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BRIDGE ACCIDENTS.

DY P. A. PITEBSON, X. L<SBT. 0.1c.

The accidents that have occurred an this continent
tiran railwvay bridges, buit within the Ist filteen

years, have flot been the resuit either of faulty design
or of woaknas af the material u8ed, and while so muchi is
being constant]y written aboait design. nature of 8traZflB,
safe laads, factors ai safety &c., little or xiathing bas
been urgcd v.9 ta th- duty ai protccting the bridge. after
it lids beu weii huilt, from tha accidents caused by
derailed trains, wbich experience bas 8hown to bis its
grcatcst, if flot its oniy, source of danger.

Ah la-~go percentage af rsilway bridges are so placed
tat ~ale trains going towards thern bave ta go down

araeand round a curve to reach theni, and have
another curve to ga round and grade to ascond in get-
tin, away from thein, and with hcavy froight trains and
higt englues, drivera mun very rapidly down the grade
and round the curve aver the bridge, in ordar to get

uptihe gradt) and round the curve on the othor side,
and conbequently bri'geB are often crossedl with heavy
freighit trains at speeds exceeding fifty miles par hour.
Of course engineera will report against this practice,

Jandesuperintendanta witl issue orders against iL, and
drivera wilt endeavour to carry Lhemn out, tilt thay
geL étuck in the grade two or threa Limes, and are ceu-

urd for flot makiing intc, when they raturn to thoir
oK practice and their aid pace over the bridge, of
u~hicht the auperintendant Lakes no siotice- baebas issucd
bis order and Lhinks he has done bis duty in the
xnatter-and when one of the many things, that may
tbrow a freight train off' the Lrack at this speed, happens
and pitchea a locomotive or car inta the end post ai a
bridge, knocking it out, and 8o throwing the bridge and
train into the river, the bridge lam ta tae the burdan

of the blarne, and is foiind fault with for not fuifillinig
a duty for wbich iL was neyer intended, and which, it
neyer shouid be called upon ta perforra.

Witbin the last five or six years bridge-fioors
have beau very much improved, and ganerally, upon
first-clas lines, the floors are now s constructad,
tiret an ang'ine can paras as safély over a bridge off the
track as upon iL, providing it dos nlot ru into ana
aide af the bridge and knork out an end po8t or some
ather important membar. Upon a few linos, rails run-
ning froca a point in the contre ai the track, about 100
feet frons the end of the bridge, diverge gradually, titi
near the face of the abutmient tby corne close ta the
track, whara cast, iran inclines are placed ta lift the
wheels on the rails. Thie bas baen found very effe-
tuai when Lire speed bas niot ba -n too gmet, in putting
derailed trains upon the track.

With good fLors, proper guard rails and 8afety
points, "'dock " bridges are cnrnparatively safe, but soins-
thing more is required for " tbraugh" bridges. The flrst
thing that sugge8ta itsatf is that Lhay shouý! be widened.
The writer made an attampt ta hava this carried out
soma six yeara ago, and andaavoured ta geL two feet
added ta the widtb of ait the bridgles upon an impor-
tant lino ai rai liay, hae only succeedad in getting the
addition of ana foot sanctioned by the govemrnent, it
being urged by tha contractors as watt as the builders
af the bridgea that aven. this was ana foot more than
tha standard adopted on the Ainerican moade. The idea
af additonal width is, howevar, gaining ground, the
Great Western Railway baing the first ta give a clear
width of twenty feet betweau the inside ai the trusses
ai its ««'thtough " bridges.

In addition ta this inareased. width thora ahouid b.
soinsniannar of more fully protecting the end po6s,
and tihe most ready methodl ai accomplishing Lis sema
to ba by means ai heavy rnasonry walls, laid in Portland
cernent and wett dowetted togather, carried up eloyen
feet apart, ta the haigisi of an ordinary passénger
car. Wbile it ean not be said that thae modifications
and additions will prevent ail accidents ta bridges, yet
iL msust bis admitted that they svill go a great way to-
wards iL, and in suais au important maLter ail Liat eau
b. doue should b. doua.
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ANTWERP WATER \VORXS AN~D USE 0F SPONGY
IRON FOR FILTERING.

M thelu eîglithi Meeting îof thp 's1î'4î <d iti' I i ist itt ii of
Civil L.îgiiîeers iîcid ouiît uday, the, 16il of .Taîiary , M r,
,laineq Ilitiie,é, F.11.S. E., Prvamitleît, i thie eitair. the Valser
rendl wai oil "'The ilîîtnerli M'itler WVorks,' by3 Mr. Williani
Andeiîrson, M. Iît .E
TI'ie Anîlior coiniencetl hy statiiig thit j,, I-Sil th cntncees
ila for tiîtî aîppily of %vater tu thte cilt ai itwvrjî frit ilitu

fle iiaids of Isis listn. Aiitwv-trii lia' a oîîîliîîif '2mtb,u4lo
itli.habitats %; il rikeit as the thiirîl lai est pmort iii Emroe, u i[

coisttctioî of the stocks tii, wttter i'i'îyw, lvrjv, 1 -aui
à,liaw Wela aîdl opiel calialis. An8 tis- stnVage dit ratiigtenmeitnq
were ver)' inîlîerrect, the %vcli Water, tho'n ÏhI eca., bri.ilm, aud
sîarklîog, wmt for te nînat part (faitgertlli' t, tiaiiti.ttl

The schessie ttopteti by lise Authiî'. bio, tiie oiily aime lirai-
tieshie frontî a fleaucial p'oint of view, d as dirigiîîally.stuggeslte'î
by Mr*. a * Qnick, M. lîist. L...ndi consisttît mn taking tîme

watets cf tlie river Nethe, ait affllîeît of the Escaut, ait a poîinit
Il utiles front Aîitwtri,. îdîerc it walls rossedl liv the Malines
liond. The waters of tue Netite mere, lioweî'er,* quitt uumft ta
coisi),ete wîtli the exitiîîg suppily, afteroîiiy orthiîary filtrtionî
tiîroughi san'i, berat' the> were greatly cttlouîit by îîtaty
malter, aiin vt'îy finely atîspended nîud, %elîîch couild not bcs
separal eitlier by subsidence or filtraion. Nlott-,vetr, lucre
wouii ]lave been grent risl, iii iîîroduiîcug iat ait inmportant
town, vratcr floius a river which flowed throiîgi a higiisy cul-
tivateti anit ,oîilu co ry ; anit tine attciît to suiîîply Ant-
_lrp frotn t tiid' Ntite COnltd îrobabiy neyer have been made

hait mo Irofesgor ischois îîrocess of filtration tiîroiigispongy
iron conte titiler the notite of the Author. rThe propertîca of
fineiy ilividediiinetaliî iron as a materia for filtera hadl, for
soute tinte, attracteit the attention of chemailts. professer Dis%-
chof', lr. Frankland, anti INI. llattoîi hait iemoiistrateit tiîat
it pocsessed the power of uiestroying organto inipurilies, remît'-
ing colour, aeaaing fiiely susî''iudi natter, softeiag, andi
above all, deaîroyînjc tue germas of pîttrefaction, of bacteria,
and lire ably tiiose of epfideuie diseases. To cotifirni tht' evi-
douce afortied by laborator experimeuits, and t'y, spoiigy irou

dontegtie filters, which had beeu in use for soule tîme, it ivas
deternsined to carry out experintent ont a largo acale at Wael-
hein, the itroposeit site of thse intake of the works., idier the
auspices of 31ir. Ogston, Asqoc. lust. C.E. The arrangement
recommiendeit by Profeîtsor Bisciiof took the forci, of a pair of'
fitters, having an sggregale area. et 630 square et. The first
filter was to be piscètl on a hilier levet thian tiie second, antI
te be filleit wîth a lied of spong'y itou and gras'el, ntîxed in the
proportion nt one t0 three, covere't by a layer ot ordîuary niter
sand, the oflice of which wis ta qeparate thse grosser suspeuîleti
matter. In this huler file water woulîl becoine clîsrggei wit
iron, ta elluninate wiich it was te be exuîosed ta the air, andi
passedl throngh a second or ordinary sanit filler iii whici tito
red oxide woulit be depositetl. Tue exlmriments were carricit
on for three nionths, andt proveit se sntisfactory that ail doubts
about thse effiiaey of thse plocess were removemi, and the itesigina

Iwere made for tise permanent works.
The terres of the cncSsion requireti a daily supply of .33

Rallons pier hcad for 175,000 iimabitants, or nearly 6 million
gallon% per day ; but, ii lime lit instance, the pîtmiping: mn-
chinery andt mainî wêre te be laidlclown for only 40 pier cent.
of that quantity. Thte worlcs eottaisted of a 42.inci intake
pipe, two aetthtîg pondts of ait sggregate capaeity of 2,640,000

dependemt. engine, frraisingtheo stetti valor 19 feet mbt the
apongy- iron filter beds ; thrc eipotgy iron filters huiviug an
aggregate area of more ltait 31,0110 st1nare feet, three ini
filtera of tite sanme »relt. two caet; irisn filtcetld wster. tanks,
contaiiiiug together :140,000 galions, andi two pairs of limant.
Pns'iing engilîca of'170 H.'l. decieb, together with their boiera
anditings.- The Nemime beiug a tidai river, carrving nip the
drainage or' Malines on tle flood antI iîriimgig clownî that of
the~ villages oiu its uitîer waters on titi ebb, the authorities
prescrit'ed certain litutîts wiîiiin wieii alonte the waters 8honhi
be taken ; titesx restrictest the finie avaliai'ie for 11111 ng the
retthtmig ponds to abouit tbree quarters of an heur iii each file.

Testlng pondg, of a rapatty te hnît twêive ]lttire siîl',iy,
were excavateul tniediuteiy in rear of the, riveriak suud lîneit
with dry atonte pitehing. Tho ntatuire of tiié groun' it was ex.
ccediiigiy treacheroîts, a bvd cf water.loggetl silt extending
under thc wlîole atress, at a depth of 6 te 7 feet beli the %ur-
face ; it was thougît prtudent, thert'foré, te constrîtet lte filter

Icîls cntiri'm nt earthwork reatinig on tue surface, and ta trust
tu itutdie listinîgs te .4ecure te nimce4sary %vister tiglituasq, andi

:ii lt 1pile f'tittdatioinq for tue enîgins-' lînas" untd ehiiîîey.
'lTh cîîviroiis cf Autwerm beîîîg v.'ry fiat didtl a perlait ofa

higlu service reservoîr beîîîg cîuistructtîl, thte filtercîl %ster-
taniks werci, tiirefore, 1 I)avett close te the eigiits lieue, nit
thet service, was tiaîntatued. liy îititierruiîtd rattitîg of tiîo
eilgiiles, whiici, for luis l'nrîî)o.e, î'.'rea rr-aigeil iii pairs, enoil
piar couIllît ut rîglît angies, au0 tuaI lîcy cotil rilt lit aty

spiredi b.ît'v(ei 1 ýj ittiu -2 revoliitos lier itet. 1'To îroviîtc
si'aiiîît tue etfee't of frost, thte ttovl cxpcîeiuîit mss aid1teil or
iieatitîg tue seater, as il. ilawved te the screw puntpg. fi, mens
of îîîieeted stlent, lthe Atttr stiling tiînt tiie ".'cit'rieurti or
ltî.st i itt'r seetac ta iticate tuai. tue arrangemaent wouli
pirotvo eflictelît.

'Te resait of eiglîteeti iîosîin wuirkig hlli been very salis-
faetory, the water liîvîing reinainlei pure, 1 righît andi clear
îiirotigiîoit tut' tiîue. 'l'lie îjtongy iron Ilait not show» an

satinîs of cdetersoratton or wttatiîig ; andî' Dr. Franklnd, î'io liat
i'isiteti tîne works, hll reliorlest very f.tvourabiy of tue procean
eif~loyeil, îlot oiîly with respect to tihe coîoria' conittionî of
tute wnîer, bat al.go with rehorenco ta tue comaplets dles rmtction
of bacterii nuit titeir germa.

Tine wmter front the punping sationt waq carnie 1 -. n a 20
inch main1 for 10 mtiles along theîr Maiieýs Ult' ; ils collige WA4

dl 'icribeit at leugtiî, logelimer witiî tii" tsdiîliance't for getling
rid of air anti of ioding itigerotit siîocks. The disîrîballoît
of suîbsidiary mains andi service ptipes in'tlîe city wis expiain.
est, logelimer wili lie inainuer it whiclî the varions sorvicess
were laid on. lhy te systoîn adlopteti a conistant circulatmo'i
was kept up) as far as possible iii the istribtilonî uilie%
îimroîiglout the ciîy. It perunitteit a ranges ao' piîiet ta bu
siîuî oit' wlîlîoîî -itoppiln2 the liaspîly of the moîgibouriug
streee.s, anîl eveut oftls ensableti the serviçe ta b- kept up) wli,'i
portions of oune of the rmainîs hai te le nulit. oif. A comnpiri.
son wau instituteit as ta lthe relative ost of Germat and uitn
glish pipes. Th'ie tuanner of lesting, as fast. nï lte Ilipes w,'re
laid, was descrihtî, anitlie lPaller couicluilest wiîî tote tbat..
nient limat the worlca wera erecîed in fifteem usonîha, la n o4t
of £280.000.

ON GOVERNINO ENGINTFZ BY REGULATINO THE
EXPANSION.

(nComtdumded /roiit payee 50.)

Pcrfcct qovcrtziig.-lerfect gaveruiîîg wîth antoinhic exitn.
-cin nr jq ilii4tr-stoi hy Fig 7, Pîtte 49. lime fulil lin,. ni

thse loweat thirmi of fle iitgrant indicastes tm on.ti, LhaI is, the
men pressure on the piston ivhich ivould exactiy Iniance the
Icad :thigl uîay lie called th11 iîîdepeumlenl variable. Tht' 4iotîcit
power.iine rtîining besiuie il shows the netuai mensi jiren.ure
on the piton, or tue powver. lt la obvions hat; lte spaces en-
cioseit belween the zero lino andi the ntd lino, andi betweens thc
zero lusse anit the power line, wili on the average ho equnltel
each olimer,.as illîmatrateit iy the horir.ontaily suit verticaiiy
shatied qlaces. Mhen te ltsad is ici excegs, the epeetian th îe
position of the gavernor wili fuil. WVhcu tue powver i5 iii exc,'aq,
the apreit anti tise position of the governor wi'1i ris"-. The
diaý grm iS merely itiîtatratis'e, audtnnt quantitative. 't'h ti
- at iipposeil to rige suii('.sii1y fromt 3 te., ani siimiultaneottilv

the.stieeit of the cilgine, ltae pSition of the govermior, s.nd tiu'e
Tag pre.sure on tue pistou begin te vaty, unlil the power

riges to balance the tond. TIc speoit thers.remauîs unifornu, but
ratmer siower. Thisa ta elown by ail the -lisses changing ta
position 4, anîd rentniuiîuig there. The liorizontaiiy 41tt,iîtd
space represents lte potçer givun olit by time fly.'wiet-. Further
on tue tond. is siîplioted ta fallt 1', anît tue spîeilt ta rin,f ta 2.
The verticaliy iiadeî l a;tci' timeu rt prebents tht' ptower absorbeit
by the fiy.wbe-el.

Rmetardoiou froisis .noray.-Thig ix iiitstrateîi îv Fig. 8.

page 49. Thic lai ti 1upoel 4o vary front '2 ta 4. Tlh.'
M.,et lino falis Iront 2 ho 4. andithe go4enor uine ioes tIc.

sainIe; but owiuig ta the storage tiîo nis»a pressure or pinivr
lne dors ttot siniultaneosiy rise ta liste 4. The iîpeed tiiere.

fore coutinues ta haltl, any ta liue 5, anul thc gns'ernor, insteati
af rensising ah poituon 4, halls; t positioni 5, thuis pnitting Oit
to inach messin. Tue spixt wiil then begin tui rige agaitiutli
tau mach sIta sshut al'; ant in calusequeunce sev,'ri oscul.
latioins oh specd Inke tplace withotît any flîther change in the
toad.

[hiarch, 1883.
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Rýetarduiiioîjonf,-icient.-Fig. 9, P'age 50, shlows the out-
SUne of a 1îeiîdutini gavorîlor witlî halte 6 in. dianieter, about
the aise usîtail iii tilt origi. ng e. Fig. 10 Shows ttîa specit
dite ta the bîalanîce ai tlîa centripietat andî caîitriflîg.îi forces,
anid to ttîe eliect ai friction. i fera A ltî aînd A It2 are it
isiîîîîîîum and înaxiîîîut raîtiî of tle goveriior halls. T'ies caîl.

triîtetal ctirva Ci Ca C Ci je dr.îwî se that aîîy vertical arditiato
t' equalï thse centriptiaa fanae at radiug A It (say ini tbs. te

taîiy onveuientseille),due tu the weiglit ai the lalls. The

Itriluîgat force eit radinea dl t2 nit et a çiled ai 60 revotu.
t ionse per inuîîte. iiice thei ceîîtriiugail force dite ta t(;0 revalui.
tiense lier mlinulte varies as theî raîtiuq, aii> verticat arulinate ta
thle liii. utrawîî frot A ta 60 witl equal the cenîtrifuîgat force et

i t fat radlius dite te tlîat epeeui of 60 ravultitioîîe pet minutte. lit
iike tîtusner the otlî'r dtivergenit Unes iiîdirate thea ceîîtritugat
forces sliowîî h tlîa respective speci figurcd on tîte ordinate
.ît R12. Let tlîc point C ha tlîe intersection oi tlîe centrittetat
curves l'y aîîy radial lina, say that for 60 revolutioîîs. Tlîeîs IC
l4 bath tîta centripatal farce at radina A Il %ilt tîje cerntrifugal
forceant t lie asel <Î. c., reî'olutiotiq par nîinntot tigured on tOiat
radial list. 't'lie speed iq tat %rlili woîtd support the hall at
radius Al Ii. Thîe speeti tîsat woudd lie iidicatedl 0. thse $cale
tiy a lina urawn frorn il A urongli nny point C nia> ha callili

tîte speed dlue ta poinît C.',
Tit'- frictioni clîrvas Fi F, F F2_ andt G, G, G G2 are drawn by

nlaauriîîg C F equal ta tlîe friction ta ha overcaîne ta mayae
tlîe l'ales ouiards at an>' radine A U1, andt C (; equat ta that ta
hae auercoiîie ta asove the halls iîîwards.

Thie spaed lue ta the point F is tiîat ta whiclî the gavarîlut
îîîîîst tise hîciara the ialIe cati move outwaruta froni radiuie A R1,
lîacan'e IP F i4 then tripetuit farce ta lie ovarcaîmie. Slinilarly
f: iîîdicatas tlie speitl ta whiclî it tst fait hefore the leallî Clin
leltre tiwanl'î frant that radius ;beriuse R G' iq the centri î etal
foice ptiiieuî the tîal1 iiirds. For inteini"'iate aisceuÇa at
thtat riîliîs, the, rail .1istaiice orithfe titIl,ï wit renîsin lilia:l-

If tii- gonv(,rnnr hîalk rang-' finit, R ta R ite r variations of
jbail, the variation,& oi seîed wilt l'e tiiose indicatad hy the
v'trveas F F.; andt G Ci inste.îl, (if C Cn. ; atît liaîuever iiglît thse
u.tri.tti-sii4 if bcnd at inities Al ., thîe s1 eed. caittiot Vatry bas tlisn
iîiicateid ley tlîe poile s F stuîîl G~.

If the raîlii Ieo takoît in feet tic lire.% I tîre qîtaîtrilateral
Vl3 F; F C (iiieasitireîl by thre hnrix'uîta-l w1ith lî :,il liteaui u'rtinul
lieiglît ta tbîe respective seaies) giî'ee thîe %vrtr, <te ly th;,
gevpriior iii avercaming friction whilc oper.ing front raîti4
A 10 ta A It ; and sinffltly the itréa C G Gi Cl givcs the wiirk
lfoue' ini eîadni fraont A hi ta A B~.Sinîiarb, tlienirea Ci Fi F2

' '. in fnat-pouinJ. tineahaîeîl '. i,,,.tve vuîe rk due liv
the gnverîior iii niaviuig ottwards tlîrougli its aistire ritîge
auiii ' CI C 02 C. tte hiaitea ait ite rî'tîtirt i,îwanl. Thiesa are,;

wiil îî,îlîyîot lie eqîtal, iia.ethe cati ie'ctionq i ta Ui
1ilkrotle.vîtlvk. arc lîalatire-'î. Nor will tlc vertical litîe C V,

('. F, e., lie 11î-iiîly l'quai. l'lie :In'.at 11: <7% C.; R2. ceoeî'îl
ii, tne'*îîit tilt- ,'eirifîctal 'ru'e C'i C2 nliti t ha e ai uie 11 IV~,
,ht%,c thi.- Nçrk dlotie to opcîî the hiails iuî lirtiîî.t titi- gaovtrnar

o'rl tV,.î'îi .a i e t, spriig iii e aptiiig goveriior. This
lt IV i. al~'iî.4 thnie'r' Toi'. 'hi' Il 8ccnstiveies-4

e'!th lii'nveriior l4 liere takn'iî t nieaii the rAtin pîer ett. wi'i
tIi 4titiaeeie hietweati tilt! spee l N îî'hiet,'dl I)V tii" poîits V ! ('l
l'i'trs ta thei r sii. Tlîîîe, if SI anîd S,, hii tli's'u e aîeds, ls

iiuii-lr friction, arfîiiir ~ , eiîfr tIu alet,lgivel
htiti, '<iitialie oi dia pinîts Ci and F2.
Tfhîî lii tireilu',. liîtwveiî tlîe aî.at-el (liii ta tlîc points F 911.1 <,
nieaiii,.l a,; a porceptakgî a tIih limian zlpeed, niîîy ha callad t lie
<ltenition" at radiuts A IL
tiit,'r the conidition,, ai oriliîiary lir.îtte, miatever lia the

t'rtt .. f tsiitrirlital gaivernor for iàicl -til-I a <hrilatit t4 , Fig.
la isra îîî, lit mi Il iiiiii'lî reccuilbe thk' figure iii ortil. Tued

î!p. ciî 1< thié pîîliîits C, C, F iib Vary' ic thie ittuaiN. reste
ni thi" ordlitte.s lt G, 4 C'. R F. If the frictiaon b'; coiilîartîve-
I v cunl , the Il déatenition"' at reilis A It will tif» ieé.arly 100
j Fi; *'ueoCi'l.*

imliich i lt l alit t'hsa ai*as iQ Xi
t. h atren tif Jtit'tl"IcZ

tir in geuiceral, th dpetiîtian with ail boris af ceiîtrifingal )(av-
.. ri. wM ha eqîtet or ie.irly eqlîîal ta 100 timea thse liteaut

friction to lie avercomn in tiaver'îng front Ri ta R2 diviIed hv
Uhe gavarnar powcr (hattî measured ii aoot-Iîouitîdîd.

'hî,erîîor 1'.n'?rr.-Whatever the différence of construction
between ny two gooti centrifusial gaverîlors, stit), if they are
of equal power, tlq Ildetentian" wit ho the saine ; and if they
are ttqually sensitive, the "retarded sanisitivenesa" will bo the
sainie; thius tlîc gavernors wilt ba about equatl3 efficient.
Othormiso the aite with inost gavernor power will goveru best.
lii the abovc exîîmpte the sensmitivences ig about 5 per cent.
froiii the men. l1 the lieau frictionî af tho tlîrottle.valve lia
3 per cent. of the governor power, the detentian will ba 3 per
cent., and the retarded songitiveins will bo 5. + 1l- =6b par
cent.

In order ta he ample, Uie governor paower slild ha say 20
times tlio friction ta be overcome ; it inay ha 40 tiitupa witli
ailvantage. l'le description of any gavernor shoiîld mtate it8
free variation and its power. l'or example, the gaverner

s9howîi in Fig. 9, Page 52, with 5-in. balle ait S.1 iii. iaxinturi
raiin, allows f, per cent. variaJon front the mean speed, anc.
itq poware is 5* C ft.-lh)s. It miay ha shown front Fig. 10, Piige

i '2I and Fig. 28, Page 08, tiiet as the friction cuirve ii; raised
tegnve.rnor begins ta ha tnstabie, comnîencing nt tlie leat

radinsq. Thi% îvolatil cause coutinuolîns II liutinu." the halle
flyiug out and rcwrining stlowly. The more sensitive Utne gov-
ernor, ttie more piaSsihte ta sitl ait occenece.

rP'.ar<&ti'ofrofddiont.-The etl'ect of thie je ta oblige the
origine ta change its apeed eulîientiy ta overcome the friction
every tuae the toad je in the toast changcd, as ehown in Fig.
11, Page 49. Tlîe tend increasing front 2 ta 3, the speed faites
ta 3 belote the governior commence ta moye, anti faitle, say tea
4 befare the-Rovernur hmbas Meu ta, 3. Thse increaa ai tuai
again heing taken ail; tho seed niakes a large excursion in the
opposite direction.

rtiaa t front sioragc and friction conl)ied.-*rhe total
variationsi ai speed, arîsitig front thea combinait retardation froin
atorage anlti £roni friction, are, mwe.1 grî.atcr than cubher separ-
ately. They are itinetrateil ini Fie. 12, P'age 49î* where tii'e
ioa2l je sîîpp'sseil ta iiirnse front 3 ta 4, and ta renisti cati.
stant. The gaverilor, oa'iiig toi Uie friction, dues inet litgin tan
fait manil tho spped hit falleti ta 4 ; nuit when it lices fait, tua
power Uine ia not sufliciently chaîîgeil tilt a littie Inter. lit
consleditenice thé -Iwail continue teai at cill ilion', snd tno
iiieh steanti i4î nçtniittedl. This inean îrecolura thns cont!niîes
in rî'e, euti practur's ait nibtin.ito variation heforo tue geveriar
hlegiîie ta igoii i h aplosite'direction. Tli e na naI varia-
tion oi the tuait me>' predtuce a series ai distnrhaîîcee iii tha

apeed, itthotiîghi there ha no inrthar variation iii the ad.
Thel. etteets înay be noticea in ant exa"geratc1 forrm in a cain.

poînd n~îc, liee da avonarware sîiy.By coniparing
rig. î with Fie. lu, the immense adivantsge of gnvernlîîg rite i
eîit.c'l gear will ha apparent. Iti .e hawever biit *just ta 'dtata
Iivt the saine effect nld, Ibn rodlureil wjtiî thea thrattle-valve,

il frie'tion werti a verv smali fr,etioîi of the gavernor power,
and il Mtorage collid ho gat rid of.

Sî'ucî~î,Ava'iÂrw Exî'AN-si.;cCut
't'lie irriter witt nnw deecirihle tiva arrangenielitg of alîtoatir.

expatliîîn gear whicli lie lias devisid. anîd whicli havi, beet, ex-
îaîî,ivelv and successfîîlly tispit for soiule vears.

Trî,~ govarnar shnwn in Figeq. 1.1 aîid 14, page 6$, aitl at'a
in Fig,4. 18 tai 21, PUAg C9 te fixcîl ta the eranîk shaft,
and wa% sclienîii esîieciatly for portable engin'e. Ie desigîi
re.sîlted front tIse fotlowitig coîîiuteraîiont : (1) thai ver>' great
g(arerirpomer (saverai hîntreui lt.-ihs.. cotl ha ohtainet] Isy
placiiig the goernor in tlîe lly.wlîe ; (2) that wîtlî ao intcl
tirer it woîîtt be easy ta niave the o'entric, andl hýy somti
fruil of Nvedîm gear te *hold it irben moveil. It wnras aitrwartis
fouidi tîlat sîillicieîît power contd ha obtaiuei in a lunch inaller
,lîaîîîeter tîaîi that ai tia fly,-%vtîac ; aîî'l seîîantte gavertior.
druins; were thon adopted as more convenient.

)"oaràîî <plllicd Io ". .iarate riU.off cev.ig.1'l andt 14.
l'agi- 6iS, reprasants this goverlior as appîlied te, tic cîîî.off
eeuîtrie ai a fixad angine. It caniitq ai a drini A. aîîd

thea %priîîg E. Tilt- eccentnie F hs plav ilîlal the slîaft, an
.qitoivi i,1 Fig. 14 àtiîd aiça iii Fig. 15, Page 68, but je soltd
wîîili tlia eccentruc.carrier G, swivelling an the eccantric.îîin H.
vlie g..verior iii cnnpled ta thse eccentric*carrier b>' niaclie ai a
cîirvî.,l sold link 1 callted a qjuadrant (atthoîîgh rently tells than I
a qlati af a circlet, which iis fixed ta the quaadrant arin KI

aadivrc througb a siat ini the quadrant.~i .Ton ie eccan- I
trecarrier G. The quadrant in ptaced oblique ta, the circuler

,Nletit-li, 184:1.1
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'ath, it descrilie. rond tise centre C, tlis acting as a wetige
"o ihiat tsy its instervenstions tige goveruît>r cati niove tise eccesîtîle,
bttt tiltt't'cosstrie, aveiiisg isessrly ait riglit anugles Io tise %wedge,
catitiot itioi* tIse gn5'e5'sli. It ivill b tle etdt ti»t tise ecdlii

tflic :ssd tlt)î weîgiîts aire guides! ils circili' patî, l'y piis, ands
.sot fiI a4trsîgit, hîîs hy gisldes ,thîs14 r,'dtit'îig ficLtioni t" a.
tI.n iusîîîîss, stîî sis t'isurilug gresîtcr tcilicacy <il' :'Lioi,.

l'ie re'sistalice tsf tus' valv~e tisseS ie cuîîi4itlui's'tl as at forct it-
oit tise es' tre ut' tise eceittic, s sîowîî in Fig. 15, l'tige

lis and, tesi îg :tltertsately te luss it tnw&trtgds pul> it
tros tlic- cetrtitlf tise sisaft dsîriiîg end eli 'ni.rovtîistiosî. ''iis
ils(- pouwer reqssît'' to siit tise eetrtsie is obhtaitsed ftoitsltue
crauiîsi t, anîd îlot front theî gevesîsor. 'l'ie inceline of tise
liîîî, andtiltse otiier illovîsîg asrioart- '40 îroiortiossî'd thst
ti», fileciuti îsrodlsco't by tise 'eslstsslîec of tise valvie "ýitîsîls, as
îss'ssrly as 1peusibit', the rt's'stre teuîtinig to alter tise tlsrow of
tIse t'eceittric. Tiîus tie governer bsas little or ssotiig ta du
in orler te isoldtihe ecentrie in dilace ; anîd frueely aijsssts it
at sîchim ussas w4tise governour ati tise eccrîstrie sare ac'ting is
tise saille sIiljrsciiois.

