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sheu1-ld be calculated for incremnents of in-
Crease in veocity of one mile an heur.

The followý,ing table lias been compiled in
thi5 manner for lines Nvith rnling gradients

frne ei5, giving in each case the
ÏCtual grade te be adopted at tihe stop, theengKth of snicb grade, anîd the time required to
acIqiire the minimnunm allowahle speed Of 7 Or
'0 Miles an hour. For lines with other ruling
gradients than these given in the table, the
"«.fl1e information ma-v be obtained with suffi-
d'ent accuracy hby interpolation.
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isecessary speed. At important stations
wbich the train must stop after leaving
siding- to permit of closing the switch,
grade rn'ust be lengthened accordingly.

The intelligent and consistent uise cfr
mentum grades may prove a great sourc(
ecenomy, either during construction or in
proving the grades of old linos. Fewr
ways have been huilt, even in recent years
which the quantities might net have i
greatly redîîeed by the adoption of a virt
profile in localities wvhere its uise would
have impaired the efficiency of the line.1
strict adherence to the maximum gradiE
particularly on lines with short undulat
grades, which could be surmounted by
assistance of moînentuin on a grade ni
greater than tIse ruling grade, lias ad(
greatly to the cost of sncbh uies witbou
corrcsponding rednction in tIse cost of ope
tien.

On lines with long ruling gradiensts,
saviîsg thus effected may be inappreciable,
t k seldom that sncb great reductions iin
grades of a line are contemplated that fr
30 to 50/1' cannot be operated as moment
grades, whereas, if the rning grade w
strictly adhered te, mucb beavier work wo
be necessitated as well as the reduction
mnany grades from wbich nio advantage is
tained in operation.

In adopting a mointuni grade, great c
should he takoîs that it be located onlya
point whero every assurance k te be bad t
the train -will have acquired the speed nec
sary te snrmonnt the grade. The metF
generally followed, cf using a grade sncb
the total risc ks equal to that cf the sa
lengtb cf rnling gradient, plus thedifférence
twveen the vlocity heads cf the train at its ini
and final speeds, is greatly in errer, assumit
as it dees, that the locomotive power over2
above that required te evercome the frictio
and grade resistances is constant for
speeds. A grade located upen this assui
tien might be sncb as te mnaterially limit
engine rating cf a wbole section, and thus
feat the purpese it was intended te serve.

A mernentumi grade whicb could be bar
sunrmonnted by one engine witb a fuml k
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PLATE 4

onai betweeuî cert;inii initial and final velocities
.aIl might, witbin miner limits, be tee long fer an
inp- engine cf another class witb a different trac-
the tive power curve. For this reason, that
de- grade shonld be adopted which cari be sur-

nsounted by the inost unfavorable class cf en-
Lrely gine likeîy te be mun on the section. Gener-
oad ally speaking, an engine in whicb the ratio cf

the tractive power at Iow~ speeds te that at
higb speeds is greatest is the most unfavorable in
tbis respect, and sheuîd therefore ferm the basis
cf calculatien.

The engine berein used is a i30-ten Baldwin,
compound, consolidation, with a cylinder tractive
power cf 29,000 lbs. at 7 miles an heur. The dis-
tance which a train wil mn on a grade witbin cer-
tain narrow limits cf velocity, the engine working
uînder full steam, is given by the felîowing equation
cf work:

d F = ( 1 -Vý) 2000

or dddddddddddddddddddddddddddddddddddddd(1)
F

in which d- distance in feet througb which
train meves between the limits of velocity.

F - average force available for acceleration or
retardation in lbs. per ton.

V, Velocity head at initial speed.
V, - Velocity head at final speed.

The cylinder power is exertcd te' overcome fric-
tional and other resistances and the grade resist-
ance. The force F is therefore the aîgebraic differ-
ence between th 'e tractive power per ton and the
total resistance per ton.

F - (t-r) - 2o R
- f - 2oR.............................. (2)

in which t= tractive power per ton at any
gîven veîocity.

r - resistance other than grade, per ton,at any
given velocity.

R rate per cent, cf grade
f- (t-r)

From this equation, plate 4 was plotted, wbich
gives the net force available for acceleration or
retardation on grades from + 1.25% te - 1.25%,
,at speeds from o te 40 miles an hour. The maxi-
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PLATE- 5.-ECONOMICS 0F RAILWAY IMPROVEMENTS.


