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A NEW GENERAL FORMULA FOR TRAIN
RESISTANCE.,

The aicheeîîests of old souglît diiigeeetly for the litlob0iliets
scl.the etîvemtorb of a tleîr age for perpetuial motion, anid

engincers of tite inciteeni ceetuery have besct aenio:zt aý,
enger to oblain a gencral formula wlîeci slial recotîcile ait U.,-
istemmg data anîd experinienîs ton train resistance. 'l'lit tirst t w'.
<ebjecis of effort ire niow ktowit to bc unaîtainable, and Ille
tiiird lias îîntit now batiledt the bcst itîisds in the railrond pro-
fession. Oitiv a1 nionith ago Locomîotive Enîgineering, whicli lor
yCars pa.I; Ilis devoîed speciai attcntion to titis subject. saîi
editorîalv: *W\e do îlot believe that il ks possible to dev'îse a
iormtula tlit w iii bitow a et appirox imtatio of vite resista etce Itle li
dittercnt kitîds of trains i difYcrent speetds wiieit traits tonts art-
the basis of calcîtiatioti.'

A geeteral formtuîla witicli appears to be applicable to p:;t,;
Setilger irainus of ail1 wee glit-ý. relit îî iig i ail speeds lit to tlie(

Itigliest leeniits so far receied. lias beeti lately workcul out. Itow-
ever. by joint .uetidie as a resuht of a lonîg series of test, oi
traitns ici actital service. andi is licre: givcnit 1 the entgineerintg
public for the first timte. lits iîîetlîods of otbaiiig data are die
Cisiedlv ditrerent front. and ilîtucl nuu(ire saîisfacîory tiltl t1l(.e

coi îniomly eitploed itierto. wliere iiidicator card-z of reigi tue-

clirves, anud tient uliese liecs interccpt caxil oticr, wvit suerpris-
iuig acctitaey, ai a s.ingle pinet Iocited aI a defitutte distanice above
the origiti. fTis iiidicates. of course, timat the first step1 imi ob-
m ntii i ti ' Il futual fornmula luas bevtî reached, m tlet! tismu
of a çotîsi at t reircsceit i iig t lie tei ui itii jos4i he trainm rc sistamîce
for :îii speeeds atnd weigltts. antd it i interestiiîg to note. by tlt:
wav, that iii tote of the recoruied experiitetits so far tîtade oit
pa.tsetlger or freiglit trains of ait wviglits lias the rcestaneu lier
toit becti less Iiaît thte figutre ietdicated by titis coiusîamiit-î

poetinds.
t.I. Luntdie's formtula is as follows:

(0. <2 + 1 .T)

T=tlte îîeigiit et tite tranîsportation unit iti toits (2»,00 l)O
lZ-=resistamtice ici pouet(IS pcr toti].
S=speed iii mîiles per hiotir.

I t wvili be secet at otcc thie. titiike ituost preveoces foriitiar.
lucere are liere two variables afîcr the contnt, mtatttly spced
andu traiets %eigliî. àN!any otiter imvestigators hanve eetdiavored to

aec..îl i1 'di iis, bt tun sticcebNfiil ly, anîd iii the formîtula wltiicli lias
IuCenI in inlots gelnerail ist: inî engineerinug Ilaîîd'books. tîhat. ni
1). K.. Clark., spccd only appears as a variable. Frot a carefil
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ie.ewiitg traeins aI coenstant (?') speed 0mu level (?) tract, have
hcen imatie the basis th tlt se arbiîrary aliowaetce for emligile

friction ) of estilitates ni rcs1t.taecC per toitelloved. Iet order iv

île ni zinv %,lse sicit tests iisî bc mtadle ieî lonîg distanîce riets
anîd et is almttîiipsbe to fietd a hittdred utiles or etore
ni :îbsoiiieiy le' ci track- for the purîîose, wii it is also difliciîlt
to obiaiet perfecily titîiforeit siuecd cee oit a dead level. NIr.

