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The effect of different maximum speeds is shewn on Dia­
gram No.9, which gives N at any 'station stoP. up to one 
minute for each of the signalling systems . considered, and 
shows also the curv{ls for maximum trains per hour . in each 
case. The train .length assumed is . 500 feet and fa=l -1 

. m.p.h .p.s. The bottoll'l right hand curves shew the relative 
capacities under th'e three system!:> considered, the maximum 

. -speed being 40 m.p.h., with fa=1:1 m.p.h.p.s. and fb=Z 
m.p.-h.p.~ . 
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Diagt'am No.9. 

Under the conditions usually met in a rapid transit rail­
wayan increase . ill maximum speed results in only a slight 
increase in schedule speed, expressed either as ' actual speed or 
as a proportion of the previous speed. ;Diagram No. 10 shews 
graphically the relationship between schedule speed and maxi­
mum speed for station stops of 0 to 60 seconds, distances be­
tween stops from 1,000 to 6.000 feet. The dotted examples 



shew that - for a 3.,000 ' feet sectioI}. an increase in maximum 
speed from 30 m.p.h. to 45 m.p.h. with a station stop of 40 
secunds' increases the schedule speed from 15.6 m.p h. to 17.8 

. m.p.h., or only 14.1 per cent. The diagram is based on as­
sumed fa=1:1 m,p.h,p.s., coaJ>ting · from V at 0.07 m.p.h.p.s. 
to 0.8 V, if possible, and braking at '2 m.p.h.p.s. 
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The effect of station stop on schedule speed is also clearly 
indicaled on t.his diagram, the example shewn being for 35 
m.p.h. The shortening of the station stop from 50 seconds to 
30 seconds produces a greater effect on schedule speed ' than 
an increase in maximum speed from 30 m.p.h. to 45 m.p.h. 
Of conrse, on longer sections this effect 'would be less pro, 
nonnced, though it will be seen that. in ordinary cases the 



station stop is the most important factor iriftuencing> the 
schedule speed. 

A illoment's thougbt will shew that with any system of 
signalling the distance between trains at points remote from 
stations is great if trains are to operate through and stop at 
stations. Ordinarily it will be LV -L, which even with 40 
trains ·per hour amounts to over 4,000 feet if t4e section is 
of sufficient length. The possibility of arranging for a systew. 
-of speed control near and in · statio'ns therefore presents itself, 
the- free track between stations being ' signalled in the usual 
mamIeI'. A neat and successful system with this object has 
been adopted by the Interborough Rapid Transit Co, for their 
express tracks 'in th~ New York subway. 'With continuous over­
lap automatics,ignalling a train checked when entering a 
station would hiwe to stop. about 900 feet from the station, as­
suming m¥ imum sp.eed of about 35 m.p.h. and .. deceleration 
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Diagram No. 11. 

of 2 m.p.h.p.s., and could not start again until the train in 
the station had moved the length of the station, the time ele­
ment being long on accolUlt of the leaving train having to ac­
~elerate from rest. The system used on the Interborough pro­
vides for the incoming train to stop at a point only 295 feet 
f rom the . platform, and it may start again almost as soon as the 
outgoing j rain commences to move. This feature materially 
reduces the headway in cases where incoming trains are 
checked, and further provides features akin to perfect speed 
control when free running conditions prevail. 

Diagram No. 11 shews the signalling system dia,gramat.i­
cally , and t.he movements of a train leaving the station and a 
checked train entering. Signals 1 to 7 are arranged as shewn, 
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each with im automatic train stop. ' The presence of a train 
in , the station will raise the train stops 2', 3 and 4, signals 2 
to 7 being at danger. An approaching train wili be cautioned 
at l ' and may, advllcnce' to 2. , A time element ~elay controls 
2 which will clear for , the. approaching train provided it takes 
~ predeterniined time in passing fro'm '1 ' to 2. The time is 
fixed on the assumption that signitl No. 1 .is' passed at full 
speed and a ' service applicatioil of brakes a:VPlietl. The': train 
may now advance to 3 under siniilar conditions - arid then to 
4, where a stop is compulsory if the trai'n in station has not 
moved. The time elefuent relays controlling 2 and 3 ar~ set 
so- that it is impossible ' for the incoming train to strike the 
train stop at 4at greater velocity tnan' could be ,des~royed be­
tween 4 and the platform end with the automatic application , 
of brakes at 4. - , 

