g i v i n g t h e m too m u c h 
w a r n i n g was as bad as g i v i n g t h e m too l i t t l e , as t h a t led t o 
" n u r s i n g " t h e d r ivers . B o t h these v iews were t h e resu l t of l ong 
prac t ica l experience, and formed one of m a n y i l l u s t r a t ions of h o w 
careful ly al l these t h i n g s were considered b y r a i l w a y au thor i t i e s , 
a n d how difficult i t was to a r r ive a t h a r d and fast l ines on m a n y 
poin ts . W i t h r e g a r d to audib le s ignals , aga in , objection h a d been 
t a k e n to " n u r s i n g " s i gna lmen a n d d r i v e r s ; b u t a foggy d a y w a s 
an except ional period, w h e n he t h o u g h t some add i t iona l care o u g h t 
to be t a k e n . I f a d r i v e r could no t be s ignal led t h r o u g h t h e 
m e d i u m of t h e eye, s igna ls m i g h t be used w h i c h should appea l to 
t h e ear . H e t h o u g h t i t would be most objectionable to g ive an 
aud ib le s igna l in al l cases, b u t i t w a s des i rable to have t h e power 
of do ing so i n cases of fog. I f i t was desired somet imes to g ive 
a n audib le s igna l and sometimes not , a special mechan i sm m u s t 
of course be adopted, and t h e n i t would be a ques t ion w h e t h e r 
t h e a d v a n t a g e ga ined was sufficient to balance t h e inconvenience 
of h a v i n g appl iances whose use was to be only occasional, a n d 
w h i c h m i g h t , therefore, be out of order w h e n t h e i r appl ica t ion was 
requi red . Mr. Bar low 's p e r t i n e n t quest ion as to t h e case of a s i d ing 
be tween t w o block s ta t ions ra ised a po in t t h a t o u g h t to be c lear ly 
unders tood. T h e block sys tem was often b lamed for faul ts no t i t s 
own. Express ion w a s f requent ly g iven in t h e newspapers to in
consistencies of t h i s sort , " T h i s accident happened in consequence 
of t h e block s y s t e m ; t h e home s igna ls were a t danger , b u t t h e 
d i s t a n t s igna l s were a t safety." Now t h a t was no t t h e block 
sys tem, and i t was absu rd to call i t so. S imi la r ly , if a s id ing 
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sys tems of work ing , some conclusions m i g h t he a r r ived a t b y 
t a k i n g in to considera t ion t he changes t h a t h a d t a k e n place in t h e 
traffic in t h e s t ree ts of London . F i f t een or t w e n t y yea rs ago, w h e n 
t h e traffic i n t h e s t ree ts of London was far less t h a n i t was now, 
t h e delays were far grea te r . Now, a t a l l i m p o r t a n t po in t s of 
j unc t i on pol icemen were s ta t ioned to control a n d di rec t t he traffic, 
a n d t h e d r ive r s of al l vehicles n o w unders tood t h a t t h e s igna l of a 
pol iceman's upl i f ted h a n d was a stop s igna l w h i c h m u s t be obeyed ; 
a n d t h e resu l t w ras t h a t method and sys tem were able to w o r k a 
g r e a t l y increased s t ree t traffic, a lmost en t i r e ly free from those 
vexa t ious de lays w h i c h used to t a k e place. B y comparison, t h e 
traffic of t h e r a i lways a t p re sen t w i t h w h a t i t would be t w e n t y 
yea rs hence m i g h t be said to be as t h e traffic i n t h e s t ree ts of a 
m a r k e t t o w n was to t h a t of London . I n h i s opinion t h e t r u e solu
t ion of t h e problem would be found to lie i n a d o p t i n g t h a t sys t em 
of w o r k i n g wh ich should m a k e t h e r a i l w a y s capable of t h e g rea te s t 
a m o u n t of d iv idend-pay ing work . 

