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'rhere are a iiinuiber of additioîîal niattcrs; vhuicl
iiiiglit bc totîclied tipo iîî coîusidering this sie of our
subject, snich as the eflect of the conîpetition of coal oit,
gas and XVlsbach burners ; the recent Govcrîxnicit-al
regîîiations all( certain (leeirale extcensionis of the saine,
and so oin. Not the least implo.,tant of these, in view
of tUe certain benefîts to bc dcrivcd, is thte Ibniiliîîg tiI)
of this Association into a stroîig and compact organîza-
tion, able on the one hiand to protect the industry in'

îî'iicli its inibers are cngaged frori tle attacks of coti-
flicting intcrests or of ignorant an(l iarinftîl legislation,
anîd ont the other hand 1) a fraîîk intercluange of c-
peîrielîce and Opinion to assist iii hastculing the day îvhcîî
Progress andl Profit shalh Uc the happy wa.tc'uîvorci il'
-ill cases describing the conîditionîs of central station
operation.

Lt wîas iîîteîided, Ulad space pcrnlittcd, to disctiss thc
stîb)jeet of tlîis paper front thc other ,tandpoitit wvliciî
lias Uccu nientioncd-that of engineering and operation,
tal<ing lip first tUe question of selection of apparattis
whlich wotnld give the ideal plant for cadi sct o! conidi-
tioîîs, and considcring in how fr deviations front such
a-1 i<leal inistallationî %vre rcsponsil)le for faihîire to get
bcst restuits iii a given case. Stîch a consideration o!
the matter, iîowever inadequate iii itself, could not fail
to l)ritig out points in discussion wvlich, clîcckcd b3' the
actual experience o! the xiiîagcrs of central stations
presclut, wotilrl becoine o! the tnuost value.
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TRAIN RE'SISTANCES AND TIIEIR COST.

ART. 6.-TRAIN REsisTrANCES.

It is necessary in a study of routes, esperially in in-
stittiting comiparisons of the advantages of alternative
ones, to uîîdcrstand the nature, amotint, and cost of the
resistances îvhich are offered to the hauling of trains,
inasintîclh as they ]lave a direct eflèct on the wvorking ex-

Spenses of a raihîvay.
Thiese resistances niay be any or ail of the following,

depending on circtinstances; but the first four always
exist iii operating over even a level straiglit track.

.4.-(1) journal friction in the car trucks.
(2) Rolling friction, on the rails, of the car and

engine wheels.
(3) Jncidental-stopping and starting resistances.
<4)V\elocity (wind and oscillating resistances.)

B. Grade resistances.
C. Curve resistances.
(A ) Level Tangent Rcsistaiics.-In the eariier years

of railways, due to imperfect track, îvorkmanship, etc.,
tUe journal and rolling friction ivas found by Clark to be
about seven pounds per ton (2,000 lbs.); since then, lîow-
ever, the researches. o! Wellington and othiers; have shoîva
thuat on'a good tracl<r, at ordinary speeds of over io miles
per hour, these resistances are:

Loadcd Cars-4 lbs. per ton in summer.
-6 '~ " îinter.

tEmpty Cars-O ' summer.
' -8 "wintcr.

A change o! 6o0 F. in tenuperature, showing an in-
crease of 5o per cent. due to poor track, ice, snoîv, etc.,

This serles ci papers will bc Iasuod in book forni s eoon aý they ha~ve
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and to an inhierent increase in the co-eficient. Alorin's
laîv, that friction is independent of pressure or velocity,
xvas deduced front data of a linîited range, and does flot
hold truce for extrenie cases, the emipty cars showing a
decidedly hîghier co-eficient ; but Mvien ive consider tue
co-efficient in its relation to velocity the niatter beconies
more ili)portant. At the point of starting a train, the co.
efficient is found to boas higli as 18 to 20 pouinds pcr ton, for
loadcd cars, and even Iiluihr for enmpties, bcing composed
of friction + stichion ; the latter disappears the instant
that motion begins, and the co-efficient falls suddenly, to
îw.rlNps 1o Or 12 potinds per tont, at oîue or two miles per
hour, and goes on steadily decreasîng as the speed in-
creases ; but above ici miles per hour the change is flot
vcry appreciable. Shotild a train get Ilstalled " on a
grade, or be at rest -il a depot, it is plain that the Imixi-

mu>::ii Joad cannot be hauled on the :,axiiuîum grade ; thi'.
inatter ivill be taken uip furtluer on.

It ivill thus bc seen that under ordinary cases the
force necessary to proppl one ton along' a level, straight
track at ordinary speeds, and disregarding velocity resist-
ances, v'aries fromn 4 to 8 lbs., depending on the time of
year, condition of Joad, track and rolling stock ; in future
calculations iîj these papers it will be taken at 6 lbs. per
ton for loaded train. -

The resistance offered to movenienfr through space by
the air lias been extensively experinuented on. The weight
of evidence until recently ivas in favor of the belief that
the resistance varied as (velocity) 2- Based on this belief,
the formula deduced for total level, tangent resistance on
railways, by Clark, ivas :

LUs. per ton liauled = R =7 + .0052 V'I)
(V being in miles per hiotr), iii %vhich tUe latter teni
represents the efièct of tUe îvind. WVellington also, as a
resuilt of the l3urlington tests, niade at moderate speeds,
gave the following empyrical formulae:
Lbs. per ton (a) fnr loadefi flat cars -=.R q + .0063 V-' + .57V2()

(b) box or psgr. cars- R 4 + .0075 V 2 + *64 V 2
w

(c) ernpty fiat cars R 6 + .0083 V2 + .57 V2

( d) "box or psgr. cars R z= 6 + .olo6 V2 + '64 V2
w-

WVbere the 2nd term rcprcsents the head and side air resistances,
and thc 3td term the effect of oscillations, %vhich being chielly in the
engine, decrease. pe- ton, as the train gels longer, V = miles pet hour

W gross îveight of train in tons.

TABILE V.

II)USDS SIER TON PJR TarAI. LFVEL TAN4GENT RESISTAN4CE.

srcd Wecllington 2<6) W .îellington (i
<n Clark (Il 4 v +1 ý

Mliles plrhour. 7 + .0152VI 4+.007 V2 + .6 iv~ +V Average
(WV - 430 tons.)

Io 7.52 489 4.5 6
20 9 08 7.56 7.0 8
30 11.68 12.o3 95 1
40 t5.32 18.27 t2.0 15
50 20 00 .26.30 14.5 20
()0 25.72 36.12 17.0 26
70 32,48 47.7! 19.5 33
So 40.28 01.08 2 Z.0 41
90 49.12 76.27 24.5 50

100 59.00 93.20 27.0 6o

Recently, hoîvever, the very high speeds obtained on
various trial rtins, and even scheduled trains, have thrown
<loubt on the idea that at high speeds, at least, the resist-
anices could vary as the (Velocity) 2. In 1892, Mr. XVelling.
ton, atter a stîîdy of Dadley's experinients on the New
York Central Railway at speeds of'51 miles per hour, Sin-
vli r's cxperîznents onl tUe saime road at speçds of 5o ico7
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