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NF, IVJOOKS.

P,'aster and PL-tstc7&g-Mortitr anad Cemcnis-How ta make
ami how tc use, by F. T. llodgson. (Thse Industriai Pub.
lication Co'y, New York.)

Thse publication of sceal hand-booka for tise varions Tradea
bavixig for tiseir object thse better instruction of artificers in
thoir special departmnents. cannot ho toc isighly praised;
for until thse average workman is fairly master of bis business
and tskes an intelligent interest in it, no gaod work can be
expectud of hlm.

The pre-sent litte maiiual-te quota tise autbcr'a words is in-
tended " te iselp those wiso are desîrous of iselpiug tisecselves "
anad containa a great variety cf information on auyects more
or leua directly connected witis plastering, and wisich will bo
found usefu], nlot cnly te, tise Plasterer, but aiea ths0 generui
reader.

It describes thse toola required in thse work, thse varions kinds
of materials cmployed, the mode of eperation ; it telle how
te, measure tise work, and appends a quantity cf miscellaneous
information, fiuisiig with a glossary.of termis.

Thse lest satisfactoxy part of thoa book is tise illustrated plate
of profflea cf cornices,.ýwicis we would have wi8hed hsd been
more judicionely selected. Vie abould bc sarry to sec any cf
tisein trecuted.

On tise wisole, isowever, we have ne hesitation in recoin.
mendiug this book te ail whom it may concern a likely ta
prove a good and usefisi investinent.

THE PREVENTION 0F INC9USTATION iN
STEÂM BOILEES.

lu 1858 tise Manchester Steain Usera Asacciation engagea
Dr. R. Angus Smeiths, to inake an analysis of several of tise
waters used in tise worka &round Manchster, and te, prescriho
remedies for tiseir treatricnt, in order te guide Lbe mombors on
Luis auhject. Subaequently several chler analyses had, beun

made of waters contaiinîng carbonate cf lime, conplei! with
agei.Sucis waters w. re found tu force a finu flouiy deo-

aiwscsled te tise everiscati"g of tbe farnace plates, even
thougis covered with wator at the time. lu cansequence cf
tisis, many boitler maltis hiai beau unfaitly blamed, auci thse
straining cf tise furnaces attributcd ta bad workmanship,
wheresa it was due te tise peculiar cisaracter cf tise feed-water.
Cases cf tiisaort isad been met witis in varions ]Pata of tise
country, in Landau, in Lancaster, in the neighborbood cf
Widnes, and many otiser localities.

Tise number of auti.incrustation compcsitions was very fnu-
merone. Tiseir camponent p arts were veiled in my8tery.
Many of thetn praved positlvely injurions te tise ballera on ac.
tuai trial. Seme linea tise plates wîtis a glutinous costing,
which, witie iL bad tise desired efl'ect ef kceping off tise "ca,
unfortnnately attse samne Lime kept off tise water, in conse-
quence cf wisici tise furnace crowns became overheated, atrain-
cd, and hulgcd ont of sisape. Thse members tiscrefare w'sre
warned flot tu adopt aay cf tise compositions witisont tise
greatest caution. As tise incrustation compositions were costly,
blowing out was toc eften given up wisen tisey wcre used. Tise
practice cf neglecting blowing eut was atrengly objected ta,
snd an explosion tisat cccurred at Bary £rom that cause wua
refisrrcd toa s an illustration.

Tise course rcammcnded by tise Association wss te try ini
tise firat instance good soda sas. This waa net te bc intreduced
et ehe manisole or safety valve in large intermittent chsarges
wisei. tise steam was dcwn, but puniped in along witis the feed
water at tise rate cf about 3 lb. per day for a fulls8ized miii
boiter, so tisat tise boiter migist regsslarly hc fed with sveak soda
water, witie hlewing ont sisonld hi' ne means ho neglected.

Ballera were net ta ho emptied violently hy blowing the
water eut under ateace pressure, as Lisat would leave tise sur-
rounding hrickwork bot, and bake tise sediment on the plates ;
but tise boilers were te be allowcd te stand until cool, mnd al-
lewing tise water to flow out cf iLs own accord. Te haston tise
ceoling, thse steace migist ho hlown off at tise safety valves, and
tisen when tise p ressure was down, but flot hefore, tise maniî
lid migistbo taken offand cold water poured in se as te mix
with tise isot and thus lawer Lise temperature of tise msos gre.
dnally and generally, and net saddenly and Iocally.

Siseuld, isowever, tie soda net ha found te snccced, aud
soda would net meet every case, iL was reccmmended Lisat an
analysis cf tho water asonld ho made by a practical cheist
witis a view tea suitable remedy heissg prscribed te meet tise
apecial requirements.

Soda sais, was rccomrnendcd in profèence te, soda crytl,
hecause tise crystala centained so large au amount cf wates
tisat tisougs tiso soda sas migist caut a little more per peund in
tise firat instance, iL was ciseapor in tise lon3 run.., It wa
stated, however, tisat as soda asis varied very mucis in quality
iL was important to sec tisat it was geod, as otherwiso, iL migit
centain impurities whicb were injurions, In one case -whiclh
Wa cernte under notice, thse asncunt cf carbonate containo wua

Offil
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only 65 pîer cent., slifiiin aniotiier it wns as niuiiî as 08 per
cent. Also lit tho îr.st case the quatîaitty of c!tlurjde and stil-
ploste of sodium, 'vliit wore tipuritlee, Wlasî as 1tigit1 asi 18 pe-
centi., aud ini tise stuud case as Ouiv as .u lier c~ent. iîirther.
ilîcre %cas rires' lit ii the first cage .t3 iucli as 16 per cent. of
uçatter, aiid oily u.3 per touît ii the .4econd. Titus thero was a
mnrked tiiilleru ice bouvee-n thse two.

Tiste l'ortier Llark !îruce8s làat1 the' adeatge of purifVing the
ater la-fore il, %vas liutiîîja(d iii,, tho boiler, %vliereas âÏi boler

comîpositions tri aIest îi. %vater after it %vas plinîied in, su that
uvitîlo the, 1>orte.rClark lirote.' thirevîv îowîi tI,ýi" niuriticq onit-
aide t.' boiler, the tunuii iitrewv thîn, doean inîltie Tho
PorterL.,trk lurocess, iiowever, at ptes"flt %as oîîy aulapted ta
de;îl iwîtl carbonjates, wjsere;is nîost of tlie waters tie Aqsoeia-
tion met wvith acere iiîîjrgnvatod avitî suilplîste4 It %as boite
tijut the l>orter-Ularkl process ntigit be extended s,( as to rend e
ztapiciahits to waters îînpregnatett %vthsupîate of limons v 1
as tu, tiiose iunpr- "utated avill carbonîate of liiii." -Fui? nstii

"ON TE PRESEUVATION OF IRON BT ONE OF ITS
OWN OXIItES."

Dly BENJAMIN iiOWAILTii 711WAITi, Assoc. U INST. C.E.

(A4 pajsr readl 'eiuré cte lil3s. citl iZ Rn9ts.ers.)

c'undIicA1 j'" itu' 331.

lit tii's prcI lit(- ruti.-r the articles art., tilt- more effective
on-I iied i te prt-Csq of oxitdatioli. Oid cast-iron %voter
UnIsl gagt î'ips that acre wverts bo covercîl %eis t-Dt as t0
becoiusrisl valuielese, have beeuî converted huao a
conîditionî liire durable and raluablo titan the), wcre
arben (tnt wçitiidrawn fronti the niouider's sand. The ring.
netie ormule coatîng prodîîced by tise Bower furnace, on
thie sut-lacé or the rongiiest casting~s is sînootlî ta tise toncis.
Tise sniootthnests of tht sîrf.tce. if,, hç,aeyer, more aî,paient tîxan
rt.ai, as by xiatcroscoliical examination tlie surface prescrits a
grantîlar apjîearance. If tîccasionaliy tise articles are slighitly
lvarped, they cari, by ut judiciuuis relcating, atcomsasîiied by
tîte apiiiation of presùtre produced luy aeights, &c., ho
brouglit back to their original shape. A Prentli chemist, Mr.
Dodé, discovere.d sinie yeuîrs ago, a' singularly 'lîcap and
beautitfgî pt-oc-es for depositing front thecir soalste noblo
metals uîîon the suîrfatce of ut speccial description of enainel,
alîleli %as ftîsed lifpon the surface of iron auîd Êteel articles ;
buit it vrat diseeover.d tlîat corrosion tnîifartqiiiately set ut>
..ndu'r the ceating of enaîtel, aimd eventuaiiy thrt.w it off
It wai dt.cilled ta try Mr DoiC"s lirocesq upoît the magnetic
oxide coatiîig as prodtîced by the Bovier process, and the ex-
perinieîts Iroved a decitteu success. Title Société Française
d'Iîîoxydsition et de Platiîî:îtt, tlioiîgl proprietors of Mur.
Dode s pient, aisos purclised the continental patents of Mr.
Bower, arid cveîitîsalily tiiove of Mr. Barif as vii. By a spe-
cisîl arrngemîent of the furaces, Mtr. Rloque, the engineer of
tic but.sc'k Fiis,'tc et dlý tu t&,at att les of a v*cry ui-
demblle leuîgtlî.

Tite colour of tlie iiaîîgîetit. oxidt t.oating, ai it enierges
fron th (lic rnaute, às a li 5ght tint uf Frosst.h grey, wîici (.an be
madecl tu have a âil'.et-r lkittrutis app~jesrantu by increly filling
tue inutile wîthl tilt; %aipur*o0f '.olatiliued liquid hydro-
cnt-bon, iiiudaiq.d tirm uil pjuuied liiuu hasetial siphon furmed
as already described. The colons of Frenchi grey wi'll be
retait.'d by tlie unagnetit. oxide as long as it is frec front con-
tact itx lîquîid grense, vtl, or other lîydro-crbons. Tite
last tuuîcli ut afly ut tîeu 5uiStàtiLl --uit' tst, tht. light Frentîti
grey colour into 0one of a blijisi black alîpearanice, Nvlsicît nu
energy ai waahng or n.lbîng %vili renisuve. But of course
tlîe grt'ase or oit ib vuiatilizcd on expusure ta iscat, leaving
the oxîde witîh ls original qului. AUl artit.it.s that are
likely ta hc haudled should bc oiled. Mfinerai ail is the most
suiaie; and as thie coiung ut miagisetic uxide raipidly abborbb
thto ail, tie loast application is suftilient, and after the super-
fluons ail bas beeri tlîoroughly rnbbcd off, thse axide prescrits
a dark and polislîed appearance, whicli ta some people is pt-e-
ferable to the delicate naturai calour of tise oxide.

A ver> pretty effeet. '.ay be obtained, upon ornarnental
castîigsbv aahing the mînor or subordinate parts of te orn]a-
ment, leaving the pronsient or main parts uittouched. In
thse prelimiuary experiments with the mngnetic axide, it 'vas
'vas noticed, that if any foreîgn metal 'vas rnbbed upon its
surface, part af thse latter was depositad or loft on the former,

n property not possec, as far ne tho Author khzlw, by any
citler vxido, thils rcînarkable discovcry leed Mr Bower ta lmite
a serieti of expriim.'ntq witlî varionis descriptions of metalic
biiil %vith %vires tif ail thle noble inletals, as weli as ofvarious
ailiyB, lit ail cases the rtsuits were the saine, and oxidized
castings cati bo ffilded, plantani?.ed, or bronzed, &c, most
ciîarîaitigiy, cheapiy and quickly, by moreiy rîîbbing over tho
stirft.c of the magnic oxide coatirig, with inetallie brushes,
wvitli bristles of au%~ description of mnetallic wire othor than
iron. In order tu pcrnianientiy fix the gilt, thic gilded cast-
ilugt are CXIPUSCe ta very inoderate teuaperaturet tuly 6000 Fait.
reillheit, for abolit thirty mnumtes.

As alt'ady înenitioned, tile Socié~té Française d'Inoxydation
et (le Platitnage titilizes the îîîagîîefie coatiîg as a base for
reçtciving the.ir lipetial cuisinel. Upon this entaille], or even
direct upu1>n flic niagnetic oxide coating, goid, silver, platinua,
&ce., tait be perunanently deposited by mixing the clîlorided of
these racetais ivith certain essential oils, and theri piacing tho
iron articles, washied with tho inetallic ehiorides, in the fur.
zince for il short finie.

Tite nuvel feature of hoth thic attrition and Mr Dodâ's prin.
cipie of gilding, îstatinizing &c., i8 that thec sainte ironi article
cari bo ornitme.nted wvitlî varions articles iii conjuinction, if
desired, witlî other cosîcings, suchi as. v'ariously colouîrcd cln-
niels Wlî"n the oxbiied castings requii ta bc enamniellcd,
no costiy preininary process of anincaling is necesssiry, and
flic enînnel cain be drp:losited direct upon thie coating of mag-
netie oxide.

Vint the streîîgth nf constructiona! ironwork is Iiractieally
unaitced by the Iiower-Barff pracess, will be seen by file sub-
joined table of tes;ts mode by Sir Joseph WVhitworth, and
considered by him tn Ile ilvery riîtisfactory.'' Metal tested
before and atter bcirig subjected t0 Professor Barff't; pro-
ceb8

No. of BIF.TrAi, 433.

Ilofore. JAte-.
Pressute In Tons. Alieration. Puessure ln Tons]1 Âlleralito.

18 Nil 13 Nil

19 il19

21 0-0002 21 I 0.000T

22 0-0009 22 0-0023

No. of METAL, 603.

BoforeAfter.

Pfessiîre in Tons. ÂIieralîon. iPlesnre in Tons I iteration.

Per- square inchl Ilicht. iPr squcro incbj Inch.
18Ni 18 Nil
19 19
20 '20

2 0u221 0.0007
22 0-0009 22 0-0023

The followitig maya lit, taken as a fairIy arcurate list af thse
thicknesses of the magnAti, oxide coatingq requiired for vari-
ous descriptions of iron

Inch.
Light sheet iron, a tickneâb uf 0 00035

Ilwronight -« Il , 0-0104
Hcavy - btlý) as tubeb> a thickness of 0-0188
Liglit cast 0-0183
Heavy '0-0200

As the maîià lit- oxide is Dot very pliable, it is not suited
for articles wbich have to be bent after their treatracrit and
zfstrucIk verl lviolently witb >tnather liard metaffic boy, it is
liablz lt chip off at thse point of contact; but when thse pro-
cess is properly accomplishcd, tise oxide-coating wili 'with-
stand ail ordinary concussions. If a piece of thse oxide-coating
is, however, removed, tise corrosion wvhic1i may set np in the
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dentidoîl portioni aili bo strictly local, and avili not burrow
uîtder lte coatittg remaining intact.