Signal 4 is _ arranged to clear when the leaving t rain 
passes W., 5 when it passes X ., 6 when it passes -Y. , and 7 when 
it passes- Z. The increase in capacity, after the il1stallation of ­
this system was ove'r 21 per cent. ' 
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It should be noted, however, that automatic protectibn 
ceases as soon as the leailing train has passed Z; should it stall 
immediately afterwards t.he preventiol) of accident depends en­
tirely on the driver of the following train bringing his trai-n 
to rest at the stat.ion. ' 

Another feature concerninO' the capacity of rapid transit 
tracks is brou/lht about owing to the ' disparity between the 
space interval between . trains in the vicinity of a station and 
the ·space interval on the free tr~ck between stations. By 
bifurcating the track in ' platforms, as shewn on Diagram );To. 
12, it is possible to route only alternate trains to the same side 
of the platform, giving limiting conditions between alternate 
trains similar to those obtaining in previously deduced cases 
so far as station stop influence is concerned. and doubling' the 
t':lpllcity of the inter:vcning track providing the track liniit-



.lng condition ·is not met. Another controlling feature may be 
the distance to the points at the leaving end of the station, 
for it is assumed for safety conditions that a starting signal 
co;uld not be given to a train on one side of the platform until 
the points were locked in position to suit it after the passage 
of the train from the other side. 

Incases of automatic signalling with three or two -over­
laps between trains rui1lli'ng freely, routing consecutive trains 
to opposite sides of a platform or altemate trains to the same 
one of a pair of tracks formillg a bifurcation, the:nterval be­
tween altel'l1ate trains for free running conditions 

. V V L 
= (len + 1). - + - + - + ts 

. 2 . fb 2. fa V 

In general train aboll t 1,0 leave station may be gi yen ~ tarting sig­
V2 

nal immediateh' pre\'ious train has cleared point k ( II - 1) -- feet 
2 fb 

V2 
frOI1l station, i.e. ait!'!' having travell.('d k (II - I ) -- + L feet. 

2fb 

Assullling tl'ain that haa left station isrullllillg at full speed, the 
minimum time interval between trains equalH 

V V L 
- + k (II - 1) - - + -
2 fa 2fb V 

Giving ~ millimum time illterval between alternate trains 

V V 2L 
= - + k (n - 1) - + -

fa fb V 

The minimum statioll ~top, therefort', become~ 

V V 2L V V L 
ts = - + k (n - 1) - + - ikll + 1) -- - -- -

fa fll V 2 . fb 2 fa V 

v 
- + (kll - 2k 
2 fa 

v r. 
1) -+ 

2 fb V 

\- = 13 m.p.h, fn = 1 i m.p.h.p."., fh = 2 m.p.h.p.s., L = 500 ft. 

ts = 14 + (kll - 3k - 1) S.7!i + 9.75 

k == 1.5, ts = 14 + (L511 - 4) 8.75 + 975 

n ~ 3, ts = 14 + 4.37 + 9.75 = 28.1 secOlldH. 

n = 2. ts = 14 - 8.75 + .9.7f> = 15 ""colIll". 
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With station stops longer than these, the capacity of bifur­
cated tracks at a station is double the capacity with a single 
track and an equal station stop, providing track limiting con­
ditions are not met- between- stations. 

V2 

Note.-If distance . k (n ~ 1) -- is less than distance 
, 2 fb 

to rail joint beyond ' points .. the mini~UID distance used above 
will be increased. Also it will be apparent that this case must 
be analysed to see that points are set prior to giving starting 
signal. In general time interval is ample. 

In the case where n=2, with an_ automatic speed control 
system similar to that previously ' described, the train starting 
from the station will leave with the speed control device in 
operation, meaning thl),t it would have to reduce speed in 
accordance with the "normal braking curve to stop at the ' first 
signal. Normally the train in advance would accelerate to 
full. speed before the tail-end arrived at the first signal in 
advance of the station, and would run through the second 
block in advance of the station at full speed. Under these 
conditions it would be. possible to locate a ramp in the first 
block subdividing the block, .the function of the ramp being 
only to cut ont the auto. speed control device' if the block in 
advance were free. 

Since the only conditions enforced. by the speed control 
device are that the speed of a train must be less than that given 
by a normal braking curve terminating ~t the first signal, the 
leaving train may accelerate to a certain speed, then have that 
.speed reduced if block in advance is occupied, or continue to 
accelerate if thebl~ck in advance be clear. Such a subdivision 
of the first block will not interfere with capacity if the time 
taken for the rear end of train to traverse the second block is 
less than the time taken for the front end of a train leaving 
the station to reach the subdivision or releasing ramp. 