'l'lie cat.ofl vssiv, îîsîd msay have single ports ; but to retice
the tras'el of the eec'sitric, muliple ports have leiccs ge'ieraiiy
1sacti, as siîowîs ils Fig. 16, anti especiaiiy iii Fig 17, Pa.ge 52.

6'ssscrusur îqspjlt-il tu ordills>sry SI ivhe.Wt s ssahl en-
glles, s4ay istil les thiîîî l0.fn. cyllisters, st lias bieau preferred
for ltse sake of simiîlcity, to is~e lut cite t§lidc.vsslve. 'rite gov.
triior wa*s at l'irai. isiscet iii tise ily-wlseel. It i% slow gessarally
,.lacedl in a sellarate dIrisos, sîttachesi te ail ecceutric w i.1
ýouîiletl direct te tise valve-roul. Fig. lis, l'age 619, shows the in-
teir of tiîe governior as tîseti for ans S.IIP, or 10.111. psortable
enigisse, isitî tIhe weighsts opens anîd tue ecceiitricis usit gear
Fig. 19 tdiowss tise weîglsts ciosesi ante tlccestri ls foul gear;
Fig. 20 is a sectiosiai plais. 'rise drissu la cosîtineti te 18 iii
diagneter, in order te cleax' the boiler. Tise lata ave beau
airrar.ged te use ail tise availasis spaco. 'llie construction i8
eseiitially tise sainie as lu Fig. 13, but tise qusadrant cau lie set
obliquse its eitiser directiosn, iii order to reverse tIse origine. As
isefore, A ils tise drus» iii titres places, nisanely tise diseplate
wlsiel la keyed te tîte shsaft andi tursieti on isotîs aides te carry
ail tIse workiîsg piarts, aist tise casinsg in halves ; 8 Il are tise
weigiîts, C t' tlîeir pinss, D tise coupliug ted, E E tise tire
sprirsgs, F tie eccestrie, (, the eccentric.e.irrier, H ils pisi, 1
tise quadrant, J file quadrasc,piis, K tiîc quadraut-arns. l'ie
accents-i t" beîîsg osstsîde tIse dtutse A, wlîile tis, eurentrie.
carrier G l isîsitie, tIse two are hore fîxeti togetiser by titres
stud.bolts S, wiiich work tîstougi 8ioti lts (lise-plate cf thse
druins, as iiowu i s Fig. 20, ilise siots baiisg strucle fromu tIse
ceiître-pîis Il of tIse carrier G. lit Figs. IS anti 19 tîle dise.
plate eof tige slrss is suppeseti ta lie transspar'ent. 'l'lie enter
cxtrensity of' tise quadranît 1 is pivotell in a prolongation of tise
weigist I wlsicl carnies; it, as ae ai. L in Fig. l19. Tise pâtit
of' tist censtre of tise ecceistric: frosu full -,ar forward to fulil gear.
backwssrd is a circular arc shrisck freins fie ceistre-piss H. 'isen
tise weiglits are cioseti, Fig. 19p tise engluie iseing ait test, tise
quadrsatnt 1 pias tise ecceistric is miti gear (i.c., oppsosite the
craisk,.piss et' tise englise. Iu tiîis position tise sluadrant.pivot
1, la nearly couceuirrie with the carrier-pin H. TIse atller end
(if tuse quadranît sa iseli liy a screw N. Suppsose tise qjuadranst
set obuisînely, te run tise origine forward. 'ieus, to reverse tue
esigiiîr, set tise piston tient' thse end of its stroke, insert~ stronýscrew.driver tlsrotsgistise open part et' tise eccantrie ater ss, a
tigsteu tise semeur agails.

Thsis fors» ot' gnves-uer was lirst îssed at tise Car-dit' engine-
t-iair test years age, anti was inineuisately adopitet by Messrs.
E. Rl. & F. Tismuer, for tuseir 'i.HP. portable etsgiises ; front
thsat time tssinterrtîstedly stutil now tise tlirottle.vaive lias
beaus abolislird ius tieir 811>.ele. Se far as thîe uvriter is
aîs'ase, frot tisat date it ia tise on)y auîtorîsatic geras wisicis as
bieau dîa îised for portable euiignes, te tise entire exclusion of
tise tisttle-vaive ; or wlîclis ia eveu se isseti at tise prasent day.
'witis ti,oeso it la, diff'icnit te detet atîy variation of
speeti gsider the sîsoat rapiti ansi frequent chsanges of loati. At'ter
a few govesrnors hsall beeu made on tise Cardiff' pattern, it was
fosssid tisat larger wearlng surfaces anti more accurate wes-k
wcre desiralile. Title formi of tise druni was alteret that
sisowss, iii order te facilitate tise aîiplicatioss et' asacîsine work.
'lise beariîug surfaces we-re eniargezdt tise asîjustinent fitteti
to tise 'uadralnt-pin ; retaiuni lsotrever ainsost tise idlentucal,
centre lunes. Soute et' these ear ier goveruors were replaced ; as
were aise tue piston-valves, shown at Cardiiff, by ordinary alida-
valves. Se fat as tise writer la aware, witis tise alievexcp
tiens tise goveruot lias been unît'ormnly aatisactory; sdh

sliticisatex tiuat. aistotiatie expiansinu govers<- 'lxe<l oit tise
c:ranlk.she.ft wili nil future bic more sscî fur si !tîgitit-4 than
sny other kinti of uovertior,

diaiotlier frns of lis&.. govi!raor as qliowij ils Fig.q. .11 ai 21i»,
Plase CI.;. A i3 the tiruln, 111 thse weigbts, (.t' v.rv largt. eltre
i'411< caý,t ont tise i'1s'111t 1), tilt- coup~liîig roil, E E tise .4priliga,
F ;the ecceiitrie î'ixet~ on1 -1e coîlîiîg roll 1). Ailtiîgil tise
friction of tise pins t' caninot beolli tilt %vtle thiit of tilt eu.
centric, yet witis tluick.rnitttîig onginos tiie governor works
weil with ttue orhnssnry Alleu valve'. ii.4ii lîse suîd ibex.
pensive if, la biuîg spphtd ho qusîI eligilles, i3icliîsig tise
clicap'st forîîss, %itlsout iiicea4inig tiseir eoît. it t ais hp re.
versesi iy attssciug tIi, eonîîling roll D to tise oppomite -idqe4,
of tie asxes of tlic weiglits9. TI'isnsbv mseasou'goversinrs phitc<id
n tIse crssnk.shisft and acting oit tige occeiltrie, tlsrottie-vatives
nsay lit! ablihaied, and tise adatsotf boiiug governet! by re-
gulatiots of tise cut.olï snay lie obtained ils ail sizes lif ordiuary
eligiîîc'i.

.4 elonialic e.rpinsioîi Regiclator. -A goveriior aniti expansion
gear Dlot lixeli on thes crasik-shaft, sudt tiserefor* cidiet! for dis.
tinction by thse abîro niîst, l is own iii Figi. -22 to 24, l'âge
1;8. liere A is the body castinsg, Il Il tie mweigists swivelliugurn
the psins C C, 1) the illide, E tise sprling, F F two relierâ wlsicis
press oit tise suie. 'T'ii was desigîsedl ai simple compart
aiJtOinastic expaýn-Niona gear siitaIsIe for sinall angines. hle iqCA.
1,alle ot' any rcquireti segrec of' âeuîsitivetiess, andi se powerfssl
tiiat ut reatiîly cosîtroi the e'xpanisioni gear. Th'le forin of Blida.
valve useti may lie thse saine amgin Fig. 16 and 17, l'âsge 52.
Titat aiiown ls Fig. 17 iîa-4 bseis chls.ty usest for large eiigiiiel.
Tite eut.oil' is vîtriesi ly msans ot' tue iiik gear sisown iu Fig.
22, wisicls lias bteau arranget! se tisat, witi a liteau losd, tise
eccentrie-roti and valve.rod are in lise, and tisere is littie or Doe
slip ou tise block. ie wisolo 18 hung on the governor stand.
Th.e maximsumi incline ot' tise link slsould Duot exceei 1 lin 6.

Goe'etnor vogrer sîttained 11ilt sp-îg.''is rituels greater
tisasu cati lie olitained by thse action of graviti y in the saine space.
Fig. 9, l'age 52, shows an osstiine of a penu usun governor for
ait 8.11 P. esîgiie, andi Fig. 25, Paege 5,2, shows that of' thse 8.11
Pl. autoosatic expanlsion regssiitor to the sanie scale. 'l'lie plower
of the formîer la 5*ii tt.-lbs, andi tlîat of' thse latter 87 -2 ft..liîs.
'Tie dotteti circle, Fig. 25, shows tue diameter of biait whicb,
being rssises! tise saisie Jîciglit as tise spring. will give ais equsal
psower. Fig. *26 shows a reguilator for a 50-1 P. essgiulc with
double springs ; ils governor power is 270 ft..lIbs. Cornpariog
Figs. 9 aud 25, isoth for tise 8.1111. elîgisse, tihe spring goverîsor
la six titnes more towerfül. TIhe inost advAîs:ageous travel for
tise bala snay lie aiowîs ta lie liaift'hi saximsuus radius. The
large governor, Fig. 26, 18 of nssuat power. Tise expansion
governor tised attse Cardiff trials hall about 90.ft.-lbagovernor
pewer. The usual psower for aus 8.HP. engine is about 50
ft.4bs.

.S'usitîzcs.-îsthis designs the sensitiveness, or the vatria.
tion frous, tise assea speeti requsired to traver.ïe tise governor,
cau lie varieti as desireti. About 4 per cent. froin the meaigr
sj>eed lias beeai fosînt hast for sinaîf anginee, and 3 par. cent.
for large ones. l'ie si.s, of tise tly.wiseel museqr be much tisat
tise variation of speeti fronti tise minils eacîs sensi-revolution
is leua than hlft thse sensitive'ess of tise governer. Susipe
for tise salte ofsimjîliritv tîsat tise amnis B3 C, C F of tise bell.
crank levers ii Fig. 23, Plate 78, are equal anti at right angles;
thson iii ail psositionss tise vertical coiipression of tise spring
equals tise radial migovemeit, of tise halls.

Let us suppose that tise nîcan speed is 100 revolutions per
minute, andi tise sesitivengess 5 par cent. Lot Fig. 27, l'age
168, lie a diagrain drawn lu tse saute mnner as Fig. 10, Page
.52. Tise centripetîl linse witis a rigist.angled bell.crsuk will
evidently lie a straight lisse. Draw this ceuîtrlisetal lina *, Ci,
and ismodîce it ssntil it meets the base ait Il. '! heu H i s 8tise
initial compression of tise spriug requirati, H R12 is tise total
compression, Ri Ci anti Rh2 C2 are tise saisism uisti and axiruuUm
loats or pressures due te tise compressionss. (>bviosssly the
spring xuay lie sudsi as; to gve anty desireti maximum andi mini-
inutu apeeti of revolution, wlsicls will balance it in tisose posi.
tioss; or thse geverior ussay lie madie iscShronous, it thea initiai
cenîprestlion bears tise anme rationi to tIse total compression
tisat tIse mînisuns radius of tise bail ats ta tise isaximnum.

,S'creicis'j iqi ile 6priesgg.-Tisis necessarily increases thse
incluan apeeti of tise governer, since it increases tise loati to be
overceme; but it aise Increasseg tise seusitivegeas. Tisa will
lie obvionis by inspection frern Fig. 28, l'age 68, wisicb la coa-
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q ru.'ted 11h. Fig. 27, but with several centripetal lineti parallel
j N eevî other. Theme idhow the ceutripetal forces exertcd by

the saine spring with mnore or less initial compresai,,n. If the
i ltiîiiiuii sitt.-d in 57, the maximum, le 90 as in the loweat lin.
luit if th istked at "h 'le at radiua b. 125, that Bt the greateat
radliuiiil ou y 120. For the increase of centtipetal force duo
tu the' Hpritig ÏR a constant qu.ntity ;whilst ta maintain the
ýeji.qIti veiiea uialterial the. ditterence between tie centripetal
tories at the extremse pottitionit cf the balla should, iiiereas with
te :îîinî ut the sîîeed. I f tivreweil uîî toc, muclî, tiie gevernor
liii lit.4" hccttiso the slîeet reiluired te open the halls le great.

er ihait that ai wlîicl they begin ta close. The goveraor is,
wieîis tlîey hegin te mev.e, are ini uuêtable equilibricun, and
ttae) rapidly tront oue extrema te theo tlier. The apeed of
the' îngiiues altertintes froin the. maximum ta the nminium,
rte goveriior balle paitiîg et the leaât radius wlîîle the speed.

r as, utl vice' verso. Tiiese resultii front screwing up the
springi arc eviileiitly truc, whatever the tarin et the. centripetal

tirve, inuy hu ; nuit n tiieretore the sae in all kiiowi, forins
ci ,ýpriug gî)vtriior.4. To increa8e or diminish the speed of any
s1 îriiig geverhior, stittvr or woaker aprings muet h. uYed, aines
stercwuig sud uiiserewing a% particular spring would maite it
eîthler toit sen!5itive or tee siuggish, exceptiug for very amali
idtjuatmeusts.

Angle of tih e Z.rîk-l Fig. 27, l'age 68, the radial
di.-tance et the pointr wliera the centripetal curve iii intersectedl
iiy the liii. iridicating tihe murta centrifugai force la the radial
udist.îutee et thie governer ball Ioat mea speed. It appears (rom
insepectionî titat the mean radius cf the halls with a rectangular
Ibel .cr.irk muet be grotuter titan the radius due te the meurn

1eî.To corrcct this the angle cf the bell.crank, B C F,
l'îg. 23, Page 68, bas bean inereamed. This causes the centri-
petal lines (ini such a diagratit as Fig. 10, Page 52,> te become
curved. The exact effeet et incrcasîng the an gle hian bean cal-
vulateil lor a progressive soties ef angles and. for various mean
sleeds. Thîis etteet ia indicated in Fige. *29 and 30, Page 68,
by Ilvariatien eurvea." Thue the vertical front point 5 te the
upper curve, Fig. 29, gives the variation et speed, ahove or
heiî'w the hlîeu, at 0*5 ci the travel, the crank.angle being
1.#0 0, snd the sctiiitiveîiegs 2 per cent.; and similarly for the
ailier curves. Tie angle of crank choacua for the automatic
Expasisîcn lRegitlator is 96 0, bot for the governer with 5 par
c.'iiî. liiits ofsped the angle tuer ha incressed.

Vluin Fig 03, Pag 6S, wlîon t te spring Eiseat right angles
te its lever C , t e hall lever& C B makie an angle greater than
tio0 (tiuc as 96 0 ) with the direction cf the. centritugât force,
i order te niake thet neau position et the, governor weight
iie.tr:y corrt-spotid with the mîeurt peed. These considerations
iiiiily aijnslly te the governor on the crank.abaft, Fige. 13, 14,
.and les te 21, 1141gers CI te 69 ; aîid the position et uts spring-
i. ver rit n4r be î'eriiiiid oia the an. prîuîciples, se as te naake
the t%% 0 trnus ieitly i qiîslly seiaitive ut corresponîliua radial
;îî.îtioiî cf 1 lit- kANll. Reliera F F, Fig. '23, Ptige 68, carry the
uîn'ssuîre of!h iiiirineg te the end fcf tie levcrs, and are usaed in
pretereîîce to Iiiîks, because hy this meens the direction et the

! .,%~ute is alway-. exoctly parallel te the amis, thus meintain-
lig the corriect relation et the cesines et the angles whicb 0 B

auit C F itinke with the vertical andi herizontal respectively.
Thop vuiryiîig incliîîations of coanectinglinks were found te pro-
,Iîîir, iiitintiïiible irregularities in the varions curves.

Tite relationi Letw,'en the poîditien of the lik.hlocc in its
liuîk andi thei poinît cf cnt.ci, with the autanîatic regulstor, Fig.
2.2, Page 6S, is showsî ii l'ig. 31, Page 68. Thm link itself la
.,Ilowa cin thec lett. The leuugth et the horizontal hase lin. re-

Ipreï"iit,. tic stroke cf the îuqton- ; and the horizontal distances
ifu thie cîîrvcl lue tront 0 P give the ne pints et eut-off for

t iei. nîcsl>onuig heigîua et the liokblckin the Hitk. By
îîîeauîas ofts uehe points et cut-oif mîay he marked on the.
lîîîk itstIt, sSo .

Tloi, re~ltion hctween the height cf thet gevernor slida D,
Fi,,. 31, l'agi. 68, and the menu pressurc on the piston with
9Wi il s. initial îr.ure (ai; in Fig. '2) is shcwn hy Fig. 32. The
hoîi iziiit;il tli.,taiesto the cîîrved liue repretît the main pres.
suict' iti the istoia ini lbs., corresnendiîîg te the heightst ofithe
ibt riior %lide, wlîiclî are îiîarked' in tcîîtlîe. These mean prea.

',~%vary a lifftle according te the prcpertionî et the valves aud
,'.-r, îiîii cf course var), witlî the initial pressure et steani on
thii. .îttîîî. ilimume Fig. 32 te h.e correct for any automatic
ugnlator wlîese Yeuatieaes le 4 per cent., with has variation

tcwive lîke Fig 30. 'l'ien, when tii. meani position et the. gev-
nier isaet 5 111 Fig. 32, the crigine would be nearly at the rnean

,,te nui et the meurn pressure ot the piston, or 30 ibs. If
cmii -tird of the work wtre thrown off, reducing thé. meau pres-

mure tao 20, the poesition of the goveriic - alide wouid b. st 0 in
Fig. 32, and the speed cf the. engin. wottld h. lncrcased, aes alawit
hy Fig. 30, oniy about 1 per cent. In like manner, if liait the
load Were talcen Off, reulucing tIL. ma1inl pressure8 te 15 les , the
position et thi. gevertir would h. aijout 6*6 out Fig. 32. show.
iîîg an increase cf spced ot only &beut là per cent.. oit Fig. 30.
Tis it will he noticed that great variations et load are required
te produce 1 per cent variation ini speed.

..lpplicatioits of the guverrr.-The expansin governor,
se already uoticed, lias heurt adopted lîy Metwrs. E. R. & F.
Turner on ail tlieir 8-11P. engiîaes aine thie Cardiff show et
1872 : the. firat fte madle were lievever replaceti by thie later
terni which bas hean described. It liait aise beeu nuuch nsnti,
acting upon the expansion valve, for varions flxed angines
ruade by Itesars. Turnier theunselvas4, and aise hy Messers. Allen
liantionie & Co, andi othera. The ex aiision regulator lits hean
extensively used hy Messrs. Marshaîl Sens & Ce. on engines et

aIl ise, fxada,portable, and on ail their large atatienary
enguseo. It bas he applied te largo compound cendiensing
engines, suîd bas heen compatatively much used for electrlc-
liglît orngines.

Inrdicaivr Dittgra?ts.-Tliese for the expansion governer
'mith single alida aie aire iduntical witb thorse prdceib
link mnotion, as will be seen by those aicivwn in Fig. 33, Page
69. Fig. 34 shows otliers taken with a soparate expansion.
valve ; and thes. are iduîtical in general arrangement with
tliose ohtained freont the autematlc*regulator.

ECONOMY IN STRUTS AND TIES.
BY J. A. 11I WADDELL, C. E,, xa.E.

Prof. of Civil Enginsueriag ini the Uni>versity of 2'okao, .Jîaan.

Much hai been written concerxiing econamy bath in
bridgea as a whole and in their mennbers, but in the
writer's opinion the method of investigation adopted
has nlot boia a correct one. There are se many
variables to ba considered in desling with the subject
that it is impossible to etnploy any exact analysis, as
thorae DO nouse in writing out a lon- string of aquatians
ta determine the Most economical style of bridge. By
the latter wa do not uiean a structure whero the stresses
site reulucemi to a mnimum, nar the one which weighs
the leset, but the one whiclî for a givén strongth and
stiffness will cost the Ia.t rnoney.

So then iii dealing with tho bridge members mon-
tîanad in the title of this paper, iL wîil net be sufficiant
ta ascertain the nMost economical inclination of struts
sud ties, but it will l)8 necesary ta couisidor the affect
of these inclinations upou the ether membera andi upen
the wbole structure.

For a nutuber of years, it ha% beeu known that w heme
the working strasses for compression and tension are
aqual the. best arrangemient would ba ta incline bath
strut and tie equally to the vertical, supposing aiso, the
sections of bath meunbers ta be the saine. 0

.Again it may be shewn by a very pretty demanstra-
tian involving the use of the calculus, that whare k
is thse ratio of the werking stresses (k being greater
than unity) and where a and b are the angles of incli-
nation of the strut and tie, respectively, ta the ver-
tical, the ansaunt of xnaterial in these enembere will
b. a minimum, sections only being coneidered, wheai

tan b

But tiei result is of no practical value, for k îtaelf is
a variable, and moreuver thse weight per running foot
of the strut is incressedl by the latticing and' rivets.
Nor does thse variation and haru for thse cost per lb. of
strut iron is gîteaer tisai that of tie iran.

ITow thon should the prableun b. investigatIed 1
Simply lin a practical manner, by assuming several cases

March, 1883.1
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'tABLE 1.

TIE8. STEITS.

- -_ ____ ____ Tohi
90. c t WouSeItWhI s

- L.ut Sec. Ines. L4.eh cla 1.8 Lemme oumu use. Sem lae. tu .w tas

1 22.34 1.118 22.34 4.47 26.36 378 17.77 22.38 1.118332.34 0-17.8 2.M9 10.48 798 489 1185 70.08 48.49

2 22.83 1.141 22.83 4.57 25.83 393 18.41 21.93 1.-ON I1.93 8-17.18 2.127 10.31 754 481 12M5 07.93 8M.40

3 23.32 1.166 23.32 4.60 26.32 409 19.22 21.54 1.077 31.54 8-16.02 2.141] 9.97 716 474 1190 05.45 84.01

4 23.85 1.193 23.85 4.7728.85 427 20.07 21.19 1.059 21.19 8-16.123.193 9.07 683 4881151 03.31 83.30

5 24.411.22124.41 4.8827.41 444 20.9 0 .081.04420.88 8-15.622.227 9.37 052 4431115 01.33 82.»9

625.101.2503.0 5.00281,00 467 21.95 2.621.03120.02 à-15.192.262 9.11 626 4581004 59.03 01.57t

7 25.61 1.281 25.41 5.12 M8.I 488 22M9 20.40 1.020130.40 â-4.0 2.297 8.08 004 454 10." 58.19 81.13
a

8 26.25 1.312 26.25 5.25 29.25 512 24.06 20.22 1.011120.23 8-14.07 t.297 8.80 593 451 104 57.42 81.48

9 26.911.345 26.91 5.38 29.91 580 25.19 20.10 1.006820.10 8..4.ý2.332 8.42 578 4491027 50.49 83.48

110 27.59 1.379 27.59 5.52 30.59 543 2-..1 031013.03 I-1.32 3.33U 8.9 5741 448 10l 5.21 03.07

Il 28.28 1.414 28.28 5.00 31.28 590 27.7 .001I.00 30.00 Î-14.31b 2.332 0.58 M 2447:1091 80.05 83.78

TABLE IL

L.,e . ins il Legé i a la. seb. qwiIin.
W T. à_..i s la

134.00 1.202 24.04 6.81 3.08 $26 29.4232.31 1.077 21.5' 12-20 2.1012.001292119 2111 110.10 145.52

342 1.221124.42 4.88 39.02 44 .2-7 31.90 1.05 21.30 1-19.05 1.0@ 11.t1 1250 182 30 112.00 142.30

3 37.21 1.340 24.80 4.9 0 .21 O 31.2 $1.42105 1.00 101. 1.21Au311519197119

4 37.01 1.240 25.20 6.04 0.81 M 322 1.32 1.04 20.08 ;18.8* 1.849 11.2 Il11 Yfé19448107.14 139.38

5 30.42 1.281 25.02 3.1241.42 7071».2 1.061.03520.7010-18.5 1 1110011152104

6 39.05 1.302 14.04 5.2142.05 730 3.31 0.81 1.02730.5410-10.23 1.01310. 41137 19 10210.51 131.82

739.701-32326.465.29 .7075335 0. 02 01 0 17971i.11U U* I19173

8 40.36 1.345126.9053.38 43.34 778105 2..1931 00915 0411.7173

9 41.04 1.30827.3053.4744.04 03 .14 .211. W0.1018-17.521.M 14.811 O 98000 38 M84
10 41.72 1.391 122 .47283.02 $01 1.005 2010 1-11.4 1. 10. Ie 1ta JIU 18109.

là 42M 1.414 24.28 -U l4M43 7T O.30.071. .1-1 1.13, 10.0 44 1i se. us t

124.41.4308 .70 5.7SJ4.14 4 1.U 0.1 0-11. M. 1.1 11 7 3

4p 
1
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satali ais occlue iii oîtiîîîaî*. plactice andi a.î -1 t4îiaîing f'or
arygvnpaniel lézigtlî, deptJî of truss anid aiuîar, tw'Jat

poeitioni in the paiut, ut he apex>'X S1t1 aiet il Lii', wivil

lun rtigaird to thec diltiriict ii cot oft ti t wu kuttis
ot iron, Lucre wrill bu a Iittie vaiiaativii. diîpeîna'in-g iipuin
wieroth Le priu'Qs conlu fria. lTiiose t1 autv&t tu tie
writer abouta vear aigu Ier . 5-25 ptiits it lie. fora hitaivy
iroîabîde aînd 4-7 Cents ])(!a lb. for he. Ivy coîni,îiiaI'
tion bridg~es in the' a<iîp. If tliesc jtices bu eliff1loyead
fur strai atud tic troul reep~ectiv'eiy, the retauit., >0
obtained w~ili piobaîiîivlbe as ie.rl.y correct asis 1
noces&-try l'or plruct-ra JturJtost*s. L'-t thet les litt
proporîaoiîcd fur ai ofiui srs t lie ton,;' 1 <i,tijiUt
lbai.) per sqîitare iiili ;let tho ,It.t lais 'iIlovcti.

Comisist o Chainnel biais teuiauctedL hy lattaec0 1).11-
wvhich art! iivetmi togetiaur ai thiri inîtea*st!ciîo,
and Jet tlîeîî be lingedi n tlai sis ait th d s ll
and hoe propartuuaîcd by C. SJîaiîr $itlsfuiîîla

H 37,S0u1î
p,. i.1t

2<1

I ,!)()ti
whcro 1) is the workiîîg sîresq' per sq. inîch aultil

tlîo ratio ot lelagtl tu ihîaîîîîter. l-i respîect to dt.tal,
the #traits and tdes wij libe leagiaed iii Icc)rd.
tauce 'with the writes pilictice ais iadieaiti-t iii Jais îaaper
on IlA Systenat of Desiguiivx }igiway Brdg t" îd
"fetails in (Jrdinary Itou Brdes" Lt us -uppose

for convenience iii coiculatioa tha:î wis eaua obtaain tie
bars of the exact section requiivd, and -ive %îll uise the
clianuel sections given il: Carnegie's I'ccket, Coîîapan-
ion. Let thceiai caee coaîsidered ho tliaat of tiu tinglu
intersection, aand Jet us taize a span ef 120, fee iii -ix
pauels, tlîe depth froin ventre tii centre of ciiords beiu«,
21) ft., Jive Joad 3100 lbs. lier lincaîl fout ('ta bottal triasse.s,
sud let us conflne Our :ttt'nltiou, tu unie ut tlle miii.-
dJe panels wiiere the iuaxiiiis e7hur 'vil! li 24) tons.
Stariiug 'vitla equal inclinations of strut aud tic te the
vertical, wen Ilieirapexc will1 b-9 in tJîe verLicaîl rentre
lino of the paneal h't uis illye lIse apemx a féot ait :a linge
to%%eards tlîe lacarur end of tic bridge unatil wc e accI
the aide ufte p lanel! the inost ecuninsical tmn,,,,t--
nient will lie betwecia tIaî'se linaits anad eu hobuti-
uaiued lîy inspIecta ng 'l'able 1 page 7:1.

Il naay ho noticed iaoar Urne botom of the cohainu t
working stresses for atrutir, that tie niaibc-rs incewase
irrt.gularly tualas is dite to tlle fauct that Iliey wero takcîa
front table XVIJ 1. in 1.A Systa ut Desagning I Jigia.
way Britlges," whici gives stresses for tic different
values of Il varyiîii hy Jialii a unit. As luis is a prieu-
tical invcstigâiion, tiiere is no0 niecîl of ligaaring oîmt
these workig strwes tu thc third dicciia! plaee, $0 %vu
do as; in practice, viz., einploy Iie table.

Uy inspectiaag the col %atn of total cont wc see that
No. 7, which corresponids to tic case wlacro hc apex
is sitxuatcd about two-tentlis of the panel Jcagti tramt
the. aide of the panel fartlîest a'eoeoveul fronti tîte centre
of the bridge, -ives thi ost ecouonica! reuuut as fer
as eacJi pair of diagoanale i,; concericd.

8ut iiow wilJ UIl lise of dilese ilîOst econoulii in-
clinations for diaigouals atuct tic rvst of tic çtructit 1
To dierover Jet us inspect the aikeipton diagranis sIown
in triases 1, 2 anîd 1, page 72, au wlîici trîises 1 sud 3
employ tlics. ecomianic incJiuations, aud trass 2 the
veartical posta.

Tiie exact way to fiîad time clîtapesi. of the tiare.

'vould. of curse, bu to designi tilenain p(IIlittly and
f lidu thu total weiglit and cost of osceh, but wCe iit îecer*
itain iwhî ive wvish tu know without; the ex pendiu hut<i
*so iicli inea ais titis tuethoil would entai!.