W i t h r ega rd to t h e ques t ion of speed, t h a t h a d long since been 
s e t t l e d ; a n d i t would be useless to a t t e m p t to go back to t h e old 
r a t e of speed. H e v e n t u r e d to say t h a t , w i t h a sufficiently long 
pu r se a n d a fair prospect of d iv idends , t he re were m a n y engineers 
of experience w h o would no t hes i t a t e to m a k e a r a i l w a y for t r a i n s 
to t r ave l a t t h e r a t e of 100 miles an hour . T h e r e w a s no phys ica l 
imposs ib i l i ty i n t h e w a y ; b u t i t was a ca rd ina l ax iom of t h e pro
fession t h a t a l l ou t l ay should be r e m u n e r a t i v e . H e , therefore, 
h a d g rea t hes i t a t ion about such proposals as doub l ing t h e l ines , 
b u i l d i n g add i t iona l v iaduc t s , a n d e rec t ing cost ly works . H e 
t h o u g h t t h a t every cheap expedien t should be exhaus ted before 
a n y such e x t r a v a g a n t luxur ie s were indu lged in . These m i g h t 
be obta ined in t h e course of t h e n e x t t w e n t y or twenty-f ive years ; 
b u t t he r e would be s t i l l t h e necessary cross ings for t h e t r a n s 
ference of t r a i n s from one l ine to another , and n e w t roub le wou ld 
t h e n arise in g e t t i n g t h e fast and slow traffic across each o ther a t 
s ta t ions and junc t ions . The re w ras no panacea, no pa l lad ium, no 
Utopia , and t h e y mus t , therefore, work , and work , and s t i l l w o r k on. 