If flic nagnotic' oxido ta jierfectly fornted, il vvili reaist ail,
ordtnnry corrosive indcivaes, tant it ta ifft.çtcd by çuoittatt
u'tit strong corrosive ritti, aitîteugi a loatau of oxidiai d tat
trois lias besi fouisd 10 re.sirt tor a considerabie liertd th
flie action et dttite ricijîs, sufsil s tine but tige Atitit
wouîid itut ntivi8o tis adotiuon lot apjîaratus tised un is te tci-
lent industries, exeept t,> lthe labormtery, ashVero it lias been
titiitzcd wiîiî succeas lot prcaervîtîg trus trtpods, Florenice
tlrisk-lîolders, 4-e.

FesOs represeuit tho cternivai equivnleuts îernitng ruhîgre-
tic oxide, lience tite relative cqitivaietît aveiglts avtll be as
toilows:

3 (56 = 1638 or 72-41 per ceint. l'e.
4 (16> = 64 or 27-59 per cent. 'J.

It is mariguic, as li nanto intpiacs, and lias a s1tecila gra-
vity of tront 4-98 to 5-20.

To test tic clînracter of flie iîînetic oxide-coating, lte
oxidized articles are iîla cei uillon a diaitp aoif, FAiy fur lave
Itours, asîd arc tlien alloyed to becoine dry it lte ope la air.
Titese alternale prcse of cxiposîng flic oxidized articles tu
wct andi dry periods, are coiîttinued for soveral days, and if
the coating iii tiperfct, a feai day>,' exposure te tîto test aic-
scribed wili brîîîg ils timperfectionts te liglît. If lte oxîde-
coatiîîg resitts satisfaclorily flic test expcritnt fur a luerjoîl
offtvc or six days, il is pierfect and dutrable.

One of tîte greateal ridvauttages poasesseti by the Boaver-i3îrff
procesa is flie ceznpictezess wuth ii)iclî te oxidatien is effic-
ted upon ever3' pat lîowcver ititricate, it, nmoly bc, of flic te-
tlilie surfaice ut the articles subraittdud to it, liac ils apl)Ii-
cabiiity ho iolav cyltuideas,ý, pipe8. &c., of iîîlricatc slntpie.
Owing to flic incrcascd size ut tlic articles sutbtnitted 10 flic
proceas, by the addition of soiid oxygeri, il is nece.ssary lthat
ail pa'rts whiclt have tu bc fttcd tugether, sut lias streri s, buIla,
kc., stouîld be sligittly rutr downx or otiterwiso decreased in
size, to aIlow for Ibis adiditiont.

Tîte zaagnetic oxidecoatitig, giving as it docs à inislied
appearance aiid sînootitucas te tlic hrt, te latter cari bt'
painted, if desireti, fir more eassiiy lIa if it avas uîîoxidized,
andi the painteti sutrfacc 'vili ho fast more durable.

Ordinary oil-pautît, witet applied h, uitoxudized iton, lias
oniy a comuaraively short lite, arising frora ftie tact ltat thse
moisture of flie condenacti aqucous vapouir on ils sturfaco even-
tuaily liermeates tîtrougl flie paint,scltiug iup corrosive actionî,
whicii ttiinateiy hhrows it off; lienco tite importance of
having iron articles oxidized or Bower-Barffed, even if il is
desiroti th-tt tlîcy sliould lic painted as veul.

It will nio doutI be obvionis titat the cost of oxidizing by
tlie Boaver or Barff processa-or, 10 uise a more albrevialed
expression, the cost of Boiver and Barfllng- varies consider-
ahly ifor exatapie, one titousand sanu articles may be lrcated
it flie sanie tinte, and in flie saine cîthieal space, that might

bc occupied by a single large artiJe, but ,vlen flic latter is
ltolloav, and waiicr possible, flic liollovr simca ay be filiedtifsp
avitit anîiler articles.

bir. Fîrimache, engincer for flie Beigian Stahe raiways, arho
a-as senl oa er hy flie Belgiait Works8 Deparlmcîît 10 report on
the proccas, found flie cusl, exclutsiv'e of royalty, 10 be as
fulloars. 7j fiants pet 1,000 kilugrnnis b) aveiglil, or a of a,
centime per kilogran , and snperficiaiiy, j of a centime per
decimetre cube.

In lte Bower fturnace of lte Sociétô Française at Grenelle,
lte aveightot abjeuts trerited la twcnty-four lisurs varies freni
47 to 85 cavl., aatth an expendihure of fuel of frontio 10o 12
ca-I. of good slack coai. In the Barif furnace, of flie sanie
tonm, thie aveght of objecta flint len ho treateti in twcaly-tonr
hours varies ironi 4, to 106 ca-t., witiî an expendilure of front
15è 10 M7~ ca-I.

Êour a Barfi furnacc, iiaving a muffle capai.ity equal te 124
cubie feel, the quantily of waler eaaoraled pet bourtu suppiy
the muffle avith superhcated steain, is equal ho from 8 ho 10
gallons. Ono attendant is required for every la-o furnaces in
ordinary working; but anxiiiary labour la required a-hen
loading or unioading.

The foilowing sra a liaI, necessaruly limited, of articles,
especia2Iiy adapted for rccetving tic coating of mnagnetic
oxide.

CatI Iron.-Architecturai ironwork , liorticznltural ironn'ork ,

sanitary applianccs; engineerinîg ironwoîk, such as watcr-
nmains ,gas-inns, rouf liait bridge castinîîg, &g..
jaruutialt aild shvt fruit , Uîîttlîtpred Stcul.-Watcr-,

jgab., aligt p) ntatinit it>ai lies a. rîlfii-, tl aties aîd 94oîter-
alIy ail i rulaierk tri ý.là iil & lut l'e, ilable u t ag.tg ubitge, and
tiet reqii. lertiiig Ur tivtiiàg itfta.r lacatraietait. j

It %iai îirk-ablby l'e heo it ît tige Bptir-llsitiff lir)ei sr,
aj'a iaetu tlaeuo itrtik.les, tu. tri iitia 1ri M aî~aga ure or

jlug i ulltLl , anda tige furtîter î,rutesks tiaca.ttor-. iVrVVos lis a
tscefiau aiiiiuir> tu that a il ilîî, an îd ext. e-Ilit Iprua.e$s ot

p)rerîerviîîg iroit b, icaîs ot is eettiiig ot zinc.
F'ui the Buorier furnates, lit Neiv I vrk, it îilite of loitittni-j
ttii' url, anithraciite is ued tri the udu.c in a.uiàjqiiitîiîaîî

svitik gris frein peîroleîîîîi oil. T1he litter lsa llowed tu tricklo
sluîvly througlîftic coal etaîrgîîîg h laper ut the centtral pro-

becoines volIsilîzed nda i)rodites il poîva.rfîl tiî'iirig or de-
oxidîzing gris. lit order tu prtvent the oit iroin igîiiting anîd
finntg back-i, il is tell iy a pilpe front a cott'.tîla'nîbic distnce.
In flice New Vork ilower ftîrtaees,, eqîual lictioîi,; of both, oxidri-
tion an deoi.drîtion, of a dîtrition utf lifteeîi infute's ech, arc
tiad tu gtvo ver,y tsaatr restaUts. lit thle sNîtii lewcr

turmiaccs% Mr. A. b. i3uwer lias becua sicccssful iii tarrying out
the Bniîff jiîcsa1e lîtît', ý wvrolgiî-ireîî arti. le,. by the f( i-
iowitig îneîlid :.-Atter file vrouglit.irîîî iial iavai iaeni
lieated by tiiiv,(t tuîîiitiabtai 1,t vde tie îatfinàîa t u tho
telup)errire ut ex1dations tie gis anîd air rire >hutt off fruirts tho
ialie , tige c1a 'îuiueýî dauultjar ta Ieed, and iiteaîi iý tunîecd
into lthe rcuperuîîor tubes, riîd it pabasing tlîroiigit thein tho

F nauffle bii~ne higialy liteted. 'lie steii s kia.t un culatin-
unully tinlîl tiîc tentpe)rat tire of the ;artit-ics l'egmns tet"hl0
decreuse, %vheti it is slatit off, aiîid the gas and air are tirneti on
(iii stich, relative î,o>îrîau s Snut te affeut lie charrictvt ot
tici.'dae cuatilig), otutil tue peropvr tenîîernatire is rgh e-
ganued , and the~ sanie operrîîioî ot shilitg off gas and air.
&c., and tiirrî[rg un sîcant, is rtiinede4, as kits, n ris requircd to
effect a pruper tlàkuacs ut tlic uxidt.-a.o:tuîg.-Trans. Inst.
C. P. (Elly.) __ ______

COMPOUJND LOCOMOTIVE ENGINES.*

BY MR. FRnANCIS W. W~EBiB, OF ClîIRUF, Vit ri-PILFEESîoî)<i.

A paper read 6e/'re the> nst. of ~ffchaiiical éiigineers, (En.>

The object of the prescut palier is to shiiov wbat advaîîtages
niay lie obrajurd hy Conipouiidîng the Locomîotive Engute, and
io. titis îuay be practicaily carried ont ivitliout materialiy
adding to the 'vcight or cernaiîcating the worktung parts. IToe
sutlject is not a new otie, as tt lias been deait with iu this lis-
stitution (Procccdiîtgs IS70, page 328) by Mr. Mallet, with
regard to the Bayonine and Biaîrritz Railiway. Ifes aucceded
in obtainîug asn econoittcai cugine, but in a forni flot likely te
be a steady one on ii speeds ; greit credit iaoewver is due t0
hini for tie attention ut' lias gtven to tiîu suiaject.

About five years ago the auîthor converted an oid outside.
c lnier engins witfi 15-tn. cyfijitiers into a contpund, on tile

pe aloted by Mir. lialiet, l'y Iianing up Oie of the cyliriders
and riJuping ut to 9 iii. dtsrniètcr. Tihis emtginse bas until the
last titree naonthis been %vorking liiglat passezager trains on flic
.Ashby and Nuncatot brandi; of the' loinon and North Weat-
eru Raiiway i aud the elemnts of auccess seen in ils ;vorkiîag
]e'i te tce construction of the' coinpîonuil ieeintive ilExperi-
nment," whiicît Was ivchat ils naine inifiîheS.

The two main objecta the nuthur iuad iii view wicn design-
ing the ilExperitigent i were-ftrstly te attain to greaiter eco-
nomv in cousimptxoa of fuel , and -eoiidly to do away with
coupuitng.rods, uhille uit the samse tamo obtaînini a greater
wet>tht tor ndlsesiuîi tban wonid be possible oit on Iy one pair
of driviing whleels wlthout rapitl destruction of thê maril. The
dri'.ang wheela lit tmig îao leaigor cuuî,eîi, there is less grinding
action in passing round curves, anud it la riot even necessary
tbaî eue pair siaouid be oft1he sanie diaruietîr ris the' ether.

The engins IlExpf riment" atar constructed at the Creace
locomotive works Ini the latter "art of 1881, and lias novr been
at work over twelve inontha ad rîîn ncarly 100,000 miles,
ciiielly acitit the Scotch and Irisht iimited mal.s. W'hile on
tbis work it rmade a daily ruri of 319 milee ; and thigt being a
longer unileape than t he engiars are accustorned to rua in the
tinte, two drivers and firemen were appoiztted to work the en-

For :tluetra(iotas lie pagu 3S6, 362', 3w>, 361.
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gine, ~ I. o rw oLodnadbc n dy n h te

the ~ ~ ~ -dyoluiginodrtoo ltutsth gInei

giner, he or Cree bo Lndo pandca balone da, and he oharo

coupliug.rods, i8 enabled to, run ait ver high speeds.
Tho principle having been proved correct, it was thougbt

advi3able, owitog to tha incrmsing waight and the high apeeds
of [Jawnizner trauua, that in deBigning the new enginea they

should ha malle more powerfal thsai the prezent type. Accord.

11n1ly the high.pressure cylinders have been increased frain
il~ is. tu 13 log. diani., leaving the low.preesre, cylindar of
26 in8. diani. the saine as at present, with the exception of the
p or t8, which have bean jncreaeed from, 1i ina. by 14 ins. to
2 ins. by 16 ius , in order to, give more freedom for the ex-
haust.

The construction will be reaafly zrnderatod from the follow.
ing dascription, and froni thre diagamaN Fige. 1 to 3, Pages 850,
357 & 360. 01 these, Fig. 1 in an e1levation, with section through

[December, 1888.
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the. high-presnre cylinder, Fig. 2 is a section throngh the low-
pressure cylinder, and Fig. 3 ta atpIn. There are twvo cutoide
high-presaure cjlinderi, ol 13 in. diam., Figs. 1 and 3, and one

inside low.prcaaurc cylinder of 26 in. diam., Figs. 2 and 3,
the etroke in eaeb cese being the. same, namely 24 in. The
two bigb.preassUr cylindera bave their steam.chests placed
uneiea, in ,rder to aflow the volves to falt from their.
fices; ao, that there is no wear wben the ateamin la abt off.
Thea. two cylinders are attached to the ontside frame-plates
immediately undor the. footplate, about midway bu'tween the,

leading and middle wheels, and are connected through their
iii.ton-rods aind connecting-rods to two cranks at rîglit angles
un the trailicg wheels. The low.pressure cylinder, which lia
its 8teani-chesi. on the top, 1.s p]aced directly ovar the leadzng
aile, and 6s carried between two cross steel plates, one at either
end, securely fixed betwe the main frames ;its connectxng-
rod la ys hold of a aingle.throw crank on the axle of the midie
pair of wiieels.

The atoam is bupplied througýh the. reguiator in the. domo A,
Fig. 2, Page 352, to a brass Y pipe on the. amoke-box tube-

Decomber, 1888.]
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plate, andi thettre hy Iwo 3-111. copjacr t;tinî.pilîeg B, "i~iliîîlg
firgit parallîl to tfile tuise-plate, timei thruugh tlic bas' 1dte
liat carrît a tit' iu%%.prt,.siure cq lîttier, ani Iîetweeu the filates
of Ulic iiisi d ntii otitsitte tranies, Io die. sîteaîîi.clesta Ur the
Iiigli.prcssîtire ~hiea The eus~iit sti5ii fronti tiise ty-
o inieîrs is z"t&rîild tiv îaii i peî îîts i., riin itig pailtl îviîh
file kiigh-pirî-Ssoio jI s tîioîî%h itlie hîck 1iîtt digat t,îrries

the low-.îrî-ssiîrt cy lutter, and it to flic sicke-box .folluwiîig
roun ilîtte cura-euile of titi, aiîoke-bux uiearly- to tile toîi),
ecd ipîe liasses acro>s tu the'oîîîiu side, antd et-iera the
steam.cliîat ol the low-pressîîre cvliiider tliroughi psa>sages iii
the cuver. Ilitt4 tile e>ta.îîist ,.tcaii tîetuit- itipeîîrlieated Ili
tiieco pilles b3- the it aste gases liitht l ic k.îx w hile the
largo capancity or the pipies thellsslves obviâîtes thie îîecessity
furia mejarate Nteiijii-l ecelver. The. fluial xaust esdcall s front
cari ii- of thiesaiî-iîa of fige 1<îa-pressut'n cyliîilter ino
the tîlaiî-pipe, undi d iv'ine tu th lit'iii iiie), lit lit% ugual îvay,
file 0113u litruîî lii g tliat there arc oiily liait the iuuîhier
or lblitita for îîrgilig tite lire coiiîjîîre't w ithli rtiotir% u'igailao
yt't thie ColiilourOî eligilie4t. atlis vtty frieily, anod lias al blaîst-
pupeý ot 4g Ili. tttaloi. foir thte filial exliaust, Cuoilarttl witu 4j
ii. iii eiigiiuus of the oriiiauy typle.