Let us conasitier the two e:ad diagonale andi ti end
liaiol uftho Uicpper chord iii 'lrus 1 and the h *tter

t.ac, Iip-vertical and end panel of the uapper clior 1 iii
s .By au approxiinat3 cairulation it is fuiand

tliat tero is a saîving of about twelve dollars wortlî of
* ruia ait eadil end of the bridgo ini faîvour ut' Trua.s 2,

frontî illix siatraci, thei savin, of 85.30 inIi t contre
~îIiuJls w; taîku fraont the taible aud we will bt., $193.70
tu be aîdded to Ille differonce iii cosi. betwt.cî the ji-'

tetrinedlîato struts amil tio.s of Trusg i and île" rul ilix.
igonal ties of 'riuss 2. TVitis dilièrence ie about .917î8.00

wlaîela îîakes 5ý207.70 in favoîar of Truam 2. Front titis
wu, aaust deduct about $s21 .20 due to the faut that tho

i top) .alord of Trn.ss 1 for 40 feet un mhd side of the
cntre lino IKi.s an av'erage stress that ia a littie leas

*th-an the corresponding stress ini Tria-s 2, leaving
sî,.,îin faivour of Truas
lit a simuilar imagier co:aîparing l'russes 2 and 3 w.

*figad a ditferenatc of SI113.00 in favotar of l'rues 2.
Nor can there ho any other triges forined faom Trues

1 by changing,, tige siope of tii. batter-brace go as to be
ciacaper tizan 'lruse 2. Thcre are two ways in which
a sliit sztvig naigiat bc accomplished by Yaryin.- front
Tiruss 2, first b)y iaiclinaing the interniediate poste at
the mnost ocononaicai, angle, and second in addition to
ihis by inaaking tue hilp.vertical paralle! to the post4
and ineroaing the inclination of the bAttr-brace. In
tie tirst arrangemient there would hc a little reduaction
of îîaat.crial iii Uie igatdrmediate strias raid their ties
and in the top chord, but it would ho obtaîned at the
exponseo tf the appearancu of the bridge, for not only

wudtherc l>c a varitty of incliùagtions, but the e:îd
panels of the top cliord being so laiuch longer titan the>
u ther paneils wvould give ta the truss an tusightly
jaspect. Agiaif tWîre were seven pasiele, it wvould
I bu stil! %voîsc, for in addition to ail tits variation there
jwouid ho anotmer uliflrent Panel lengtli in the. ehord.

t 'flli second uaetIgod suggested wild bu open ta two
iobjections, fir-st the tint appearance iL woîald give to

thet ends ofthUi bridge, aud second tue inciined tie at
flie lîip would. imuac tie stress iii tige second panel of
the bottaîn chord less tiau tlîat in the lirat panel.
TIlis last; objection is flot au important one, and coula

1 ho suraiaounted by iaaking the eîîd pane! oi the bottona
ciiord longer iliau thre otiiers, and the tie at the. hi1,

jvertical ; îaeverthelcss noue of these arrangeluenté; are
jdesirablo on the score of aippearîuce in a bridge of tuis
lacigt.,

Theli greater the nuauber of panels, the lme imi.ortant
becoîncai Uie objection of iauvin- ,everal differeuî incli-
inations, becauFe the prop>ottioisit irregularity woulîi ho
lass; but asq enagincers are to'îîîn te hlieva in Ille
ecoaioiiay of Jong paneols, and as dIle lugit for tucouoniy
oft ie ;ingle inkrsoectioij is in tige ncîg-hbounhqwod of
1C.GO feet, vorruspoudling to eigat or iiiae pmnel@, w. suay
conclude tient, aIl titings considerrd, the Prat taies is
tihe et for sinîgle intersctionbr.g.

-Next let tas tako the case of a 192 foot %jean, tiouble
Jintersection, twelve panels, live boal 2G60-iIbs. j'Ur linos!
jfoot, dead load 1 600.lbs. per lintal foot, deptit of tru&is
.30 foot; ,ad let us consider the strut at the second panel
pointu from the end, and its tie, on wliiclî li2 maxiniuan

slcrwill be 20 tons.
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Lect us t.tke te apex of tbe tâtît and tie at 12 feot
fron the side of Lime pantel, îîo4t reinote frot the nentre
of te bridge, antd iove it a fout at a tiimo towards that
side: the niust econitonical position will lie between
ihoese limite and éatî 1 b e tiî' hyisjttg
-rable Il pa1 73.

lu iiguring the abov'c table il, was :wsumned for ton-
viieule ot' coinparisoit that ton in;fi chiannels wei.-lî-

i ing iuetween 161-bh. and 17.5-lbs. pier lineal foot aire
Obtainatbie, although noue such are given iu C'arncgies
Ilocket Compaînon.

Any apparent irregularity of variation ini the ce.
lumus of the tales le catised hy the apîtroxinlate
values of the working stresses, %which are iuowever
correct enougli for the purposo of this paptr.

Tesecond table gives a less inulination, to te ver-
ti*tl of the meuot econoinit .4tit titan doses the lirst
table, the latter being, about oine in six, wliite iii thse
tiret it is about one in live.

'lruaa 4 drawn to s'ale, as were ailso ail tite other
trîusses, represeusts tIre arrangentents of tire mreulbers
%vitl the znost econîomical inclinations cf' struts and
tics. Its efleet is nieL at ail displeaaing te the eye, and
titere is a savin'g in using it in preference to the ordi-
mîary iiville trusa, but this saving is sucli a sîiall
percentage of the total cost of Ulic bridg-e that it is
dloibtful whether it would b. worth whlile te incline
Lhe posta.

lAet us take another case, viz , a 2$0 ft. spani, double
intersection, fourteen p'anels, 44'-f1t. centre to centre of

tchoruds, live loid 2400-ibs. per lineal foot, dead load
2-18(l Iba. per lineal foot, and let tire diag)onals be
hialved and intermediate struts be ised at the ruiddle
of te poste se titat lte latter c"n b lifgired haif

1leu-ftl. Let tas conaider the post at the tîtird panel
1poinit simd the main diagonal cutting its upper extrea-
ity, tiue shear being about 401 lots -ad let us start
with thde apex of the strut and lie, as in the at cms,
tweive feet froui the aide of the paneli.

Front tues.i data Table 111 page 76 is made.
1W ; inspection we sce that a Laitter of* about oe in

fixe for te s'.rats wouid give the in"sL economical rfi-
suit. tIse skeleton diagras of lthe trus,; would b- iery
sintilar Le Trus% 4, aul tIse ramirka in tde in connection
i with tute latter will appiy aise to titis caqe.

Pois am- sametimes desigued wtith ene endt lîxsd,
iand thuirsoctions areý in consequence aeuuewlist ruduced.

To sec lîow this wvill affect thi economic inclination,
let us take the same data sa iu cage 2, aîud fugare the
stints for one hinged end andi omie lixed end. Table
IV, page é 6, is te reanît.

In proporticning tiie comnpressiv'e menîhers we have
for the purpose cf facilitating coniparisoît madie usq cf
I"-inclu channebs where i 0-inch cnes wvouid have been
more economical, and wuu have nue4l uuêcious net given
in Carnegiea P6cket Conîpanion. Thse resuit of the.
'l'able is te show that tiie most econesic biltter for the.
etruti las not atI'ected iy fi,,uring fur one 6used end in-
çtead cf 1hoth ende hinged.

Ibid wve figured ini cass 2, 3 and 4 for un equal in-
clination of strut andi ie, we, would hlave fuund fur tihe
coa of 1-uese menberu 8' .s.0 82112.40 and $141 re'
speeively, which wooid have been the figures for a
WVarren girder:- the correspoidi ng amount for tie Lin
ville trotte are $140.64, $290.38, an.1 $135.53 ; while

i these for the tinmSe .upleying theIi. u oeconouiin-u
liainof étus and i«. are $137.17, #2378.94 ans

$131 .83. For titi firet cas the. figr 's w ire *13$.45
for the Warrent rirder, $83.7S for tne fil, tt trusts, atii
$81. 13 for titt trusi; viti te economic incinationis.
As far, thoen, as au uy pair or wveb mewbeni la colle *rnîd
the Warren giriler le the uu'o4t expeusive of te litre(-
stylsis uf trues, and by cotiuuaring flue diagratus of
'lrussea 4 auîd 5 we wtiii seL' tii tL tii- Warr nl girder as
a wh'ltoe i,; more expensiive thii nthse Linvitis. trues. sup
peîitîg for' the present th iL the posta iii Trus8 4'rs
vertical, icause compariug. tint two trusses meunier
for mnier. A and B lu Truis 4 iveigu the aime as A
andi B in Trusa 5, tIi. two haîf ii igual, tMes "'d the 1
post ttîark-el 1 in Trîîss 4 weigiî lestt titan tînt slrtt
niarked i aud ita countes-bracîng in 'Trti>s 5 andi the
sura of the wei-hts of thiiieiiibeis markedl 2, 3 anti 4 4'
lu Truft is me than te att ut' tii. w-i,,ba of the
corTesponding anembers in Trues 5. Altrougu the
diagonal lie iuarlzed -: lu 1'rus 4 la batht longer and of'
larger section titan the corresîpunding tie ini irues 5,
sud tii. twvo couniter ties; in 'J'rusa 4 requins. lire iron
titan the correspondîng counterbracing ln 'Irus 5, on
te olter lîaud the atitiicr mnarkei- C in 'Truss 4 wveigbs

ouly eue thitd of tiie correspouding inenîbr in rîse
5, and there ia only one liaîf otf titu lirht .trut iaîskedî
D in Tun . I to go against tile wholet oi'the- liîavy strut
marked à in 'lrusa 5. Aiiyone ut ail acqttainted witii
bridge wark 'till ses Liait Trust; 4 le the more econeni-
ical.

'l'O recapitulate: Our investigatiouns show ltaI, for
the ordinary bridgea met witlî in au engineer'a practice,
the most economical inclination for the strut le a baîter
oif oe iu live cr one lu six, but thuat tiie stviuîg,
obtaiued by it& use is such a mindti perceutage of the
total ceat of tite bridge tIsat iL is scarceiy wortlt
while te depart froin the usual Pratt or Linvilie
trusss: andi that the. latter tare îlecide-1iy chrtaper titan
thre WVarren girder.

ON HYDRAUIJC LIFTS FOR PASSENGERS AND) GOODS.
t'etv aIA'.NYt51lTN

<ConcIutl* f'nt Patye 4ts

l:.'erence was muade te the best generai of' htydraulie.
î>wer cluailà'hoits. It was cualv fair te umention, as the
autluur diat, tltat Sir Wins. .Ariii%.troîul sud Co. veut the tirist

.tu brittg out a lift in dit leuticutlar férs; andt ini bis own
opituiout nearly &Il the lpIu3'i'aic sltort'stroke cylituders uîssfd
te thc pressnt titnfk hall tbre-. COII'traCt'ul 0uit lts: idus. It Wai
uiser'foi'e te Sir Wnt Arntottroitit thtt the sale credit of limadn.
cis%: ilit clamt or' ale.pru'î bcloutd. kt wa'i stated,
tîbat it lisent short' tro1ke lifts t 'cr wm. a certaint danger, il'
the' cage vere tue neauiy baiancu'd, bî'cause there vie a chance
et' the ciuge stickiuag and tie ciaii runuuing off the pauliêy at top.
auud Icsvi:sg the cage fret, te (ail snuequentiy. Titat danger
however could l e utiîrely avoideJ1 l'y windiuug ,ýf assyotu wouutd
ot-nsisg a largp troum heltw, alld wineihgef itons tilt bottent
of tise r'age- as yoit were wtuidig efou the u top. The cage
coula îhlu' lie b.ulaac'd withsi ai uw loueds of itss weight. and
voltil let a "te ,s. Thtis pit us -leigus"i by hinîself, and
hait always verkctt perfectly. With regard te the vinuling
druins, in Snell caties luix eu srie'ucs' la la bren that tluev shbould
be niatle lirgr, sudt that wire rmis.% ilioni.i never pesa over a

cilryo legs diameter tisan frout 14 te 13 incues, 'sud aboutit
kitst " direct au possible front the toit u iley to the dru.,t

witlao'ut lîa.'edug sucer leading lîitlcys; oteus'rvisse l'y the cou-
sitaht, lendiuug of the reu in uifl'-rent directions it becste
britti,', and ut lait broke aiIutiuy.

t vau reusarked, that with dire.ctsctiug rani lifte ihenre
vs 4 litait te lte he'igbt i whicit thry couli bu usseti. l'ae'
iicaliy iuowcer Iluerv wu n lisait as (su ae the or.lisary bui.
itug' i ts Londons audeiaewhere were coutSced. Ti.heigit of
an houel or other builing vl-"rs a ho;st vat useil e«uiiuy
wseld not exoeed $0 or 100 fuot; andu au oa'dhua 7 mmani d

Ni.treli, 1883.1
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TABIE 11.

TIES. STRUTS.
1 1 Total

Setf-n Islv. w! t work'x Sction wagh Total C. 'Cst

Lenggth e S s tq. Length S Lengh ectin. Stre.. Strc tu o Wgî. l ntýe sec. stres.~ i Consolos u.Ls.ý2l ~8Lba.

1 52.15 1.185 47.40 9.48 55.1511743 81.92 45.61 1.037 41.48 12-23.92 2.890 14.35 2182 1410 3592 197.56 279.48

2 52.70 1.198 47.92 9.58 55.70 1779 83.61 45.35 1.03141.24 12-23.73 2.807 14.24 2152 1404 3556 195.58 279.19

3 53.25 1.210 48.40 9.68 50.25 1815 85.31 45.12 1.026 41.04 12-23.53 2.907 14.12 2123 1398 3521 193.66 278.97

453.82 1.22348.92 9.78 56.82 1852 87.04 144.91 1.02J 40.84 12-23.33 2.917 14.00 2096 1393 3489 191.90 278.94

554.41 1.23749.48 9.90 57.41 1895 89.06 44.72 1.016 40.64 12-23.17 2.923 13.90 2072 1388 3460 190.30 279.36

655.00 1.25050.00 10.00 58.00 1933 90.85 44.55 1.012 40.48 12-23.03 2.930 13.82 2052 1384 3436 188.98 279.83

755.61 1.264 50.56 10.11 58.G1 1975 92.83 44.40 1.009 40.36 12-22.91 2.937 13.75 2034 1380 3414 287.77 280.60
ai

8 56.22 1.278i51.12 10.22 59.22 2017 94.80, 44.28 1.006 40.24 12-22.80 2.942 13.68 2019 1377 3396 186.78 281.58

9 56.85 1.292 51.68 10.34 59.85 2063 96.9G 44.18 1.004 40.16 12- 22.72 2.946 13.63 2008 1375 3383 186.07 283.03

10 57.49 1.307152.28 .0.46 60.49 2109 99.12 44.10 1.002 40.08 12-22.65 2.949 13.69 1998 1373 3371185.41 284.531 11 122.5299*35 9817
11 58.14 1.32152.84 10.57 61.14 2154 101.24 .44.05 1.001 40.04 12-22.61 2.951 13.57 1992 1371 3363 184.97 286.21

1258.801.33G 53.44 10.69 61.80 2202 103.49 44.01 1.000140.0012-22.5712.96313.55 1987 1370 3357 184.64 288.13

13 59.46 1.351 54.04 10.81 6 105.80 440 1 00 12-22.57 2.953 13.55 1986 1370 3356 184.58 290.38135946135154.0 1081 62.46Ii -2 S 114001.000 4 00 22.7

TABLE IV.

TIES. STRUTS.
Total

NO. sect.. Uqa'. wrt . Wotk's sctio. Tota' cot cost
Letah sec. stre. ln ic. Legtb la8 JLeagh Sectio. Sue. C . Lb.' > $

les. 'bs Tos b. r .

136.06 1.202 24.04 4.81 39.06 626 29.42 32.31 1.077 21.54 9-18.56 1.933 11.14 1199 773 1972 108.46 137.88

2 36.62 1.221 24.42 4.88 39.62 644 30.27 31.96 1.065 21.30 9-18.15 1.956 10.89 1160 766 1926 105.93 136.20

337.211.240 24.80 4.96 40.21665 31.26 31.62 1.054 21.08 9-17.76 1.979 10.65 1123 759 1882 103.51 134.77

4 37.81 1.260 25.20 5.04 40.81686 32.24 31.32 1.044 20.88 9-17.4 2.000 10.44 1090 753 1843 101.37 133.61

5 38.42 1.281 25.62 5.12 41.42 707 33.23 31.05 1.03520.70 9-17.09 2.018 10.26 1061 748 1809 99.50 132.73

6 39.05 1.302 26.0415.2142.05 730 34.31 30.81 1.027 20.54 9-168 2.034 10.10 1037 743 1780 97.90 132.21

7 39.701.32326.465.29 42.7075335.39 30.591.02020.40 i-16.592.050 9.9510157391754 96.47 131.86

8 40.36 1.345 26.90 5.38 43.36 778 36.57 30.41 1.014 20.28 9-16.392.062 9.84 9977351732 95.26331.83

9 41.04 1.36827.36 5.47 44.04 803 37.74 30.27 1.009 20.18 9--16.25 2.073 9.75 984 732 1716 94.38 132.12

10 41.72 1.391 27.82 5.56 44.72 829 38.96 30.15 1.005 20.10 9-16.10 2.081 9.66 971 730 1701 93.56 132.52

Il 42.431.41428.285.6645.4385740.28 30.071.00220.04 9-16.002.087 9.60 9627281690 92.95133.23

12 43.141.438 28.765.7546.1488441.55 30.021.00120.02 9-15.96 2.090 9.58 958 727 1685 92.68 134.23

13 43.86 1.462 29.24 5.85146.86 914142.9630.00 1.000 20.00 i-15.93 2.092 9.56 956 1772 1683 92.57 135.53
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HVDRAULIC LIFTS. cage could be raloed 100 t..t wlth the groitest oea.. If a lift

Were needed for a greiter heigt,-is at Queen Auto'& Min.
sienit, Westminster, where ho believed one vs At work, mode
by meuers. Bston ana Andermn,-it vas easy ta previde à
second lift, starting frein the levei where the allier ended. la
tbat way there wus practicilly no irait to the beight thst coud
hoe worked. As te danger froni the use. of counterweighttsumd
chains, hoe maintan& that when au apparsîns of tis kind
vws properi; designed thoro vas no auch danger as stated.
Th ari ot pon the ram, described by tho author, vas a
matter oftheoy rather than of actuai practice. No case had
over occnrr.d in this country, to bis kiiowiedgs, wherc, ina
weli conatrnoted hydrianio it witb continuons rom, au icci.
dent had taken place tbrough the ramt breslcing sway front the
cage. Ho had seen the ift at the Grand MIotel, Panis, t
*fier the accident, and vau not mach sarprised that i
tîken place, as the construction, especiafly at that part, vus
vrery faulty.- a reman- which appliedl to a gbeat many of the
Frenchi lifta. A fait ini many hydrauiiii lifta vwu that of mttach.

in the coanterbalînce chain to the centre of the cage. Tiat
ahould nover ho dons; it vas a very danzereuç practice. la
bis designa there vere tva chains, attached te the aides of th.
cage by java; riveted ta the. aide scapending irons; ,sud the
chains and couniterbalance vol g tâ paased dcvii greeves ini th.
waii st each aide; tb.re vas thus ne gear vhiever overbead,
and ne accident could arise tram that cause. In addition to
tbis the top of the cage vos mnade, as vas a snal, cf j in. boiler.
plate, sc that, if thore vwu a fait ef any heavy veiht frein any
of the flcers, the palsengers veko stil afe inside lb. cap,. me
did tact agre. that ther. vwu necessailiy uny danger ini nsung
lifta cf that kind, and hoe vas berne cnt in tbis atatoment by
the IarRa number ef sncb lifts thst had beau ini use fer many

Yom vithout any accident eccurrung. With bis evn expérience
If aver filteen year, hoe ceuld point te, iarg &umber of hy.
dranlio rom lifta weiked by connterbsaacea, vhich ver. in
constant use, on vhicb thons had acarceiy heen any repaire,
and wjth vhich certiunly ne accident had ever eccnnred.

The autbors cvii design, ho ceuld net think a vsny

geed eue, becanso it conapriaed the aadition, of a very conapli.
aed ipparstus, very liable te gel out cf order, sud veny lhkeiy

te til aI a criticai moment. Âcoerding ta bis ewn exponience,
simplicity cf design should ho the first consideration in, ail
suich cases ; and that certaunly wenid not ho ebtained by th.
addition to the origui na achinery et sncb oonipliested appa.
ratas as vas propesed by the anthor. It vas atated, that
hydraulic paisengen lifta coadd b. ra et asapeed cf 200 ft.
per mirnte. Of course high.pressure lifte might hoe ra it
aimoat any speed ; but h. thougbt it vould ho objectionabie to
run à lift et sncb a speed as 200 tt. por minute, as it only
frigktenod, the publie and prerant.d many freon ung th. lifta.

'Fig. 2 5.

Sni~f

i
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If. l" i i. tii il. <vas i-041 îlt sf. te ivork lit lin i,' thiîii
1010 o.r 15o IL. lier ininitA. 1*. was alIse .statel,. ili.it LImera
ouiglît tiu le donr' te, lit(- rage ; li iii li.i opliii th) liey i''u
raLlier au i'ltiiîeuît ef datnger thlîaî of 8aurî'ty, siice iin aille casies
(lit, of tell tliP3 wel'i ilever cleî. As tel it4 livinîg îlesiratilc
fur ait uattenîdant ti> a'îrk thîe lifr, lie tlîuuglit it waq.is îiLel3'
tiect-sqsr%' foîr the <.fety cf thil pniblic thiat îî .4killeil attendant

It was ,,inted, tlîat tit- acciinuitatiir gave a niiefut etf't
cf 4 j lier cent but it liait Loiu shoiwuî by flic exhleri.
iientoet clir WVni. Ariiis;trotig & (Co. tIi ut tilt- usefiti el'cct was
reatly as lîîgli a.% 'il) or 93) lier cout. Theîi frii'tien of the rani
litIiilîilrnîilic lifts <vas iîi'îîioneît, a% if it wore rattier a, serionîs
iiaist er ; l>îît iii t-xl,-rîiîtsjt lie liai îi'-In sonipa twt P.' lr4 age,
lie iait rounîd fint a tî.ili. ranui, wîflu 1111 fc . 'ail eh cater uquit
it, <tut îlot reliure niort tlîau *2 11).. per qq. iii. pre'saîre te neîr.
conte the f'ritionm c'f the leîtth.'r celîturs, clîajîî, whlîes, cou.
teribalaiice«, tnd iiiat ih tua IMI1iv î pi rua. 'Itaki ug it1ecI usî'eri
tien ttîe fact tht its c. ageint thts case titte t verv cloeily te
tîte gui les, %vltii'h cf course uiîerteasetd tflctrietiosî, lic thlucîglit
tItis Rhowéd x vcrvy sîial amoecot cf friction fer au aîîîarat.îs
capable or lif.imîg 1-1 to 24, eti. it <as statod ttîst gai eii.
gicea treresîthl fer duiviiug puiunps for hydrauîlic lifts;

baut lie tlItouglt a gal, eilgiie <vas ait expensive illactîille te 114t
tf'r surit a pu'rpos -, esical'wlipii il wsas possible te have a
dlirect lient of w.îter freina tank. WVjtli regard tii low.au.t
lîigli.pre..îaure lift,, Ili* flîeîght it leur tiresures werote i h
l.refoeridil bec ic-i- cf tlu.'r %tailler leakige a-id thec fart tlîa:
tliiy o ail lb', ttsîl altdr tlîe pumulping engine liad bie.n stoppîcî
fitr soin-" btsr; ,whl.- tli" weaur wiî1 tear <vas verv cituci avial.
1--r, andithLe risk froi uIîirïtiug pîpb.'s was aise, re.titc'î. whlerc
two' or threp It. it ' <a v mrt' iro-k"îil in oiii pla.c..l>u.ît
stire <rare ceiii l l ah iii tx rciîî e *î* iîe:i;al tilti hul.irî.i
lts.

As te the lîyîtraîîitic, tifts at he Seacolilhei pier, it auil.
çe.ared te bîien tîmat tilt credit cf tlîua planî ws realti' due. te
.Ir E'iwiti Clark, frontî %viose *teâi<'iisni ex ictly thue saintj
thing had been put up at Aniterten oui the Rtiver W'eaver.
The~ tietlt ha. ts aie tisetl nari) ettuer iîuntaîîces, asile.
cially ie tii. nortIî of Enigian't. As te thet' *îîlioîtcu wîY lîy-
draitlie lift wî'roc inlure *n-îrally tuseit for rat"tlig le"smt.t
gent c&ed goeds, tînt principal reson ws that peopîle iii
ton many instances% fint t ii. conrtige te make tlîe nert-siary
outtay ; îhey lonkeiltamnte te, their jieciets titan te the î'npîîr.
tant elenîeuît if savitig hiumîait tue.

Before qittini& doa'n hié slieuid like to re.fer tu a "tatéiînut
made by Xr. W'aik'r in rpferenrie te wvnut gparluîg. IlIiiiself
,faite agreeîl wjth âfr. llinîgtonî Liet tlerp îAas an 'iîi"
lots cf primer front tii. frictin of woert -Pariiiug : suit liw cou

.siîereît iL w.e% the wvnt forni cf géar thuat ceîîtd jiosilly li,
tiqed for tîfiiîmin. Wjtt regardt te bett geai-, lie aise, agcr.e.l wittî
Mtr. Ellinugtoun, as :Ittinnt Mr. W'stker. le hait so'fa ariens

aî'iii'ts niuîg etiey froni tlîe hreaking of the bett. ti
thcae r.'Ixes th.'uî.iii pe'rlîams b.'..t sin s4fety gear, or at aity
rate onlI' cf a vi'n tir .1teseritîtion. %vitil i'csnt tu pilteil
elaitî' altlitigil tlîe v v'ciîtîi iit-4 iniil muauîl cases Ver ceuuvî'.
nientie, Ili. tll-'uuxtlt tti'v <vei' tî' iot dit'iu fnrin cf chin
tlîat cecik pOtïililv hi.. nii for a I)teêip lift. 41, fin an Iii
<vas couiceruiet lu xin h' iiîcrr, if hi, enîihi lîi-il il, :uttnw a

pa. t e) x trave i' nii lif~'tuf r'uis't li~ <i pitelu ctîsin. 1'V<liii .î
Ilîsîk tinattv i te lii -dauîie lift, <vhieflur it «'as of tlPIi utgui.
plressuîre, «r lîîu'.îrPx.aiî kiivl, lit' tuoiett a i'ctîtuîinneut uir.'':.
acting miii <ian ti' eilv l.fî'ls ift1 in u1u4é at tute praseuit
tie. .4'iîtllr e P91111% for ~ aandI goets.

Mr. Afreld t>.viîs 'iiil dluit p.'tfect gafety, î.ri'îai'in thîe
<'<.5 cf pius'l.tw <a noe dI.-Iîtt a tîxiat qIt-'s'il..) Av'teniit iii
tîftaq ; lbut aitoc:ii,î i'eîtriv.li'es w,.re inr" or lia ti-if4
andî, uts a îîîait.'r nf eirt', who eîi iuriis-d li.'v «'Pre gîiiersilv
nuit ot ilruer. *t'lerp i' v ii.ixî'i't'eln u.'rîn -If afe'ty aîbi.rstlts,
iuiventeît byV N.r. F-*ltlen1iu, wlii Il w4'r..i. fronti ti.. îilîj'.'lnu
anît îx'icu wsax now living v--re i"ct"uunirv e î" ili \ttlu<ri'd.
The is1ft clîauuîhr, Fig~. 25, lig.' 77, v'ai; euntii'itl 1,-In thte
.'îirfacii. of tuic groiioti as ait stir.tghu wt 11, th,-ui'ptlî cf tvhi"-it
w&%, asa ruIe, abnitt oîi.,'glit or tini,.în'tlfili the lîcighît of Ii-.
litt ; it viaç stiLItlv roittrar.ei towuards' the. belttoin, an t t lie
ciégt haul a urs l.e'ttitarib. or Ilî"tl-r reuîgtt thi' litt'.ît
cilgP. Tiietu?, li ras-, of x fali of lb.' <'ake front ans' rïnvi.. th,,'
re'istAuIcP. of tui' t'iîabîcui of air Ili tii, wu'lt cornibliti.V hrek.'-
the fait. lie buait inisut' in sêeral .'a'.en %réii gl'se f vr «<'r
anti egg% t liatt Ill tht' cage, anut, aitt'r tîn reti', hait b"eîi r'ut
or the' cage tibera-ttvd, tnt a panticle of <ester hait been .apilt.
suit the eggî hiait rentnetl qute intact. Ilc hait beon tehlit
thaI many passengers hit atso been atiewegt te (ail, in sonie

-I <*. 0 1E -î lti e ll it jui uf.ri. neic iijuirv. I t liaI ao
IIIi'tt îr..ialy Mir. Lui t herpe, 9a1-1 carnie. t ct iii 5011W caîîseý,

ho. l..i,*, zo tii 'kîî ii.9 ïhiart or the lift anil tilt- deelrâ per.
Ifectly :irtgî,and tlîus inake tlin shiait aiîswer the saite pur-
Ipotc <as the air.tigikt well ; un tliat ini case oir aut accident the
cage, ilistadc or fitfliig te th(e iottciiouly dreiet (oiw reet.
lIn <uit cati' a 1talî.vah'e A wais provi( ed <lt the bottoin of the
bhafh, .lii.nig inwarîts, l.n as to aillaîit air freely wheii the cage
wa4 risiîig . vihile there %vis .siuliciént leakage round the bot.
I em eilisi' of thé cage to îliew of iLs utescent at the ordiuary

rae l belîced t fl pi jîi1îlî of the Air.tiglit well-uot that
of iil t eh entire iltaft air.tiglît-uîd byý this tis been

appfldto a large îînmîlWbr of liftsxiu Aierc% :cd :11»t:the

or'1r. U Il1. Ta'eidll thoih h li:îperîvti a eyitrsn
cue, qqîocal IlIr. ElIlinîgtei liad t-ude ahspccialty, an

,;uiec -fulty so, of itributxiig byulratlic potver t saisat con.
aîiiiiipr ; %aid in coiiction with hifta lie had, lit a111 evolits,

mai.de certain su~'eteswbiati %Veto de.servuiig of attention,
Tihe eiity fauît lie coutil luit with tiîn palier wira tiuat it advo.
catel eue piartictiiar 53'sti tou iuih lit theq exui'elise of oth4ar&.
For iuî',tance, great doubt hit heei ttirowix on1 the etticacy of
ellains. Noir in inany cases, licito as imnportant as that of lifts,
lives weri' cutriistedin tes or chain4, as iu the cast of mines,
sluip's cailleis, &c : ad wtiere accidents occurred they could
geneýratly bu traceil te usiing tackie liaving ton sinoil a margin

o f strezigtli, wzith al view e! ecenerniiîîg iii tirei cost. Chenil.fnass .41011Mit tît enfer ilto theo colisideratien or aujiv Iachilàe,
,ticht .'ia a lift, wlî,rc laiîi. iitc. was :ît stake ; but if sutticient

î c:îr. was tikcî ii the chies.' cf Ithe cliaiti, a sutticieiit Diax'gin
of .satety altnw-îi, andî tlui. apa)iîtl duty attondied te after it
içisï jîit Ulb j .xlnchi w.î.n cille et thîî iiost imnportanît niattera), hoe
thionglt Lire %vas, stîI. mouni fur tuel use of chain lifts in many
case,;.