Let d=distance between sigpals in feet. 
s=distance to subdivision ramp in feet. 

Speed at point S will be such that train wQuld stop in 
d-s feet; also train has accelerated to this speed in S feet, 

S fh 

d-S fa 

fb . k V 2 

S=--- .d= - - ·-
fa + fb 2 (fa +. fh) 
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' 1'imf;"fo'!"head !lila of leaving train to go from station to S 

/ - k-. V~ V ;-k-

=v' fa (fa + fb) - fav' -I fh + . ~ 
fa 

Time for tail end of pre.vious train to tl'averse second block 

k.Y 

~ fb 

Interval for ramp to get indication on minimum headway 
of train 

v / k k V 
b = ---v' fb 

---
fa ~ fb 

+-
fa 

If fb = m. fa. 

Ts = : f J 1 :- III - ~ k: I ' 
4 m2 

This intel'Yal is positive fur values of k less than --- for 

k = ~,fa = 1.25 m.p.h.p s. 

fb = 2 m.p ,h.p.s,; V = 35 m,p.h, 
m ·= 1.6, alld Is = 8 seconds, 

1+111 

Treatil1g now the case of perfect automatic speed control, 
a starting signal may be given to a train immediately the points 
are .locked in the reyrrse position after the passage of the pre­
vious train. 

Let l ---: distance hom platform to rail joint ahead of poin ts. 

tp=' time required for points to opemte. 
V2 

J If L + l is greater thal1 -- , train clears poiuts at a t ime after 
2 fa 

start ing 

V L 
= - + 

2 fa V 

1 
+ - + tp 

V 

lVlil)imum time interval between train>! 

V L 1 
= - + - + - + tp 

2 fa V V 

II 

I 
t 
I 



In case l. of pedect speed control with bifurcated tracks, interval 
between alternate trains 

V V L 
= --+-+-+ts 

:.l fa fb V 

Intt'rval between consecutive trains 

V V L ts 
, -+--+-+-

4 fa , 2 fb 2 V 2 

If this equals the minimum interval 

V V JJ ts V L 1 
- + - + - + - = -+ - + - + tp 
4 fa : 2 fb 2 V :.l 2 fa V V 

giving a lIliililllUtn ~tatioll stop of 

V Il1 - 2) I. + 2l 
ts = - (-- + -- + :! tp 

fa 2 m V -

In case 2 (the u:sual ca e) of perfect speed control, with 
bifurcated tracks, interval between alternate trains 

V /:l,L V / 2L t s 
= - -+. j - +ls or --'+. j --+-

fb V fa 2fb V 4fa 2 
bet ween consecu ti ve trains. 

If this equals the minimum int.erval the minimum ~tation stop is 

V V /21, 2L 2 I 
ts=- -~ - . j- +­

V fa V 
+ - + :.l tp 

V fa fb 

V = 35 m.p.h., fa = Ii m.p.h.p.s., fb = 2 m.p.h.p.s., 

L = 500 feet. 

2 1 
Millimum ta = 6.6 , + -- + ~ tp 

51.3 

t p need not be greatet· than 5 seconds, whilst 1 will eldom exceed 350 
feet giving minimum ts under these conditions = 30 seconds. 

V' 
If L + 1 is not greater than - ' - train clearfl points a5 a t ime 

. 2fa 

after starting 

/ 2 (L + I) 

V fa 
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/2 (L + 1) 

giving minimum interval of . / + tp 
V fa 

/'2 (L + l) I '2L V 
minimum ts = '2. / --- - . / - - - + 2 tp 

V fa V fa fb 

For conditions previously assumed l must be less than 220. 

With I = 220', mill. ts = ~5 secs. 

In addition to the limits imposed 0.11' the capacity by the arrange­
ments at the statioll, th€> conditions undet' free running between 
stations must be examined. 

~. 

(1). "VitI! Three 01' Two Ovel'iap~. 

3600 

klJ + 1 v v L 
-- -+--+ - +ts 

:2 fb 2fa. Y 

Time interval 
I Im+1 v v L ) 

= - ( _._-- - +.- + - + ts 
2 :2 . fb 2fa " 

Distance interval between trains 

~ (kn + 1 

2 2 

v v J.. ) 
-+--+-+ts v-I. 
fb 2f... v 

If this equals shortest distance 
v' kll + I v· v" L v.ts 

kn - + -- + - + -- - L 
'2fb 4 fb (fa 2 2 

kn - 1 y 2 L v.ts 
---+-=-

4- fb 4- fa '2 2 

" = 35 m.p.h. 
1m - I 51.3" 51.:12 500 51.3 

k = q. 