Tuie bteain-chest cover ot the'large evlinler i4 proviiled with
a 1)itvav'J, li'g. 2, ilagi. Z&i, âo auîjubted that ie joie,-Stre
adiniiest niay uever î'xci-îd 75 lUs. liter bq. ii. , andl a hnmatI

lpu', cîîiliecedet te tie lu.îcsîr taiiIiîî,,îd carrîcti
back tu a gatuge tîxqeti ou-ide tht. caîb, shouws ait a glalico the
actual îîregisîiru of bte.inivi n 'rg ut iiIn thslitiage' c lisdtr. Au
ilerangi mitnt is alstu made. %% lereliy steaiiî tire-ct fruit) Li&n huiler
cait Ut' adinîted hotu li lua%.I)rebbire qyliider, wicli a is tft
for wariiig iîji bt-fore staiing.

The. vaîive.iiotiouî aîdo1'ite for titis engiuie is tlint desiet
by Mar. lLvi Jo3', ii dteraîî-qi at a buruîtr 2ileti' sae, Pru

ct-t-tlîluuu, 1. 410), a it-hel dotes aaaiy %%iti ail s-'xil~îtric'
rods, nda çutibicraiy retuct- tht. iiiuuber of%%,orkînig parts
lie-r cylîndt'r, as t-3nil as file weiglit fur fhl i v.e~ The
arranugemen-it lîoweveir for the- îie% iigiiies iîfi t-s slîghtly froun
that tii 'Ejeîîeu, Iui ur-her tu du aay a itîz fige truitioni
beariogs ou fit' is.ot.jilate. Tit total tombîer of ivorking or

uuîovîuîg parts for tile iree stt ot va.% e-motiois Ali the coot-
îîuuuîi tengluîe us ta eiîy-sit'e, anid tlittt- total aveiglit '-b4 is.;
%vigile the t.îiiba-r of aourkiug parts i tut'e two se-ts o! valve-
mîotioni iii the. ordiîîary bîaîidaid t-îîgîîit- se tivt'uty-four, anîd
their weîght i93 fba . fic rct-isg ahuris lta vieil case nlot
be-iîg takt'îu Auto couiîdetoo. Tit' val% e-eieàits being on the

ticsiitt.i of tit' lîîali-lrstire c3 hîîîdei-s, the iuotîoua-dîses L,
Fig. 1, P'age3&-6, tuarryitig the. quadraiît-bars, toîve ho bue llaceti
l a eurresi.uîÎig îîusîîuîîî , atut titî s ibmoi h y securin
tht-ii tu the nzithîrside o-f thi, blide-jaîrs. tli quad tît-b-ia

tigiîtli are imaide ut soit btelet ase-hardenget, are uh grooveti
te a radins tqiial to the lenîgthi of tlic valve-roi Iiiuk ; andi
aîorkîîag ii theit- groovc-s are 'rs slîdc'blocks 1, caîrrieti by
the lifting ltinkï G, to tuie lowcr endi of winach ia attaclieti the
a'alve"rod liîîk Il, andt to the ule11cr cLd fite cooîplexîsatiîug tank
J ui te.iiectisàg-rutl e the illler eutd of tiu coiîiiîeuîsattng
Iiîîk us coxîtrollcil by a rosi li tttt.iecd ho a returia .crank oui
the- tradinig trîkpî t. ihu sjuatlrgâit kit- art liiagthunea
oAui beîoa t-u tista, bu .id au tihlU1 aîttaallîîîvîît tuo Ut; made, 1>3
the liiuk L~. %li flic reversiog shaft, piaceti belîltîti tho trailiflg

whel.-î Thei rt-a ertiig us tit--ctet tuy menaus of a sereiv-aîid-
lever aitrrang«euniemt coniiectetl tu the reversing slîaft.

'l'li liîgla-liressure aliihe-valves are or t içk or Alleu type,
avitîcct gîaves dutîhe tu huti stuavn ut lise etige ut tuie port
%viienr t îîîstonid asat tie enîd of la stroke , ttey have a traivel

ut 3ý in. in foul torv.rti aaud backaari gent. TIc lap a î in.
anti tse leat g Ini. , tige puott tipis ï lis. for admaisiojn, andît
closes at 7o pt-r ceini. ot tlic strokoe. 'flic suaca ot the ports iii
the cylinders are, for sheani là in. x 9 in., extiaitt 2ý ini. x

in1.
lut. v.tiîe.îuîtii out ilul't% sacyludcr daaTr,siiglgtiy

tront Litîst ui tiltiiîe -i-su-. hîîaitt'ti 'a ii>câî Lit-rt, as a,
cast.îroîî sait bl, Figb. 2 anid J, l t iges 367 auti 360, carrieti ini
braa.kets, ailch at ià\ti Lu dit iisOsuu irt-ies , aaiid tiîo quad-
ruait guitucu ait buîttt tu> al an tizo iiitidît vitats iwgtîl. Tite
othtr laitt o! s dît. îutiui aie siiîilîr tu t-bse ut the Iiîgli
iuieâsutt t3îac ite vaijl îiiufereiite bciaîg Ujat the. endi u
the cuiniciibtîong lîîîk ii t-lac loa'lpresbure mlotion isl attatheti
tu a rolsis ruai N eiticd u Lits utkîlaev the uylînudcr.
At vite cuti ut the tvert-siiig ti.aiL a iîxed a îu'uct- vliècli as
t:uiajd dirtt by ta ling rud tu tIat rcvci.ià>g 11aaadle un t-be
fuut'platc. Tlle traivel ut Lise vio all full geai as 4à au., lai)
ot valve 1 hii., lcati 3.l6tiis iii. ; dt pot-t citons 1 in for agi-

mission, andi is clostil nt 75 per cent. of the 8troke, andi tho
exhatiat Juloit 93 pur cent. ef tht. stroko. Vîin sizes of the
lionts are, for att-nai 2 in. Xs 11 lia., exlîaîît 3j ini. X 16 in.

Vin reveraing gent-a ot the lili anti loav-jressnre cyliotiers
arco desigieti to uurk iiidt-pitndezitly of ua' tiier, ant no ii.

tuivetiitiei.o lias bre cxpt-rieiiced by luis arraingemecnt , they
coulti if desîrei liu eoîîoected, buit tItis wouîIa menu coin-
piicating tlie parts, avhilo no jîaterisil ativaniage avotîlt be
galiiet.

Witli regard ta the degree of expanione at w)îich the engine
la avot-ket, ii praietice fige low.pressure cyllutuler la kept nearly
lu foui gear, hie ail the expationi la donc in the lmima bigla-

liresaîre cyliiidars, se titat no mure steagn i la seti titan is abso'
ttely necessary to dlo the work.
The commnerc-ial resaîlta avitia lthn oigiie "Eacperimeot'' have

beeîî very satisfactory. Dîîriiig the finie tue eugino wvas work.
iiîg the Irisht mil fioul ('row to London, antd the linfiteti
Scotdi niai1 fronît Luîiluîî to Crowe, the i\verage caîîsumptioîî

1per traii-iiile was 26 P) lba. et ceaI, comnpared aviti 31 6 lUs.
tile av'erage consuîiption of the atandard fotir-coupîcti passen
ger iag . es avitit 17 ini. cyliuders andi 24 in. atroko, the alilers
beiîîg prec'taely the saine iii eacli case.

One ot the prinicipsl féaturea in the tieav, etgines lias beeiî
thet adtiton o! a ijunltr iviLla thle aer-sjaee of the fit-e-boi
carrie l'ider the grati-, Fig. 2, Page 49, the space betaveen

il, anîd thet. ire- bars futriiing fige aîslîîuau, jtîst as la the ca-te et
flic 18 iii. goouda eligine athica vais tfuly deacribeti ah the meet.
îîîg et the. Instittioni atL Baîrrow ti>rocetiings 1SS0, p. 432).
'l'lie ubject la to du awtay ivitil thet rig'id toundation-riug, wlîich
ha aiw'îiys a source ot trouble , ta obtain butter circulation for
the %valer ; and te lirevent tlie lotigment et îiirt on the aider
of tht. lrc-box whîere aui.jt'ct ta the uniost intense lient. À

flaiied iiiuLl.iieesiasîlar tu tîtat et the fire-door, ia formeti
tu tlat centire o! the avater-apace, anti coveretl with sliding.

doors %orkctl frontoftic toot-lilat-, sa that the ashus can ho
easîly reiîaoa'îd or droplui-i , whaite any sedlimeot thnt May col-
lect iii the ataer alpace eau readily ho removuti throngis the
%;uii-oit pilugs ho tige sadîs o! thte fire-box, there liuing a clear

passage tront aide te aide îvhieî the cavera are takeii att. TUe
initi o! the. slipan is niade ot sncb a width tuat the. tube-

lîlate can bc taken ount and relilaceti by a ot wv elle, witbont
duuturhîiilg thlt ot-ler parts of tht. lire-box.

Tige principal features et the compoundi eugioe havin thus
lacen dleset-abeti, thiere are elle or tavo other points te wigch a
retèence oîay be interusiing. TUe lealing axIe, it ivilI ho na-
ticeti, us 1ihiced ininiealîately under the large cylinder, Fig. 2,
Paîge 42, auît îîearly un a lige %vith the centre et the ctiimmey;
cooaeqiet.tly tho vhiecl-base is longer tiian usta, the distance
train Ieaduag ta front driving-wheela huing 9 ft. 4 ini., anti
frouai fronit drivitig tu trailiuig.wleels 8 ft. 3 in., nsakiug a toi- 1
avheel-htaofe 17 ft. 7 in. Teoevercomne the disadvauîtage lit-
tacluedti h a lonîgrigi.l whleel-base, the leaduîug axie la provitiet
avit a rachat box, Figà. 4 te 7, Page 360, having a laierai nia-
veillenit ut li iin. ho each 4ile et lthe centtre uine efthIle engiuse.
Theo box ta tormed iun a ,inluge casting, %vith the brasbes fittîti
tn a ci end, anti %orks betîreen caurveti plate-guides A, stretlî-

si'g araîs froin fratreie o rame. loalde thti box andi undor the
asie aacre carritd haro liarizozit hiclical springa B andi C, coileti
riglat anti ieft lînst, anti wark-ing one joside the otlier ; sa thant
avîien lte eng-* cuters n cnt-vo, the sprnga are campresseti

toaads one side, anti talle any ahock t-bat inay be transouitteti
tiarougl the avhcoîs front tht. rails ;and ivIgen the erugine gela
on te tUe atraight agagn, liae springs restiue their unormal po.si.
hit, antd kece flie engiue central. This class ofaxle-bex, but
avitia laa set3 oî sithe couîtriîliing springs, lins noir beein house
sevenl ycars urîtît very gooti resits (s4e Proceedings 1877, p.
307), anti 155 onigines are fittuti aith il, 40 of tlem luaveng one
at encu enti.

Viîe jaurnais et titi axies, it will ho sein, are long in each
çuat.. Tiiose ut tht. leaitig axe at-e 10 io. lonîg anti 6 in. Litsi.,
w tille titube ut t-ht ia-îut, dni-vng-aile at-e 13J iu. lou.4 and 7 in.
diaun.. %auti craînk jounal 5.1 in. long ani 7î in. iau. ; anti
tige trailauig-axle journai arc 9 au. long anti 7 iu. diam. The
ativantage ut tiiebe long jotarnais bas hein aunjly provîti in the
rtuunaoig ut thei "Exjieniutcuit."

Thie englausîîithutuga shahl rtkigg ou the Londion section,
lias beco ttun~î off the. Inisu and Scotch mail trains, because it
ras îlot fîteu avth the gear for wrking tUe vacnum bt-ski

wiath wihl thest trains are nuw provialed, andi it iras net
Lhougl aadrisablo tu bLong the agine jao thie aliOP3 for the
preseut~ au t-dit- tui appiy the vacuuni-larake gear. The. oee
engines hoarever are fitteti aitb ejectors anti ail tUe necessary
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gear for working tlic vacutnim brake ; and ini addition witb a
1 eteain brake S, Fig. 2. Paqe 42, acting betweeu t -a two paire
1of dIrivitig.wieia. l'lits is aise coupied te thse tenîder tirake-
1gear, so t hat the brake is appbied to the, Pugine and tender ut

i the saine time. A sinîgle nuovenient, of thle drîver's brake.
lîfnudle serves te appiy bjth the vacuum aud the steamn brake

1 simuitaneously ; and sinittariy tu release them togetiser.
lydicator duegrani troni the eîugîîî arc shown tui Fige. 8

and 9, Page Ss.
Appendcd la a statetiiett of the Ieading dimensions, &c. of

these angines.

TliREE-.!YLINDEi (uVMP'OUND hXIt Fi PA-stbbý LUýt
LOCOMOTI VE.

Cýy!îndcrs.

Tire Higli-pressute entsido cylinders. . Din1 eter 13

OD9 Lew.pressure inside cylînder ... Disnmter 26

Joy's Valve Motion. 1 toe 24

lWheels.

nltes

Diameter et leading wiîcels, with radial aile. ft. ini.
box ................... .......... 3 6

Distueter ef front driviog.wbaels (loir-pres-

s ure cylinder)......................o 6
Diameter et lîiud dniving-whesls (higli-pres.

sure cylinders) ..................... 6 6

Distance betireen leading and front driviusg.
wheeis..........................O 4

Distance betireen front driving andi Iinti driv.
ing.wlîeels........................ 8 3

Total whîeel hase ............ _.17 7

Bozle r.
Leugtb et bamel ..................... .9 in
Mlean diameter et biarrei, esstsidc ........ 4 2 3 l'3tts.
Lengtls ef fire-heox, insmide. .4ft. 9à in. at top 4 101 at hotteni
Widtl t ' '.......... 3 6j
lleight "4 freni top of fure.barîte

crown ....... ................... 5 61
Length et tubes betireen tube- plates...10 1
Diameter ot tubes, entaide ............ l

1Nuruber et tubes ......... 198

lcatiiig Surface.
Fire.box............................ 103*5 square foot.
Tubes.............................. 980

Total ............ ... . 1083-5 "

Area of me-grate ......................... 17square ftt.
Ratio et lieating surface te grata area - 63,35 tu> 1

IWezghtl.