Witli re,ý.Itpd te ',%r. ElIlingteîu's lift, the fact that it reqkured
aic Ite;tq.room for driina iq viîtr weuld seietinies neau
atilealitago ; and tie whle oi'dslgtu <vas ilmndeîîlîn.'îlly ait tnt.

I lrevenient nu the Frenchi systeun referred to, cïpecîally in thej îrinciîlc <if using, hiydratic poecr tlîrotxiout; the whlîoe

*He ceiîlu iet agrec with the remark, that it was an
aîtv<itage iii the caite of a hurat cylindecr or pipe tîjat the hemp,
parking of a .iirect-acting rami served as a brake. If se. it wua
alîrakt' of a vî'rv exliiuiv3 description, lîecaîise it îust; be on
all tic tite ct îvorkîîîg, aud fls sbotid mchl preter soe
ottier alcies if retitrduing ttia cesc'iît iii siiel an entergency,
ratlier thiaii taviig t.. tuhti ni tue. plickini, se machl as te
îîcrf'rirî ii.' tiinctieiu of ail aîîtoînitic tir.uke î'very uie the lift

î''iutel W'utlu r.eféroei 1 the lise cf %vire roeli e lait un
îliîtit 014-V 1"cril tol.rahîly mfe, if thiire c(oild h sîiliciently

large<' tlrîi'i fe 1 i l*ii te w'rt oVer tînt, lit, liait liai, sea x*
peri'riî'. uh tv arm rcîen iitîn"tui withlîlifting< weight4 cf

t at<oî:. :nî 1t.1ii thi. il.;I-ftit c'trft olet uit*1, wai vî*ry senîsîl.
Theî< r.îtin '<t l<'igx tei .1iaîistetr oil r.u'î, wai iii ou.' case a,;

îîîîîî hi a, _12:, 1; a i < iît woîttd lie'iî'v.i~. if %Ir. EllinigtoniIw-îl ti i t luis î'i 1i.riî':i %v i witli r«.alie't til '<iic very
Ilong andt thut n.0111t1181-4a an't the.arliu.int tui-ii.S:~ps

the. c.ig< va'. tel j.1il 1q, aliii .'uîi't-lit, .îî' liî'r w.o; ahi exceas
Ill tr~u e list Ivoit- h:&lIIeLî ? liitaîrf'en' te thi. ranark,

abiltis%- di tl"nî'ice iii ti 81ress oit 4uic!î iliuî,acrli
t'i th-e Ibnnt w'eîri' it wa't t ukîîii, tlîeui (:iîiî1 li' littie dutt

i .lîcît, ttiat. Il wt-ç ait inhî'ivstitig fut,<nît very apit te masiii
t te notice cf thoIis wliO «'<ri' tnt <itiiiiilt ngeit in aticel,
work. Ne ,loîîtt leiver tlt-~ rai alehthe inaite as sînail

it ii liaiîiî'tîr a,; w tiî v iinu'temt, witli aafity, liicait.e where thpre
N"î'. uts, <nzi i î iîcre eam-8' '<t tilt- lbi"'*siilt tien, going îup

500 or i*.Oîl «r <'veni Mlo tulles a -lav, aîîy gî1iti'ti <if .connmy
lioiinî. n oitf seactri (~'i<i, f gri'fticîr c tItis of

r ira' <lo it auîî'lv te Mr. 1El.liiigtusi'a lift, atil sine otliers

Vilei iîîr itleccirlbini thi, otetlr fuirinsi of liftan. nmitted
aniv :ulliisii tei tlîe C ' tue Eli*v.tor, of wiih thuere lcrf, sone
ai uu'îrk Ill fluityîî, atid which %voi kcîl teeitinieiii, ain
ritul a Iirtn:ii Mt top1 alit tiettiin. Ile.rltisp %Ir. Eliîîigtou c'oilît

ti,'s.i I itî"î.ti:toit cf tinw thiat ira, arraig.il. Sr.eaking
cf ciiriiri, tilt', fi,- tiiiglit r.'tîr tii tlie olwîratia* lift, piatentr'd

Ili- I'nititi i tel 102, 'id *îru h i,'î hilhî In terns flot m) :noe.
-i,»ýt as thie iu*îv thei anither of the. îîppr ili i'efAreîire toi
lia iiiveoutii. Mr. ltruînahi, ait.r t1escribiiig novr lie propeaî'dil
tii tilt anst tea'er wvt*iîtt by a c.oiupoiunut lift, nu the princpliel
of tit'ch 'sglv. or rneiniîîîîe -Aîlîlug tcerye'xîiainedl it

Ithuîs:. Fur iîîat« îîce ng, 1eî I <'ani'ftire hîaîîîreit tubest of
Iive feet iu lciigtlî te suitte ea wuthin ainother, perfectly air anti

r-

[March, 1883.



Mard, 1S3.1AND TRE INDUSTJIAL ART£S.

w,îler tiglit '(thon followeit certain details o! construction,
ai hi! eoîii'.)dtiion it mîut alippar tiat, viieu ail these

tifin-; irt! qliglé-t ont ta their ultjiiate boandq, the' aggregatt.
ttuiude wiIl bo 5 500 - 2500 ffiet, anîd wiiich efftl bc piforîneitl
il r,.quirvd if a few secoud . nf tittie." à1r. l3rainali evidleitly
liail a fiigit npui'îoîî of titis inivenîtion, for lio coîîchitdeti hy say.

ilig s ut libis Patent tues niot 01niy dUfrer ili its itr * and
fil iîc.iitii extent of dlaims to iiovelty, buit rilso ils its
dauim, t'> menî t anti sulierior titi fity, coniîpîreit with .ny otiier

pl tt. tît itver heforo saiîctio sied by tire legîsiative aitiiority of auiy

VI ý%* f.Iihtouh h irst tin obe observeilitien

sîimplhe iii thteir iletails as possible, wtiî foll wolkiîig îîart anîl
lroiliargîs of atrength. For elllicicy's sako thety requlireit

îe% fuýw lfiistt roi autU Mlson packiîigs as loeuible ; but Mr.
Plfiiiîgtoti linil introdIuced litrve tinuesas îuariy parkîings ici his îîew
lift .u a, vre requirei l theoarîlitary ulîrect.actilag Itft. ho lia-i
fimir fi lei4nduiîiiultiiigapliaratus, Figï. 16 17, Page 3ï, naîiicly,

tw4e.4iilliîiigboxes snd two pi4tolis, be3iles tine fackigof tiiehft
rauus. Now lie lir ce*rtain thiat tiiose pickîings wottld i actia
furutut' fît. et sourcre of great inccnveniencc. Thei psackiugulî
ail- r--ievtl of lutathers, if leathers 'vert' useit, or tite iîitrottuc.

voiti of tuSw p îtrkings, if henup packîîigs uvero ineil, wotild ho at
ýg..urr' of uîtuch more freqfucttt work ou' thiose alto bol ta keelp

theIiti ins order, andi et the saine tiie the eflicioîicy of tihe lift
wonîh' lie imîîurtsely reduced. If wtith ait ordîîîary halenceit.
rilitt 60 tar cent, of ellicienry couit he obtaiued. ie î thouiglut
tiai more t han FÎ0 per cent. woulit W obtaited uvitit tue fitriin

-ilincçis in Fige. 16 17. Mr. ifeurtvi,é liait. giie in tli, aaint. di.
r'tioi, Fig. 25 Page 37, butt oîîiy hialf as fer, hfi- lift liaving two
extra lbckingri insteaît of four. lie himnself failed tu5 sea la
wlîat tlîe greeter. safety cf tîmat tyfpe of lift coiisi4utpd. fi tic.se
f the liurstiîig of a cylinder in much a lift wlten near the' toi)

cf its qtroke, serions restlts coutlt scarcell ye ha aoided, as the
railt woiilà descend witli nearly the' foul velocity dlue ta the

fi- ighît, white undter similar circounstancea tire ordîinary ranti
lîft, witii coîtitprweiglits, wotiid descend set a reduceit uelocity,
jatas oiirretl ius the well.ktown Atteontîi machin.

Ie thioroughiy endoraed the renuark, thant "'worknuen
andi others are. in the habit of travelling in goodi lifts,
antt au îroltihitioîî againat this practice ie productive cf itîcon.-
venience. Considerations cf expeoso lioteever wili oft'n sand

uni the wav of tht' adioption cf tht' salait kind of lift for goalis
atone." 'Ife thought, tiiet eînployers et; tht' lre-sant day neetl.il
t hi vers' wary if tbey trusted thoir servaîîta ici gonds1 lifts
ahicî titey wotiii net; con4îiler safe euongli for utstr.Ife
hli flot niet %vitle any Sucli Cage siti&. the' Emilloyers, Liabiliî%
Act carne lotol force ; but lie shoîtit tbink tiiet, in case cf ael.
(lenit, it woulil go badly with enloayer.; wli hall conqiltereit a
lift %-Ife etiaugh fier their servanîts ta travel in, huit at thet saine.
time lent saf.. enoîîgl for aseger itse. That was yet autotier

resnfor hesitating ta eplor îu t wihvaloaegrrî
alicra lîînen liae vas% at stake. "

. g , b tiioranghly endorsei whet ats sait, as ta
,alî.ty nîîparttus. Tire note et the bottonc of that page was,

lo-> thcluguit, tespecielly suggestive', 11811101y tlîat cuit of eievtut
elevators, uthose, faîl wxas repnrteti. ouîly twa aire uunliroviclr.d
%%ltti sifi.tN' catchles. Ife dit flot hiuîîself reneniber auiy cîAq-.

iu wlui a lift accident liaid been lurertenteit by e saféty cateiri.
tVht acere calfeit çafety eppiences for hy'iratuiic suid otfiîr-

lîfts arere iîiîniiierable, anti liearly al], whleut in perfect crdltr,
arnulul prabînbly bu elitxtive if tuie chaîi or rope wre suilllthniv
cho1t 1sf il titrougli close above tire cage ; baît tiîat ae a cuil.
tioli (if tiiiing that rarely existe4t. Au accidlent mîglit cf course
takî-1 Ili-tee un that wa -. bîtt ili a geared l 1r, at finy rate, soîsna.
uiusu- geier.îly hrokèe t same îi-stauit puart cf the illciiuuîisni,
an tesi~t ai itriiial strain on the rouie or chairs, wuhieii was f luis',
muuthiieiit iii aii ordînary wsy tu preveug the c-tlits tronn

cnîlng luito pîlay. in nîost cases of accidents ta geareil iiit2,
ut wua alto found tiiet on tba day in qusion the ,;stely sppes.
ratus was out oîf oerler. The feet Sas it avas nrîu>oîly'ci business
in sut.îif tî uts, assi probahly it hait boers ont of onler for yesr..
-qtuIîIiauV tia re AC pfuarstU$ referrei ta in eoiin.'ction witiî
fialpower lifig, wre fot rêlieble ; iuatfeed hA lîtli.ýveîI

,;ni,- aîcidents were actnualiy rausatl ratlier tban preventcul by
:ie %ii-hletiieff wath which seoma brakea andi safétx giars3 carne

Th efficiency cln ab ydr,.ilic lift réachedi its maximum utheut
working ut te lavest passible speet. lui order ta ,eark et at

fipedt fast enngh ta be practically nerviceabie, norne elliciency
niluet ha sacrifice.l, the lIoe beingex1uenfled in overcoining fluid

friction ili the pipi.s anit valves ; the rcester auy lift was
wurkuul the iower ils eliicieiicy becatne. Thu% it resitlted that
tfle speed of n lift was pritetically ]imited by the sixe of tliv
pilles.

M~r. Jeresniali liadi sali allusion hiai been made hy Mr
Colyt.r ta dirilo.rîcting fetearn lifts Tltese were litrgêly 1u4ed
for minerai andiî goo 14 pitrfioses in the North of England, espe.
ciaiIly nt fliindries, wlit-re tire use of A long ilsvertnil cylin or
as et lift for the curînia waï vory comuon itîdeed, and wborked

rctniiirkitlfy tvell. Steaun cyliîîîlsrs woulit prohabiy do anything
that hyîlrattlic cylinders would, iii the way of lifting, providedt
tfî.. were livide proliortioîî4te ;bat tint objection, air ho took
il, tu uïiîîg. 4ttcsn cylinîders foîr quclt purpoçefe lay in the elastio
nature offateain t-4 eoînpîaredt with tht' inellsatie nature of water.
For instance, if the lift stock by ressson of extra renistance et
a î)Itrtieui.t- 1p'iiit, dieu the steams roe ilu prc.ssire uniter the,
lift, sait whî.n the resitatnce was overcome tire cage ran away,
or, as tine workinet caflîett il, "îude. At one set or bat
furti4c. iii the Cteve,'i'î district there tvas a direct steltfl ifs;
-a r.îit contîng fil out of a wlwhich raiseti tire materials
for the' fiirîaces perlitlas 9;0 or 70 Ir. Trhere hait beau a very
bail accidenît wtth thatt lift Naue years Rince, flot; owingq ta any
siiatchiuig ici going fîl), but radiier iu cotning down. T'he lire
Ih.d got to tire to), aloi the hanieé- bait heen sO placedi as to
allIow it to go dowîi, but for morne ressort or othier it atuck. Of
cîîrst' thut'eamt ail esca1teî froin hpripath the ram ; andt thea
the latter got free, aud carte îlowu witiî e ru, causing terrible
damtage. S'ucft a tfiing coutl tiot liappen %vitft water, as long
as it huit to lie forceit back zigaiost head.

liith regard tu e.coîîouy tri lifting lîeavy weighti ta gicent
uveigh:s, :liey caulit flot don botter thit t'trn the-ir attention to
tire inetod, adoptetl in colfieries. Thtfre ali Rts of ways hlli
bLet tried ils past tinté~s, aund thev haif ".nnîa round ta one par.
ticular în.ind, whiclî wis iiow prev.îleut, evorywhere, nansely
ait engLite wiudinz snud uîiwiniding a rope upon a drant, this;
ropo Passing oever s'hcaves aîti down thet pit. Tre was Poilai.
hly crie iuiironwaunmt oin titis. which might ha meîîtioned, and
tiret was a tlt des,s:etd le Mr. Il~itiwqon for Mlessr. Stauel.
8on's lurnaces -et Midtuboî e.hre there waq a second
staging, 10 or 12 fît. above the chargîng staging ait the top
level of the blast ftirnaces, andt on this a regitiar engine.honse
was bult. 'rhat engine-hoîtse containicel a double drum, having
a cog-wshîeei arotnd the pariphery ; lotol thet wbeol geareit a
pinian, whict wvas worked by au inverzeit etîgine direct. By
tist, arrangement the sheaves tualter the direction of the rope
wcre saveti, andl it was as direct a lift as conIli p essibly ba con-

ceived. It uras in fact a retiru tu tbe old.fasuioned. arrange.
muent for drawing water froîn a welt by meana of a horituontal
rope.barrel, uviti a4ceu'lir, and descending buiekets l'aliîîing
eacit other. The onlv titste to ha taken iip ta the. fullf heijeh
of the euîgine.hoîtse was% the. steam, whicit or coutrse littest itîolf.

Tihe niteous at thc bottom, where roont wa very vu.intble,
was got rid or; andt heing ai direct lift, eanstrîtnteil with onfy

aut1 1fanion nt wheel, it 4-eened ta, hlm, abrent s Rafe an sran.
c'entent as cutl ilicenibly las coiîcoivedl. Att iched ta the cagf-s
were double stecýl-wire -nop-a, cacl te n itificient Wu curry the
whole weiglit if tho uther shoid break.

Mr. Etlington, iti rsply, maili had int cangratilatot hinuseif
oit the' geaier4lcneut of opinion, tfîat there was only ane
realfysRace style of llfs; ta bc adoptit for iîîa-senger use ilt init.

inig.s, naemely tue direct-acting relit. Tiet, feai; gcing n long
way toirsrda the s9peciafluto of ilh. liroh] eot which ha had
eudeavoureit ta lay bcfore the' Instittion.

Mr. haïk" be xpressed. his helief ici the dtirect-pacting
prinicipie, btit tiien liroceaiei tuW say that lie le lihai1 confi-
tietce in a nafety apîparatis becense lie bold kuw)%it uas.3 in
whieh it biail liren soc Ifnl rôiîght inta, opmrnsion. Ho
himeelf did not donitt luit for a itiom-nt ; lent tht question
%e.s whetfuer stnch apperattie cotil hoae y itepeonl ont, sund
ho, thongit, ino aie woulît rasally inaintain thet they 4:,bit.t lme.
Mr. liich hall pointfeit ont the tris cAnasf of siîenv failîrisi in
sarat%, appîaratua., wuhîich was that it; coutil not oîne ito operm-
tion except wher. the' chain broke inl a piaticular way. That of
cour"e was the w;ly elways sehectaii wlîen tIre appa-ratiua Wtî
îuhown oti*. A% atu illustration of howie xceilent4 halblmened', h.e
ntight mention thaz. ha liait known eeverlet instattce., in whi-ih
tire cage of nt lift suclu ai th.t show» mos Fig 7, NO. -0, haîl4

%tiuck ; antei if thera was no coitnterweiglit to the rm, and the
valve was osenut tît cchatist, the wmtght of thi rein iteif
was snflicient tn "ýxlîauist tht' water, the rcetsacauei and the
ramc chain gath.-e.At inta a heAp on tha grtiutitl below the wind.
ing ironm. If liv any u!eaus ftue cage hnlipened tu be releasel~
by soniebaody jumping intc, it, or by overizoiing the reeistan«e
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March, 1853.] AND THE INJUSTRIÂL AI~TS.
li cain ay, te eéunoti f prté tir.'.à ny est, bdéaethe
lui hoie va, théb safod opparth coui net mt, ea he dsedn
cage; consequently the câge foi], until ii vas maddenly bronght
up viien the chahn hécame tant. The appratua which Mr,
Davis had menticueti vas applicale lu a i cases ; but even
that, it was evidéat, niight sai. ies fait.

ta reforencé te the. gas englue, Mr. Waiker ativecateti its use
for 'unmping viîihydraullo mîahiîîery, as récoînodod ini

I té ape. tbein bést sud safeat ta use hydraulic inachinery
In lifts il Ii net mat toi viether thé paver vas obtained by
eteain or qas englus, or vietiier il vas roatiy storeti lu streel
mains or in a tank, se long as the. Mosit ecenomicai meaus
availablé at auy particular placé for cbtaining the pressure ver.,

aete(].
With regard ta Mmr. Colyem's remark ontthe luits at Seacombe,

hie zol point eut tuat they ver. neot censtruate t I l upou
the systéin atiapteti bv Mr. Clark for the Anlertea canai lift.
The only connectian betveeu thé tva désigné vas liaI ini both
the twa lift weré conuclet by a valve, se that as eue vent
dowîî luadeti thé othor went up omipty.

Mr. Coiyer had fumîher stateti that it vas not thé fact thsl
there was a unmit le the height ef lift with a diirect-acting mai.
The statemeut vas only correct on the supposition cf he
beiag e balancé veight andi cLaini on the. lift ; thème vas thon
no lit te heigiiî, Suppeaing however Iheme wui natiiing but
a dircct.acting mam (which vas lhe point hé wauteti te arrive
at), andi ezcluding thé elTuct of thé hytirnulo balancé, thore
vas a liait, véth a geven pressure, te thé haight te iaci the
lift coulti b. raised, as vas cleariy showu iu the psper. Mr.
Colyer aise stateti thatalmost suy apeed, caul t hé btsîned vithf ny high.prassure hyrdrulle lift; but his avu éxperiencé vu
that, lu thé particular cma. of a cbaiu.balauced lift, such As
j sown n Fig. 11, Pagé 86, it vas impraticable te obtain hii
speetis of workinq, exceplxug of course vith excécdingly high
pressures. Hé did net know of îny instance ef a lift of tiat
kind, with pressures cf vater tandem, say, 200 lIbo. par sq. lu.,
vhieh woiketi aI speeds of auything likre 150 f t. per min. viti
aJoadi.

ln référence ta Mr. Twedtiell's remattra, h.e himself vas aise
cf opfinion tuat lu a gréaI zuany instances a chain lift vas thé
right lhing te use ; but enly luncases whéré a direct-acting ram
lift wnas inapracticable. He aise agmeedtit ia f a chain lift vas
prcperly caustmuctéti, if ail thé parts cf thé chaîns sud attach.
ulénts ver. exactiy as lie7 aboutid be, sud if thé superntea.
deuce vas geeti, lier, vas réasonabie secarity iu t he use of
such a lift. His point va that superinteudeuce as a gon.
eral rut vas not goati, aud thaI iu thé majcrity et cses sud',
lfta ver. not made lu accardaucé vith the. best mies ; snd
t.erefoe re, apekig as te généra practce, ho di nett ihnk ta
the syàtein was eue te b. recommeudeti.

With readtarticulars of efflciency lier. vas a véry goati
reasn for takiugIthé observations at the. seoest practicable
spted aI hii thé lifta conîti hé womked. If amy incressét

i snted; but the unknowu effert of the friction cf water ini
tii pips valves, anti passages, woulti havé matie thé resuits of
no value for u r oe cîparisou. Thé observations vers aIl
tairen frein itt wici lat becu actually vorking, soe fer
naauy years. anti saome only a fcw month;. Re hid hevever
givén in a Tablé thé maximum speédl at..ined, vhou the lift
inigit hé saiti te bave bean deing ne useful vork, anti thé viole
cf the. poier vas abaorbodI lu friction, excépting that amouint
whaich was neetiot for lifting the tiest toand snbsequeutly useti
ta brinR thé cage dovu. Thé net indti litteti as givén lu the
'fable diti nat includo the. veight requireti te briug thé cage
down enipîy at thé vorking speéd of dosceul; sud thé columu
of efficiencies gavé the ullîiate efficienoy viien the cage vas
just balaucati. In many cases cf pasn1er lifte tuis latter
wouud hé lié mont desirabla womking condition; but the précise
inargin cf paver allovai rAuaI of coure dépend ou thé spécial,
cîrinumstances nter which each lift vas te work.

In ight aise bc pointat ont tut, as a g erai mule, batds
Lad ta ta. lovereti as vel se maised; &nr as stateti in the
paper, thé particular arrangement et hytiraniic balance, as
shovn in Fig. 17, Page 37, -'érmitted tus fact te ha tunioti ta
u.,elul sccouet for increasing thé lifing ver in thé acent cf
thé ]oaded cage. 'Wheu working thé ltil l this vay, thé éfi-.
cipecy ou Mr. Egicha assumptian wonld hé apparentiy as much
as 100 pér cent. The. trué Ien y friction at constant fpie
leing praptically constant, a anethod of caiculation ahici vould
pToduce théns aunalous résulta couid net bé seceptedi as hing
(-cf any scientific om practical value. There could net ef course

4any rua. différence bélveen Mr. Rici aud himieif on this
V. _______

matter. Thé Table of ellicienciés ini the. pae ùz evhlntly
no réféence te the. practical efficiency realW iider grdinary
eonditions of working; but It gare the mcai'anmn eli»oener
under the malt favourablo conditions wl.4.l thf cagr, %là jui
balancod. Mr. Rich, had giron a columu of 'nhal; aik!ht hé
tormed the. pvactioally usefuoloofets under one patdwlaIr: oa
dition of vorkung ;, but tb. efioincy tins obtainod vae amit.4
te that partlcular condition. and vas nlot the naxilnum. It
wus worth notice that Mr. Bicb's colamn of efficloncie gave a
mach Irer proprirtianal incrosié of efficiency for the authoy9.
bydraJi.baai.d lifta thon vwu givon by the. Table lui the,
paper.

As te (lai longtb cf the tain subject te compreasire #train,
the gratent proportion of iongth te diametor that hoeiiad hlm.
self nue vas; aomctthing ndger 180 ta 1. In the osiu ef the.
greater proportion roferrid te by Mr. Twoddell the rana vas for
hb3filtt length lu tension. Re wau avare thst there vua a vant
oi expérimental data as te the. behaviour cf long columne undor
stria inch as thons tipon the. rama in a direct-acting hydraulie
lift. Ho believed the proportion cf about 120 ta 1 vau the.
groatoat At whlcii sny roliable exprimenta had beau madie; but
the aboie proportion of about 180 te 1 ho had uaed in lifta for
man y yoas, and thor hati given exceedingly good resulte. Ini
ancor casé tbère vasa Si!iucii raio vitià s troré off IL 6t lan..
beung the. llft caustructtd ansahovu lu Fig. 16, Page 37. That

sin :ajbe oddvtota guides at Ail te support il,
vlth about tvice tic vorking l1 , snd under tiioso conditions
thé bending of the. ravu vas of ne moment. Hé b.d aise run
tbat lift up at full spendi, wlianot any tend on, a&lnst the.
stops et th, top. Tiiero vwu a ilght spriag, anud it ten came
te a stand vithout any dainage ta the ramt or te the machinery.
As a rate, thé ranis for tii... hydraulic-balance lifta vers ma"i
of solii stéel 0f conrse It vas possible te get solid bars very
much longer than hollow tubes, se thât joints conld be avoeit
at auy rate in the centre ; aud steel migit nov bc got se teugh
that Auchi a ram mlght bc tied in a trot without fracture. More.
over, directly the. tielection cf the ram, froin au y cause, becanie
At ail serions, the friction oh tlie guides vould hé so gréaI tchat
the lift vould necesaarily stop.

Mr. Tweddell bas asked for particulars of the révolving or
Cyclic lift. He had vnured lu sncb a lift, but cettainly for
general us. lu tivellings it vas net thé rigbt tiiing. lse thought
it a decidedly dangerous arrangement. There vere uo docte
eltiier te thé lift or te the. vett. It vas éxtremely slov lu its
action, sud it vus matie vith the. plate cLains whjch 3fr. Wal.
ker advocated, but which Mr. Celyér contiomueti. No doubt a
plate chaun iu stnie circumatancea was a very good tbing, bat
on thé wholé hée vonit ratier have a short.link chain for cent!,
nuun use.

Mr. Ric bhai exprosséti hie prefereuce for a cliaiu.balauced
ditect lift. No donbt if tiiat gentleman land ta do with the.
construction cf auci a lift as vus shown in Fig. z1, Page Se,
it vould hé matie te &il intenteand purposea securé; anti ho
hinaspif should have ne hésitation iu gcing up lu il at any
timé. But th. security vould hédet1 i ot construction
of the lift, thé princi le being défective. Au accident snch as
that at the Grand Hotel in Paris was quit. passible, net aoe
mach framn the bruitage ef thé chain, as front the. breaknge or
disconuection cf thé rain frein the cage. Mfr. Caiyer li ang.
gesteti that tiie point notatin thé pipai, as te thé atrains
upon thé ram héing ini tension at oue portion and lu comprea.
sien at another, vas cf ver y littie moment; that it vas a
pUly theeretical matter. If havever that theoretical malter

habeeu borne lu md by the ceustructer of the. Grand Hotél
Ilie hé hliéved thé accident vonld net have happeneti. Pre.
bably it iiad beén tiiought tiaI thé ramt vas ouly puhing the.
cage up, sud tiat tiierefere its conuection vith the. cae vas a
secontiary malter ; but if itliha been consitiereti that the upper
part ef thé rani vas practicaliy hanging frein the cage, it voulti
rather have openeti the. dusier's éyes te what vas thé tmue
character of a direct.acting chaiu.balanced lift, as regartied
securily. Practically it vas this, that the. ram andi ils cyllutier
hocame a safety apparatus te the lift, white thé miotion vau
due te tbe counterbalance.

lie coulti quit. iiiitersland Mr. Colyer's advocacy of a 1ev.
pressure lift, for hé aise preferreti ceuuterbalaucc veights aud
chains, vhich voe unsuitable for use with high pressure.
Takiug fer example a lift 90 ft. in heigiit, the. working reseure
being 700 ibs. per sq. in., obtait.ed frei a systein of public
hydraulic pover, il be noeaary te abandon thé direct-aclhug
rani ules tiie hydraulic balance wére introduceti, for ether.
vise the. conl of tii. pover voulti hé prohibitive. Thé amalléat
ame lhaï could pondaiy be given te thé tra vonid.sil.b
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sufficient. w'ghen aî'-itjected te so lîigh a mworicing pressure, to
lift tiot oniy tho bad, but Uic weiglia of tic tain and cage as
weii ; aîîd it %wouid hc uselces te balar e the lift itt ail witit a
Chasin suîd weight. Butt the principle of lus own itydralie
balance was tint the lift couid hc consltructed îvith a rani of
aîîy rcqtiireti size tCI gire security, ignd b 'y tlic addition of at
secnd ranit of any touvettieut stroke, aiongsude that lift-ram,
the latter wculd be pîerfectly oalaticed, it.4 uimplâicement wouid

tîîined as that duo te a heavy clînin anti cotinterweight in a
1eiw.lre&,Iire lift ;thuîs realising te Advant1ge of Iliglu pressure,
9witho"ùt'sacrific!eco"f,ùnotny an th tdtinicurity. Tite
addition of tliis second rain certainly couilearedl favourabiy iu
point of complication with, chain counitcreigitis and head
genr. Moreover with at ligh fîre.sure of miter tige lift couiti ir
worked witiicut a balance at ail, silice tine balance ,,1uch a
case as tiîat siîown iu Fig. IS, l'age. 40, %vas ruoiij cy ait
econoniser of power. Therelore tît case of any serions derati.
geinent, oz need cf packiiîg a gland or inserting a newv Ieatiier,
whicii 3f. ]tich feared weuub ofico biappeii, then, if wvorinig
at hi~Il pressure, Uie valve sbiown in Fig. 20, Paugo 40, rîtiglit
sinîp y bc closeul, and ie ic1f niiglit continue to bc %vorked
without the balance until ail was made righit again. But iii
using hydrauti ranis it was neot absoiuteiy necessary even to
uee a bâlance constructed as shown iii Fig. 17 aîîd 19. Takiug
Fig. 15), l'aige 37, as an illustration, the lower qylinder B
wol to mat of smaller capacit 'y than the uprtor eyinider D.
Tiiere would thus a diffetential arrangement, aiu the cylinder
A coulti be redaced, anti the îrbo]t of thet couitern-cighîsq aîid
chains e could bc takeit away ; preciseiy the saine effect wouid
iio be prcduced as wvitli the balance arranigemieunt siîown iii

Fig. 17, Page 37. Thero was yet a furtier glimplil'icatioîi, il%
whicit the lower cybînder B, Fig. 15, could bc disîiensed iwith
altogetiier.