---+-- =--ts 
4- 2.\13 '* X 1.8:l '2 2 

225 (kn - 1) - 360 + 250 = 25 .6 ts 

225 kn - 335 = 25.6 b! 

337 n - 335 = 25.6 ts 

(1). n = 3 
ts = 2GA (minimum) 

(2). n = 2 
ts = 13.3 
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(2). 'With Pel·feet Speed Control. 

3600 
N = 2 ---------

v . /2L 
-+./-+ts 
fb V fa . 

1 , v /2L 
Tillie Interval between tl'ains - I - + . / - + ts 

. 2 ! fb V fu 

Distallce interval between train8 

- - + . / - + ts - { v - L 
I I v . / 21.. I 

'], fb V fa. j 
In limit this distance = d 1,. 

. ,2 1 (V . / 2L \ 
I.e. -- = - . - + . / -- + ts ! v - L 

2 fb '], I fb V fll. J 
,2 " J2L v 

+ - ./-' - +-+ts-L 
:! fb '], V fa '], 

I' 121:" \' 
or .. /- +-+ts=L 

'], 'V fa '], 

v = 35 lII.p.l.. fa = 1.:l5 

31.3 1 682 
- ./-' + 

2 V )25 

51.3 
-- ts = >500 

2 

51.3 X 11.7 + 20.6 ts = 500 
600 + 20.6 ts = 500 

20.6 ts = - 100 

.' 

(i-.e., the following train cannot reach the limiting distance, 
whatever the yalue of the station stop.) 

Under general practical conditions it is evident that bifur­
cation at statiqns enables double the number of trains that 
would be possible with a single track .to pass through the 
station. 

With V=35 m.p.h., fa=-lt m.pJi .p.s., fb=2 m.p.h.p.s., 
L=500 feet, the limiting maximum capacity is twice that of·a 
:-;ingle track with--

(a ) k= l t . n-':'({ station stop of 28 seconds. 
(b ) k-lt, n=2 station sfop of 15 seconds. 



( c) Perfect speed control, !lliowing ;) seconds for move­
ment of points minimum station stop=30 secondfl 
or less according to distance from station to switch, 
and if time for switch movement be eliminated mini­
mum station stop=20 seconds or less. 

In all cases if thc station stop be greater than the critical 
values determined the capacity , is doubled by bifurcation. 

It is to be noted in connection with automati~ speed con­
trol, that, with the usual arrangement of time limit relays and 
train stops, it is possible for a train when accelerating to pass 
a stop, without being tripped, at a speed higher than that at 
which it would be tripped if coasting or running at constallt 
speed. Such· ap accelerating train would., of course, be trip­
ped after the next time interval. 

Diagram No. 13 shews the development of automatic con­
trol by which a train, whether rnnning at constant speed, up 
10 40 m.p.h., coasting or accelerating, will be brought to rest 
a.t a distance ' not more than 125 feet beyond the normal stop­
ping position, or derailed at a point 80 feet beyond such pos~­
tion at a speed not greater than 13.6 m.p.h. 

It will he seen that this control is obtai)1ed by the use 
of foul' time limit relays and four additional train stops; any 
further reduction of possible overrun can only be obtained by 
an increased number of relays and a reduction of the time 
interval ' below the working limit. 

The diagram shews the position of train stops, time inter­
vals of relays, including the time elements of the train stops, 
and ' the acceleration :and .braking curves used in the calcu­
lations. 

One of the main ractors In keepiug the station stop low 
is the ' orderliness or "trayelling manners" of the passengers. ' 
Where, throtlgh natural inclination or training, passengers be­
fore attempting to board trains will normally stand aside to 
facilitate the .exit' of alighting passengers, the station stop is 
certain to "be short. The J.J(mdon underground railways operate 
with shorter station stops than any other rapid transit rail­
ways, 'and while there are other contributing factors. the ab­
sence of apparent hurry is responsible in a large measure for 
the shortness of the station stop. 

Dealing first with alighting passengers, it is obYions that 
the seatiilg arrangements in the cars, the location and wi? th 
uf doors. the 'width of aisles and the proportion of standmg' 
passengers will all influence the length of stfltion :stop. To 
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