Mr. HARRISON, Pres iden t , said he was sure a l l would u n i t e i n 
g i v i n g t he i r best t h a n k s to t h e A u t h o r for t h e va luab le P a p e r and 
D i a g r a m s he had con t r ibu ted , w h i c h would be preserved i n t h e 
Minu te s of Proceedings , and be a va luab le record of t h e r ise a n d 
progress of r a i l w a y s igna l l ing . W i t h r ega rd to speed, he was no t 
i n t h e s l igh tes t degree afraid of i t . As a ru le , express t r a i n s were 
t h e most punc tua l and t h e most safe. I t w a s no t t h a t t h e y r a n 
faster, b u t t h a t t h e y stopped a t fewer s ta t ions , and, c a r r y i n g 
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fewer passengers , t h e y were less l iable to de ten t ion . W i t h re
ference to t h e d i a g r a m exhib i ted b y Mr. P r i ce W i l l i a m s (P l a t e 32), 
i t was a most complete me thod of showing t h e day ' s w o r k of a 
r a i lway , and he h a d himself been accustomed to employ a s imi la r 
p l a n for t h a t purpose . W h e n m a n a g e r s objected to t h e use of 
such d i ag rams , he could only conclude t h a t t h e y did no t u n d e r 
s t and t hem. As to accidents , he bel ieved i t wou ld be found t h a t 
most of t hem, a l t h o u g h pe rhaps occur r ing a t different places, arose 
from v e r y s imi la r c i rcumstances . A m a p , on t h e pr inc ip le of a 
wreck char t , showing t h e accidents a r i s i ng from yea r to year , 
a n d t h e i r posi t ions , was a most useful he lp in i n v e s t i g a t i n g t h e 
causes, a n d would indicate t h a t most acc idents took place a t 
j u n c t i o n s a n d a t s ta t ions . Such a m a p would show t h e r a i l w a y 
companies t h e special po in t s to w h i c h a t t e n t i o n should be 
pa id . T h e quest ion of facing po in t s h a d been a l luded t o ; a n d 
indeed t h e r e w a s n o t h i n g more u r g e n t l y needed t h a n a complete 
facing point , p ro tec ted b y wedges , or b y a n y o the r mechanica l 
con t r ivance w h i c h would enable t r a i n s to r u n over i t a t full 
speed. H e bel ieved t h e t i m e was n o t far d i s t an t w h e n t h a t 
would be accomplished. H e did no t p re tend to say w h a t 
would be t h e bes t p lan . H e h a d successfully adopted for 
some years a p l an of h is o w n ; b u t h e was no t p repared to say 
t h a t i t m i g h t no t be g r e a t l y improved upon. H e h a d so g r e a t 
a ho r ro r of facing poin ts , k n o w i n g t h e accidents occur ing a t 
thern, t h a t on t h e l ine be tween Y o r k and Berwick , for m a n y 
years , except a t t h e s ta t ions a t D a r l i n g t o n and a t Newcas t le , 
t h e r e w e r e only th ree facing po in t s in a d is tance of 160 m i l e s ; b u t 
t h e increase of traffic h a d of l a te necess i ta ted t h e in t roduc t ion of 
a few more . I f a safe facing po in t were rea l ly a t t a ined , n o t h i n g 
w rould more faci l i ta te t h e passage of a l a rge a m o u n t of traffic over 
t h e l ines . W i t h r e g a r d to fog s ignals , no sys tem he h a d seen 
could be said to be per fec t ; a n d as m a n y accidents occurred 
d u r i n g t h e foggy season, i t was obvious t h a t t h e ques t ion was one 
of t he g rea tes t impor tance . N o t l ong since, on t h e G r e a t N o r t h e r n 
r a i lway , d u r i n g a dense fog for twen ty - four hours , i t was found 
necessary to s top t h e goods traffic over a por t ion of t h e l ine . I n re 
ference to t h e block sys tem, h e t h o u g h t i t h a d been l a t e ly forced upon 
t h e companies r a t h e r more r a p i d l y t h a n i t was possible to p rov ide 
efficient means to w o r k i t . I n former t imes n e a r l y a l l t h e po in ts 
m e n and s igna lmen were t a k e n from t h e class of p la te- layers , or 
gua rds , and t h e y h a d a complete knowledge of t h e w o r k i n g of 
r a i lways . B u t w h e n a company w a s called upon to p rov ide 
sudden ly 500 or 1,000 men for s igna l l ing , i t was impossible to find 
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t h e requ is i t e n u m b e r of p roper ly qualified men. T h e s i t u a t i o n — 
b e i n g s h u t u p in a box e igh t hours cont inuous ly , and no t to speak 
or be spoken t o — w a s a most u n p o p u l a r o n e ; p la te - layers wou ld n o t 
w i l l i n g l y go, a n d t h e men engaged, t h o u g h t h e y m i g h t go t h r o u g h 
a mon th ' s t r a i n i n g , could no t be r ega rded as a t once efficient. H e 
d id n o t say t h a t t i m e would no t overcome t h e difficulty, b u t a 
special class of m e n wou ld have to be t r a i n e d for t h e work . S igna l 
m e n were l iable to fall asleep, a n d t h e occurrence w a s n o t a r a r e 
one. H e h a d k n o w n a dozen t r a in s , s topped a t different i n t e r v a l s 
because a s igna l could no t be ob ta ined from t h e s ta t ion i n advance . 
A fireman h a d to be sen t on, pe rhaps a d is tance of 3 mi les , 
and h e found t h e s i g n a l m a n fast asleep. A g a i n , a s igna lman , 
on a w a k i n g from h i s s lumbers , m i g h t forget w h a t t r a i n h a d passed, 
a n d g ive a w r o n g s i g n a l ; a n d he m i g h t a d m i t a t r a i n w i t h i n 
t h e block w h e n t he r e w a s ano the r t r a i n on t h e l ine. These t h i n g s 
ac tua l l y occurred, b u t were n o t necessar i ly b r o u g h t before t h e 
p u b l i c ; a n d such errors , r e s u l t i n g from h u m a n fal l ibi l i ty , mus t be 
expected to g ive r ise to a n u m b e r of accidents . As to t h e cost of 
t h e block system, he felt sure t h a t if a perfect sys tem w e r e 
b r o u g h t before r a i l w a y d i rec tors t h e y wou ld no t hes i t a t e to adop t 
i t ; b u t he t h o u g h t t h e e s t ima te of t h e A u t h o r fell cons iderab ly 
shor t of t h e m a r k , a n d t h a t m a n y t h i n g s t h a t added l a rge ly t o 
t h e cost h a d no t been t a k e n in to account . T h e sugges t ion of 
Mr . Douglass , w i t h reference to lamps , w a s of considerable im
por tance ; for, as E n g i n e e r to t h e T r i n i t y House , h is a t t en t i on h a d 
been for yea r s devoted to t h e subject, a n d he had produced l amps 
of t h e g rea tes t possible power . I t h a d occurred to M r . H a r r i s o n 
a t t h e t i m e t h a t some modification of t h e T r i n i t y House L a m p of 
t h e F i r s t Order , exh ib i t ed a t Mr . H a w k s l e y ' s Conversazione i n 
1873, m i g h t be adopted for r a i l w a y s , w h i c h would add a l ike to t h e 
comfort and t h e safety of t h e passengers . 

A p r i l 14, 2 1 , a n d 28, a n d May 5, 1874. 

T H O M A S E . H A E E I S O N , P res iden t , 

in t h e Cha i r . 

T h e discussion u p o n t h e Pape r , No. 1,393, on " T h e F i x e d Signals 
of Bai rways ," b y Mr. B i c h a r d C. Bapier , occupied t h e whole of 
these even ings . 
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