THF. WELLAND CANAL.
BY CECIL 1îRUNSI% ICK aMUI!.

(Siîiî.ntcr &pr fout r M2S in Ctiurs otf Cvl£iî~rî
Mlcti 171u'erstty.)

This report gives a short historicai sketch of the
different canais known, under the general heaid of
"MWeiland Canal" and, also a more detaiied description
of the locks of the new Canal.

Tite most obvions method of 1praviding fre.c vc.ssl
communication hctween Lakes Ontario and Erie, :.nd
80 overcoming that great obstacle to navigation, the
Nia-ara Falls, tvas by a canai, tise realiLation of which
lias conferrcd a lasting benefit on Canada. Mifr. W.
Il. 3Merit, M.1., first resolute]y set luimscif to obtain
this canai, and with a fcîv neighbourég made a rough
level survey of tIse country througbî which they prn-

rpose! it should par,,. 'ihey then petitioned parliament 1
for a prepet' survcy, and 82,nC10 wws gr-anted for Uie
purpose. As a resuit of this survcy Ci The \V elland
canal Conmpany, w-ith a capital of $4 0,000. was ini-

fcarporated in J $23, and~ vesseis first pa.-aed throinfli
the canai in B2ý)

In 1837, the Governineut seeiu- how advaiitageous r

this Canal wvotld bo ta the country, hought up the
shareao et i company and, in 1842, hegart the <inlaig--%

1ment atI itnprovemont of the Canai.
N(.T.-Re.uiainu of o oftige Uin uuail nuonien lock-, or 1,;2q

may sti iii Iree ert Thoroid.
'rte canal net only provided te niuch neeuied velq-

Fel communication beti'een the tire lakes, bîtt alize gave
verv groat atccomodation, in te forin of water pewe"rr,
to fnetoie.u and mibia, and along lis uiour.ie froi Iac
te JAke there arc noir many in .operation.

'rite nond of a iarger and deoper cnaa tioon begau tb
'ne fuit, as ne veiegols draîving moro thang 10 ft. of watn.r,
or i.îore than, 1.11 ft. long, ceîtid pasa titrough the
Canai. Mart. -car«i bt-fore this ie WeIanIýd Railiw.w
bail hen hilt for the express pisrpose of iitening

veasele at the onde of tihe canai, but tîsis wvas found by
the siip, oiwner8 te be vcry expansive.

rThe masin requiromont %vas larger bock acconsodation
and, as a great anieunt of stmail traffie coula stili go
thraugh Lte canal thon in oporation, it %vas dccided to
build an entiroly new set of' locks, ani a corresponding
leugth of canal.

It %aa aise considered advieabie te buiid tise lookas
cf sucs a size as te alloîv of a tug romaining in flic
leck alengside the vessel. 'l'ite leeka wore titerefoe
mnade of ample %vidtlî (46'. 4") an obvious advautîgu',
as oiug te te inereasing searcity of herses, tug.poiver
is uueh lesa costiy than horse-powe'r.

'l the yoar 1870o, surveys for the location of al r.uw
canal %werc made, and in 18i73 began, the %work cf con-.
struction.

IL scion becaime evident that thit Cauadianl Govern.
tuent tad, dotcs'mined te buiid a very supet'ior strue.
turcehbtlli i erkmansitip and equiputent.

Tite work ivas completed iu 1881 a oven a super-
ficial observer can at once sec tihaï iL is a wiee
8tructule in evo y respect.

No eue ii,, have any hesitation in saying titat it
is one of the best canais in te worid.

816,000,000 smoins a large SUin te pay for Sente 1:3
miles of canai, but tise benefit iii bo greaît, aus'1 future
generations will ose the wisdomn of tIse undert&iking.

This neiv canai branches fren tice oid onu at Alian-
burg, 19 mile,- frein Lake Erie, andi, after takiutg un
easteriy détuur throughi the country, joins te eld
canal aganin ait Lakc Ontario.

Tite aid canali was deepened frein tige junetion at
Âiianburg Le Lake Erie, and tinta, vmsuls drawing.
under 1 2 feet of water van pass frein one lake te the
aLlier.

On the bocks, bridges and guard gates of this now
canal about 300 men are, con8tutly employedg, 8 mon
at eachi lock, atnd thus tLucre is a lseavy runnîn" cx-
pense îvhieli is hoievor more than counterbalacrd hi*
the tonnage tolls charged for piissing thiotigli the canal.

T1ite main priain cf tise canal lias a botter widtli of
100 ft., it; 12 ft. deep, and lias side siope.i of i te 2.
thint makiug the surface about 1.50 feot acrs.

The rock excavation. btowever, is 14 (t. deelp, se
tisat if at auy future LimeA the canal needu deepei.siug, iL
can bo otl'ectod without ranchi diflicuity.

Tise contrac t price of earth excavation rauged frein
20 te 30 ets. per cubie yard, titat of rock frein $1.00
uipwardsg. Titis excavation %vas evidontly tint chtief
stetti cf e\lpenditure, te next in order bning thir lock-s,î
iînd thson te regiatiîîg woirî.

The tenders for tii" lecký raîtged froin $ 160,000
ench, deownwitr<s, îsccordiug ta the distanco cif thet .în:lr.
ries froni te %worlc, but rnost cf thent were mtscb icsz.
Tite higlicatL tettder's woîuo given wvîen stot ivus to ha
b)rottc'it front lie 1eléo isiands, hti.itiîeîini CtI
ttoue %vas fotîn l bit viciuity of file "stual, nouti
the cost cf transpnrtion was niaterialiy roditroil.

ln Lte 13 îni~ frei Lako OnL.trio toiAitiîî~
titi' diffettinco of Invu'i is abnnt 313 fot anti ;i.s itro
are 2.5 iocke lu tii distant"', titi averago buft of etuch
iock is about 13 fvet The lifi range frein 16 fent te
12 feet. Front Ailaxthurg te Liako Eu there is on
level, but gîîard g 1ae piî at uu'-h éla of tinis
Inn-th.

A siIbleet î'insr'ý iiir-tebul itît fb:u of tht" cangal
prnpAr la that oif Wrr. On Lite oid canai very fewv
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iveira -"'cro required but, with sncli a large body of
watcr as in the new canal rcgulating %veirs become an
important factor. These weîrs have atone aides
througlîout their w~holn leîigth to prevent the wearing1

jof the soi!, ani atone bottomas part of the wsy ; they
arec ionurctcd witl one another sud the canal basin.
'l'le flow of water ini thin is genierally rapid and is ni-
tîllitedl by aluices. The sluiccs tire simple in dcsign
bviw, nierely squares of sheet iron which are raiscd
andl lovered by' screws.

Tho cost of building these %weirs %vas conaiderabie
ti Qwîng te their extent, some bein- at loast 100 yards
%vide.

It is now prepoae(I te describe the locks of the new
canal, and as thoy tire ail simiar, attention ivill becoei-
iined to lock No. 7, which -iilI be diacuissed under the
t'ellowing hecada :

(1) General description of the lock-.
(2) Titnbeiivork, of the lock.
(3> MaýIsonry.
<4) lI'lie look gates.
(5) he maclîinery for opoingi and ahuttiùg the

ilock gates.
j (6) The nxachinery for opening and aliutting the

il &ei 1> GzPTl.r Dsen r,). -Look No. 7 ia 270
fect long fr'on main sili te main sili, 46 ft. 4 ins.
%%ide on the upper reach, and 15 ft. %vide on the
lower. The NvaI13 (Figs. B and C, page ;0> ar 2 t.
1inl. in lieighit, an(l have a front batter of 1 in '24
excelit in the gate rcceescs whcra the%- are vertical.
'l'lie coping is 1 ft. above the water suirl'ace. These
walls aro~ backPd up by 3 feet of iarnrned puddle te
nako thîern water tight. Th-~ contract price for this
puddle r&îngedl front 75 cts. te $ 1.00 per rubic yard suid
th'ie are about 2750 cuibie yai.l.; iii Qech loch.

Tiiero are 12 feet of wvater oer the miitrc.,ýil1s on the
lower reach and thua any vesaci which can pass through
the St. Lawrence canaIs may enter tic upper lakes l>y

tthiq route.
<2) TI.înEInWOit.-Th le principal feature trader thia

hi,qid is the lloor of the hock.
Oin the bottom are laid two 12-ina. x 12 ine. rnud

M;ills, one on each side of the lock, exten-ling throughi-
eut it,; whoie lengthi and parallel to itq aidesq. Acrosa
the lock at intervais of 12-ina., are atretched I 2.ins. x-1 2-
ins. sti iugters, aIl of Oak. Upon these is laid a course of
3 ine. pine planks, which again is covered by a top
cotir.; of 2-ina. pine plankas breakîing joint with those
beneath.

I lio -iteg are ahl of white oakz. Thiî mitre and main
sii, (Fig. 1, page 84) are made of lOin.s. x 19-ina. tirn-
l'fri bmacd togother by 3-4 in; x -8.'i in., wvrought
iron str-aps which are fastened by li. in. boits.

SVMMARY OF~ T13111ER.

l'ies timber ii mitre si platforms 1360121.4V
Oiak 4 44 4

Auchor tiîubers ............. 180'
Splice blocks ......... .... 1308'
Mlud sillh..... ........... 1415' 6",

Total 16,506 cuibie féet.
ý3 . MAisoNy.-All the masonry of tho lock-, wvitl

the exception of the %ving walls is eut ashiar lîtnestone
of a very firm textutre, liard and ciose.graîned, but
which stains somewhiat after a tirne, proving the pres.
ence of iron. The atones are large, each averaging
jfrein 10 te 25 cubie feet.

The grentpr part of the etono camne frein quarries in
the neighlhorhood, (Quoenstou, St. flavids, etc.), but
the atone for liollow quoins %vas broughit front tho
Pelée Islands in Lake Erie, and ivas ont anid drossed
rcady for use et tho quatries.

Most of the stone ivas cut by British stuno-cutterc
ivhose wages avei'aged front 82.50 to $3.00 per diern.

The wing walle are of ashiar but flot fc-u.Tho
atonies are inorely aquared and trimumed at the odges,
and tire aleo smaller. Ail tho uîasoury ia laid in Tho-
rold cernent mortar. The contract prico of this cernent
-%vas about $1.50 per bbl. (dcliverod).

At the back of the chamiber walls are 241 cotunter-
forts, 12 on eachi side, thoir dimuensions boing' 6' x 3' x
')9' 1". The puddle is rammcd in botwveon thora.

('hianiber walls
Cotutterforts,
Recess walls
lJpper ivinge
Lower winigs
l3reast walli

SUMMRi&Y Oie~~o~r

117,929*5025 Deducetions.
10,404- Chain hiolos 1108552
81.198. ROCSSSCSe 11172'0812

7,780-648 Round. of copings 257'-1144
ï,349-122 Checks 8.96

3,286.7945 Nosing 9.4146

227,948-0670 -Cubic feet 112,614-7254
12,614-7254

015,333-3416 do 7975-303 0. yds.

Tho ceutract prîce of thia masonry nccessarily varied,
but $8 te $12 par cubic yard wiill include the prica of
aluîest aIl, altheughi wheui the mtone %vas esilv obtained
prices feul as low as $5 per cubie yard.

Gre.at dilliculty was exparienced iii building the
hollow queins se as te prevent their settling unevenly,

lu one or twe instances tlîe gitea9 liad te be tahen
out and retrirnîed se as te inake tliein watcr-ti-lit, but
in genieral ne uinevenneas lias occurred.

Theae gatea are four in numaber, 2 at each end of
the lock. They are about 2ý Lt. thick, and are Made
of Whîite Oak, timbers bolted together se as te feri
a solid mass except in the upper part where they are
left hollov for a few fest and loaded %vitlî Jlat bars of
iren accerding te tlîe strain whichi ray cerne on thorai.

At the centre of the lock wvhere the twe gates meet
t.ley are bovelled te about 60 0 se as te formi a Nvater-
tiglît joint, the other edge is nmade circular se as te fit in
the hiollow queins, (Fi-. E, page SQ>, and formu a water-
tight joint. The saine provision is made at the bottom
by brînging the gates againat a rnitrc.sili l9ins. deep.

On each face of each gate and running frein the top
cerner at the hinga across the gate te tîe diagonally
opposite corner, is a heavy wroughit iren brac& 6-ina.
x 2-mns. wliich efi'ectuaUly prevents the gate fromisaggCing.

The wvhole weight of each gate (minus tha weigt of
water displaced by the gate) is imspended froni the
ceping which is therefore miade very atreng at the peint
of suspension.

An iron plate bolted te the coping and stayed by
5 bars aise securely bolted, has a circular-sliaped rin»
<eccentrie ivith the hollow quein and about 100 0 in
extent) projectiog above it and about 4 ina. square.

A wrought iron hook-like piece belted firmiy te the
gate engages %vith this rira and is kept frein binding
and heid in position, by a seris of amali, iron relIers,
placed outside the rim, and in a circle eccentrie with
it; on these relIera the aforeaaid piece zuns as the gate
opens and sbut8. (Fig. 2, page 84.>

àlarch, 188-3.1
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.5. M1achinery.for v.pening an'1 ihuling elnzces:
The iiniieîlisier% fur opening anti shuttiug ofir pair of

gales is divided into 4 sets siinilar to tite aitother, two
on ecdi .ide of the loek-. (Fig. F,. ptgt3 80.)

A dlescription of une of these .1 eets wiIl suflico for
the 10hol.

A cîrcular v-~txca1 chmant well aienit 2 ft. in diaitioter
is mrade about 0 l'eût front tic wali front. An ontiot front
this tut tie lock, is obtained by mnus of a square pas-
sage througli which tiec hain passesq, and wlîich also
oi aers a inoclIo of ouitrance for rt-pairs.

rteo cliaiîî is atteched tu flie oîfler edge of tho gate
2 or 3 feet front the bottoin;- it passes fizst int the pas-
sage and over a guide pulloy 10 ins. in diamoter, then
round a concave diuni 20 ius. in dianister, wlîich re-
volves on a horizontal a.zis 10 ius, long, and finally Up
tic ehaý,in-iweil and round another barrel druni te wvhich
it is fasteucd.

Titis druni is turned by ý simple comibitntion of two'bavel wheols ivith a third sinailer oneu, the latter being
used only whien purciase is needed ii case of a storm.

A lever turned by a mnan, walkinîc in a circular patil,
sets tire whole arrang-ement in motion and ellècts tire
closing or opening of thre gate. T"', nchiiuery for
opeuing the gaLe is 25 feet frt the Iinge ap tire lock,
and that for closing is 1 O feet (loiwn the lock.

6. ,Ilchtitery for op.niing aînd shiitliny gales.
A cunniug device bas turned te account the flov of

water.
In tact iL, doas.alway ivith one hiard part of a lock

man's toi on this canal, viz., the openhîg and shuttin,
of tire sluices. If it lias on!y donc so partly, thc fault
lies entîrely with tii" lockmine thetasoives, as will atter-
wards be ibhewn. e prime-mover by incans of a beut
lever and a rod, )it hx is position un the platforni of
the gate i-aises a sinaîl sluice about 6 irus. x 12 iris.,

i which allows tre current to act ipon a sinail turbine
bencaîli low-wavzter lovel. Tithis rotutes a smail rcd
whxcli transfers tîme power to near tire top of the gate,
a-ad sets in motion a train of wlîcels, and linally a very
slow motion is given tu a holloiv tube, te inner aide
of wvhicl is in the forai of a u, throtughI which pass;es
a heavy scrcw. This screw raises and lowers the sluicc
tirouglut %hich tlio iratcr paes dowet. The sinice la
raisod at first very rapidly. thon slower, and at st
stops when the %vatcr finds its level.

But as there is eiways a slight current in the cinal
(made by the Weirs> a simple reversai wvould cause thc
sluice to slovwly shut down again, and hiere carelesas
lias dctracted frein its usefuines. The reversai is ef-
fected as followvs

Tire curret may, ai auy tiare, bc shut off by siînply
zlilin ô a clutch ni> out~ of tire axes- (next to the final
one) anti. allowin.- thc spur whei on this axis to, ride
loely <clutch A4, Fi-. IV. page 84), but nt tic saine

t tnie tliat une clutch es raised, another (B)~ is lowered
Iand thug forces antother spur wheel, on another axis te
turn as tire axis dloes; butt this axis turn ia an oppo-
site direction te file first one and thus tic nmotion is
raversed and the scrcw Iowered, but uuless onc clutch
me entîroly lowercd tie other %vill catch on the spur

Iwheel and gel broken. For tîmis reason tice reversing
cluici )ril te bc tmrned upside down and' the sinice

1 lowered by a crank.
The value of the train of whcels is about 2-13 x

2-13 x 2-5 eqîzals 8.,845 or about 1-106. The pitci of

tic serev is j inchi, s0 that about 212 revoltmtions of
tie turbine rod aire needod to raise tire sluice 1 inmch;
the siuitees arc raibed. la about 2 minutes. These
sluices are about 5 ft. x 1 ft. and are slmapcd as in
Fig. V to withstniîd the presure.

Cetau eclaMORTAR. îf,',p.cr.
Cerzt-l eceitdecisioms have bruglit this subject proint-

îîeîîly beloro tlîe tradte, aîîd, iîttdeed, frontm eveiy point or
vieiW it i one of very great importance \httler tht- Inortar
is geod or lad, and tvle* ler jr iqsîied tu the jîurjtost tu irlich
il is applied, are muatters whieli cotacera îlot oiily the luiilder
but elle tcuant. T1ite dutrabiiîy of rte mortar i.; aLo of con-
iderabl> mnoment, and it is netevortit) that the ;îîolerî mnade
limte ha% liever ttsiied t hardness of that in.tîîufacturel liy
th> atîcîcuts. TIh*is tay mî liceontiui.1 for by rte lengtli of
Ilisnt wijî Uiev allowed the niortar tu stlaiîd lieforû nsiîîg.
'rie lapse or' tinie aise inay have soinething to (Io witli tiie
itardîjesa. The lest zeortar is net to be obtaiîîed froin lera.
iiig chalk-a very coalition practice-as il coîttainis toe great a
qîaîîrity of foreigia natter; while to olitil really good tena.
rlous beickwork b.îilr madie mnortar sliotild lie îîiel wiflî wet Ina-
ternais. The> lrich, limies" are imore prcferale for ordiuary
builiing îîurlioses, tes they ilîcre.ase in v-olume whîen slaket,
aud they aIso carry ta' ne sana. The disativantago wlîlcl at-
tezdm the use> of -the rida litre fi titat mils ietàilirc.tble for
external walliug, or, iii fact, for any wçorks likely to buc exposed
te runiiiu.- or tidal waîer. lt rte Inatter of buildings whicii
are exposeti te the action of %valtr, hydraulic lime is the oîdly
kitid projier lot maskiug teortar. Tihis description lias ai) uln.
inense advantage over tuie riclim n; it IlS tire jîoiver of setting
under Nvater. Therc is au artifacial hivdranlic lime meade by
the> addition of clay centaining soluble- silicate of alumelîtia te
thti pure carbonate of lime. It miay bu made albo by adding
poutided %r uuderliurnt brick or tiildoît, to the moriar of richt
liniesq. Ti ese artiticial hydra die limies are îeell tjtted to resist
th> soluble action or îeater. ln îuixing Oient ths> greate.st Carm
siiould bûe txerciscd, aud no detaîl sliould bie left te the eye or
.udgîîîent of te labourer conducting the process ef siaking.
Thei sana nised inust bi free froîti loa aud Clay, aînd lie dis-
tributeti equaliy throufflt the mass.

Tl'he mixing cf erdiuary muret is aIse occaaionally vatied liy
tic addition of foreigît substances tuelh as sniitiq7 asîtes and
pounded tules. Whcre the mnertr is te lie tseil for pointing
old brick wcrk and for sutalogous purposes, the atddition lias
ebvicus advantages. A miortar of the kitid shouîld lit avoided
for intcrior weork, rte ordiuary and unmixed iortar beiug prc-
feralle.

The mesi important stage iii the process of malkiîîg mortar
is ".slakiug." Thtis is a mcat delicate opcrationand caliCot
have toc mucli caro liestowed on it. Tlhe lirîmary polint to lic
kept ia s'iew as ltot te add mure %valer to the niaterials titan
wili ring tli te tie ceuisistcucy of teaciotis clay. Tite rich
lime especially requires care iii the saik. .A much greaier
quantity o! iater may bce useti than %vith tic hydraulic, soute
builders rcduciug il te a tlnid batt andt ruuning it oir ito a
tank, wlîere tiie exctss cf wvater ecaporates.

Tiiere is considerable danger te the> hîildsug wherc ti mer-
tar liardens tee rapitlly, many of te fractures acu iii modemn
buildingi beiîig duc tu this cause. The chanîces of niertar
hardening rapidty become less as it lies renuîte from tute surface
of the> ivali. It may aIso be itotedl thtaït ptrifactieîî grcatiy
dt.penîid on a stillicient btippiy of carbonie aciti. iThe chemistry
of ueortar îs, liotrever, obscure. The> prenary cause of ils liard-
cning is due te tie formation cf carbonate ef limne, though ie
sont> vcry aid samplca a silicate of lime also am.-ars te have
iîormedl. .As ire know nothing of the> proportions aind preparation
ef ancîcut morcars, and aur ft oif pastcrity wilI bic cqnally
ignorant cf ta ilay's practice, it is crident ltai no anaîjais
ill lever gisre alir titan apprexinatm results3.

Tien oîic.ni Eîr.cmarc11 RAîz.WA.-The track ts
1 -metre (3.128 (r> %vitie, tic maximum incline is 15 in 100, and
th> minimum curve radius îs 30-mers fIP.4 fti. Tire maxi-
mum epte I will lis *20 kilo. l,12.4 miles) per houir. The sta-
tions, at important peint.%, wilI l i revidcd with telegraphir
and teluphunie aplparatut. Thre trainîs wili consisl cf 3 cars,
calh wih18 âeaus, per enigine.

1,%Iarcit, 1868.



AN~D THE ThTD1STIAL A2RTS.

PRESERVATION OP4 RAILWAY TIES.J ,ui swuît îîresting data au jrubiished rtiowing tire relative
VAtlte or .lrIl.'reît îîrntbodr cr irrjecting railroad tics. On tire
.sritte Iruiu Iiaituer and (.ulu>gî,e tu ibindeti, for exemples tire
reneî tîrv' mjeçtt-t 1% LOI cilorirle of zille reqrrired a reirewal or
twetitv-oîîe lier cet.r, alter ut latpse of twcnty.one year8; heecli
tieà 111jrct.'d witlî creosote reqrrired a rerreial of forty.six lier
co.it rt ttr ttw..nty.twti ye.trs' wepar ; cal, ties irject lýwith cirlor.
ile ofitite r. îjîired renewal tu the extent of abo,- tiveuty.oue
p-r «'it, .rlîer bevenrîî'.î vearn; whilo thre saine kirrd or tMes
iont tijeetd îie I2kIfrlly forty'irrie per - vît of renewals.The. *'ûrditioînq Ini all tlretî cases wére very favorable for reliable
triqt. anîd the rondI bvl wa.4 gool, pîeriuittîg cf êasy derticca'
trun tire unirt':rewel ices showed, oit cutirrg, ilînt tlroy wcre
tir cundition of perfect bcalth. On arrother road, where tire
orl ie were not iiijî'cterl, ais large a proportion as 74'48 per
cu liail tu bis rentewe4l nfter*tw.ýelveyenrs , tire samne description
(.1 ties iijtctt'd with clîloride of zinc required ouly 3-29 per

*cent roere.l, ailer twveti yearà, while similrîr tics injected witb
* reoSote ruvoli'ed, aft*r six years, but 0*09 pier cent.

U'rràNt GLÀAs rux ELY.t;RIîCIx.-li. Fahdt of Dresden
crits glass in tire following manner :

le surrouids thre glass vessel with a copper wire conncted
by tira screws t0 tbis poles cf ait electrie battery. Thre wiro
brecoinesï red bot; cru tie passage cf tire ctirrent, and tire gias
lis eveuily cut, under tire action cf thre ireat developed.

AiX-ÔôNATKc LeooîoTivr, DisrANcE JfiA.R-.G
coino Leto Vital a Siiban, has just iniveried a very simple
r.acliriiue wiriclr givea thre driver the following information-

let. Il itidicates tire position cf tho train wiîlrin about 30
"ad. It calîs bis attention by a wlristlo at &Hl points at

srhich great watchfuliieci j, required.
Tlreu resuits arc obtaitied by a systein of toothed wheels

anti by a cord irlîich ucwmnds like tire prier band cf tre Mforse
maschinîe. Whret tis cord, divided nta equal sections pro.
1'ortia:îal te the distance traversedl, ii; at a dangerous point,
ti1%" alarinwlîistle is sounded by a special contrivance.

IIXII>ISAIJILITY OP' GAsT.lnos', STEEL, AI. S0Fr MRON.-
Inl a rec-nt number cf Comptes Rendus, 31. Gruier gives an
acioutit of Iris researcires on tire rAlative ozidisability cf osat
trait, steel, an'I soft irait. Varions plates, suspende-! in a
traîne hy their four corncrs, were imtmcrsed simiulianeausly in

*w4e.r, ;ciîlul.îîer witlr J% per cent, cf bulphuric acid, or ses-
IV -ter, er were sinrplv exposedin moisi air ci' a terrace. Irder-
-riiez, tr inor'uî air clîrouîrate steels4 were oxidiseri most, and
tîrmn.ter szeels lesq tiran mere catbon siels. C.rst.iron, oiren
vîtît nmangariese, is oxidrs-d les% tirai siteel rand soft ironr, and
white' specrrlar iran less tItan grey cait'iron. Sea*wates ont
tire ailier baud, attacks cast'ircn more tirai steel, and with
sprccial eiuergy whito specular iran. Temperedi steel is less at-
tacked thaîr tie saine steel annealeri, sofî steel less thtan min-

*gaiit'se steel or clîrainitte stcel, etc. Acidulateri waters ILk
~--acdissolves gru'y cait trou more rrrpidly thin steel,

lait iot white specular irant the grey inmpure cast iran is most
streo*rly attacked.

BLECTIC RA!LWÂYS. <NVattsrrj)
Ahetsx ct cf a lecture ai thc Rtoyal Institution 1»' Prof. 'M. S.

A'r2on, F-..
lit electric trauission cf power tire is Trot ouly waste cf

power front mecliurical friction, but aise front electric friction
arrrng front tire electric toirrent lieaî'rg tIre wire, through
wiih it tasen.

Prof. Ayrton explaincd it-id decmonstrated experimental-
IV tirat ibis latter w..àe could ire made extremely sinsit by
1-laà'ilit so lighri a lad on tira elecîro.moîors tirai it mu nearly
xxn ia% thre generriter or dynamo, which converitirte me-
rîrarîcal energy inb electric cnergy ; actial. experimeata lead-
ilig ta îlic rnnît tirai for every foot-poud cf work done by thre
,traine'ogiur. oan tire s.-eator, quite seven.teaths cf a foot-
lbâtn(l of wcrk eau ho donc iry the distant motor.

Mue reason wrhy elecîrictrmnsmisioiof powereaunbe frocted
v l i tie wantf is becauge electricity bras apparently no

musei, anid corrseqî:ertly o inertia ; tîrere is, therel'ore, ie
trastu of povwer i mnakisig it go rounid a corners ras tirers la witb
trater or triti amy kind of inateriai iluid. Anotirer reascu whiy
electro.nictoras arc so vaînable for travelling nracimery is ont
irecoutit cf tire higlit teigiri cf tire rrrotor. Experiment show»
that ene hrorse-power caui be devtileped witb 56 Ibs. of dead
weigiri of electro.ruotor, arrd tîrat for large elactrrentera cf
tireraI horieî>rwer thre weiglit per herse is ev'iu mucl Iss ; a
resinît inînenseiy more favourable tirait eaun be obtained wmur
siteaîn, gas, or cotnpressed.alir.eigine.

lu addition to the loss cf power arising froin tire leating cf
thre trires by tire passage cf tIre cntrent, tbere is atotirer kinil
of loss tirai ray be mnos serious ii thre case ofa long electrie rail.
way, viz., tîrat arisitig frouir actual leakagc cf thre electricity due
te defective insolation. To senri an electrie current tirrougi a
distant inotor, two mires, a Ilgoiiig" and Ilrctorn" ivire munst
ie einploved, însulated front eire atirer by Rilk, gottripercira,
or soume instilatirr substance ; andi if tire motor ire on a mov'iog
train,# tirere nit bV soine areans of keepiug rip centir.uous caru.
mection bettreen thie two enrds of tire usovimg electro.motor and
tire going and return wire. The simplest pîlan is te use tire twa
rails a. thre twa wires, and maIre conuection witlî tire inotor
tîrangl tire wlreels cf the train; tirose on anc side being wlel iii.
snlated front tirose cf tIre otrerotirerwise tire current would pas%
tirrouglr tire arles of tire wireeîs imrsteadl cf tirrorigr the mater.
It is thia simple plan that is etnployed in Siemens Licirtertolde
Electric Rtailway, notr runrrrug nt Berlin ; tire insulation arie7ing
fraont thre rail being merely laid on wooden sleepers iraving'been
found sollicitent for tire short lengtlr, là mile. Tire car je mimilar
ta an ordinary tratn.car,and holda twemty pasengers. lt masex.
plained tlrat on thIs latter railway, whicîr was 900 yards long,
isoti tIre ordinary rails trere used attre return mire, aud that
the goimg wire was a third insulateri rail ruiberi by tire pa3siog
train. la tis tire going and return wires were overbeadand
insrnlated, connection beinîg maintained betweeu tiren sa
tire bmaving car by twa ligirt mires attacired te tire car icir
pulled alung twa little carniages rumnng on thre overlread in.
sulated mires and making elactric contact witir tiren. [Ex-
perimnents fallawed, preving tirat althougir twa baie wires lying
on tire ground ccnld be quite eOl ciently employed as tire going 1
sud returu mire, if tire mires were short and tire ground dry,j
tire leakage tirat ocnrred lia hmires rrcreloug and tire g roundt
moisi was se great. as ta more than compensate for thre abience
aftie locomotive.] Consequently Prof. Perry and tmy3elt bave
for soume time p ast been working oui practical means for aver-
ccring tiree difficulties, and we have arrived ai what we hope
i an extremely satisfaciory solution. Inatead of suppiying
electricityt co very long, net vemy mdli instila rail, me
lay by tire aide cf aur railway Uine a well insulated cable, which
ccuveys tire main curremnt. The rail, icir is rubbed by tire
movfng train, and icir supplies it witla electric energy, me

su irivide int a niamber af sections, cacir fairly weii insrrlated
front is neigirbour and front tire ground ; and me arrange tirat
At Any moment cnly tirai section or sections uhicir id in thre
immeduate neighbourlrood efttie train, is cannected murh thre
main cable; the connection bting af course marieautomatically
by tire moving train. As thea leak3ge te -thre sarti r fthre
strong propelling clectric current caui only taIre frant tiat sec.
tien or sections cf tire rail, which is in tire immediate neiglr-
bourroar of tire train the bais cf power by lealcage ce vers'
mocir legs tran in tire case cf a siugIe imp5rfcctly insulateri
rail such as bas been hithertar employeri, and icir baing of
great length, with its correspondi 'g large nomber cf points o[
support, would affer endîcas points cf escape ta tire motive cor-
rent.