Weigbt ot omîgiùe irben empty ................. 34,75 tenti,
Weight etforigine wien lu werking erder-

Leadiug whîeels ............... 10*40 tons
Front driving . whîeels .......... 14 20 teous
Hliud driving-whleels ........... 13-15 tons

Tetal ............. 3775 tees.

lu clobsig tîis paler tlit nriteriîslies teadd,tlîat lus motive
in laying hefoe te Mendir of the institution the particulsirs
cf his systeni of couspounding locomotives ia te draw attention
tu the subject anti encourage its fulil investigationu , ae lie feala
asbured that botter economucal results are te hoe obtaiued thaà
those wbiclî lie bas already arriveti at. H1e liepes tîserofome
that, ther papels ou the ïubsjeut însy ba fortiîcomiug in thec
future.

MR. WEBBa, un assmr te the variens questions maîsed in dis-
cussien, seuil lie 1usd net much tw sdd, excupt iu reply te the
remarks matie anti s1uetionb sakleti. Tho crauks of the hugîs-
pressure cylinders ware placeti at right angles. Wsth regard

tu the indicater dLugrauuq, the exliaust lino of tho Iliglu.-res.
sure cyliîàdlar igas utut alwavii straight, but sudactimies k.rchieà
upwmards ài the uaLil1lle uft1i a trâek, wvldch, niglt lie -lue te
the lu%ý.1jrt-ssure tzraîk hein g in a différent positionî r4lativr to
the tvu higii.presirc .r4tiiké. Tht i'sdicittr dingranîs wt re
taken by twmv rdiimry " Ri,.liar,, indic.it.rs, ivith the con
nections iuuade as .ioso tu> the cylinder as possible . the motion
was takun from the crossaheadia et tiît respective cryll îs n the
u41mal ivay , the diagrains %ve taleti in pairs, freni ene of the
luigli. pressure cylliderï andi front the iew.pressure cylin. - at
Vie isamo tine. Tia cos' used in boat eugiues wr.s siniliar ini
quality, bu.,iîug priîîcipally Seutit waes steoin ceaI, %vitlen-
tiieb et lilet Nurth wVa1eâ main cusi. lic cutulti lit gige tihe
coal used ia ti !muting scparately. but both engines heing oit
simiiar ivork there conld net be nîuch dilrerence:- titi liitiîg.
up ceai was siso deait witlî in flio sane wvay ini hoth
cligines.

Siic th i t VIl ritten they liad turued eut at Crewe
ton cenîpuund locemotives ut the aine description as the ue
nder discussion. A Sunda> er tume ago, lie Lad liad ait oppor
tunity ef trying what thest engincs wouiid do witlî tha 10
o'ciock express eut of Euttoni, wiiiclî on Suzud,%Ss lusd eleven
stoppages between Enston andi Crewe, wilii the actual ruiîning
tine was nîncl the sanie as for the 10 o'cleck Scotch express
on sveek dayâ with ozily tuua~mîgs Thu cumjpound engins
took a train cf 19 carriaees, cemposite and saloon out et Etta.
tfun te Creive nithot assistante, ath fi ie ceupid i. the
rua was 4 Lotira 30 minutes with tho eluvea stoppagea. Last
Monday the 10 o'cleck Seotelh expressi, %vlilei isas .une ef the
faatcst trains running, ivaâ taken by the cempotuntl engine
frein Enston te Crewe iu 3 heurs 35 minutes with 16 large

caraes. sud %with twe steppages.
MnRicha hsd asked the question vrhether there was any

truubla with regard te :undo.nattion in the big cyllutier. Se
far none bail been experienced. The pipes botween the twe
franues were packed in silicate cetton ; an wvas the large cy.
lituder. Tie wlîole sarce betiveen tho large cylinder ansd tue
trame was aise packedl iith silicate cetten. With reforence
tu tequestion otcomplication in the engine, bebai oD]y thre
cennecting-rods inetead et the erdinary twe ceupliîug.roe and
tuic tivo cenuecting rodas. Ho liad tuns oile rod les-, wlîilo lie
liad an extra cylintier. The cyliîîder îtselfand the valve gearing

e sunmle that lie tlienglît if amy muimber sawv the engines
theseles iewould net aay tlint there iras xumdue complica-

tien. Witiî regard te Mr. Crampton's rematks, ho did net
agree with his viair, but lie miglît say that it wvas iliol<ing
et an engitie desigried by Mir. Crampton-hie helieveti it was
%viien travelling on the Eastern ltailway in France-thnt it
occurred te lîim boir easy it weuld ha te utilisu an extra por-
tien cf the ireiglît cf the"ongine for adhesian witluout coujmîng.
reda ; sud that hreught te bis mmid the design of the enginse
under discussien.

Witli reference te the quiestien et carrying a stîfficient quan.
tity of fuel and water, they could carry sufficient ceai te take
theni tbreegh freni Londen te Carlisle, sud it waus ef course
wvell lcnoiv te most English engineers that on the Lendon andi
North Western Une tiîey picked up %vater wberover they re.
quired it, se that poractically they werc ahle te rua an engine
all tise ivay tbrûugli front Loudun te Carlisle, anti had (loue se
en two or tluree eccasions.

or might mntiin the first performance over done hy the
ceound egine "Experimnent." Befoe it ivas painted, ho

hooked it on te assist a becavy express froîn 1.isuùr,o.l wit 19
coaches. Ile tried it ijtl the steain sl,îa vif fîim the otlier
engixua fei son.ýý distance along tihe Treut valley. Tlit:y tans
itlout trouble trou, Creive te Londtoni , ithen the enigine ar-

riveti in Lendon it was all right, anîd ho lad it turned round
sud Ilooked ou te the momning Irish mail, wvhich it toek te
'Helyhoati. Whou the engino arriveti at Holylseati it iras stili
ail riglit, sud hie then gave tue men somothing te cat, turued
the orngine rund andi hosked it tu tie huat exprcs5, whicli it
tù uk te Creie. The engisso thus diti '28 muslt. a., a Lliristtuing

tn ir. Stàoudly bat rtinsarketi that At ioulti have been better

if .h a re the by.,turr içitîs a goud tisSîne. Ont euîgiti
tîsat lie ha in lu aud nt the p reoant tinie iras for working on
the Underground flaîh1.y, wlscrc there liad lately been seme
discussion as te tie ameunt et fuel consusued, and the ni-
sauce arisîîîg truie it. It iras eu et the eiàgîrses orriginally
tiesiguet hy MmI. Fon~ler, aud lie liad taken it in liandt aud %vas

co1oetigit. Mr. Tunîlinson ireulti iear hie et *i ayn
that they ha~ vemy 3harj; curves te rîun runt on tîsat liue, sud

I)ecetiiber, 1883.1
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that Yery grtat trotible ba<I been expereenced vth counphgrode. Fîvo or six yearswas althe lite that conld be got oui
of a coupling-rod on that lino. Ho believed bcs had finswered
&Il the questions that bad been asked. Ho thanked the mom-
bers very mucli for the favourablo hetring Lhey had givcn hlm;

anai-ne twstea t*&t tue meufl wola bco tbat t'ho fuel oi loco-
Smotiýves wou]d last a littie longer in the future, with the in-
cesed economy which ho believed would bû brouglit aboùt by
compounding them.-A papcr rcad lbefore the Arn, Sec. of Rra
Enieer.

Decomber, 1883.)
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ECONOMY IN HIGHWAY BIDGES.*

B~~J. A. L. WAIIusd.L, CUE.. B.A.S,., MA.E.

''lie object, of th"ee itive.,tigations is ta de.ertssine the inost
econoinie nussîber of psanels and de1 itl of trus for asit ardinary
liigiswvay bridgei, aise tiiie lengtlis of spant at Nvliiil it us better
ta chiange irai> pony truss ta tliroigh biridge, aîîd fronts sisglo
to double intersectioni.

TIse calculationi re miade for iron bridges only, anid deiluc-
tiens are monde tiserefroin for comnsatioii bridges, but tis notice
lias becîs Isuken of iraodtesi bridges, for osvsîig ta the follcwing
reasoi, tîsere is nac ecoiomy iii buiildinsg surIs struictrires.

lst. If both be properly desîgned a ceuntiiiatios bridge wili
cost uo more titan a woode> olie, aîîd wili bat twice as long.

2gid. Tension niemnbers of waaod are objeeîiaîiable, ainrg te
tlie difficulty aud %vaste ai nintersal iniinsaksig connectionss.

3rd. Tijat, tri a iveIl bîssit; corgnbiîation bridge, tIsere is no
part of the. tituber mîiere water wili lodge, wilie ne %vooden
bridge enn be buit mîithaut snch places.

4tls. The iron oi a cornbinatiou bridge, ister the svood bias
decssyed is worth consderably more thaîs the smperishable parts
ai a correspondisig %vooden structure.

The inost comiisn widili of roadivay, ssxte fect iu the
clear, lins been cliosen, and tîîrongli bridges are alane consîder-
cd, because bighiway dock bridges are very uncoinînion. hoir-
ever tise results wili apply aise ta deck bridges, except whsere
they are affected by tise consideration ofi secessary headway.

Tise Pratt truss biss beau clioseis for tire reasous : first, it is
tse troas moest comniouly employed in Amnsesa ; and second,
tise wvrster lias sisorn in a palier entitled IlEcouony in Struts
aud Tics," publislhcd su titis ycar's 3larch umber of the IlCa.
rgadian Magaine of Sciensce and thse ludustrial Arts," that
aithougîs tIse most economie inclination of a strsst te tise verti-
cal is about onae iii fiee or ac in six, still practical cousidera-
tiens cause tise vertical struts ta te preferabie, tIse actual dii.
fercrsce iii cost in tIse two cases being very sliglît. As accu by
Table 1, the spas for wirliî calculations wec miade van' in
lerîgtli by teit feet ni. ta spans ane lsundred and niuety feet
lonsg, andI ly twenty anîd tirty feet for langer spans.

Tise Iaads, %vorking stresses, etc., are takcn trami IlGeneral
Specifications for Ordinary trIraiHgbuvy Bridges," and tise
bridges are dvsigiied iii accordasîce vith tie princilîles express-
ed il "Det-iils in Ordiinary fruis Bridlges" and tise writer's
other papers pertasnsssg to tie %uljcct. The bridges investi-
gated belong la IlCass C " of tise i'efore meutioned"Sccfi
cations," correspoîýidîssg songewlst ta those wirbcli tiseul ta bc
térmed Ilfactor four bridges."

Tise resîsîts, homever, %vili nnîidy, wiUs oîsly occi3iossal and
sliglst cIsaasgc', ta lsri'ges ai greater strengthi aud wider or
narrower roa'lways. oticr ipecificati,)ns inigbt catu,.o saute
little difference iii tiie ecannusiir deptisi, but for good .lesigneis
tise variQtions iii lie suji 1 .

Tise peculiar fetîires of these %peciticatiois tîsat iRy siigly
affect the rc-suits are Uic suse <'i V. Sîsaler Sîuitlà' formula for
cosupissien members mvitis its vssrying factor oi safety, aud
tise cxlusion ai cliaîsnel's l"ics.' tI ire inebes in depth for
cisorgdq, posis% aud bt'ater l'raccs, aud ai ail webs leua tisas one

quairter ai an imcli tisick. If thTs or four inîch elsasuels or I
beas bc used for jasts, sud Rsiskinc's forulsa wiUs its con-
stant factor of safcty bc empioyed, a% ii uat uîsceinmo ily tise
case, greater deptts iranld îîrolsably bie fcnnd, but iso snobi
considerahion will at ait aliert tse lîractical value ai these
rcsults,

Mîscl lias al rasdy biera wurtten concerning the rennaomie

À p aier presented ta the Pisiladolphia Engincert' Club.

dcjths of trusses, the gesseral coniclusions being thst; they
,houild bc front oite seveîstli ta one tenth of the spasi.

Suds investigations bciîsg pîîrely mathesîsatcal and involv.
ing tlic use ai the différenstiai calculus arc of littie practicai
vaine, as they c.'ssnot take ista accosutt the nunibèr ar varia.
biesq that onghit ta lie considered.

Net oitly (Io tise 8treçses in a trsa vary svith tic depth, but
aise thse iistcsssUies of %vorkisg stress in tise compression wm-
bcrgg. Tiîeso %gain vary iu the top chords and batter braces
witb tise nutnîber of paueis ; and titis variation is according to-
n law or lawa altogetiser too comiplicated to be denlt wvlth by
tic calcuhis. Agalin the iutéusity of %vorking stress varies or
slsosld vssry according ta the position and importance of the
mntber considered.

Tisat the resuItm of pirevious invest;gatiosss of econonic
deptht are erroneonus is proven by these calculatios, for in sia
case is thic econoinic depth as susil as one sevcnth of the spart.

At first tige irriter cosssidered tisat it wcnld lie uece.ssary ta
rfinré ant th. total actuai cost for every cae, but urgon further
investigation found that ici deterinine the econousie depth it
%would be suliieît ta figure ont the sections asnd svcights per
linecal foot required for tise diffcrent members of oite truss,
usultiply tisese by tise respective lengîlis aud suw up cte pro-
duets, neglecting ail consideration of detailis; because the
difference is the weighits of the latter would balance eacls
other. '1hus, if ire increaise the deptlî of a truss by ane foot,
there would be a littie inecase in tise ireiglit af the lattico
bars and rivets, and a decrease iii that of flic pins and oye bar
lieads. Tiieso may bie taken as balancing eacb otiier, without
msking auy appreciable errer.

Agalîs tise cconomic nutiher of panels for auy spin may bc
deternmined, wiîlsout prcîiaring complete bil of material, by
consideriug only those portions of tic structure îvhich are ai-
fectctl by the variation in tho numtber of panels,

Ecouomy iu pony trusses is an cemrent wii otsght seIlom
ta influenico tise dt::sigii, for a good bridge oi this kind will
usuaily requiro more iran tlian the ordinary caiculations de-
ligand.

lnsteadl of tryiiig ta avoid a littie expense, regard shauld bie
paid te obt-iixsg a good distribution ai plenty of usaterial, in
order te partiy cetupeusate for Cic iaek of rigidity, which is
characteristie of he poîsy trisa.

lu verv widc poxîy truss bridges, cspecially ien the lcngth
of spart ipproitches iLs sulserior limuit, it mighit be vell ta mako
a few calculations concerniug tic economic deptbt, but tho
nîssuber of panels should be regulatcd hy the slope of the batter
braces, wvhicli shossld nsover be lcss than tire horizontal ta anc
vertical.