i ei ies tllod of dIciertît iii iietg t raine resi statice is based oit ait
exaiitiotl of the speed cuirves of a traiets wlit coastiiîg (rois%

ant.y speed In t dead stp 'rie possibilities Ilf sic,î intîitod
mwiil be iiitîaety evideitt o ail clgiclevr, anîd it îtîay bc said. at
mict~. ilînt thîe resîîits warrant a decided prcdispositioîî ii il-;
avor. Tt is îlot oîtly 1îossible 10, obitei the gro!zs resistailce dite

to tract, nd jouirnal frictioni and air resisiailce coînbieeî but
to differetîtiate beîweuîi iîe air andu the frictionî eleenctîts. Thte
frictioitai resisîaetce of a traite beizeg rcasottably cotnstant wititi
sotîîcwlit ivide litîuits of speed. the spcecl ctri'e slioîtld bc a
veeriy -,ttaiglit desc.-ndisig lise front futll specil to a pointt soîtie-

îvhc îîcar a fulil stop. Now the actîtal speed cîîrvc dijîs bclow
iii straigitisne, as secnt in Fig. 2, clearly slii'iig a descrecasing
itîardieug force (Illte to air resistance). wviith decrerasieg speeh.

Tii Fig. i are siîowri iii graphtie foreîî tilt resîuîts calcsuiateui
frrtn mîore tliaîî t o rîîn% mtadle by NMr. Liittîdie withi trains of
<iflercrnt weiglits oit the Souith Sidc Eiev.ited Rilroad of Ciii-
cago. Tt xvil be seen that tliese resîtits expresseui by lthe loca'
t;on of points oiî thte diagram. cister around "straiglît line

*Frottis tie SI rrt Itailway journal. Fi . 1 89D.

stidy of lus resîtilts. NIr. Lifide developeul lthe formîcula on flie
fulloîvictg îîîatiecîîaiical basis: 'l'ie expressiont by whîici" S -is,
îiiiiipled ks îroîîortioîîai 11 thîe tanîgetnts of lthe anîgles mealle bY

Ilte listes decvclolpcd for <iiffereett weigltts. as sîtovet iii Fig. 1.
anîd ks Ille clîaracterislic of a rectangitiar ityperbola wliici
(throtigitit the ranetg of tests liite) co-ordittates qîtite acclîr-
atciy Ille relations betweciî trainl weiglits aned tue intclinîatiotns <<f
lti, hises nteeîtioncsd for correspoetdiig iveigits. 'l'ie teni 0..?

i-, nue ieîîcrceîîî oit lthe axis of y. 1.1 is the conestantî prouhîict of xt
aid Y, with the itirsectiocî of the asymptote% as origiiî and<

.3. iset ieîtercept ot the axis of .r.
Tlhe test of aeîy formuîtla lies in ils applicationi. Gatigcd b>'

titis test, Nlr. Lîteîdie's formutia îeit'irs iii a reeîîarkably close
tmat v'er iieariy a.il receîîîiy poblislied cxiîerilliteus, iogeier witl
citier- foreîîîîiae of ettre Iiiettiicd applic:atioci. as ivili bc secen b>
na inîspectionl of the aiccomtpayimtg table. Thse Sîrotîdley, Siet-
clair anîd Dutdley tests of traie resistatîce scltedihed it titis
table wvere bromglit togeiter by A %I. Wellington iii rThe Emîgi-
tirering News jet iY92. antd referred in as ieîîriuîsicalhy îvortluy of
confidence on accoitt of thte carefîti mîaines- iii wiîiclu tiîey
w4erc etiade. To tîtese we: lave adîled fîîrîi'er c-periueiîî-
ettade on the Pitiladt(eipîtia & Readiing Raihroaul ici 1889, antd oit

thec Cenîtral Raiiroad of New Jersey in i8s)2, so titat a. fairly Coll)
iclets: ranige of traite wveiglits ironst 200 to 40 tonts. anil of train
spccds frot 40 t0 70 miles per lionsr is giveu in thîe table. The
Lundis: formiula clîccks up ai tllese tests very chosciy, tîtotîgi ieî
-il hiet one case the resîtits obtnil by ils lise arc slightly
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