Dr. Siemens iras experimentaiiy demanstrated that an elc.i
trie railway cau be used for a mile or twoe; Prof. Ferry and
myseif, iry keeping in nind tire two essentials cf succeas, viz.,
attention te botir tire mechanical and electrical details, bave,
me venture te timnk, deviseri means for reducing tire leaakage
an tire langei raslway tu leua titan mirai it beli r on tire
ahartest.

For tire purposa of arrtamatically xnaking connection be-
tween tire main srel.iiieulated cable andi tire mnbbed rail in
tire neigirbouriroad of tIra moviug train me have devised varions
meaus, cire cf icir is acta frout tire follawing figures.

A it (Fig.!) is acoppcrorilrer metallic rod resting on thre top
cf and fasîened te a corrogatid tempered steel dise D D (of tire
nature cf, irui cf course immtnsely stranger tham tire corra.
gated top cf thes vsacuum box cf man anreroid bitrometer>, sand

ichir t carried by and tasteiaer ta a tiiick ring x x madie of
eirante orcirer insulating materird; Tire ebonite ring is itseîf
sc.itwed te tire circulaz, casi-irort box, icir latter as f&itened to

Mri, 1883 >

f-



CÂNADIAN MAGAZIN 02 SCIENCE [ach 83

the ordinary, railway sicepers. The auxiliary rail AD andac the 1presse- iorards ai du,*iAîards a mcltalIic forle on the contact-
corrugated steel dises D D bave sufficicut lexibility that two or boxt thua ma)cing contact betwecn i: and c. * Other diagratus
more of the latter arc simultaneously depreiscd hy an iusulating uere explained, illustrating modifications of the contact-hoxes ;
collecting brush or rolier carried by one or by ai of the car- in one case the -Aell-insulated, cable la carried inside the flexible
riages. Deprce»ang aaîy if the corrugated steel discs brings the rail, mhich tlsçn talbes the forus of a tube, shown in Fig. 3 ; iu
stud r, which ib clcctrically connected with the roc! A i, it another case the cable is iusulated wich paraflin ail fnstead of
contact with the etud G clectricOiy connected with the %tteIl- Iwith gutta-percha or indla.rubbcr, showvn iu Fig. 4, &C.3
insulateti cable. The existence of tbese con'acl.boxes at every 20 to 50 feet

As ouly a short piece of the aueillary rail AB la at auy aIse enables the train to graphically record its position nt
moment in connection wvith the main cable, the insulation tif tie any moment ou a inap hanging up at the terminu, or lu a signal-
ebonite ring Eu a il1 bc sufficient evtn in wet weather, and the box or clsewhere, by a shadow whicli creeps along thse mapof the
castiron box is sufficiently high that the floodiag of thse Une or Une as the train advances, stops wvhen thse train stops, aila hacks
the deposit ofsaow docs not affect the insulation. ie mnia. whcn thse train backp. This is effccted thus:.-As thse train

, zr. z

710.2s.
tion, bowever, cf G, which is permxnently 'iu connection with
the main cable, must bc fair better. For this psu-pose we leati
thse gutta-percha, or india-ruisher, covered wire comng from the
ma&in cable tbrougis the centre of a spccially formed telegraph
insulator, aud cause it t adherc to thse inside of thse tarthenwart
tube fornsing the stalk. And a.-, iu addition, the inside cf ecd
contact box la dry, a, very perfect insulation la muintaiaedi for
tise lead ccxaing from the main câble. Consequcatle as &U!
lealiage la eliminated exceptinl the imusediate ncighbourhood of
thse train, ibis systeni can bce mploycd for thse Yiuy longest
lectrie railways. Fig. -_ shows a modification of thse coutact
bcx hen thse inaulatcd rail a, iustcsd of extending ai! &long the

Une, la qulte short and is carried by thse train, aud by its motion

Passes along, uot oulY la the main contact hetween iF and r, auto-
matically made, as nIready dcscribed, but an auxiliary contact is
also conipleted by the depressiou of the lid of the contact.box, and
whicha bas thse effect cf putting, at cacis cont3ct-box in succs-
!ien, au earth faisis on an insulated thin auxiliary mire running
by the aide of the line. And mant as the position of an cari
fault ean te accurately determined by electrical tcsting ai the end
cf thse Une, se wc arrange tbat the nsoving position cf thse eartis
fault, that lt thse poeition cf thse train itseif, la automAtically
recorded b' tise reinter of a galvanometer moving bcind a
screen or rnap, lu which l5 cut eut a slit represenîiug by its shape
and Iength thse section of tise liue on which the train iF, as shown

Fia. 3. Filr. 4.

lu Fig. 5. In addition, then, te tise sxnaU sections cf 2o feet or
more into wh:chl cur auxilitry rubbed rail la electrically divided,
there wcould be certain long blockcd sections one mile or severaI
mileç lu length, ior cacis of which on the map a separate galvano.
nicte sudponr Vallld be provided. (Experlment$ were
show4ýn of th >~cnsf graplcally automacical y rccording tise

prs cf z train)
lu the precmilîng 'vsterrts tîsere are scierai, contact-boxes in

caci nccIo lise M: ulatcd rubbed rail, and severai sections of
the insulated rat]in ru~ach eectiou cf thse Ue blocked, but ln thse
next systeIm thse ruîI.td rail la sirupi> divideti cetrically into
long eections cacis ni a% greai a lcnyh as tise particular systemn
eniployed te u.-,,1atc the rilhed rail 1will, aflow. In thls case we
arrange tisai the: electric connection between the maiucable and
thse rubbed conductor shisal bc automatical.y =&ade isy the train

as it entera a rection, snd autoznatically brcken as thse train
lcaves a section. Thse mode] belere youz la dis-ided into four
sectionF, cach about zl fectin lu ngth, andi Tou sec frein thse
cinrent detectors that as the train tuns either Ray, ht puis
current into tise Section just euiered, nnd takes off entret frein
thse section just leii.

[Experirnui were then shown of the case wih which 3u
Clectric train could bc imade te back instead of foing forw&rd!:,
b>' rcversing thse connections betweeu thc revovIÏng armaxtures
antheUi fixed electre.nsagnets of thse inotor, aise tisat thse sec1-
dental reversai cf tise fieldi iagnitts cf Uic main stationar>' gene-
xtor, aitisougis it isad the elffct of'reversing thse main current,

produced no change lu thse direction cf motion of an elecirie
englue, thse direction cf motion being solci>' under the control of
thc driver.]

[March, 1863.
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'But mûore than thia, net only dosa the train taire off current
frein the section 1 when it is just leaving it, anti onteriisg sec-
tien 2, but no following train entering section 1 ceu rective
currerîc or motive powur unitil the preoedicg train bas entered
sectioni 3. [Experimentii vere then siiown provinig titat with
titis- systen. a followilig train Coutil not possibly rut i jte a
r ceding trai n evenl if the preccdiug train stopped or backed.J1
~ow wy tue i foliowing train when it rune on te a blocked

section pull up se rîuickly 1 The tesson 5.8 because it la nlot
only deprived of att motive powrer, but la powerfnlly braked,

F
entera on a blocked section, not only la *Il motive power with-
drawn frexi it, but it la autoniatically powerfully braked, qUit.
independently of the action of the engine driver. ouro
aigualman. No fog, nor colour.blinu noDr different codes cf
signale on différent line, noir mistakea asna tram the ex-
hausteti nervona condition cf overworked signtê-men, cao witii
this systainproduce a collision. Thé. Englishasytemotfblocir-
la merely giriDg an oder te »top à train ; 'nit viietier this la
nd-rtood or intelligently camre out la unly setted by the,
happening or non-happening cf a subsequeut collison. Our
Absolate Autotnatîc Block acta a if the. steas vèe automa.
ticatly shait off and the braire put on whenever the train la
rnnning into danger ; nay, St dosa more Iliai this-lit acte as
if the . &es ver. put ont and AUl tiie ce takren aray, ince it la
quite out of the powez of the. engine-drivér te re-étart hm trai

unti th omin ir t s àM&dignu oehead.

since when electriclty la cnit off frein a section, the insulated
and non-insulateti rail of that uection are tiutotnstically con-
noctoti together, so that wheu the train ruia oit te a blocked
section the electrototor becoeine a generator short circuitcd
ou itself, p'roducing, therefore, a powerful carrent which raîiidiy
pulls up the augine. [Eicperituetits were then a own et' tiia
speed witli wlîich an electroinotor, whlclh ba been ot in rapid
rotation and then deprived of its mtotive current, pulieti up
viieu its two terminale werashert. cireuited.3

WVhenover, theu, a train, it iuay be even a runaway engine,

But ail trains vill undoubteidly be lighted. with electricity ;
must, thon, the train be plunged luto darirness when St rafla on
te a blocked section te which ne electric energy la beiug iqup
plied?1 No 1 If some of the electric energy supplicia te a train
when it la on an unblocked section b.e etored up in Fanrea
accunsulators, snc se are st pregent used on the Brighiton
Pulmnan train, the lampa will continue bnrning even viien the
train bias Suaa to receir. clectric energy froin tha vbbed
rai.

When, thon, ire comnmit the. carrying of env cwer týs that
fleet meh.etr towhich we have been, accustomete entrnmt the

* n~ig:of eur thoughta then &hall vo have vailwaya that vili
coin ped, eceoomy and aafety ; sud lut but mot leat te

us, v. sU hie the. entire absenc, cf amnoke.

UNOM ON TEM ELATIONS OP 3UNG.A24SM Aff
CARBON IN MRON AND 8TEL

BT X. ALIXM4nEx »OUIOL, TERREXOIRE, LoIUx, FrRÀ?WE.

(A Ptsper riu4before Mie Americs* rngh2i&k ofXiing
Eisgnseers.)

Tii, peraa cf Mr. «Willaîi P. Wsxds «« Notes on the Beha-
viour cf manganese te Carbon," prosenta at the Waahiten
meeting of the Instituts ln Febrnazy, 1882, ba s ngsîv fi.
thtr retiectiona on the Marn gênerai tepiC, ad Iaï led te tii.
preparation cf the. present paper.

The aine observation that Mr. Ward bum put on record lu
his 1'NotW" vas ise Made. by "Inysat about the. ane time
(in Auguat, 1875), aud umier aimast the. sme conditions.
Frein a blast-luvnace that vasé wry ito4 si wa the fornace
mentioned by Urt Wara, I ohtained a pi&-lron contalning
about fifteen per cent ef manganese, gray sn celer, and very
toxigi. It conld be pulvezized, but eeiald, net be cnt wlth the,
chisel. 1 analyzed tbis iren and foud tat it contalueil, as 1
bail suipecteil, a large arnount or silicon. Frein thua faet I
drew the. conclusion diat the silices Wia deprivea the. oanga.
noie of ita power et disselvlng carbon, ince the latter, instead
of Occnrzing in the. pig lu conibin*tion, appearti as graphitic
carben. 1 thug MW repvodncea on a lar" scale, &u demon-
strated in a visible va1 , the, property Iliat Colonel Caves, a
Frenchi ucieillat, iiaa iacovered in srlscon,-tie propertp or
obstructiug the. proses ef hardening in ateels by keeping the.
carbon in the, gralphitic condition.

An attentive stUdy of the. conditions uder vhicii the. le-.
iomenon ob.erved by Mr. Ward taire. plaue Ied me te go uack
te operatiens of syntiiesis, and te umke a 1vanted diem, pig.
irons containing valying quantities o! silices, langanese, and
carbon. An itou, Ibna&repa.d vas iutended te serve m@ as
à chemicalspa Z production of steelé eut witiient

*blowboliý swl a m aated ffiend, Mr. A. L. Holley, lia

introduced and matie Irnovo te the United States. What 1
needed lu oder te niake very ,.oft steels, enst withont blov.
hales, wms an ircu which, when it was added te the bath ef
steel, ititroduced int the bath a sîîfficient ainotint cf ailicon
and ,of ianganese, with the sTnaliest pSsible proportion et
carbou. Nov, Su a'talyzing an iron similar ini character te that
obtained by Mr. Ward, 1 found that the amotnt cf combined
carbon lu the iron via almoit nothing, and tuat the total cau-
bon v&A between 3 and 3ý per cent., iîîatead o! being frein 5 te
51 per cent., a iu erdinaty spiegels containiug 25 te le pet
cent cf mangan..

1 dieu songht for s.way of stili farther ditninisbing the. car-
bon by încreaatng lte silicon ana manganesc, sud atter a few
trials I ound that viien the manganest and silicon are present;
lu tie ratio of their chtmical equivalentq, the canbon veaciies a
mininmum. [t la veil undera:eod that thie higier the percen.
toge cf manganes. and of ailicon in thc pig s raiseti, thea lovir
the, percentage cf canbon wiii ha ; an ahnost complets elimiina.
tien cf canbon might, indeed, be obtained by nirans of silicon,
but the lait which deteninines that the pcrcentage of cirbon
mitall voici its minimum la fixea by the ratio Mn : Si. When
the manganse increases, the cachon increasea also. For ex.
ample, 1 have produoed a number of tons of iron vith front il
te 13.5 par cent- of ailicon, and frein 17 t0 19 per coût. cf man.
ganse, and the. percetitage of canbon bas bet.n the least,-2
per cent.,-vith, 13.2 per cent. o! silicon sud 17 per cent. of
mangsnes, that la te say, viien te tire substances are present
lu the. ratio Mn:- Si. <Mu =27.5, Si=21.)

'What are the reactions tiat taIre place lu the, bat furnace
viiea a pig-iron, or vatiier an alloy, of this kmnd Sa prodnced 1
Are dis phenomena simultancous or successive 7 My opinion
la that ehr are succesive, and thst the carburet of tujaRanc..
la th. réagent thAt reduces the siliCel frein ich the. silicen àa
derived. W. cau in; fact repsat; tut laboratory experiment
whicii consista ini iaintaining a qîîsntity of feromanDoe in
A moltan condition fer several heurs in a thick crue ie, ancli
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anq is uscd ici thiii îelliîi of teeil. Accaîiing to te ieîîgth of
tintie, mîore or it*'et, thlit the fe.rroîîîatiganeqe la kopt ils the
Maîlienî sînie. %,' lisid tite wails ai the' crucîble ta, le mlore or
less uttackeul . tie tut-taI iicorp)orte %villa itsî'if a itotahit)

qiiaiiîilt or slit-ou, luld 10%els sainie u! itq înatigaîîet and car.
b ois lit titis e\Iterinieiit tiiere cati ba- îîo dou bt tiiat the car-
biet "-f îiiîgaîîese is th. reugeîit by wluoss' actioît the Silicon
is derivel1 froiî the tilira iii the içîlla af tlîe criteile.

'l'lie lais-s of tlîcrmo.-chcnttstry titat have hieti establiqlhed hy
Ilerthlot's iiuînèrrus lisse elriîitseqtiill canfirna the
opinion, tu lîilî i 1saine tintie Yago gave litterancé, thai whll

i .sud ni îaiguîa ocent togt-ther ini a Iiigiron or iii a ste-el,
tlt,-% are- Ili a niite or elleiicil eoinIbînîîtion, qq a 5eilieîile or
îîîaiigaiiese, iftlîe ptr-tages or the touhnicaare i tu
iatio, ut let-t, of INI Si. It iiy, iiîdeesl, bu aîiirîîîed that
Siliconî wiieiî îîeiîtralizedl ty ia anstlîat i ta Say, %vlieu

*for cadi chiniaIl equivaleut of -silicot tlîere is liresoiti n littîe
mare tîtautiu eqiiivalent or iiîangalicse, doeq Pot dimîiîislî iii
the le-ast the liardleîiug îîraîerty o! steels. \lîen tîne amutit
or maugant'st. illereases, tlîe Iîardetîing praperty ittereases, silice
t iatigsutt'sc îosst;s. tlîe property of dissolt-iig earboii, titat i2
ta q.iy, of keeîiiîng hit i tine coiîiuied state.

As ta thte oiioni or Nir. ~'%ard that manganese han io in-
jurioul; ellect oit the w-car of rail-,, 1 tîîay say ilkt 1 iîald the
sarnie opinion, tlîôigli rar at etiitrely dillereiît reason frout that
giî-en liy 3lr. Warul. Title dt-terioratian of rails frain ete.
spheric causesq, whii îuîay lie iikeîied ta chéîii-al action, is dite
esjiecîally ta tlieir phlysical canditioni n-tler tîlti ta the cliemi.

-s eaniositinti of the- iligot freini %viiichi the rail va- made. A
poraiîs ingot, fuIl or Ilow-lîoles, %il) lîroduce a rail, on which,
after a rew tiiontits or service, the surface cxi>ostd ta %vear %will

bue caverel wiîh ninberleas litile r.uys tir streal . wliich are
1jit s0 maîi% more 1îoitio a ttack for atînospherie agent%.
S uel :a rail if laid iii a daip tuinêl will very qickly beconie
usele-.s. Passihlyv it %rouild ho îîsed ti) a little more rapidiy if
it cotitaiued a liigh pierceîîtage of maiigatîese, but iii mua case
waould the lîreselîce of tîat eleitent bo a principal caume o! the
elrect jîroduceil.

fron als, mnade front twa iiîgats perfectly Souînd and ftee
frr liai-to-s, are coaîupared îvith tacli otiier as regards nme.

clinî)cil %eriny apiniami, hased ont experieiice, is tlîat tîte
rail wlise liarduiesa, lies wutii Uic limita 1 atît about to point
0tit, w-i resist w-car ilîuit' ell'-ctuaîiv titan the. softer ane. The

iinxsiinuin of rigiuluîy, coinhîinimîg resistatîce ta bciîditg seitî

igreat lioweraof rsistiglok lins bteu reaeliedl iii rails o!

Carlion,...................... il . ta 5.45 per cent.
Mangatiese ............ ........ 9 L.1<
l>hùs1 îioru ................... uî .' 0.1o
Sulphur::.......:..........oa05

Silion, ....... ............. (.02 "

Tiiese rails, utade frout lv'rrectly saund ingots, and laid out
ant of thei bu-sîit panionis of as great ietwark o! Frenchi rail-Iways, aiter ttr-c . Ito,-3 of trial liave tnt gtvait occasion for a

37inqle rtjection, aud the wrtar obseri-ed Itali beau insiguificant
t if at-r rails mnade. fralin ingats eqîîally wumîd, aud ditYerilig

I*ron lte pîrect-dinlg oniv iti laving a sînalier aiuouit-rrn 0.5
to 0.*- percent.-of uisgaiege, saine, imîdeed, hiave aiways bcen

Irejccted -.fier tine re.gular test of tître years, but that -ii
lias becu especially rerm-îtl is tlîat iluer lias aiways licen a
notatble w-car of tic top of tit rail.

kt ix alsa kîîown ta lie ttat, tint rails w-hici hlà-e beat stacul
tic rude tests of jîcilîsîn and lieîidiîîg, dernaildetl by the
1'%asiî raiways, contati about il..:lipet cetit af carbait, aud

fronts 1.1 ta 1.2 lper cent. o! 'l'liuese Tht îaiigalliese, ritîî.
ont seîîsihly dimiislîing the eiong.îtioit ai tîne steel, iîicrcases
its lenacity and rigiçlitv,, as w-el ais its poivcr of re.iitiig
aliacks. It ives ta thi' steel tIti5 granid qîîality of harilntss
seitîjout bdlèe~

lu tie lanntl mi ?ugtîn, S 1 Ill at niv disltas-itioti quite
a large siuiuuulr of aId steel rails, salade ut ùFltretît sttcl.wurks
in Germaniy, aud tak~esi front the railways of .'d.,ac.orrYsîne.
Thesu rails hall beeu w-arn out eluite raîtiqly ; tlîey %%-ere aIl1 in

ivery lad condition. The oldest of thin bore the dlate of 1874,
and tic tuat, Il Ilsachin ; " the. iniost rt-cent camne fronts t

siel 'rk, t. Il Ilitte," anad %vero daîild 187-' I T-ese
ramil% in their cîtemical colnpoîi4tilit carreqlw)sided for tue itnt
part witli thc fotisula of Dr. n)îhv-.ioe t Icasi, w-ltih
dîd nat have aîiy exceas of plimîospls or o! silicoî,-bt.t tîteir
resîstaiic' ta wvear hais îlot caufiriîncd Dr. D&idiey's opiniion.

1l &a alto beuî able ta sulaiuit to tilt test of a blase a rail front
the Pht,-ui ole.rrs ne frous the O.cuiabriel ateel-works,

essai a tliirîl uile by lît-etll. 'l'e Pliaxiiix rail ,iluvt-tt lias-gr,'atest potwer of reaistaiue, but tht- muetll i4 sofi, ai Chauge-î
its forait enisi'eralîly, and Iaeks iii rigi'lity. 'l'lie Ilitqt.i r.sIl

Chantges iii tarin i il I uior,', an il, besi'les, it is lirittl,.. 1 t broIe.
%%aider tint siiock of ai weiglit of 3110 kilograisitues faiiiig tilironuitlà
3j~ tuitera, the lin vil w-igiiiig 2 tOIt-i (toilleq). 1' l' t .
rail witi4toi the aiiock of the sainie weiglit faîlini' tlittgi 4;
ieters. 'l'li tisiiatbritel rail, like iliat of iîuteli, i. hIittlte,

t lit chlmgesý lits forni Ira-i eaiilV
1 Yi coîci-tioii, liki' Dr. 1iiîIey, i st of opinîioni that eleiii--i t-a

lie phiosptloriîs, sihicoi, suid tîl phut. iltu.4t he r.-tdlictlj ta min
tîhsolltu iiiiiuiii Ini a gaod rail. I siioiili îiita e'e--It-ii

ous the I)IIO-4tpIiorlài alitl I lle Silicon. ntii he's ait t.''iiî uti
I tdo itt puît m-iiigatii-4o iii the. eategary cf iiigrt'ti.-its ttuai tue

siijîîriou-t, eiilit-r ta t lu. ralinîg or ta tihe cic tof thle r.iil I
.jîauild give the îtrefercîice to a inetaI coîîtainiîîg i.ulîgaliu'st ta
the, aitint of 1 per ctt.,.1 as hlavac indic itetl abus-t, çjlîî.l i
,'xt'eîiuut foîr rolliiig aud gives a rail of superior qtaii uali-

'J'tîUC 81/t01(.271y Itrital Conipustieu of DiffTrcît RaZ*

lie-ecjlitils of Rail.

lo-li .. ... ...

Kr njtp.---

Colioch'îî .. ...

Union lîtîîîunid,

Y.~ Il Iltte . .

Osn.î;brtt ....

lloescl.. ....

0i.3f73 0.490i 0.1)fl3 j .:-

0.3Î3 0.323 0.139 Du03

0.240 0.20t) 0.116 0.02G

0 240 0.284 0.046 U 039

0 480 0.1S2 0.139 0. 039

0.SO 0.170 0.46t; 0.045

08.453 0.330 0. 1 s1 0. fi.'

;.1 0-C

0.14t;

0.067

0) 239

0.081)

0.(b74

0.119

''ilE SAlýEl'rA STOZE-. -At SRrCIpta, ini .ASitiC RusSiS, there
are very curiosusly forîned saones, origiuating, according tu a
popular traditiou frein rmots. 31. Becker cunfirnis titis opinion
anti sta±t5 that the Triigopon riatli7îcieîs, tînt Scorý-onwra Eecsi.
foia and the Bp rn qadaa aro plants whieh réach
thir full growtlîs ain %viite'sand. i'heir long roais are inha.
bited and eaten away by ins.-cts ; a îuilky juice tlawa frotn
theui, of wilih the. calcareous eleient accumulates aroutid tie
roOt. When the latter lias disappeared it is thus replîîeed by
a kiîîd or artificial btonc.

1I't(iet-s o in. ai e o'iitisai oF ( itit>ý..-WVitei carbon
tburus in an exyce-ssofoxygein cirhonicacid isrforin!d ; wheii the
p ropiortions of carbaît is inercased carboniie oxide as prodnced.
jTitis is a well known fact, but it iii geiierally supjîooîd!, il tt a

ighcr tcntperature f.ivaur the îîrolîction of carboie acid.
IAccorîling ta M. Ledebarg, this concluion isj rit :îltagetlier

true, and the two gases niay bu fornied at the sanie tinte at the

flegrees C.() C.0î;
l3clow tho poinlt of fusion of zinc 3500 78.6 21.4
At the point or fusionî of zinc 4400 72 4 27.6

)nl red 5- le) 71 4 2S6
Cherry rail 70(0 c>62.0 7.
White lîeat il Ù0 Q l.3 9s.7

Temperature tiien ils now the principal agent iii the reactioli.

J03 OINS. K,,rd.

Thte naie "joitit" Ils given ta Ille îinovahle surfaces;
betueeii two or nîorte bottes ; and, as a iatter of fact, muas.
,-ular iiiosvmcnts cdisciisse-J belua>% are direcutl toasrds the
niaveients of tic bottes coucerned ils formiig tie joint.
Tioe scicistife statue of a joint îï au ,irticîîaalai . anti the
reasoti for the application of tItis iiante, ut once te t! con-
cel-ted suries or syllables aud wor-ln w-hidi foraisî 'sibec,î, atiti
ta bodiy niechincs, cati be readily appiceîsteu!. 'I'lere are
»anie five structure-; whic t enter auto the forarition of ait otii

uary "Ijoint" Ftitty conte tlîo boae. Ttieu, secondly,
boucis art ticad together by atout ribr.)u- cordî, kansen an liquz.
2tiis. Tite )eaîîtiftîl ligaments of tie L-ace, uniting the
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thigîs te the top) cf tise sisin.boe, or tisosit cf tise elbow joint,
ilssstmîe tise cordî is question. Ligamsents ate rolated te tise

sinews tor tesndons) ci isuicles lu tîseir comhposition ; botis
be'ssg fsbrosss corsis. Thirdly corne' tise layer of griutle or
Catilagre ts'licls coats tIse essdb er tIs bosses wlsiels tub oit ne

t issotîser si tie niovc<etielts of thse joint. Tihis castilage la
talled art'iulr -artlaye. It is cf a beautifsslly smuotîs, glis.
tinssg Struscture (a4 snay bc seess iu a butdser's sisoj, wlseî we

, fsbpect thse ensd o! a boule %wllicls ias juit beecu turtied eut et
I i ',ocket>, ansd iï cf i btsul.ws teusr. ''ii cartilage
acls tise part or a "lbuirer," ansd serves ta lisiiit jarrissg ansd

t'ouctsq:asos lut joiîtt, besids's renderissg thse ssseveîns of tise
bosse.q rnootîs. Tihe tosîrtis satucture fonssd isn a joinst i, a
peituliar muembranse cr layer, wlsicli reaeiveî tise nomue cf
sauî'5'l 2sst,,srost, and wlsicb, practically, lin 's tise cavity cf
the joinst, 'rise cilice of titis msemsbranse is te si uufactume a

a glasr% tluid ssaiuud ,rlliot-ia, tt'licls serves am "joint ail,"'
asss esitici, beissg potiresi out betwees tic sîovable surfaces,

lssl'rscate3 tise boites is their ssscvesssests. \Visess, tlsrossgl
issllatts.tioil of tise joint, thyis 'sovîal fliis increases is extesst,

w'.. tislfer frost, whiat i populariv callei Il dropsy " cf tise joinst.
Thlie fiftlisut cf strssctures wii îssay be fouet! asqocittt witis

Ioit'trekisow's as lurm-~e. ie are little eliosor isade,
covered usually wits synoevial menmbranse, and placesil si tia-
tiett' 's isere tiseré i" ]iiibilitv lu frictiosn. Thse bairee are te
tise body, is fact, telsat; tise groovcdl wiseel inqide ie sailor's

Ilboc.',l te tihe tackile cfa sail) ; tisey dimnissisis frictiotn.
\Vu diseover tisesii in situations ss'iere, fer exasssîle. tsere is a
great play cf miuscle or aisen oe.r ssny surface. Bitei tise
sksss sud tise ksseo.cap, fer exarsiffle, whiere, it is evidesit, mssch
friztion Issust exist, a. bt&rr is ilterposei., Anotlser exista
betwt'ess' ie gseât prol- etios near the, lssd I tise tsigls-bone
sud tile ii muscles which rub over tise psroection nt evey

Sichs 1eiisg tise gesseral consfirmations of Iljpiiits,» wu sssay
nùOs sssrs'v the varions forssss of articuslstionss met witlslss cur

1ftnmi.'n. Tisere are tisrs' clases cf joins tei be feuîss' is thse
1.oiss cf muais and. iis utisisour ausissals. l"irstly cote, wisat

seesss te imjly a cont"adictions in ternis, naiaseiy i»s,,orable
wntil. Tisesu arù %vel represeutcd is tise dove.tailing sehicîs

iii seti betîvecu tihe boucs cf the skul, a lsrecess securing
immses isrsnuc o! unions. Tise next vamiety cf joinsts iis.

i clusles tlsos- thiels art nasssed ssssesl articulations. Hu re te
finit ostly a lssuaited ransge o! îsscvemesst, telicîs May, as4 u tihe
sîsine, cosfer geiscral llexibility, ratier tIssu exact mevemreut,
sl son the' parts c'cscerneil. In tise spine, for examplle, tee have
a series o! bonles, firinly ussited togetiser ifcr tise protections cf
tisespincil cord>) by iîsccrr'ening plates of gristie and cartilage.
Thse alterisrtiug series o! bosse and .- ristle.pads tisus seen coitfers
a si.-i tlegree of llexibility on fise quinse, wvitlsout persnittissg
tiss del'ssite range cf oetions betveessi tise separate bosses.
* Bsst tise Most tyjsica1 joints are tiase in tchicis fritc suve-

* ssseut isi eue direction or anotîser la persuittesi. t'nder tis
i lead-tisat o! nsosable join/ts-ccme tise ordissary joints of tise
b lody- cîbon, sîsouisier, ank-me, kue, fasigeis, tous, te. It ta;
v.'ry obvions te any one %vite swings isis atm round aîsd round
at tise susculder, tisat; tie ovesnt tisere is cf a dili'erent

jntatusre train tliat.seess ini tise kne cr eibete : isilat tise (ami.
isar "ltitra of tise erist " again reîsreseun a tîsird kinil. Tîsus
it tx-cotses cicar tisat ve finîs lut tise sseclisnics of our bodies-

*firstiy, bail arui-sockdet. or Ilussiversal " joint,;, capable of fiee
mnovemurst iu ail diîrectios. lie deeper tise cul), or seeket,
tise sucro limited is tise Movénsseut. W\itssess ins proof cf tise
tact, fie more iimited movenscsst of the. iti1, joint <tisere tise
it is deep) compared tt'tit flint ut; tise sisouide-r, wvlsere tic

îcsî ss a bnsre sisallow "«saîteer " o! tise sisoulder Msade. At tise
,*lbes, kre.', a laiisi flic tieingers andi tees, hinge joits
are repsreiessted. ie msotion s l backte:rds and fomw.srds fis
tiw,-e joins but sssch a joint as tise knee perforîns more coin-
îplex insvesuests titan are snclu'led under t1sib, description.
lot%tiy cosule tise rocalrti~jois'r ins wisici tise maccent takes

j place zcuisid a fixed pint or pivot. Wiseîs alter kt!ciug tie
foreamsss fixcdl titls tise palsu cf tise isasd turnesi forteards, w.>
essddeniy reverse tic palm asd tura it bickwarls, cuse cf tie
bouses t radits) of the forcarni rus tor rotateas round tise ctiscr
bue (icitsa> of tic forcarm, ansi se reverse% thse position cf tise
Isand. Trise radius tiss contes te cross tile %tins, as wien a

spaeaddressing an audience, plsaces botit palets îloîviiivarcls
ion a table is front o! liiss, ln the fasîsiliar style. liere tisere

s4 seess tic round head o! tise rasdinss retating round tise ultia,
is liseghbossr.boue; and : Msay be added that tiser q art certain

animnais se.g.. elepiauta aud doge, cats, and carnivora gener-
allyî in %çeiic thse radius je peraaes:y lixed ils tie crossesi

position, kssown soientifically as prouton. Thse positioni ins
jwhicli tihe two bouts liu tiide by3 8ide ls wlheu the palin is
directed forwarsls) is calIed scrpîuseioit, Whleu we tomn ossr
lead ou cur iieck wt5 recuive a secondî illustration of a Il pivot-
joint." Tlhuis thse head, together wtul the' firàt vertebrat of tis
spisse, or '« sstlas," mccce a littie ssroussd a lsttle bossy pug borne
on the seconsd vcrtebrs or mseis.