Titis superior limit la not a fixed quantity, but decrease a3
tbe widtlà of the bridge and Uic ioad inecase, anid as tho in-
tensities of workiug stresses dimgiuish. Fer example, compar-
ing il pony truss aud a throughI bridge of sixty-ive feet spart
in four panels, sixti-en fecet cîcar roadway designed nccorsling
tw" Class C " cf tse Il Specificaitinns," tisere is round a differ-
one of tliree hsndred pounds of irosi in favor of the pouy tus,
while for thc samne spaui with tsrcnty feet ecar roadway and
briges deàigned accordisig ta I "Chus A " tie la a différence
o! cleren hnured sud Çfiîy pons of 1von in favour ai tho
tlirough bridge.

For a clrar roadvay of tircivo feet the aul crier lirsait ai the
pouy trss woulîl reaci as lîigh as seventy i'ivo feet., and for
very ide bridgesa the inferioi limit of thc tbrough bridge
siight rtacli as loir as flfty foct, bint on acceunit af rigidity the

.uperior limit or tise former for ail cases sliould ho plactid at

.1ixty-five fecet, aud on accouint af appearance the inferlar lisait
cf the latter at f:y-five fecet.

1 Decelliber, 1883.
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20'eeir Roiway Por.y Trissas Clau A.
16' Cle&rPtca<Iwsy. Cla.uC, ficr tLis and folliuwinc span.

180 460 8" -W. '450

.... 40 6117 ... 5,83

80 " ........ 4.8Ir

.... ......... 58,63

8559
5M0 7"'........0,144

..... . 0.142
............ ..... .. 013

580. 10.240

..I 620 .*2,-
M80 ..... . 2662

....... .... 12.452
..... 6.............12509

462

....... 146348

.... .. . ........ ... 14 571
11, 4.734

8[... 4.440

.14215
14.8

14,133
14,142b" 16.SW3

16,141

.17,222»
."...17.120

..... ....... .... 17.000
17.053

..... ....... .... 16.476

...... .. ... 16,Z%0

.... ....... .... 16.356

........ . ......... 16,3-18

650......20,249
.... .... ....... 20.158

20,443
S19.2

.....680 W 23,128
23,090

... ...... .... Il 21.521
S~21,55

.... 50......... ........ 2,8
...... ... :... ..... ...... 24,2723

24,489
1... 0 ... 24,5075

.,* * : .... .. .... 2 4 , 5 0 5
... ..... .. ... ý24,540

............ ...... .... 24,022

1:::: 4629
f 46,129
....... ..... 46.248

j~~o I90.. ........ :65.424
I 65,219i.:::_____ 65,55

In designing the bridges train wlîiclî Table 1 vras prepareti,
the minimum deptIh was taken equal tu sixteen anti a hiait feet,
%whachl, because of the p&cuhiar lower laterol systcmn employeti,
corresponds ta a clear lîeadway of fourteen fect ; te poste,
wlîen figureti for eithcr whole or hait lcngth, were comîsidlereti
to, have both endis unhiiigeti, and ail sutiden changes in eross*
sections %vero avoidcd. For, instance, if, by decreasing the
depth of a truss nue foot, it wcre founti advantngeous te change
to larger channels for cliend andi batter braces the change would
not bie made, as it woulti rentier the comparison nuless : bie.
aides if thc roadway or livo loati %vre siightly increaseti, the
advisability of the change %oulti no longer exist. For appear.
once the depths oftchannels in tao, cbords anti bittter braei of
thec sqant structure are matie equal, aithougli snnetinies a1 little
materiai miglit be saveti by inakiiaur thiiet diflferent.

('oitiparison is malle betweeai bridges witlî sway bracinar anti
those withont ; for vlîeaa it ig employed thera i4 no ii-ed for
lirackcts, unless light oite.- b put in for oppearntice, the total
weighit of iran not being affecteti ta auy txtent by the change.

In double intersection bridges where the posts are ficareti for
liait length, hight countersi extenti ta the enrl'a of the truses,
the least'deptli for this style of bridge being thirty fet-t. Spîans
below anle hundred andi sixty feet in iength have stiffeneti
bottoîn chords in the endi panels, wbile those above do not.

As tue actual differences in the total weiglit of irans were nlot
afcteti thereby andi iii order to savP time, n especial care
was taken ta ses îliat the long spauis %vero provided ivith lire.
per stifr.±ning ; in tact, it is rttluireti by most of tiiej. It lias
been shawni latelv in ait edatoîîad in the Amncncaaxi Engincer,
that, tbeoretically, inost highway bridigés require titreneti
bottent chords througlhout, but that practivaliy they xnay ba
dispenseti witli lu ail but the tirbt and second panels frrnm thse
cnds of the bridges, or eeui in the latter, a tho joints, wlicîî
praperly laid, may lic relieti upoî tn take up the thrust atter
the dead load tension iii the batter chortis lias been dovercome
by the wind pressure. The grorat-st lengtli of %pan r#iluiring
%tîlfenti cnd pianels wili tier.o-ase as the ivithîand 1oud inecase,
anti incrense as the ratio of de1 'th ot truss tu panel lesigth in
creases. It is flot ecdonomnical but ustally nleccssary ta stiffeni
endi panels, so, if it tbc possalle ta lcgitiniat-ly do sai anti thus
tierrense tho %veiglit, the stillfeig niay be dispened with, ai-
tliaagh it atItis ta tise rigidiîy ot the bîridgie %vlen ubojectedtoit
rapiti travel.

The elnc case iii wlîicli tlie econaii di îlh- finiîd iii thtis
palier are hiable ta fail, is ivliere, by tiecrc;ating thc dcpth tva
or threp (cet, stiffénîed enti paesls inay lie na dc.?, cinus inakisag
a lms tepti mare econoinicai ; ýiuch cases, tioirever, do flot
of-en occur. The irritur liolî(s that attur flaii;hiîîg lais papier
on il Deati Loads for Amterican 11-ghvay lBridg--s " lie wili
finti t;-ne to write another capon Il Laterai Systemins for iran
Prittt 'I.,isshligliway Bridges," iii wbîch tliq iitiulject of stiff-
eneti bottant citords %vli, aniong other :haing.% -it.,safactorily
settied.

lai Table 1 the fir.et coluinu give-a the- longth cf span, the
second the numbercoi panels, the tlaird the style t iit<rsection,
S detiotitig single anti D double, the fourth it le-ail oîf truzss
tramt centre to centre of chiords, the fittb tih.- lve bl, the
M.xth tlac aleat ioad, tlac serenth.tht de1 îth of rlaniicls itied in
top chords and batter braces, the cighth the fi aire"I length of

. Inertesd wt. for lbi»y joist3.
* oigit, 9" Las toe, =111. tlaeroforc neeessatry te emnrlny extra heary

On13M
.Till.aon-ecnomy in using 9 ane1s k iapparent iihoit furilier in-

'roitigatiCiR.
UAdd 130 ini. for extra tictailit li. centres of iVo3ts makint total

loright. - lL9,29&
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posts, li' tlnuiisag '.lbule aind H Issif, tihe iiiastt tise coinaqaarasag
weight for one trias, andi the. tcaath, acccîipanying rcmsrks.

Ait ofsslssaî uftlic, Ta'ble bliowa. a remssablo regnlarity
.làth uilc lit>e A iIIii eçiiiil t1l.tli , 011Y variati isailin lst ictre

may bc, eau bc accotisteti for by 501510 lacculiar circunsastances
affccting tie cases whero tisey occur, so it wili not bu wvolI to
aduieru to tiause depthis in all cases witii cast irait rigidity.

Thus as tlicase osu f the one lhundrtdl andi forth foot spaîs tie
eOnomic depth, whes. eighit incih chîaitasolà. are ubesl, s ttveiity.

four feet ,anti, uviieî nino sudsl channels are usut i t is twcnty.
tuao fuot, tise actual weîglits of trois in botia case.,, takîîsg into
Rcusit the an"trassutiu ght uf tttisls 'tiuit îsîaît--iiauh chsas.

nels are usuti, besng'almost theu saisie.
For tie generai case twenty. thsee ficet svoud îarobaisiy lia

thse ucossonic deptit for tlisc one hundredalndst forty foot siii.
Agaisa, iii the case of flic double intersection one htudrual

ansd fiity foot Span, it suas aaeueosary to uscecxactly tie ause
cisord chanîsols for a tielèti of tiuesiy.si' fee as for a delsth of
twunty-five fcet, b.) tise latter apliears to be the ecoiomsie deptis,

wile, if tlisc ruquired shaneilb cuuld have buon obtainesi,
tsuenty.six feut ivoulal have been msore ûcononsicai. ln prepar.
ing Tables MI. anti IV ail these variations arc correcteti. It
tau bu seaii ei Clit ga ~aurai fruru Table I tl"tt, if the tîsiilC
ticîtis bu caiculateti fur aisy sitan, were tie pastel length us
tweîîty feet or tlie neareaqt Ieitgth below twenty feet, aud j5
thc uconioniîc dujati for tie saine span but %vith Ou panel luss
bc caleailateti, thse latu'r 1% :11 Lt. futiad tu cx,.aed fie L. rater
deptis by onc futit.

To asscuit.sîu in goastrai the eroasomuie tanse liengtii, ut iuait be
siallacieut to take a ftsuv cases and, assumne thai sat as proveis
for tisese will !,s, i, f,r ill t,~ reàt. Tht rcsaalt may bc
eabaly jîsedactei, 114t . thti lasa.g 1,.&Iiela wIditil reasiolisabe iSassît

are nmcre econoioîcal tiiaa short onuis. Fur instansce, talkng tie
css cf the oii iiui-Ir-.a asai tiirty andtit ii,' hu'iundroti sud
ni nety fout saai, tisa. furnuà r J~ tv;uh.l h as bren figured for six,
sevras aindsigà igitlas, assai thse lutter fur . iglit, tise a"sa tlus

panssls, tisere, cau lio litinsi, ai-pruxîaatýly tihe différences an
the total weigiais of irnn, witiaout ssstsuaa itess ftotalq, by
lsokiaag caser tht liî t f tiIeisabers, ;ýiia.ei lia Il A S>.tta tif De.
sianssg }iiglsvîy Blridge.'' dsoluuassg titube lita vliiçlà tisere
wiii ho vanatacais an tise weaglits, anti caieainag tiause varia.
tiens.

Tîsurt a., sta icussd for the use 1&uîsdrs'al issat tlssiay fout

spases tisat 1,1(lu j'ound more trous aro reiloirt fur thse seven
tisai for the sax pauels, aud about 1420 lacuais lucre fer the
eigbt thi.s for tlle eovtai ini. Oua tise utiser lî.isa tlt.,,re a re
abuti Z,4uus usure ft. Lu.s., cf 1i114t;sssjuaîud fer flic .1aX tIiai ji

the seven pani, andi abiont 51)(1 [t. more for tise sevon tiaau for
tise eilis l~inil.

Noie as 1,100 posuss of irais arc usuatily vilorts score tissu
,4ua) ft. of 4sIi; , Â4..U jauuasada ut aiil iasie tai. ýOu IL.

of lVisse, it is ovauleat, that for this case, the lonag passeisa:re thse
mss écOnoasic.ti. Agin llsx te case of tise 0a1- hanudreti anad

asaiety foot âpuis., there art about 2,500 potids amore iroîs ru-
quarrai for hstise s tisais fur thse cigist pdani, aud about 1,430

îsoundis mscre Sur ste test tisais for tise nine pianel.
On thse other bsand tise eiglit panel requires abouit 3, 100 ft.

naure luaib. r thaîs the laine liaisul, anda tise sisie paatel abouat
3,200 feet -nore thaia tise telst panel. As befor tlice total differ-
ciace is ctast is au favour of tise long psanels.

Again isa tise case o! tlisc double interses:îion one isundreti
and 3aj>jý foot selitise gresat iascrtabe in truss nruis, as indu.
caucti by tir Table, foi tlisc niase ip.tssui bîssige i alanoiseishow

tewstof econoîsîy ia ussaîg î'aiiels iest tisais tweîsuv fcet

There is an.tîsus jsoiia tia 1t ccaasiders.d, thctsiis, a.. , tbat

long jois ceai s liatio mcre per M. tiana shiort cnes se tiaat,
af sas any partirtilar case lumber weroe xpeaiisve aîsd long pseces

e2lseisily sa, tise qhaorter panelîs usigit bu more ecoiaical.
But at wuid ii atio cagse be ativantageou3 to aîakss rtea panel
lengtiî les tisaa eightei feet, for, ordinarily, ail lumbier net
exceediuag tuis ieaîgtia crsts tIhe saine pur M.

It maty thiin bu coasciodeti thtat in places wisure lunabur lis ex-
I)iiasive it wiil asot be woii tu. naake psuels <uver tweaaty feet
lonsg, or in lacen assisro it uts cIea> te usake thian ovor twenty.
four fee long, because tîiibers exceeding tie latter iength are
net always casiy procureti. Thesa, toc, in designing iren
bradgea, wicl aresulpposet to last iisaefluitely, cr comnabation
bridiges, of whlîcli tise irou.aork sviii be useti again after tise
timber sill have decayeti, ir nsust b. remembarudttat, as tinas
gous osa long tinabers wsili beccîne more and more oxpensive
anti les easiiy procureti, oeo ira tinîber districts ;se tit
paneols cxcteedieg tweaity fout sisoulti be oîtployati very
eatîously. For spans iess tiîsîî une iîudreai fet in lungtIs
it is iveil for appearanue flot te use panels twenty feet longR
baesides a fosar paniel tiarougla bridge îaeariy saways aeuires a
staffeiaed bettoîn choral tisrougiaout, whiilu a five panal cio dots
flot. Froms Table 1. cao bc determîieed, iaydoubiing tise dulter.
e:itvis of tie uassaraaag aeiglats, tue saiis5 of irou iii oaitg tise
dutaise isastesai of tise single intersection. Tau4 ins tise one
tunaireti andt forty foot sîsais tisere is a savisag cf abtout 920

acunis of iron, ila tue ciao laundred aaîd fifty fout about 1,330
jasatisa, lu tlie one iauiidred ad sixty foont about 1,500 1stsoads,
sis tise oîsc iundrual aisd seventy foot about 2,020 poasuds, andi
ilaftie ona iiuadred ansd eigisty foot about 3,140 pountis.

Thse prinacipal objections to thse use of tise double intersection
for shsort uspans art, Lîsat sas tiae ruais are lung asud scendes: thoy
wil vabraite more tiss the aberter aitd larger ones of the sangle

antorsectien ; assy flaw je a smali rod wjll have a proportionally
greator insjurious effeut tissu tise samu sizeti flass in a larger oee;
îsslsg assai atasîslo roa art difficult to traesp>ort anti are liable
te iseconse tiîsteti aud bont tilits objection eau ba sartîally re-
movuti by baliaîg tiaema snd attaciang to a central pin passing
tlarosagia tue post) , andi as' tise posta are ligîster tisoy wiii spriug
sure utîder tise sisouk of rapadly.movang loats.

For these reassonis tise double intersectioe aise isundred sud
forty foot spart is deeidediy isaférior to tisa single intersection,

wiii in tise olso iundred snd eighîty foot spaht, thes.e objections
appjlyang ivitis a great deai less force, the sascresseti weaght et
thse bingie instersection %wouid reeder it se mascli more expansive
(about $1.00 pur foot) tisat tise double intersection would ba
preferable. Now between tiss two lengths tisere is one -at

slit.h . woisld bts aadviasble to bogin te use tise doublo inter-
section.

1-a it eltt's opinion it i-a for tbis usa out bundreai sand
seventy feut.

Ais tise width iaS roadway andi thse lie load iuerease anti as
tise assteîasîtîus of ssorksug stresses deece, this liusit will be
losuerod. Table Il. givs tise iinsîtiîag lengts shicis tise writur
wvaald recouuisend.

'rÂBLV Il.-LýiîTaso LE.%;orass

Vkla r ).'uatdscra!î. C"ts A. CI=s B. Clamu C.
14ils 165 in 175 in. 180 in.

16"I 155" 165"I 170"1
18.1 150'. 1601. 1651,

20"1 145" 155", 1601,
22140, M5' Il 5lm.

24,140", 145"I 150",

It is tu bc îsotLced tisat tisa common idea ausoîg Isigbway
bridge buildoers, tisat a saouble iuterset.tion bridge sbould for
ecoeosey'3 sake have uscie panels tisan a sangle intersection
bridge cf tise same ,spaai anmi loadiDg, lu incuorrect.

lIn viesu of tise psrvions coasiderations, Tables II1 assd IV

(DecoisIber, 1883.
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have becai prcpared, the formtr fur distriuts whiere luniber is
comparatîveiy expansive, tire latter for thoso in which it la
vory çhcap. Tiaey trcat of througli bridiges only, comieaaciug
with eiglaty fuot âania, fur wiia the euîauaic Jepith L tce
leatt aitowabie.

<TU bc continued.)

BL3Ni.ew: OUF' aaolL1.1tS.-Ittowing ont iilaerslhcaald be donc
at toast once a moaatb, except tu tire very rare insatances la
whichl avater ie used tinat vili flot feran a acide. The boiter
shioutd not be bloava out atotit tire fumrnae la quite col, as tire
lîcat rétained la the attis likoly to inajurea tri oinpty boiter
directiy by overheataag the plates, and indirectiy by hardenaîag
thre scale avithan tire botter. B.ad elfects rire hikely ta ulw wlienî
a boier is emptied of its avater before the sitle watts have ho-
corne cool ; but gréat ij'lry le iikely te recit wheaî cctd
ivaîler lis putuped rato an eanpty boiter heated in this arsiner.
Viîe tanequal conastruction of the boler îs likeiy to produce teaky
seains inx tire aheti anad ta lbosco thae tubes and stavs. It a a
botter plan te aitcwv the boiter to remint cinnpty untit it la quite
cotid, or suffacieotly reduceil ini tenmperaturo te permit its beiaagfied wvithîout llajury. Many bolersr of goodl material, aîut
werknaansiaip hîave been ruaned by the iaeglect of titre simple
precaution.

EMERY SCALES AND TESTING MACHINES.

IEar tlatrafa ,eîu~ 6,363839cntl 372.

Tiacre are few of our readers, end, in tact, few professieîaal
men geaaeraily in the country, who rire aîot faiîalaar wath tire
remarkable %vork periornied by the WVatortoavn testîng mnachi.
ne. That atter recording haundreds uf tiaouaaand8 of potnds it
wili show thie atratin wtîich breaks a horse-hair, er, whea test-
iatg te hunadreds of thoeusaîîds ef pounds, read te a fraction cf
its tend as salli as liat cf an ana,,lytaýcai balance, are facts
avhicia have caused the gresîatt avnderment anad catncaaty in

regard to the ruaal4laelsjnby vhjeh ires reutts
hrave beeja acccatapliieed. It is evideîat te those who are f'ati-
liar aith the appartatus and the way it lias beana developed that
a revolution in machîoery for weighaîag in at hand. Abandon-
ing as utteriy usetess the kiaife edge, Mtr. Etuery struck out
upon achat is an entirely iien Iiie. front the %veight to te
recorating index lie uaadertok the îareblemn cf trausfcrriug the
pressure hy itseif, and practically %vithout motion. lie uiler-
teck e do thîs avîthaut aîatroducing back lash er the avear of
pivots or knife edges. The iimportauce uf titre we i-an the bot-
ter understand îvhen ae refer te tce work of scaac ef the best
analytical balances cf tire country. Onae cf these, extribited at
the Ceitenniai, with cone pound in each scate will turu aith
1-500,0u0 cf its tend. Tie fincat assay scntes by the saine
maker avatt une grain an thc part %iall tttrn ivtt Itlu aniligrain.
or 1-10,000 v! tbe 1uad. Stacli asralc, on accounit of the great
amenait et amotion suîd tie fact that a couasiderable mss mnust
ha put into metion by aut exceediaagly amail force, la excessive-
iy slow tia cmiog te rest. On eue occasion a gentleman atsed
a a taule day an weigtaauig a 3augie taonnd toven tantes4. Thte
mamintuatt difeérenace betaveen the greatest and the totat avight
ebtaiaaed avas 1-150,000 part of tire toad. Wion on the saine
sc4ale file attenilit Mwas triîade te aveigla im) pennids, nitre weagh.
ings rcquared nicra titan a day for thear accomiaiishatent, on
eccut t citce gratat lutigth cf tailue necesý>ary fur baiauctng te
scsie avith scih a tend.

Scales cf tiais sort iuay be said te bce xccssivety impîatient, if
ave rnay be ptirmitted tr terni, cf overaveigbt, or a woight;
whaIca exceeds ttaat fer whici at waas iuteoded by tire miakaîrs,
aud are alnays injured tay any ea.ces cf titis avcighr. becoauiug
sluggish wiieu it i8 plactid in the pir and taaving their kiie
edges ruitaed. In fact, the erdinary tend soon destroys, by

wearandcrnsaîa, the siaarpuess ct the kuife edgc, aaad tiae
scates deteracaste estbly and rapadly by ordinaay use. Tnt-y
are alae senasitive te dirt and ter rtîstang. If oe ef tiiese doit-
esteoscales be cavertcaded the kaife edges loac tiaeir qhape Anad
are crusha-d lite terais approaching circtes. Net ouiy, theai
are the edge, cruslied andl wo-rn into rounaleu tarin«, but the
foicrunt castaiace" are by ttre ueas chdanged, nd cunieujaaeaatly
the aucaiey aa th bcaste a tuât. Thte finea scatie,. fur îveaiing
silk arc itended te take 1 paund, and are sensitive te ene
seven thcaisaudths part cf thet tend - that ie, vitta 1 poatod in
the pant - and thcy avilli îadicitte 1 gai.Dishelievîrag the
manufacturer a btatcmeaat tirat, 5 peunda wollud ratit thas scate,

a fria-ud cf ciars bhgat caie, .aud alter testiog it avoit aittain its
capaa-ity aittenipted te aveigh 5 pnunds with it Aftar thia
aveiglit iaad becai put on lac tcund tiut aitboaaghi tire scalz etll
movod %Vitla a sinagle greaia, yet at voua i: it a-agi a 1iouaad
tavace a iake te %vattajat a graina. lia otiter avords, the overbuadaag
taad net eniy destroyeît ils sciacitiveness, baut liad ritined it for
acciacy by cliaagiag thae fuicruni distaaace.

In cotriate with this aire toke thec soale ban of the testing
maacine nt tire WVetertowaa Arsenali, aviicia aas tased betoro the
nainae as iialulia't tic an e rdinary beain scate by tire protn-
gatieta cf its wveigitt bent. W hen rigged. as a balance 100
îaoutads aas put in tire pan anad wo iglied seven ties, and the
greatest différence betweea thae maximumanlsd mintimumn
wetigith ebtaiîîed avas cite part it 1,750,000. .A 200-pcnîîd
standard was afterward aveiglacut aine tianes li succession.
Ilere the greatest différenace betweo the maxiotuin and mini.
main aveigiugs avas eue part ian 2.350,000. The sensitiveneas
cf the sente wheai tus aiced %vitia the 200 pcund tead, stated
acrerdaag te tie ordîaaary aactlicd, a e quiviexît te thie scnte
tuning witla eaae foiarteen-aaaatiiontis part cf its tead. tn etiaer
wcrds, a scate boiaa avitia its faaieruni capable cf snstaiuing
witaoatt injnry a tenu cf 40'i10 pnuada lias been ruade nac sen-
sitive tiîan tire fineat nuaivîacal balsances yet truade la this or
any otaer country. lîacted, thea saine beam, it ave understand
Mar. Em, ry's stacemeot ccarrectly, magit be used fer anaiyticat
avork aviti a far greater paerfectioa titan is attainahie with <lac
erdiaary baînaîceî inside cf tbeoir range cf eceuracy.

Te auuterstatd, hcwv cach accitracy la tpcasibte, ave anîast Rirst
get an idea e! te nature of tae fuientana used and tue levers
eaipioyed un Mr. Eiaaery's sorties, gangea aîad dynaaaacaacters.
Thae second step ilii bc tiac menuas used fer transanittiiag citer-
mous tcads on licavy sentes er tire straias cf large testing mua-
chances t the weighaaapratus. Lastly wiit totioav a aieî.
crîîîtaou ef the mettaudau b laaaag the beains anad reaui;
tire tonds. Fige. 1, 2 anad 3 illnstrate the arrangement cf these
faîcratns aud lever-s as appiied te a prc&iaare galage er weighiag
dynaniometer. Tlîcy consist cf tubn, 111t; pieces cf steet cf
satîtabto avîdtba and icaagths, forced laîto grooves er hetd bie.
tivecit cotaatios. bn Fig. 1, a, ti, b, c retareseit theâe fule;rtu
nmade cf bit piaecas ut steel, and c audf show suaurltar fatteruîns
whacre tavo fiat strips et steel take tire place cf a avide cate. Tite
anethod cf ccaaaectioo anid the variationas cf tho bearing are
shoava la Fige. 2 anal 3, vhacii arc entarged detaits cf certain
parts cf ap)ect4l tentes ut gatage-î. ta tire case cf the g ugo et
weighiaag dyoaaucaaiettr, A (Fil-. 1) shows the pressure colutama,
consisting cf a cylluder ivideniug late tire rectaaagular head A,
iaa %wlicb la ptaued a greové te receive the first feicrtu a, luto
whach at ta presaed, aîîd aviich ta aise preissc loto sirnalar
greoves at is aipper end in the first lever B. A ftxed fulcruan,
d, la prcsscd at its loer enad into tLe lever B, aad it ripper
enad int a groovo lau the falcrim block D. The third fuicruan
b la siacav climpeti at thte enter end by a el.%mping.piate, anal
its rapper end ia pressed iaito the lever C, or into a block at-
tached te the lever C. The uie block clamps the fourth fiaI-
cruna c te ils lever C. The faiune d sud c~ are bath fixcai,
whalcl causes thte tlever B te iaave upavard ait its upper enter
end, as slaowo by the arroi", snd tiao lever 0 to mo*ve doava-
avardalt tce sanae lime. Thte strain on the first foutý tulcaîma
ai, d, b, C, ta îeaaajpreasieit, wvhite that on the toîcrta e actif la
tension. These fteuics are ait cf teaîapered plate steel, and
are often gobd plated, te prevont rusting. lia tho iltastration
staown, the pressure on thre b'lock dl azay satoalot to 4000 or-
5000 pondif, andl the thickiîess cf tire tirst aud second fui-
cruan s f ront .04 te 05 intch anud the third uid tonrth falcrama
b anad c, .02 loch. The avidth cf these le 4 inclites, aud the ei-
poanre or portion ieft free- betvecn the difféent levers is about
.2 inach fer a and dl aud S ich for basud 2 luches for c, the
loadb on the latter heuag reduced te about 400 poatads through
the tever B. Fig. 1lia an enlargeal view of tlae pressnre gaugesiacava in Fig. 4. This hydraulic gauge la for measatriug icada.
cf 7500 poatias te tiae square inch. Surpriqing as it speuîas nt

firet sigat, thie motion of these evers, thoagta fataly connecteal
la this avay andl transaîitting strain witaoit tirea possibibity cf

backlssl ractiay frictionless.
A furtlîer application eftbis-orerr o.' fuictuai la show a in1

Fig. 5, where the heavy huaes b. canal drepresent places wlaicla,
as ave haave sajal, take the place cf the craiuary kuife cdgcs.
Hiere tha heanti B retives ils te;td frotn thu pressure coltini A
throu-h the tulcrums b and c. Tltese are coatiected. tegethier
by tho block c, for the patrîose of introducing or abtowing fer a
".-rtain autcaant ot laterat moctiona areunal the conter of motion

ln te tuicrata b. The beam la nreveuted front yiolding bodiiy
te the stress by the tuicruan d, hcbld la the faicrunt block D.

I)cccniber, M83.1
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TIIE EMERY SCAT..S.

Emery Scales andi Testing Machine. -Fig. $.-Plan of Diaphragrr.

elv. g.-Sction of Diaphragnm ana Plalet.
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Fig. xo.-&ciion of Surmutn<ing Ring.

Fi.-I .- ufflrng'Pate for Diaphragm.