It usay be added that iu the uise of thse variouns "joisits,"
Isiglsly iunstructisve examples of Ilasiissl tuechusics " sssy be
occasiossiily fouril. Thus the bosseq really costitute a ;tries
or levers cf* varions kinsid. WVien ive pull tie hiead issckiards

oiu tile ueck, we tire usisig a lever of tise first enter. Ilere thse
tt«eïgst (tihe face> is on one Side orsftile fsss'cricn (file îseek>, ansd
tile puirer ithe muscles of tie haeck of thse neck-> le situated ou
tihe oppos1ite tilde of the fuitss (ro trisie %% eiglit. Agiiii, if
tve stassd oit tîîs.toe, 'ce use a lever or tise seitd order. Il ere,tihe 71deglt (i.e, tice body or leg) is situated betweess thse piss'i'
(the, caif-ususcles> and ile tidcruen 4ise tous>. oJr wien we
raist our bsand ta our moutis in the net of eatiug, or of Ïeedissg
ourselves, w!sen thse shoulsier la fixeul, tee use a lever of t
third order. For iu the latter case, thse 2igh flt- elsd ansd
itet Costenst is piaced at nsuc extremity, tise fillciunt (tise
ell)ost'> at tise otisur, wilst thse )>oircr Wile bice-ps intiselel sets
isetweess thse weigit aud the fulcrusu.

MUSCLES.

Oss esse occasion 1 asked a cias o<s ents wlso werc study-
issg pbysiology in a polsular fasîsicii, wisat. tisey suppiospd
4muscles" were. Oue stssdesstsaisi Il ususcie" was Ilsinew";

assotiser told use Il it was soasne <issd of fibre" ; a tisird said it
was "gristle" ; and a fontrl tisat it was Ilsonie kissd of puip
founsd ins tihe bod3'." Now tise studens ini questions were dravwe
front tise ranku of ordinary isiddle-clas Society. 'I'hey wrere
sttsdying pisysioiogy witli sue, net a4 a msatter of bsssiness, but

«L4 a labousr of lave, and were attesupting, tder my guidance,
te obtain a1 broad and gênserai viciw of fise fussetions andi Struc.
tie of the hsumait fraisse. (NVe slsosld bear lu missd that pli>-i
siogy is tise science of "lfonctions," andi finat, as suds, it is
isssed osi a knowiedge of l"truceture*."> I may tiserefore take
my former students as a type cf intelligent Society around uis,
and 1 ans not far wrnsg, 1 fancy, wisen 1 add that if 1 were te
as), tise readers of Kzsosrieilqle, isead, overlead, te returu use a,

Pliai tsswer te tise question Il"Ist ismuscle ?" I .shouisi fsnd
ouya very smail percesstage of correct rculi.m Yeti tieap.

îsrcsaticu of what 'leuscie i.., to beglin witis, lips tihe key to tise
understauding of ti'- wisole topie. Musscle, iu oue word isflcsh.
Our muscles are oui Il flas," as tise muscles of auy otiser anii-
mual are its Il iesis." Wlsat wse eat of fishis ltise muscle of tise
animual, or rsitler thse collective muscles. 0ur stsstton-ciop) is
tie Ilmuscle" of tihe slseep, as veal is ex Musscle ins a young
conditiona.

WVe sbouid neyer desptse isomuely sources of informastion.
Tise liomelier sucis means of kssowleslge are, thse better. Huere,
filon, is a rcdl.cesbesource of inîformatin cencerning
tise nature of muscle. A suice cf coid roast beer lies bs-fore mue.
Witis thse point cf iuy fork 1 can malze out tisat it consista of
tisiî that looks te tise unaseistesiaglist like coarse fireie, but
wlsicb are rcaliy bisodies of libres. 'his is observation nusiber

aile. Muscle is muade tip cf fibres, or butidies- of fibres, joitscd
togttser. Next, 1 cau s;ec that In my slice of bref twhsch me-

îsrsts a cross cut of mnuscle) tîsere is te bc perceived a lino of
dii, tbrougls wlsich I cari seisarate se mucis of tise iseef froei

thse oilier isalf, trithout tearitig any of the libres. Now tbis
se'coud observations Shows nie tisa' the flush cf tise body is net
ail lu one nmass. On tic other si.nd, if 1 terre ta examiuc a

wisolp kg cf bee! 1 sisc2l' find tisat tise iési ticreof %vas
grossped into separate partions, escis of which is ac itei-wle.
With thse isandie cf a di-.secting Scalpel, tee can separate eut
ench muscle as a cule freint its felinirs, aud we sce tinat freedcm
of suevesuent for escis muscle i thus secuirei.

At tis stage of our inquirles, tee iiiigist asic etrselves w]sat,
genoraily, arc thse uses of munscle. i cari eumetate nt least
fixe fesscicus whicis are performesi by muscles. Firstly, tîsere
art tihe commn osocss4 f thse body -walkiug, grasping,

1etc. Tîsese are !scrformed by muscles. Seccndly, we obvious.
Ily ,q)cal- ly snuscular aid. Tisirdly. ive e£j'recae octr »ein-

front sneezing tsud snariing wltis our raised lip and unccvered
t.,cîis, te s]srngging our siscisier-by nseans of msuscle.
Fourtisiy, tee circulaie oui- loleo by iiuucular action, for the
isart ta simply a isollow muscale. A:tsd fifthly, uscle lseips Ù&c

ehe diges(iout of foed, for tise mniddle cat cf the stesuaci andilutestîste, net te speak of the gullet, ia muscular, aud serves

\Iztlýcit, IS83.1
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by its movement ta mi% the food with the digestive fluids.
1 nccd hardly add tha, -nuscleg givo ta the varied regiors
of the body their contour and outlino. It ia thre business
of the sculptar ta delineate 'with precition tire fornu wvhi.zli
the various muscles give ta, limbsansd body under the
varying attitudes of action and repome

There are two distinct classes or kinds o ai uscle in our
bodies. The first of these is thea group ci voluittary inzacles,
'whilst the second group la that of invotlctary musclés.
The former deriver their naine framn the fact that we can
maya thein when 'we like, and th% muscles af face, head
and necir, arus, trunr, and legs-thnt io, the muscles of th-,
body generally-ctxemplify this firsaset. Tho "involuntary"
muscles are those 'which are autside the cominand of the
wl), andi which discharge varions important duties, ne-
quining, mo ta speac, automatie and regular performance.
27he muscles af the stomscb, whieh, by their action, mirc
the food with the gsstric juice ; tho muscles which fori
part of thse walls of bloedvesscls, and wbich by their con-
traction or expansion produce palier or blushing of the
skia for example ; and the muscles af the branchial tubes af
the lungs, and of the pupil af the eYe, ail illustrate tire
"involuntary> class. Thcy nct anly wheu stimulatefi by
sorne special feature ai Ui. Light will produce contraction
af thse special eye muscles whose function it is ta close tIra
pupil ; and food entering the stomach sets its muscles
agoing. -The beant is likewise an involuntary muscle, dis.
charging, when leit to itseli and nlot interfered with by
the brain, its important dut>' with regul arity and precisian.

There is a wide difference in structure betwccn tire
icvo[untary" and I"involuntar>'» muscles. Tire former
are often calleda striped muscles, and the latter misstripcdl;
but it muet be bonne in mind tisat the ilare is ani exception
to ti.is classification. The fibres of the heant arc çl)41,ed
like those af thse Ilvoluntary " muscles, 'whilst, af course,
the heart in entirely invaluntary in ita action. In soui
respects the heart.fibrea, however, are différeat frein thoso
af the Iîtriped muscles at large.

Fi. 1.

Ifwe taIre ai "voluntary "muscle, separate it frain its
suxround ineghbours, and examine it carefully, we fid

Lt t becomose oflmlesqb.s o r Yaiiculi as thcy
axe ecbncall nane.Ech biandle consista ai a variable

number ai) firs<i.I which at their longeat do nat
exceed eue and a hah inches iu length. Tho average
breadth af a fibre varies main. the iour.htindredth of an

inhte the twcnty-foiir-hundredth. In cold-blooded
animais, thc fibres are larger tiais in wsxm- blooded
forme. When we put a fibre of voluntaxy muscle
under thse microscope, wu observe tisat,, as thse Iigist

sbin.s tsrogh L, i preen a strpcd apprae
"stipd» pparnce fom whhts volutary musclesdervo hei naneis ue a Uc fctthat a fibre La

consposed of two kinds of elementa, tisick ansd tisin.

'These alternato, %itîs each other, and the thick parts, af
course, under transsuiittefi light, appear as the dasrk stripes,
whilst tho thinner parts forus the intcrveining light bauds
ai the libre. The lig'ltbaids rciract thuliglît sîngly, whencas
the dark dises or parts reirset the light in a double fa8hion.
More necently, another stripe bas beexi described cutting
as it were, eachi dark stnipe into two haIves. IL is evident,
however, that whcui tire ultimata structure ai a libre ai
musclo is considered, wu might readily enougli conclude
tirat the fiba-o was really but up of eross.pieces or dises,
pîaccdl enud ta end, lireo a rottlectu ai shillings. And, ns a
matter af fact, we can eu this structure in a muscular
fibre 'whichi bas bet allowed ta sosir for saine tinso in a
weak acid: As slsown ini Fig. 2, thc fibre then breaks Li»t
cross.pieces, named its clLacs (a, b). Again, on the surface of
theo fibre we eau dctect mankings or stripes nunaing thse long
way ai tho'stnucture. This shows us that in another sense
the fibre eau bo divided inta suraller fibres or filîrle ; and
,when thc extrensity of a fibre is microscopically cxamined,
we may tee the ends of thcse fibres (Fig. 2, c), remindimig
us ai a seution ai tise separate ;vires which compose a tisicir
wiro rope. Lust ai a)], we mus£ note tisat ecdi fibre is.
eticlosed in a clelicate sheath, eallcd iLs sccrcolentinc.

Thie nsti4lcd or il0unkiry muscles possess, as tiseir
naine Liplies, a differeut structure frotti their striped neigis-
bours. Tbcy are aiso composed ai fibre; but cacis fibre La
mnode i"p ai long spindle-shaped celle, varying in lengtb
frein tise three-hundredth ta tise six-lsunclredth of an inchý

The question, finally, Ilhow dues muscle act '1" faces us
ut thc close ai aur bni studies. Jf we taire the wellJtunowib
bicepR muscle, wbich feais thc great flesisy mass ai t ' e
upper arm, as a type ai muscles at large, we may diseover a
reail 'y reply ta thL- questioss. The biceps springs frein thse
shaulder by its two tendons (or sinews) and passes, ta be
attached or Iliuserted " aiso by a tendon, inte thc radtes
(one ai tire fore-arn bancs) below. Now, wiscn this muscle
acts, u'e sec that iL pulls.- up thse fore-aim and flexes or
benda iL on tse uppen ami, as lu tise act of bringing food te,
tise mauthL If we place aur bandi over theu biceps (et the
middle ai the upper atm) as we raise aur fore-atm, wo sisal)
feel iJit muscle Io gnose tjdckcr as the fore-arm approacs the
upper arm. Again, we observe that only oue end ai thse
muscle moves (thse )awer end, or insertion), whilst its uppcr
endj (or orijin) attse shoulder, reinains fixed. Prom these
factsr, tisen, wc lesxn, firsdiy, tisat muscles net by pulling
together Uic parts between whiclh tsey are attacised ;
.econsdly, that thc muscle grows tisiclcer wisen it mets; and
thirdly, that muscles penfori tiscir fonctions ai moving
the bancs and body, because they passcss an inherent
property ealled coittractility-tbat la, theporer a lmtnsj
theumaevs Iu tlsis latter phrase la faund tise wisole ex-
planation ai muscular action. And when we add that
group ai muscles <such as tiss wisich bend tise lingera),
&ntaan! or appose otisers (sncb as tisose which open thse
lingera> ; and that the muscles ar-c ordened and governed by
the niervous systeni, wo &hall bave fairly started ourreaders
an Uic way ai becoming bettermcquainted fnoni the pages ai
auy pisysialogy text.baok with thse Lnteresting prablein con.
cexning aur movementa and Uic pover ai doing as wc will.
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Titz EttirrnàAntTx PELEcÂxeNueVr represents oe cf
the niost elaguler boings dredged froin the great deptha cf
the Atlantic during the. last voyage o! the. Travailleur. It
was fatind on the coas of Morocco nt a depth of 1745 ft. IL
is a fish abouti18 luches long andi its greatest thickness is about

Sti. Ita colour is a very deep black. The body, leaving out
of consideratîcu the. mouth ofwhich the proportions are colos.
sa] , reserubles that cf the. Micorurus, aud terminate8 in a point
at the. caudal extremity. But its aitogetiier pcaliar appoer.
anc. la due tei the. arrangement cf the. jaws and the conforma.

tion of tke mouth. Iu fact, altlîough the bond la hardly more
than li ina., the jawe aud the. ousr*>uorium are exceedingly
long;- te latter, composed only cf two parts, measures net
las than 3,7 ius. The. result is, that the articular angle la very

the. wefl.knowu pocket cf the pelicau. In conseque nos et this
displaceruent cf tbejawa sud of the. extensibility cf te mem-
branes, the. mouth with the. pharynx forma a vaat funnel cf
wh:cii the body cf the.flah sema te b. thre tapered continuation,
a fanel in wieh it moeis probable that food la stored and
partially digested. The organe cf motion are very rudimentary.
The two fint, are reduced te tiire smafl appenaç.s, whioh
their position et tbe rear and near the. branchial onfice causes
te reSemble ýectorals ; the. ventrale are wanting. At a distance
from the cci ut very nearly eqnal te the. lengt1, cf the. bead,
commences a doral whicin l prolongea alruost the whole leugili
of the. bock, withont however, ragcbing the caudal extremity ;
it seems te sud at frein 2 tes3 ins. frcin the. latter, A te the
anal, it la almilarly arrangea; it begius a little lu tie rear cf

far back, and et à distance from the. end of the ioati eq ual to
about tbree aud one liait times the length of the cephalle por.
Lion. A long and alender stiletto constitutes the upper Jaw,
!tg situation aboula make it approach the laiterniaziUary.
On each cf the jetwo may b. feit alight dental granulations ; ut
the extreuiity of the iuandible are seoit tweo rang-like teetii,
about 2 in. long. The. buccal orifice, in consequence cf tuis
arrangement is enormousa; it leada into a cavity cf still more
altoni8hing dimeusion@. The. upperjaw, in Iract, ie joned to
the. aides of t lie head and the anterior portions cf the body liy
au extensible cutaueons fold, which, allowa of considerable dis.
plarement; thon betireen the. braliches of the. mandibles la
etretched an analogeus cutantous membrane, StiR more elutic,
formed of bundles cf elaetia fibres and copaaable only wlth

ci
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THE ESTIMATION 0F MINERAL OIL IN THE PRESENCE
0F OTHER OILS.

The follnwving procedîîre in estirnatitig ruinerail cil %wheni
mixeid with vegetable or animal oils, i tire result of n long
serips of exIieriminqt hs" on the nsethol suggesteîl by Sir

IWilliani Tiioîpsnn aiîd Mr. A. Il. Alleui, iu a)usper iead before
the( Royaîl Society.

Four to tii'o granis ol the' oil liir examiîtiatioîî are weiglîed
ont in> a poreili calimsîîlo f 75 C.C. enaecitv. Tlltiui c.c of

a 10.per cent soluttum of potabsiiiin.litvdnite are tddqnl,' and the
capsule covered wvitli a ivateligla.s i4 pIat-od lit a1 %v:ter-.ll
heated to :îlout, 93 t IL.''lie nlrture oif cil and aikala shonild
lie stirred frequentlv, aînd alter tlîree quîarters of anr hur it is

Iboaded witm stirring. I'hiq ill secure the saîleeiponiifi-
cation cfal iiit vem,îtable ar animal oil. After ttie tîoiliîig lias
lîcen coiltiuud. sartit tinie, and ])rosi ut tht alctiol in e Xjellt I

i aîd a thiek î,cuin of soap for-ns on the surfacé, a Iittlo bicar-
lintt of ioula is 1addedl to couvert the e\ýcesi of eacahslu all'ali

une carbonate. \W'heit the cointents of the' capsule haire lie.
conte hl¶sty uit eqîtal littlk -if titr, ean saitdils stirrediii. Thisa

iniakeq tho sontp graîîîilar, aîîît facilitatea the teniiovat of the tait
tmaes- ot atealuol. 'l'lie capisule ise now lîeated for tcwo haurs more
on tire wvater.bath. Ate iuolig, tire eouitent-s of 11>0 capsule

iare traîîsferreut ta a stîort-îiecked flieliel, hsî'iîg a tlîii plug
of i.qbe-toi, tnd wa-.iîed wîitt petrolouîîiî otlitr, or somie other
lîglit îetloltulin spirit. 'Flicee~edi~le ont thé minorai cil
front tir( seille, ind2 is best collecteit Ill a qluarter-liter. flask
iî:tviiiý, a short iicck. The --iller Caîîlie ca1Ppied coiivenieitly
anil elïpctivéulv l)v a siiuali wvasit-btûttli'. i ar, nîu4t lio taken, ta

etiect a c.nîup clu. reniova i et te oil frointh le soat) ly mnui or
theciltler. Titis cau lic tcîtedl hy lettiîîe a (trop oi' tire ether,
as it cornes thîrouglh fali on1 a pioce of tîssue.pajier. If there
is no0 greasv% 4taiu fle îîfccr tire ciller evaluorîtes, rte solut -tl
nînty bc consîdered coîîsîleto.

Nfost of the ethier is rennoved front the cil lit- distillation and
eau lie sivedl. 'rt'le lîeat of tire water.bath la sutîlcient to boil
tire etlier, and the furmes car) bc coxincns' by ps.ssiîîg theîin
it a condenser. Tire vil is now trîuîslerred ta a %vei-lit'd

50-.c. tlask %çliîch bas a hale blovîii it anesd dry, warnni
air is fort cd brto the tlask througli it-s neeck ii order to reinove
the last traces of rte etlier. Tire filask shiould îlot bi' tîeauîeu
abave tlte poinît wvliere ib clin lie bornie in tlîe hiand ;If titis

I îrecautiof is lueeuler, btee 14 no daîîgýer tliab aiiy of tilt- oit avilI
lie volatiliîî'd. l'le iaagîof titi- air îiîoutd be touitiiitwud
untit the lask aiid cil are- constant tri aveiglit.

S1wriu oil cannet L4sî.iauu front i uineral nil lit- this
niet hoat owiuîg to the iiuiioeisility of coîiiîletely 8aponîîfying

lieritnc'uîts with sodîîînî.ilivdrite inst'ead of puitassî;uin-
liyulrate iîl tint gis'e gnod r,usîi

Tho folliviig <1itiitt.îtive uietermîîiatu.uîs, o! mineura1 it in
mixtuires loit tr t1i. pilr[ucl' hhoiv rite accuira.w of the
iletuou

Olit le Ou\tl.

L.ard <hil

SLineedl Orl

25. 3 9

2 or,

3.7r,

aignedllui,ai.

61,10

25 .11l
21 14

4.O!u

Ili a iînîztqite. ct »\oatfuot indt minérat -il tii uiikinw , Pro.
pa<tinuuî, tnur analyses slînweul thse per entl of initiera, nil t-, lie,

asfos 72.. 72 <u<, 71 S5, aud 72 10
lu a s.'iapla of tîsi oul, luiouîint lx, pis re, tbpre irere oh.

f ainpd thue f-illuuwîug fuerreh'gés of lmmîmuerutl cil - 14 5%, 34 90.
34 50, ndu 3 1..;5.

1 Nachine-oil, coinpositîaîi uiikîucuwsi, coutiîinetl of mineprai.
i]i 64.63 u64.67.

A cylinuler.cil contitîeul cf rniueral.oil 71.0q), 71.60.
A lubricatiug oit elaimei ta lepure anial oit w&3s faund te

bc aduiterated witb 77.25 per cent. of minerai ail -(Trans. ofjArn. Inst. of Jflilg E~ic

TH1E EXISTENCE 0F ZINC IN A STATE 0F COMPL1ITE
DIFFUSION IN DOLOM1TIC SOILS.

lit ISbO, M. l)ieulatfait shewed tlîat, zinc exists ii a state of
tount Iete dith'iîsiaî and lu apîjreciable ainoinl, througliout the
achiole thickness of tire primiordialt formin and tho sedti.
inîeîtary souls wlîichî are dirt'ctly derived front it. Recently lie
ipreseîîtedl a nee nat tire Acadénmie des Sciences de Paria; dis'
cureoiug tire ditffusion of Zinc lu daloînitic soils. Firàt of ail
lie eiuîîiates tire ft.llowiîig proposition, ta whicil, lie fins beon
le.1 ,y- L-2 investigation,, - Thab tire, lituininous subistanîces
alrea<ly dingui-ilied ti saniîe dolomiîtes are universally lire-
senit and fiirîler, thîst Iie ilvloî,uîtic rocks alwa!Is conuhiu (on-
,uiouîi etan a prupartion uixuhcl vî'u xceu uire ilra,î~ per
e'nbic mu iir' <o1 rock ( 0i621 lb. lier enlbie font.) Ile aise couîsi.
ders tlie dolomnîtes ta lie sedinîcatarev rocks whi'h woîld lie

f-)rnedl ti %aters rîci in orgahie sumbstances, i r., iu gulfs
wlîiclî are alitost closu.d, or even i' vrntable estuaries.

.\gaîu, NI. l>îeilafitlt lias previonasly sheivit blat tire concert.
jtratiorî ai zîinc is etill elfectedt uuîdor our eyes iii tle estuaries

cf the mnoderni pLriod.
Tire conclusions résîltîing front biese inivestigationîs are-

<il Thiat zinc lainerais, aud s pecially zinc carbonate, for
sonte binie tlio only aie %vorked, alw~ays licar a direc relation
ta the dolomitie rocks ilî»u lbas bec» bire case at tire four great
European ecîitres of productioîî.1
%-Il That zile minerais are coniteuri oratneoîil. iitl tîte data.

initie lainesties whîicb raiitain tiret
13i 'rh:t if tlie dotoiiîîtîc limestoues of thîesihluiaîi iii Sieity,

of t îl ettrbonîferott% soit in Bielgiui, of tlîa înselielkalk' in
Stlesia, aud of others btll more recelît. cenitaine in spite of
their vast difl'erenuec of age, zinc mniierals exhibitinig the sanie
cluonical, composition, tbe samoe assoriation aînd, even in de.

taî1 wlîieh are otherwise extreniely cmplicated, thse saute
relations ta tire enclosing rouk, titis évidently slcsthat, at
very different periods, 'the sanie exeeptional circullisîaaces -
cireunîistances whîch atill roinain to bc discoveru'd and invest.
igated -are reprodîired in the case oi certain seuliiîeîiùi.
tiens.

THE ELECT!VE POWER 0F ROOTS.

The élective power of racla, î.e., the faeulty whf eh plant,,%
haVP of elîoosing iii a eonîplec mediums ire subsantces whieli
they oufflit ta accumulate in tire largeat iieauro lu their bis-
iines, aîîd tire suhîstanes whîeh tlîey shioîld miore or tees cote-
plctelv dîsratd, la erie of thea nost curions plienomena, af ve.
getable life and crie of those wlîlcl it woultt be of imupartance
tc know and underatand mare îloraîighly iu order ta esîtîtliss
the correct use of manures. With this, ënd in view M. Hervé-
Magnont gia'es a tew farts reapeeting the glacial ficoid, 1

*rlîlsq animal plant, a naitive, lb ia said, of tire i.qýaudS i Clie
Mtediterrrtanea, but whicli graws very well in ligît, sol, or iii
exhlstel tanl, iii Britt.tuy and lu Cho iclejrtmeîîit of Maaîîea,

is loaded witlî transparet vesîcles, filied avibl liquid resemîbl-
ing amatli drops of frozen <lew. his liquid lias quite a saline
tas e amui leave', by evaluoraixon wlseî vold, bealdes sulplînric
acid, 3.3 lier cent of Aolid resicluini farrned of iîtiiosb pur.
marine sait. Tire %viaole plant dried iîid linrnod gives aunsI
contaînibg a large proportion cf clilorixie aîsd alkaliea, whlite
the astres of suîi vegetables as cabliage, celery, nîignanette,
intentionally sown by NI. Ilervé-Mangon about the roats cf
thé ious have always yielded tlîelr normal comiîiiion.
le therefore reasouiaiui conduitdes thaï; tlîe .'qieeiai eonitittîtion

of the ficaîd le properly <lite ta thie clico made by tho moots of
tho elemente; wliicl itj develapinent reqîsiresi.

Anailyses of the initiera] e]ements cf a certain uniber cf
dried t'ieeîils, have stîewis tirai, thia plant is formed by P. weak
solution of alkahine ats, kept in il sali<t stat? by a vegetabie
tîiase w'hose weîight; i-i only 1.8 per cent of the total aveiglit.
Tlîe asiles, eaîîaistiag of salts of soda and potassium, forin
nearl3' ote-hahf (43 puýr ccnt) of tise %çeigli of the dry pliant.
This compolusition in matil respects rocalis that cf îpa-wracks,

lIn fine, a hectare î:2.74il acres) of taud pî1anteil withl ticoedq
ba.s gîven 131,000 kilougramnmes il kilog. -12.*04 Ils.) of new
plants, or 192fl kiloga. of sles, %rhlch would cantain 325
kiloga. of chlorîno,.as muuch soda andi 5S kitags. of potassium,
being a-'le ta siippuî 864 kilogs. of ire carbonate cf tlîis base.
lu view cf 8uch hgu-res, . I ervénMangon asks s. hether thse
cultivation of tle glacial ficoit1 weîîld net bc lucrative lin cer.
tain cireurietauceii.
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In AvePrV case, it saema probable titat it miglit be usofully
enlllovcd lu rcrnoving frein the saline soils of the iediterran-
leait const, ils native country, tise excess of aikallue ilaits
whieil retîder thein uproductive.