Fig. 12.-Plate Reati.ig on Top of Diacp7ragm.
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At Ste outward end mioves nip or dovii, motion is traaismîltted
ta tisa isîdactor rod Il la> musts ui tise two biusspen4sis fuirrurasa
E nut F. Thiser action oit tise jouant at su~port vf tisa idicater
rot G a siniair toa ist ss ssowis iii Fig. 3, wiis as, iawlaver,
irons asiotisr iece of ppasatus, and thais cnstructions as an-
tendeid t0 pmraisi) a large range of msotion. XVe iuiy butre pointî
out a derided ditiereaice as tia tiva caitricîsus. le~ Fig. 6
tisa building ai tise fîsicrunlis C aîasdf is dsrectiy as tisa asîgîsiar
muotionî ai tise idicaitor rat tv, isîl. ai Fig. 3 fle teitisig af
tisa luiersiis III assd B.2 a ceislai, uss iiiattr what tis anlgu-

far misonu of tise itsdscsa.or rod C iuay bo. Vis construction
as fien esipIQyed t'y bir. Easery %visere lat se necvsaîy tu bsang
case eaas frosai anoîther. nuait ee i. s' desirable ta oais
great aîîgular nmotian. Fig. 2 alluasarates thisetv e ust a clamsp-
îuag suspeusoas fuicrums mîillibar ta E or F sas Fig. 5. It isiisît
ho observed, however, tisain Fig. i,, tisa iul.ruis ang very
lonag taud delîrsite, il, a fumait tlesirttibla ta isratect the censtral

S'a asud tiss as doiu hy a pair oi csaip~ing titles. t'romsi
tisa ensd o! thea heani B a poise r. 1 sud weaglit piste K are iîaag
lsy a pair af tîsîn Plates, wicl iastrate aiotîsea apîplicatioan ai
dtis kîîîd ai fuiertsas, gsviiag ail tisa latwral uiation ansd fllaxîbî.
lîsy wici a needed, ad Ipreervaisg tise exact fuicruan distance
astiout wear or frittian. Tise thickeks ai anietlai asc fur suit-

partsiug tile ban a very allsgit, andl it iould surprisa Most
caigisseers ta knoiv that a is'e ai aueti anc tvesstaeth inchs
tîsicks sand 5 or O ancises lonsg, anud periap3 2 incises "t xpasure,"
or portaon îlot in, but beicesist, tisa gruove, wii carry niany
îiîousaud poasd witiiatt busjiciaut bu.,klang or sprlisgiug.
For tiîosa besus saga or îarsnssry liahrs suas %ivisel are to take ts
tseavleàt pres"Ilres su thse large a..- ýe, Ila blrsii of irsecai are ef
tise fisat, 4prsrg sîteel, oue ttacitietls suds usI titkntea aund 4
anchses as aitisi, suid are presied alst tiacîr greuvesl %vitla a tond

lai 18,OOiJ paads, tisough is sasis tise> woald receivu 4000 ar
bouo paotiads oasly. Tise greatar postison ai tits issetal as, as tha
leadier wsll sea irons tha difierent. drawsings, fîrnslv faxed i s alts
rting tise heans. WVlen tenstie struuîn as ta caisse lapson liiesa
luicrunis, ai course a usuelsh tiiisier ziJarisg ait a longer ona sa
passible, sud, %villatise construction 81i01Na1 in Fig,. 3, tisa an-
gular matious ca tisei ha maade ai great as mssy be desired, eut
witis tise raliear CaIStTuula IL Cau usuail>ly i issmade as§ gresi as

us asiitebsr>. lu maa> cotist'cLiiats tisa tickneàs ai ilese
iuicruaiaa fur compressioun as resiuced ta as flatte as one lave.
tlousandi incih, ansd fur teuâiti ta asi fillte as filteen tan-
ttisbtittils inchi. B>' iiiereassizg th isa''idtis, tisa autount of
streigtis oistauned eaun bis tiàed intliustely undt aisy foad ahat.
ever su 1 portcdl.

Fig 1 t1hows the systeul of levers auiopted for tise paresura
guagr ais Fig. 4, wisere tise motionî ietween tisa pressure col-

tinila A ausd tisapointsut itise siseiattal :j as iaauitiiaed mora
tisais 60,cUU tiles, su tisut a atsivenment ai tisa coisan ai less
thisss 1-lOîjuti insch wil gave Isle Ou attelles rea-'ig aittisa point
(-i tise needie wiscre tise arc as gr.sdumted aud divsded suo tas
ti-ou.aasd harts, esch graduatiois Seing Msade by actuel test.
11àa,, sne aimit, as tise greateat isultipslicuaio by levers an sa

81-11i a 'pdce ai stiaici %,-t bave asy knouidgc. lise gradua-
t'it uf tisa d'al isy attual test elsusiisates severai sources of
étitur wiei wauid tivaret.-cslly bt' iuasd su eîaîilaysasg thea
uaueliisslsisuds lar graduation. Thie uneîiîad ai operatiosi o!
tisese levtiia end fuicrurus May be utaderïtaod Sp refereuca ta
Fig. 1, aiser tisa pre"sura cansmuiscatet ta tisa fuicrus block
A su tsaussiisted isy aile ilcri tu -ia lever B ; about 1.l2ts
of thilà as treiisied ta tue auter eci aits bueant sud ta tise
fuleral B$. Iis ii ltta la cornsmunscatet ta tise lever fi,
wilieis ai it, ointer cuti tranuita un a dusvuward direction ta
tise resi.-nsasg aprsa.g F atiout 1-3Oîis o! tihe lopd wivîchIL ater-
clives3. Th'ist sjriasg F uses ull by isendîing tisa eutîre force
transiat.sd ait. Tise iisalsan tuegi tisa fuicruans es snd
ff as thea transrustted tiroagi tisa roai E tsee Fig. 4) ta tisa
iudisatsi-rud S. sud tisas sidicates tisa autareaensoat ai beusd-

srig ali% li.l as tuicen place wiseu thea building ai tise aprag lia
hIstîgisht in ato equiltbrium.

Bssify sîated, his method ai iaesursaig tise lead iu large
iplait-]uait cales us ta transinît a portuan oi the dowuward pres-
sure uf tise fusil ta tise weaghiug maechisn. Tise losd znay Sa
sujîjosed ta he supartedl au s serats ai diaphragmai, wchi,

i iruugls a âysteet af pipas. by hydraulie piressure tranasnit a
P-rtlius o! thia prtasure le other smilar diaphragama, whoe tih&

resultaat pretisure a rueeaéured hy inaltaial appiaratus. lualter
words, file 1raucapla of thse lsydraulic presti la iutrodoced iat
the weigiang ajîparatus as a treusmîtting mnecisanîsi, but the
construiction la sucis as ta make tisa apparatus frictaoaalesa.

Fig. 6 shows achat ssicalled a hydraulîc support, and la oua

of li tue ntiirs whiach pli marily receive the iosd ou a large
platiarin acala. IL consîsts o! a base A, in whschlî j a circular
chaisser, uîîally 25.lOWsu.i inîch depth, whilh ta filied witis a
ls, 1uid us wich bata tie liregsure colunu Il containt-i in the
prats'clssg case (;, ta tvhich it ia secured agssnstvertical motion
at tisa toi) by the diasilragas D, end at the bottent by tise dia.

î!rnsE, tisa 141er btqîii4 the p~ressure ditaphragm, wich rire.
Veila tisa liqutç frosîî i.swsng out of its chaluier wlien proiaedl
by the fond plat utaii tic preaure aupposrt. ie disaisragni D

asot ossy çantera alla
1 relatais tia upper endi of tihe coliaiî B in

thse support but Sals1 tisa Chîsabe)(r alositi it iront dari, &c.,
tus, ti:a&sàser besasg saserely filied wsth air. A belî-shapeti cap
F, recuives tia luist froit tise isiatrortan sd protects tise dia-
jîliragiu D fans isssjary. It trausits tiefsalt fraont the plat.
foai tu tise pres;sure coaina B iliutgit tho rubber blaock G,
wil:Ià dues net act, Isa'- a a psîîsg, as it is conafiSel b>' the ring
Il, but s.rves tu transmit t te luad ta tisa cjiuiu B, adl at the
saisie tract psermnit laieraI mnovenieuat andtip~pissg of tisa cap F
caused by aiiy buaidiiîg of tile piatforma. Tisa lauiit contained
in ihs elsatitfîer 1 coi luti aetes throtigis tise pirpe K, usuaily
5. liJiJls or -lootis issiiii dîsuecter, to a sasali sealed pirea.
sure chlsustier %vitkssîs tic %wesghiasg înî'ciiaais4t.

Lits diaphiragsin as of large fiel d firtitly hatween surfaces,
and fi tg i total mnotivsas as, fiar exassîple, a 50 ton testsng tua-

chant- ofi i-4îJu Oi soch. For 1 pinait tile ch.ange or mnotion
as l-4u.t,aua>sis Inch. Tie %vital(- range of tha firat dia.
jslsrigiu s" i.l,uJ.GtÙ kiici. Tise îasdicawag latin, oquivalent
ta 13 ast Fi;, 5, saiuves 1-1001i Isnch fur eacis poluat, anla bsas a
total miaSîit Ilitat partietlar uaie aIove sud below zero
amaassrsug ta 1 0 lu±Sà iacsei. Thse main J>alpisragss, il: mur-
îng dîiaplaces i caltisis of water, wiîicha actï up.sa anotiier or

ssecuidary di.spiragm receseîssg oaiiy a salal fraction of the
pressusre tipsuî tisa prisnary elle. la tisis way very intense
atraisus are, hy tSii aiptla difeérence su tise aize of lts dlia.

îhraginâ, reduceti te caosse easily withis the range cf tise seiale
vsarus tu manage. In track seiales and ytiser scalrs svliere large

[slativrnîs have tu bu supporteti tîsare are sisuali>' a number af
piîrînarv diaisragiiis, wich are connec;tat] andi transiusit lares

aura ta a saries ai rusaller aises, wich in turn act as a unit of
tia real aecutiaty diaiiragm wivîsci actuatusà tise beai. The
I)ussiitisty, thon, of reducîisg tisa weight ta ha moasured at one.
or tea steps ta an auisunt wlici eau taiily be haudîci is aiu
Immeusnse ativantage, aid tise tact tisat tisis ratisctico, isad

ofiliving mata isy mass ai beatsus, is auuoinplisised hy a fluid
sau ansaîl pilles, as a very great advssittago. Practically, it
aeins tisît tisere wouid lie no difliculty in placiug tise platom
5, lu or bu,ütla vardisa.way front tise heami.

Tu giva, ait iea of thse actLual iuechansa cf thse diaphragma
oapon wascis tise pressura camus andt tisa peculiar arrangement&
necessary as orsier tu elioiratae firtiota, tisa rester will refer
ta Fags. 8 ta 12. Fig. 8 ae a toi> vicw of a diaplaragiana udhe
piatas wisici suippoîrt it. Tise diaphragm as uset liera may ha
described as eseitially a dit inetiilie fag af circiiar foaia. In
Fig. 9 St, w sais it .,cLlisn bieetis tise part No. 32. The
cîreular grooves are foruet su. tise plate aitd in theo diapisragma
lsrit, or, ralier, wo twils .y tiio twu diaphrdgius, ani are
e8sesitial fuaires. Tiso plate 32 isikes the weigliî. whicis i e-
sîsted by bua liqii slused betiveeu the diashragets. ihere
as a teisdeaacy ta farce iL osut throut.ls tIsa cannectios, 221,
shown an a larger stala in Fig. 13, titis tendcey te disîsiaae
.tient varying vwatis tise Joad. Fig. 12 lis tisa plate uuvered te
show it!s forais. lau rtar tu, hat tis pista in place nald lire.
vent it from haviig aasy s'da msotiaun, and cuisesjîsent friction,
a than annular tiîîhrtgi cunsteCts it witis tica riing 31, whicis
sa salo siaawnin Fig. lu. Tisa diaphragni 33 it; shsowii ou a
large zeaie an Fig. 13 , 34, 34 are tisa rings o! aolder wisich
bald at iu place. Au>' pressure wich s braught ta hear tapon
thsi alie 32 wili, of t urse, Lse trautemiîted ta tise La in e.
closes leneatis il, sud tii pressure will at onzse ha tranasmitted
îisroagh the cunetiug-IsIPea. By using a iaphrsgm a! a
amailer diameter, tise pressure iuay be reduced ta practically
any dpaired citent. Thougi tuera nia> ha 100,000 pounds on
tihe ia7ge duaphragua, It is nut necessar>' tu hava an tise receiv-
ing dîapbiragil a losti any largar tisais eau ha conveaaiently
handiet. Tua atacunt, of rettîctian ie, o! course, deterania
hy the ratio ..f arcs of tias primtary ansi âacuisdary diaphragma.
Ji. as an tisa caoe illustratedl, tise faral, diatslsrags lias; a diameler
of 13 incses, tis arta will be, say, 132 sîquartainhchtes, and if
tise receivaug or aacohdarY diaphragui ba 4 inchas in diameter,
tise pressure wsill ha astsacd approxiiaaitely teoue-tantis o! the
origirial amount isaisce, by choosing kîrcaper ratio o! arasa, the
preaaure to lie deaIt wlth Ès Ontirl>' withiîs coutrol. The lim.

fDccriaber, 1888.
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Tortance i this point cen hortliy bce overestiiîted. In Fig.
13 oine of tise minor detail of tlie sybtess is sisown, wiîicli,
r*stn itq wide application lu iiydrisair work, la wortIs csreful
attention. In ortier to malte tiglit joints, it la neceisqery ta

. *xt-s.sca great (lest of care, iiisI suss of thsegreatestdoiffi aiis
j ,, hydrauii wok bas heen, tlm dIifllly af itsv-isg lielfoct 1h

cilsg. liere tise trotilo witii joint-, &o., is avoided Ily a sim-L
pie fons sif psug or nozuloo. A very lousait portion of tise ex
tienie point of s hé mis îiiericai piuf la fltiteried lutta a casiieai
fors,., sud tis takes a bearing lit t le extreme psoint un a COISL-
val seat. 0f ci-ure, thse puressuîre witiiin tise titbe tends to e.
parnd the mets! and incrense the tigistness of thse josint. Tise
nietel is here condesed ta tise greatest posaible desgre l'y
lisnmerliug. The ares of tihe hiuie being very sîssali, tie ire.49
lire to là. resaed by tise8reiw threa.i is liglit, andi tuera ig no
nPCPS-4ity foir act-Urete fittingZ. Fig. 13 ishoýS ti pasrt (or thû

iliti ar ètus th.- full toize. The actoual pressuro ta lie reduscrdlesthse oorrew threoaies niert-I notitin ., and! tîglit j *iiuti arc ,b.
taillable witi very 8mâil wrenches andI a merely nominal
pres.ure.

WVe s9hall uw attenupt ta shew how a oystesu of diasphragmas
can ibe apI.ts'd tu tis weighinig of thse wurk of a ti-stsiig
machine, wisat meicntis e osigner lens adu, 1 sted ta abissit a sia-
chtine ent.rei.v fr P. fim hack-lasli %lien the speusîsses. breitki.
As showss ii Fg Il. it nsiiills s..8. n that the ai,îs.rustu4 ronitiit
et tien parcs. T. e tfifit la thse muichiiuery furtt .s.ung.eitritin

upois tise slpecimien, wlietlisr of cunissa bon ,mr teiauiois. lut thse
esugraving ie nci -chante is cioses e.x. rtsssg nl transe. r-e striais toi
ant 1 beam. bss ils esscîssirl leatu ei ishîa apî.par.tus teuîssîit.,i or
t'ta acrews carryil g a sîinting beain, ta whasch ast lày.1tritu
cyli.er is attucei. This cviinider isîrnisîses the lînîver fr
caoisressiosi or extension. These screw8 are attaleul ta a
frense in which a p,.,i of hennis are pl &ceq! ta furua the uîbut-
nieis fur re4iitinig tise juaster. Wisether thse %tralin sa teuile
or Cnisj.re.ssive, ilà r. suli in canpressing th4 litpit itsu thse liv-
druulac suiport l.ctseeu tise>e lîeamýs, wiicl causas ilute alter-

f isteiy the placiformn andi 1>s ut the s-cais. Tinea suosii 1>,rt or
tise api.li s ai tihe sreighîng nieisaIti-an comp.rses us ,yiteia
of levers and a scale iseasu usîthImistable weiglsam, atid ilisre.
insre îîh co tina i its irajirgn. ta whtch thm e.sr &rc

intetestiîig n.ssohine la traizfeirtd by a Nuittlole lutte. Tise
id l jisut Lhu àsu.îl.urt lue tween Ill lei.sis, bus ug caaiîeseA
frceed si; inA tihe iresbsuro dusslîragîn oi tise picbure culuisii.