IL NEW EI.ECTruIC MIor..-Jabloclikoff has recently de.
signed a new% olectric nioter, wlîich lie htis called ftic Ec1jpUcf
n account of its formn. The motor, xave li. Iloipitalier lu
[., Stidfre, consigs of two bebibius, the one fixed in a verti cal
plante, t other nsovablè and ftxed upon a horizontal axis iu

au iîîelined position. The object of this arrangentent le te
ceuîîtî'ract the eil'ect of tho inagîîetic muasses in the part of the
moter snibjecied to inversionts of th') curent.

lholographîie positives oen palier obtined direetty, by
M31 Croq anti Vorgeranti. Paper covored with. a solu-
lion of 2 gr. bichromate of ammnini, 15 gr. glucose, and 100
gr. %viter, is dried, sud exposedl to liglit under a positivit (cq
a <Iîiî .W'hen the (yeilow) hiare parts of the paper have

bieVOîiîe rey, flic paper is imnuersedl in a bath of i gr, nlitrato
of bilvî'r te 100 gr. of water, with 10 gr. acetic aciti. ''ie

liiiage ap'er at once, withi reddish tint, produceti b:, ilichro.
mtte of etilver. Drying iii light gives a dark, brown tint.

tut Fata opC l~:;~ VEIN..-Jt appcars fren
a rer.-îiî observation of Dr. Fleitmaun, that the formation of

iiîiiira.l veines requires iiiuch less time than is generally %tit-
ped About two years mgo Jiu filled up a pit ws'îr coîe o

lay coniiuing irou lHaving had occasion teo pen tup tfîî-
Iuît afresit, Dr. Fheitmann~e greatlv surpristil tn find th il
the dlay h.a entirely changea iu character and becomoe white.
Ftirthîer it was divided lu munmeronls directions by fissures froxu
outetwenty-ftfth to one-sixth cf ait inîch ln section, %vltich
scero fied with compact iron pyrites. Dr. Fleitînaiii supposes
t luit the iron oxidlo of the dlay, was tranpformeti into suiphiate
of trou by the contact cf welter coutaiuiug iulphiate of animonia.

W-Titr OF itr.u TY.Np\r%t -Dr. Wilsonil anri4t te St.
Mary's Ilospiti reports two cases of tise rilpture of the tyuu..
panuin occurriug te divers. Ilu both. cases the hearing wa.t

1gravoiy compromiscd. but the cure was eirected in about iceb
tivs. l)r. Wilson explains the accident as foihows -

lie %vater above the columil of air iu the externat auditory
tube exerts a suddeîî pressure on the druns, arbilo the pressure
in tho ntîddle ear romains the enfile a belore. It is tiiorefore
îîeccssary in diving, te take ae long breath aud by rai-,ing the
I.Mate te prevent thA air front escapîitg by the nose0. Tii tic
citlent, mote frequent than we wthlti imagine ainong hatheret
is du'- Il the svaut cf sensibility lu the car, wlch i% net on-
iewed li1ke the oye with tho facty of proeacting itsai! by~

contractions or by any other sneans, frotit the datigers whichi
iniv menace it.

Exirct of ar cofltîit)i&l(ot te theU Ac(tdettQ of Scictg ô
Y! J. A!1. Cwff ft .z, th- accetraqy of 2neequ-empae made wilh

eh,. ene<rciril therioezct.'r. Deprestio, cf thti Zero. -It ivimot
't.Iti.'t lent a sîtp te tise depresions whiuh arc profucei ~Il

a îlitîrîtometor is lteaîed aifter a long period o! i-est. the v'alute
of th- l epressiors have been determnined by mtîny per.9ots,
and i i - an asunreti fact that similar experilnents give rigîra.,
lipariy i'lntical wîth 0'.01 when thse ieating le carrieti te

3ij00. 'rTho ouly necessary' prec-asion is ta folow a niethoti of
tuvai-isîte observation z it appears preferable te Jet tise their-
n%îîttcîer cool le the air afier an obs<ervation, aîîd to oberve

Tit.rtnomelers iii. tisudît for aur ordiuary laboratcuy exiperi-
nieute shoti lie hecateti befoe lt- gradua;tion anti ralibrationt
for a w,'ek or vul dave in beillîtg tuercury ;it i.î the oîtly cor.

ri-'-î îuetltîd for oh- taiuiug intstruments whîicl kc-p lte vainte
of tise dêgrea flszed duriug the graduation, andi the errcira in
tltpritinmn.ttre wii have net betti treatel in tig marnter may
rt-e to P0 in a range cf 3000. Wlten Ii le luendeti te emnpicy
tht tberîuomter at: louer tcmperaturês, it le sitiiit t) tient
et te lise highest temjserature of the ecperimeuts fer a en-il.
it-rahi.' turne as colupared with the duiration cf thse sibh.'qýieîît

*--permeua. For example, a thermometer which indteatei
t.- teruperature cf tht. atmeosphere and whIich je iseateti front
tIne te lime îtp te 100 lu ci-des' te flx the vaiue of tis. dcgree,

tq. prepared for titis us;e by beîng heateti fer thrceori four detys
at 10V~. If, hoîvevertlsetbormomecteristobeuscdiu ieugth-
Attti experimetîts ait temperatures bordering on 1000, it aheulti
i- Iàet,îtl througliont the svhole iengtis for thrèe or our wveeke
at 1000 liefore graduation and etîlibratiou.

Ticetintierequircd fur thse treattnený uîay be ebridge.i by
heating the tiiermotieter for a day lut boilîng essenceocf titi-
pouline autd aftcr%,ards for froqi four "Iyl te a week at t100 ;
mn snaiegou% process serves for h lle temporatures. TIe
glass 8iold net bts oxposed te the corrosive actiotn of boiling
soater, attd fitletai apparatui of simple constructien retndors il
possible to ellfect tht-t itrposai wîtiîouit lime escapeo altd contact
cf water slld merCurLd vaeours.

PROClfliDINGS OF5 SOC1!ETIES.

'l'If. IN;- Yi T0 N 91kit' M :,!iI %,;l, %1. E't .: sc:.-rof. )Ito . (1. B.*,
r iepiirteii oit ilte- ibteîtit sfaite of i eti oîerituen-e reliatit to

lieu condtjiit ii Niiicit cat-ion Q."i'tîain sieai. l'rciliitary> triais tti
r oluNsu ltai lte treitlttîttt ofi etuel ait.( trout hiv ctetieut oî ot
tîîoduheeîi 1> iixitît-a sululici, Cet' îîîtîtasiuts bicitroîttate.saturated in

"'0 co1îtwith iwi Lof ifsvolailtiltît o coneelltralcd aqui-
intlrîe ftle satite N'i*atcoriittr to fle tresi tttàeul to vsieh il

ha,;i bect stît-et c. %litett cqîidrolicI, andt autttitieîl ýtîti Vas liens
ti-etttitil. it yîeldiîd eîu.llr ii tîittts tof ntittttbi rotitio, Cent-
.i«t iilg tel' itttitsittlUv icîleý. trlrl> ittt--t- ed îs lthe ititgitet,
antd iîre.î'uliitc lfti iti:îrieti ttie ofsit frite cîtrido. lu witcit watt ait-

'ut-attjc tirotiîîiîiy liii he Furt i Pu, . WItiî Ictrdeicil icol. on lthe
e Iirl.-n) tut ouiitl,îîttl f -utîîillî'o si-ere eililted,

itixiftuu . uati vdî-iiet; tetd (lie total relftc ,u iiedcty
abostutîliiîo.ixtiî the. earIon ili (lie originiiIal -teel wh-liiaet ite éïn-

hetîcaI îiîie tieau'iy ali lthe itricuinai erbos 't-at detectei it lthe ru-
iîltit- 'Lite itheor-I 't ii titis io titenlerri.lit it seoft stecarii-
bist Xu- i ü i L tutetu ceetiieitîiiiit.frnlt eîrluertct

liseuî tile i a aearîtte lIiyý tiinR fîîtile isa of fle i-ait t, iut
tliti li, ]taurd tevi tiit eÔîittinti t t ii' iltenud lthe dion exltt
ilt itý wtire ftrin, cil ier merci>- iii wieiiit nliîtitixttre * i in the
u'îu 0 o! gros etiîs-ironît or iii tit( luai-ita uit- t t vty v si-ciiitr-
,ttood foital;sOC:ii wftit itiitiiriu tenul site :uiiu. (t wei
ftiiow tilent fle îiroe.a tof tt-intiOriig, or nu i oili dniii îlot lettre
Itil for flie coîuiiLttt formatttion ullte eýtrlsidL. tutu fiit int eint) rCil

ee[ il or ot f (lec adet tsti 'lt -tir% ivc& iî ite Cirtc tir tîllovtt on

he freti expîtiliicît- îicrihteî hy Poir. Aiel givc. oit te witoie.qi-crl , îsnýrî te tii tieors-. Fûtir iîercittlots wocre penu of stcel

gsted tif stalriisi. !n tue it-ut ul . ut-ui lte ýtrcttïtit %va,% riy hidil.
si-eu flic rcsttte tfi ihoççirtiz tht fle c.îiul iend fltulicon a ie
t9 i-citaIflie oxjdi-lit- eficitu of flie sîMilion,. fit the oliterit. uL cote-

side-ulie diitsit ralutitit. si-itieit. afte- hin~ig ku-piforer ai d>a
tiet iii lte, orîigitai suid afteriv-iAr lu a fi-e.u elution. taî vwshod
and tirict. tuttihlon tuinys ti Atler portion o! flit mi irîu a~ q
trenicd. iitiî ciiiorhydric actd. u in ti lre ta eortaiu si-lut lîropteriou

wenttit, u cetîvertid liio hitydiocarbtii. MVlie dits îi-ettertiei %cast de-
diieteti fronit tise vieille, lie rounainder shieecît a uîel retiîarkiile
itîiifatiiiîtof comptijtion. fluc toi-celtlages of cutilion ini fiero cxpr

inonts hueiug 5WJ. api1. stuc) 6110 resPcclisoiv. ilheetnlu es'tiden tisa
ute r e li eue tu tiei*tito ceicuhît, te i-Itlii Prof. Ahei gises the for-
inita Foi C.'itdoaiotfrititotetitîeiilli 'cit
fer livtue flctrescitceocf it certaîinî etniellent of wnturi. itiia ien ltt a
ciîrb6-idiu tatd Recule orittîil, priobablyit, ci retutil tif lieutsilont n
lthe c:îrilefu--t ,ep:tretted.

Pro-f. Iltigucu i-ead et i sper. wlticltiu stliiiîtttcl b% ilt-rrîca of vt ry
mtrltiug auti ciegat cxieiiinant.,, 'ei-forine trilleit fil uîie tit-
itanitts. sizus-e..b .- iaide-ts ii ils t-e-tilt. us lte cuintifiensen of Prit!.

Aitt%. Finitda t lte indîtletioti balaniie uam eiil sentsitivte la
inoictile ani t-t ceicales u'iîctgeq. iut flioints lotu.io.itiguee

sgel Iitiîuuif le îles-me au in:slritaeîit Il%' whiet lto eamne the formert
cIais of îuhcitiitst b>' tiseuîî'i'eui. A si-iro fortiii fle cure cf it
trtin itliîgtîelle cuit. tndi Capableofcfein; Aliict. l-wliet, ece., as
d"tirct. whtnl i îît lie requlires. The coui lu jiite. tu at aano-

lutter. tir bteîer iii. ltil toiel)tinu: lte st-ire i&isiit',l. lo a balle->.
uitturret'e ai-o sett liieiigit l o giiqlie t-irei lat rigtlt ngles-.
t the coli, noûlTect i,; îtrouied .botl if st-oaI et ii t atglota îeeoil.

Sotitîto ire iuittihv ho tri). Iscînkeit flie hireîie ci indut-oi vurieis
lne oi) a. Titis i-e lte onlryE-t- cifect o! clcclro-eîatieto indutiottn.

asticîoelbv Iarutis '%tb%, ii.teat tif iting titi %vii-e. lot ust
is-O il e izli iulNvi-., auir iffl tilie o-iill(l. etie ilittativ honi as
befote. :end uco dtieree liti1cîl etîrreit. usilicit tire po-'itirc1 foi- righî-
hant ioin. uegtisse for- iefi-ha:îîî tr l rot 'i. hlltghtes'ti exîtiana-
lieit o! thuse hiet thse moleritie, tif lise %i-'. ushie ie oregard., tix e
Iitan'. eîni- lstes have licou Rii et twist rttitiiii- icxis, atnd

Chuit Oltitaita ittîi0lte coil ijml-t litie %vitale svire si-t It>- tise
aýitlftinR it titi' Çuu-> case- N w icI tes twvist thei wircs-tiii fiîi:ltc. cee
te een-il complutie titre)%. \«a gi-caler a-tueiigiii of erentt let oht-
z"rvscil. akoist hat lses«ti;gie otnce gis-eu tei lteo tiiilc'le a tult ex.

eocededk iasit îiuat tue tuib.%ctiieit tcr-tio iý 4- i the wtt-c 1etu a siisoe.
Approausch t0 lite suire. thiiýt%sîwiq, (ts iisoenoft isl tti-l in'tt-ttol. flid

ir.utl te tte ssii-c: lthe ,,eîtid ceasé. indidt'îîli thien fle iouixcetism
h as setin the tnuiculstsk atuitîin luite luur oiina:l diretionts,

Aîpi-oach lte Ma:gilttel ai i-iht tangle'. 10te ire- lte eret eotttriis
tii >.ori witie il es etill two triches dlisant, andî sçeotà il ir, i contla-t
therc ix n i-eescît carrantii. wltich l thon uit il,- uuuxisitin. leiîl>.
rcîeitsr tise nviigeet. untîssist liten siire bystîu e . flie carlrent i-c
titIlsna e rr. sisowin;c lis-t tise tneiccîtir toti-4st h:iadaiier-l
swbite the iti-a toisin t-ci-tins siai, tise. a e a- becfor.

Iu aht tee elfecte; tise, wii-t is bot-n su-eto lit ba' oft u-en ua
a rem'irkathio difforeuce aptuoa-s stheu st-e titit telbetci cloti.
For tee ntio- fait ta dtetincro tisan biigist traces- of si Iectittr iturb-
tince or rotation. nts inatier ieow Inînuv tir tre s i-- te) lthe stire.
Tisure. iwltiets in tise iranvsocapprartolbavre-at moicciliar froctiont.

cula- rii-iu-isl feenti lti ebtain aise lu ait siloys of itect vih htavo
bioun tosled-o-.o. inaznolia Oxido. i-en and siîlpitur, lt-on anti titeguien.
eic. Honco so'. 'irav lbh concSetion tisai tensi-cit u.lten iq likewite

an ailoy, tise ausociated elcînents lu th!% casci hoing. e! course, trou
and est-bon.

31ilrch, 1883.1
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Mr1. Chas. Cochrane rend a paper wlicb ins. a sequei tei eno ren'd hy
tire saine attlr at i lie eeûde incoting of Liso Institutint, and deait
With Diit Fur ne %vork îg. ilirl opcelal referonce to the anaiysis of

th aaiuases IL w:att laid doie rit tho e t tsitiat; canomy of
fuelln blat- uriaces aq soveracti by throc condîtticom tIl tho toin-
peratître of the blat , '2) that ot the cacapttîg Roses; (3) the auantlty
Ôf carbons which co ho maintlained me the condition, once attaned, of
carbonie aciti, lits tend of biing rit- transfannieà intca rborîc ox 'de by
absorption ut carbon in the fuel. On teo tirst two oftbevoheadm tbora
&a.of course. notttîng noe to bosaidi, but tlîcy woe tlugtrat d by

a labomato andi valuabie tables. gîving, in nuits of fuel WC bsmnnt to Co),
tu) the hcnt carrict in by fiant of a givetî weigbt andi temlperature.(b
tii. hiens, carried uid be oîîln a of givon weiglit andte Lmpera.
turc. The third is dei n-ton at aum, lentis, andti abli arc givenabowing for an>' ivon consomption of C pcr ton 0f&8g, stet ratio 0
C03e ta Wli ttîo escaîtsng staes, first wlîct ail stse Ct 2, once foriet.
la rotaincod an lisast conition; and i'tertyarls orlîcu j cwt, 1 ewt..
li owî. arc.. arc afterwards reconverted i nsu CO or as tho author
tarme ia. whlon a grayaufr of 1 ovnt., 1 owt., oe., of' fina takon place
Perom tlîis in daduce theli concluRion Ébat tho inerû ktiowlet!gc.of tho
ratio Of (7U2 ta Ou i Ine Ibocas gaies, as l:t-euj by %snalygls, là use-
le to indîcatot wiiat iii renli'i guting, ii the furîtece, because tire
saine ratio mn y atiliertain ti, an5 difféet conditions, according to
the amount oft th trangfer trissis bas toais place, froint 00e boue ta
CO. If. tiowever. the coniutption of carbati pcv ton cf plg irais lias
heen est ste saine stue ascortaiied. then tee arceat once able ta rofer
thie case to its proîtor posititon, antitho lcnowledgeuf the ratio betwoen
the two ces enaices us at coce ta àeo elînt amotint of traîtafer bau
beaut going oit, and îvhat prospect thore là of effooting an iniproeoment. It wva furtbcr îtainted out that Lire main causes of this lu-
jurions re-coniversiun ofut2 uite CO ivore il) the tact thsat tho lime-
atone, uneti ai flux, centaine a proportion of COz. which cari Ouly bc
evolveti at a rail hient, andi thorotoro in contact with rei-liot coke,
'vhich inimedîntel3' Rives op sumoe of it8 B3 to the cvolved gants, (2)
flic tact Lbat the aro, esecially ln sice largor picea, duos nlot got coin-
pletcly de-uxidised until it ruaches the red-bot region. whcro the CO
aecending tui thc furnace lirai, umillts witb the oxygen ia te ore te
teri CO2, anti thicn ab.,orbg another equivalent of C frea the coke sao

retunntg acaint the li condition uf CO. Ititatherefore auggeaed that
bath sbese sources af ovii neiglt bc removed if (1) the linione ivere
caened before entcring the furnace, su ait ta have afircady par' cd
vrith iLe oxygen. (2) tic ironstune iero broken up itt pîce ornai
enough tu insure their dcomîtusition it. the bigher parts of the for-
note. Anothcr mcnof accompliîstig the latter reqoit 'vas te iii.
cosse sutîl furtber, if necossar>', the hcight of fuvoaces. A sanguine
estîmate 'vas madie ot stu ceonoin> that would attend ste application
cf these two devîcts, wiol iL was expocteti mîght reacit over 8 eut.
of coke pcv ton of pig- irait matie.

The valuc te trotiteasters ot thst elaborato tables anncxed to Lhe
paper, anti of the amode ta uvhicb the probleint of blat-funnace atonos-
my> a presonteti, cannot but bie ver>' treat, but rve doulat ciecx-
preset ini the discussion, b> r I. Loivttian iti FRIS,, wviother
thse practicai results w ldanswer the aulhor's expcctatios. As M.-

ptarts ie Ose of calcîinci Entassasse, in particular, It 'vas stateti that
it liead aircady beoit triait 'vithuut cffcettng any ecenomy at toast ie
large furîtaces , the -usugeet r- -son bein g that tbo caleitilme
asuc00 as eliargeti, re-absorbeti 0 freon toecscapinggase. anti cha.t

r'lthosigh hotit uns no donbt disengaeti in the procesa, yet Chis wus
Lta near Lhe throat of te turnaco ta have any Serious effect. Marc-
over it la ta be remembereti that tho provieus eaicining of flic Isuc-
at.o muet itef requere, fuel, the amount of whîcli munt b. dodocted
frons any apparent ga si due î ta a bsence ot 0 ini the line uitiiin
the furnace.

ENaINERaS' CLUB aOF PHILAnast.IîA. Tan. Wlth, 1883 -Mr. Ilear> G
Mornbthoebair. bi r. lVi. E. Lock wood proeeoteti a ft Il descrip-

tien of the Shaw Locomotive, prof uscly illustratcd b>' magio tantorn,
wrkinçç mode!, etc.. etc.
The Shaw Locomotiv IlMay bc classeti as a 37 tan soft-coal pas.conger

engine. 'vitis two cylîndâers on Cath side, oach 101 z 24 incicas; the
tuio workung in coraibination, boing equivalcut ta one cylinder
lL85 xZ4 incbes, two cross-hentis; ltm, piston-roda i wo connecting
anti pacaliol yode on caci aide.

11cr drivers are 5 foot 9 mnobos; 'veigit of orngine. 67.00 peunssas
ceat and 'vater, when in use, 73,000 pantie. Total. 74.30 pountia.
Weight of tender 26000 pountie water. 15,OOOJounds. ce&i. M30
îountis. ToLis, 4U5 pauade. total cemie aI for use,
121 .80poutide. or 60.45 tons.

The 1 mprovomont iii Engînes clalmea in the Shaw Locomotive arc
Parst.-N counster-balanceti drivers. o rgo, no hammer biows ajiJ

no nosinc attendi.
Second.-A sinigle suavement of valve 'viti dupiex action.
Thtrti.-Sîcnm la thse mour of balance as applîcti ta the, rocîprocat

r IVWlifrct Lewis caiteti a maciase for the graphies! tietermin

acioii of contre of gravit>' anti moment of inertinet fia no avns. Tire
figure tu ho calculatoti te drawn te a suitable ecale ant itatin teh
Machine. wbere thc uuthuti te fol loivet b>' a tracing piînt in orert t

rote.upon anuther piece of ptalicr a figure sehose amisa shtait
borprtional te tho siaitent momenît ci tbc given tigutro about an

assuîned axis. If n.w the second figure bc foilowcdby ILtu traing
point anti a thîrd figuroe bcdntw;., ite arcas wiil ho proportional te
the momeunt oftinrtin, anti truin tho areas3 thus draiwa csat boounti
by sitet arithmontical processes, the centre of gravit>' ant moment
cf inertia.

The machine ta tuatndet for applicatiùn ta suobi fi g ares as cinnot
readu> bc soiveti b>' thc usual mectititie, euclî as dec àa heama. steel
railsanti castinigs, with round c,.rner, largo fileota anti curveti aides
whie' can oidy bu approitutately solvoti b>' long anti todieous inte-
gratientà. A planteeter te uscd Lu mensure trio avens and dit ie tisouglît
that hy thîs gapisicaI methoti. mure acetirate vesnîtz can holobtaineti
with leeu work anti ithont sa Mchl prubabtlity of eor-or lu tise Opte
rations. Tise machine sien aigu bc madie ueo f te determino the con-
tenta et an>' 3oud cf vovolotion or ils radius of gyrationt

E*qoî>xERs' 7LUc nOF PntLÂflKttFilA, Fro. Snia.-Uenvy C. Morris
in the chair. ',%r. IV. S. A-acisineloas exhibîtoti anti doscvibeti lis

iratest forma tf eaig Mclo werbc consiste ctan endless plat.

terni ticgroo7es ofwviteh reprosont day or dlataneus. Tisevarices
weîgfts.vcresontinl quantitica or values, arc placed in thse

susv snditecnd ces nilatiors rotatei outil a balance of t4e
wlhase soeureti 'vion tise exact anserer ina> c roati frein the

aeeompanyiiig scaiu anti, iy then continulng te rotation, teO wcîgita
fall snon an Inclincti plane. rancit thisci respective compart!Inenta fil
front. and aire, ogain rcntiy for immnidiato use. Tise machine la et

nus, boliers anti tai-unke i steamers, tha a ~Inatien cf
iîl le à apeeti of ahafting anti aveao bar! of tatrial. M. J.Jde K nor tiescri boi Unattif States Metallie lnoie for aisten
roda, valve sate. puni roda, andi tisrotttoà--existng stctions andi

moe aise mode? wth~ paoilng It in Itlntit te supr 0d. Tise
moAlepackisîg constats cf îgist comiposition iloeka. heltiInabas

ring. ôn wbtei are hara oldîegi the aprieges shioh rgalate flic P ea
sure of dt block ou tise roti. t je saisi te preserve a steai Lig t
Joint 'vithout appreeliable friction or bintieg Tis vibalioit oft tis
yod ta proviieti for b>' a bail Joint on one onti and sprtng followor an
the otior, wvisnch contrisrance se saisi te give tise p ikngfro 1ll> ant
preterve lia tiRistnes, notwithstaudieg a vibration cf Lb e ro.

Tnit INSTITUvrIo, 0? CVIL ENioGNEC.-At thie Oe'dilearY Meeing
on the, 3Otis of Jantiary, Mv. lirunficca. Preetident, ln Lise citair. thc
Papier rend iuns ou Milti Steel for the Fireboxes ef Locomotive En-

ces in the Unitedi States et Aincrîca,"' b>' Mv. Jalîs Forme, M.
It wuasatateti in Lie Paper tint tic ns of milti atout for Lie lire-

boxes ut locomotive Origtnces vrais nose monral in tbe Uniteti States.
Altheugh large numbters ot the outer abatis et thc bailers ivere stili

matie of iren pintes. tuis vans Stmply ta cifeet a saviitg et oxlmen-e andi
many ratroia compantes bail lite boiers wioily et steel Iron Iltuats
waeo firet uceti as a suistitute for Coppt. uwtng ta Lthe aViity with

whîib the anthtracito ceai werc ase> lthe soit copper Il lieit sounti
the iron plates gave botter recuite, but site wcîttitgo 'vre lrequeutly
nsomnd, tue>' wcve apt ta bister andîtirie plates ivere subjeet ta

crack near Lise tiro-bars. Steol firelcoxes, the plates bctng a near>'
p ur caînpornti of iren anti carbon, 'vere uîcd fur Lise Pennsylvaie
ltaîratengines cieven ycars3 ago. Since tison, excellent licol for
thie pur,pose isat been tadte iy tise ilemnns.Nartin oeaibeartis
procese9 in mac>' places in lite Unitedi Statos. The Miodeo f maila-

a atre ut tis steel ivas brseflyi deseriieti. as iL dîffereti trous En-
glieti actice. Ths peoification fer hutler anti trebox steel lugt
given eut b>' the Pennsylvanie Raitroati Comupany' 'va quoteti. Tise
Autitor îîext preceedoti taomate ttîat tn Lte cittes ethtie LUnitcdStates
ail[ steain-bot lors ut atatianar>' origines 'vere placeti undor munscipî!
regulationt. 'vbcreby a preper regietrattun andinsptection ivore lai-
etituteti at agrnit ceet ta the user. lus Phultle)phia about 4,»(
boilmr 'vere testeti once a year. anti a licenco wias given b>' tirs Iu-
spc itor 10 use te boilier for oe year ast tise pressure it was consitier-
cd fit Ce sustain. Tire formulas, under winchs tise calculatsons 'ver.
madue, 'vere atateti, anti tise testa employeti. The hîsheit test uns

whion a boiter-plat-,. trous 'viîc a portion was out off longthisie.
tieweti a ductilîty ot 20 pcr ccint. upou a nscasured leisgth et telve
thiekceaces et tise plate, anti when colti erulti bond ta 1800 oeor a
dînuseter ûquai ta twu thscknesses cf the plate, or erien eut coeesris,

'vouti bondi coldti 0 0 a ver a titanietter equai ta livre tisicknosses of
tise plate. Ia ever>' stoam-vccssel aiavigating the lakt", rivera anti

sien et Litc Uited States, anti sailing undor is ïdag. a complete
syset et inspection tiuring mnufacture, anti an ozamiflation ot
boilera 'vien matie. 'Vas masataiscti by tho tuovevomtont. anti ait
boiter-places bail cc ho brndeti witb thc înaicr's ntatut, anti 'ith
the tensîlo etrengti of the plate pet square incih. Makers e" boiter-
plates erro pecunianil>' lable foar as> failueof ethtie inaterial if it
ccurreti at a louer etrain tisan that 'viti which iL waa branlcti.

Officors forat smang anti testing thse inatorials anti work doens
'vere appoîntoti, anti te question accincti ta be passait botter under.
stood anti ptriseot in tie Uniteti States tita n B.nglanti. ii
respect to lociemoteve enganes, 'vhichs iero, in co cuL>' one day anti
in another oui the adIt. anti îhich, might cones8ttly be movcd ont
of one State sata another. Liere coulti be o Municipal or Govera-
ment contral, but thcre vas a icelti>' public opinion on tis uh-
jeet, anti hsene> dam a 'voulti be obtaineti agnjîrist an> Company'

'vhose beitors explotied frein negoct, or frein toIsseu ocfbai ina-
teri. la Amntsa iL 'vas stateti rilreac engineers s--vo net
hampertil hy Gorninent contrel. liere 'vasn ne cessit>' ta urg
raiiway companties (0 at iiiprevoeints. Invenatios erere quickly
oxamineti, teeteti anti rejecteti or atiopteti. Ilence the merci of
inoprovemont 'vas more rapiti tisan bu Great Brîtaîn. Thse Authot
thon preeedett ta describe. tirst, tise English type of locomotive tire-
box, anti attervards tise variaus noe terns et Americtan fircexesL
Ini Lhe fermer tine airains set aip b>' the groater expansion et Lte
inuer box aoier titi outer, trous thc isigier teinperature, 'vero aggrav-
ateti frotta tise matersaI hcaog ocf copper, erbici expanded more thans
Iran untier cqiial inerementa of temperature. (ireater stress 'vas
Lisrewa upen tie etays. anti by Uic use of ceppar andi brasa tubes a
galvanic action ws ecstabitsbcd in locomotive-boilers, wicispediiy
destroyeti thse trou pintes. Tisa Autisor tlustratet is Ametricani typeb> two anitptes of boiers anti fireboxes lu use an Lise Pecnnsyivanla.

aîroati. and dbe pattîtet eut in isow fer they ppreacsethLe cond[-
taens of what ho helti ta bo a perfect lirebex of' (heoelt anti 'oll-
known teai. Tise requirements for a firchox cf this kintiVitra, tiat
the piates lermtnig tise enter andti mer boxes aiculti be of simiar
matai. tint as tise motaI et ibo jouer bcx muet atways expanti marc
tisan th cete, st sisunit bo tin enoigi tis bandi or spving hotetuca
Lie s pacta iiere iL 'vans heli b>' the rouind stays, Lisat ta compenesate
for the extra expansion, dieo ica> roof-beaus, stays shoulti bc doue
away uvitis. that shert ahaulti bo a nuniber of wistor tubes tiîrough Ch.
bod ti'i tise firebox, that the firo-hars abltei aise ho ivator-tuces, tint
ste ameas; of thse furebux anti g ratet c!uulti ho largc anti tisat tise mate-
rials ef constructaan shaul db. ciseap anti cSiIy Obtaioable. The
Autisor dctousîstaîed tisat ta these respecta Lise Ameriossu 'as ferin~
advenca et tiso Englîsi type tcf locoînotive-boiler WVith regard ta
tant hc ehowet tisat as steak fireboxes 'vere Ont>' hait the uyeight ot
Copper onces, anti as Lhe price por ton oiet ormer aidai vas about
Onetiid fth Liesater, tise netun! Oust of steal fircisoxct 'vas froa
eeg-tifh tI a ont-sixti the price et copper ene, tltitogi Lihe coat of
workmnansiip weutti b. a little moe sm worklug stel,

[Marsch, 1888.