Tiie iiaut of farce exsurted L.erea istseus weilý, andsu tise lié.
dication rrsd froinm thse skale 1Issus ands tihe îuassstr wich 14 lit.
tachs-d to it. Tihe rea ler should isear litiii carefuilly tise
distinction betweeu tise itwo lieces of nisissrsstus. Ossei is su
au.i afitlt esseistisaIy for teitissg. It gises, sua issslueatioîss of
the ami.uust oi ctriait al plied, sand la a juerlect.y iîsdejseidtii
nui diconsiecteil aîsîsaraî. Thse otiser a au sssdsestsîug tise.

litisimn, and iis.iglit be àadjîsst.d ta a ilitforiîs seau,, a wosgiiog
look, a track scalp, or. in fact, toa etisousuins sud one oCher
uises if neceesars, ils alLen; seiig 8oiely ta register or iiisdiete

jtihe aînauunît oi force exent. il u[îou the s.o letes ai levers svissti st
Contaigis. AlItiaugish sîsîn ta a certaini extet cie assis.
nsny scale bearn, ît sifera nest auiy in tise nature ai lis con ssCc
tionu, tsut al.co su tise issetlisd ai s.utîissg on sud to.ksssg off uts
ai whiicis me haire any sruaunt, andI adja ver maierisslly ta Ise
case asid apecul af meij2hisîg. Otto ai tihe féature.s msiici not,
;niy lu chenoicâi, isut aIsu in large bsalance-s, la iisleresst iu b1r.

lu ry's âyuutens ai weiglssug, i the fart thsat the cution c f the
Lsad se a sail snd t:4 caucsijîssst nsonientumuso insigiisc.siit
that tise brans or pointer vau comne ta >lit gutkiy stitîout a
long stries ai viisrasious ais escîs side af tise zero.

lit aider ta enabie tihe resuier ta uuuéie.rtess tihe consstruîction
cf ile apisori.sîus we have lied a drasring cuade ai tihe ba>e ai
tihe machine nuit flanc.wonli, witi portions I.rsien away ta
show tisn more img.srtaut tentures. Beersisg su usant chat
wisé:her the btisinalie thote ai tension or conîpres-sia - dtii

us, whetiier in an upwisrd or domsssward dirtton - tisry mont
rckuit ln Cmpn lessiug tise lisqi lit tise i.ressturft suppîort, the

leader le prej areut to undersand the nieîhad of ssî.eratioîi.
The reais-ance, or tise final abuigsent, la fisssad in tise fisnse F,
whirh la ai cast iran uni very heavy. Tsids freine surrounsis
thse twa isants E E, wiçlh couetitute tise bed andI piajorsn ai
tise acale, sud between wich s pisced the 113drauic pressure

seuîport. Wien thse airain laines an ui.ward direction tisests
W "are iarced igaiust the upper menuier oi thse (rasse.

bs~î th prsu e dawuward thsey restt on the iower portion
or hisfrae.Tisy have betweeu tissu, iiu thse pressure sup-

poart, à 'pair cf dstai rsgis icicosing a quanstity af fluid, wieb,
by means of the uleaider tube f. communicates vith the pres.

sure cousmu ai tise %veie'in. s p;uratîîs Tiese pieces E E arte
attrrotiid,-d isv à yoke, B D C O, ii which ttîey ara perfoitiy
rie nIu sitli w Iil hesy ]l ave nso rigid cý,i tiC wnss. Tise
strasu oi tise las las talc- il iy tis ut4ic yaico ssstsely. asnd
tisrou, it essînsîs tuicated ta tise ahsuttuesut ji-saýes I. E. Tisese
tsva pi-ce., waii thse diedilrAgsss bettçea tus su ai Id iiciusing
ritiszs, ard fittiuiused ta aseh ua tiksess tha~t tisey jist fil! tie
apac s- tîeess cte tisa ineiisPrà Ur tihe trais ta seitis. éay,

jilooo inci Tis is tise susxissnss atiuist ai msutions wliiui
is îswrissitîm.d. i!avsns,: titis :srraîsg -iuesst ai yoko aisul iutsssesi
pive.., it b caies îseeessssry ta hlia it iii positioni aussi îruecît
it frosit iiy IMAt.t In listiou, anid at tihe sasise tinte al!asr it per-
fect ireeiasis ici a Ces tsual direction. Tis us acc3îssjsli3iell b v
a siso-t ingeisious msodifications of tise Itdxibl sia co~ or sîsettil
fulcrainus. For ex Limiefi, tise htyper ba il E ia i »Id au i susp.

usie i sus pî)sitioi anid îsrevei.ted f i asu ida nîatsou isy tise tis
i ra b b. Tie vert*cs! motion jes. susnali tist tise eiastseity ai

thisee s.giisig bars b b tllows it ta riîe ai fait stitis p)rustie.sIy

Sissîlar il 'xible bars c c, suppîîort asit i fix in psosition thse
iuîw r -c.s!o ieui E âgtiii t hýr;z )itotal i us ts.ii seil aiiow fe
dlouist a motions vertiossllv. Thie yoke is ii tike sueusîser fis sil'
fixe 1 4staissst hsunzoastal siii at tis toi) aji. b ittotii by tour
pii4 sut asurinx juIstes, tssa Ur s~sia uz assît .&' a*, set tsae toilp,
-ire sstt.tcs,. sst rssit anglies tu esîcî atiser tu thse upp~ r besîut
A Dl ., ths. yuke ansu ta t i ( t , îeisle tise alier tira para
et tii- tua t uiks e e ansd e' c', asa,) nt rigit ang.les ta usi otîser,
ir, -. sd tP tise, lairer tue sOs C of titu y.ke. assd ta tlssir fisîu F.

Tisej aàsiose ierriec freetaisi ié a eertka.l drt-u;ts.is, %sià le cain.:
ptelsss.4 tihe su issl isseable pur lais tu %v05k lis 't ves siCas i h
A burait, i, G s b,,lt, d ta tihe b stoss beasss C ut tise yole, asîsi
li:s as tirs, eum la ext. sîsisid betsre-il ti 1jIai.8 aX s 1

hitý,sl la dl
sjîsis.,ssssr-ut d. Tao V.,ke B C D) D ilst,1 

is ciii asuesi
6s81 silo 1ii . E liusig 5til,ýfen l ids thse air 1sy tise SIsX j-sur* f

fia sièsîriss za, ui. 1u lare stis iasse i1, la s securrioi1 firii.,
ajaas,t, tise buis E !,y tie fuit i,î.4asre uf tise uaà ,jsrài.gs

il 4 bv nicîsîs tir two isuira Uf âýrresus ssj, litre souià, asse liait
oi ,;retçsq us taîsg ta issi, y tie laÀ ut aic, ses priiizIa d ci is an

55 gti- tJ it5ssai i Id, t'te atiser *s s a dusei, tar.! .1reet jis.
Wiu il tie C s-iutsssg3ale 1114,ie ta ue ir a,;wss i ss> 55 , t
y.uke su re-itiusx ss.sL ie l.%ius cl bessu E, ir.tis-ssssttis;
tise [luJta usotg .4.li 1 a ILsssi thse lieUter a4 qqsort ta tsu-
o isuier Iaissit E, nl is [si b) .ss, t ~licj 1 ut is u.- , will
sr., siater cîsdsi te-ssssg tigui.tiseL h fruuusse F et tie tL ij,, %%hile
the lasser bu-usun F actâ as tu fus. jla for ai, issu!l tise lau i tlcis
isalaîsced resdy fauir us usitilsi~r shssa or tesali. If stissi s o f
casssjureisss.in or trassasiersu' loasida re, desire t, tia land ZIrilàgs
il d aie susidm tua uut dativssull ia tise seiuuG u asr st
E ssaw acinsg a4 tise irs .slfurmn, auiJt tie laîver leasii E as
tise liued ai tise ýc is. Thse as.tissà accus ort lie da.sg:sIll
tisu aisparatis-, trisruu a bltrsssa ai 75 tos i ta lie txeritd- ia
13 6 inche8 lis si tîsseter.

A-i zsisasss jus Fig. 1.1, tu;e ti7sting sisaclsue la4 arrnuged for
traniverse stntiiis. fis. is ssessus Lso y piuttssg a licassy
bar acra-.s ilue table A, seiscis o srrieâ at it, tuo cula soit-bic
eupportasss m i u-si ss brasîngs aun ss.icls tise -p-ciiiien
rss. Tiso oliter ensîda i tie- b,.s arte stiip,astt-d lîy brâces,
oi of stlsa!i, j.u alsan lis F,,1. 1l. Tho I.,tssr -isslu f ius se
brucçes enster tise suat aias isear tise base ai 1) lis F.g. 16. lts
nsedsuit-iy sisi-r the rasini laiouv n g4sige for rrauhsssg die de-
fIectit. Tihe cra.s.ieasl usiuicis csrr.e. thse iy linuije rain la
arrancetI sss a very noa:, lbit sunseuhut jsesu!.ssr, sîsansaer. It
se .arrie.I by tw.. s-creusa, tiue coula sif wliitls hase, bais uaboie
andl bo-aus, a in sir ai g. as-selsra. A joermo ai tnieiliae gars
trunsissst tise ma jolis Iton) one ta tise a isur, atsd ise %vl oie la

muos-es lit. andi Jases by nîcans of a srtissL. ast lse i.it lis.ad if
tise mas isîe. Tissas Craluis thuîtuyi a pair of tW vela gesura,
%esîrks tise vertical e iaist an thse loft husisî sie sestîs its tisa
1-liis-ia, thna revolitrg tise .uts4. Tie êhit is p'rsvsideî wîtis
tise i-usi huist ansd fe..tiier. Tits mikeb ise umatten ,fi asijaat-
mnsst fusr differeuit lit.gtli of suerjîeis cu.îsjanativeiy ea-y,
anud, nt ise cne. gin e, s-sii le. Tise tyii.du r la a L;otîbleaci.
itie oiýe, ai.d s- ctunssecte-d slth tic fUrce bunsîs i y mns of

tvia lcs-t-lîrc tuibes. A-,àsviiset tise rjgit IsLo ns' ade, sud cois-
riertsnsg sesis thse cylitudtr its-sIf ly s.niaii bient ccsisper ilpes.
Tisese seeesoî.c tuise are itasiget lit kcd a vsluy tisa sDo
cissages lu tie consitctio.us are .es Jdi ts aay part ai Ït atroke.
Fan txtersduu a pi cusitar foi ns ,.fjam, ccrews imb tise battent ai
the pi>tou roail or rain, sud sso iat a isole in tise beamt A B,
Fig. 16. Tise weighiug met isenibra i'seif consitt oif a weigist
beant, iomneweiat asiilr to tisat ciiown lis Fig. 4, icitis its iudi-
cator rod ansi a series ai susensions rads for carrying waights.
Tis beaso lu tise Ioee show n le liat counected directly te a

lne"lnl»r, 1883.1



CANADIAN 'MAGAZINE1~ 0F SCIENCE(Derb,18.

TIIE EMERV SCALES.
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pressure chamber iu this machiue is 1.20 that of thse large one,

80 20 pounds on the platform A of the yoke gives 1 pouud on
thse columu Aofthe scale beauà B in Fig. 15. The method by
which weights are put ou aud taken off is iu this case 80 entire-
ly xovel aud differeut froin anythiug that bas beau employed
lu ordiuary weighing muachines that we give it iu detail. Fig.
18, on a large scaie, shows thse weighits with their rod. The rod
D carrnes ou its front side a number <,f lugs, and is supported
by nate fru the beam, tho suspension spriug- being showis
at the pitmrked D. Tise rods A sud B also carry ou their
faces s ubrof lugs, sud are suppertud by thse cross.head C
attached to one oad of a rod which is operated by a lever be-
low ; a, b, c, , ace the weights. The problera la to successively

AFniry &cales a'ul Testing Mfachines.-..Fig. 3-D".lsof Dziaphrcqpn. and Conlnections,.

pressure column, but is movcd by a li.rgc 4teel beamn 2.5 throw these weights upon the beasm. 'ibis is accomiplished by
inches deep) by 10 iuches in width, pivoted with ýlate fulcruins a downward inovemout of tiie rods A B. Thse luei not bcing
and rmovet by a prebsure column shown et A in F.ig. 15. Just evenly spaced. thi8 dowuward motion brinis the top weight A
aboya thu block A1 i8 shown the caue containiug thse suxali prca- in contact with the uppermost lug on thse rod D. If the mo-
Pare eIihniber which is counected vith that in tise support be- tion i8 continued, B la next dropped on thse todt, and C fullows.
tweeu tise bcale beams E E. Thse actiug arca of tis suall In thse engraviug, a, b, c have already been lett by tise down-

e;

a

a

I.

e

a

v
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Fia. t2-s. Diageam showing pash, of rays when vicwing an object nt -in easy distance.
a. Object brought close to eye when thse lens L is rcqie eass ieecl

ta observet tc image whce he objccts magoi ed.

Fia. 13 -Formation of a lens froos sections ofpisms.

FIG. :5.-Ancient Clcck Escapemcnt.

Fia. ig.-Cycloidal Pendulin.
FIG. 2o.-Dad-beag E$soapeMent
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a ~

ward motion ofiA B on te roi DA The. weiglit d i. bearing
uDot olaly oil the center, but alino on the aide rois, sud aiîy for.
tuer downward, motion ofAÀ B would allow it to rett upon D.
Tiie otiier wt igliît' wauld be iii bucee-ýsion delpo.ited ouit tii.
centrai nuld by a continualice of the doweîward motion. Out the.
fronit of the isaîin tucre are ilirc. sets tuf tise. roda, esch one of
theni cxrr, ing a carefully adjutttd att of weiRiltm, 10 iii numse
ber. WVhen ail of one àet i're tapon tihe beacites iezct set is
a-ided, and so ou, gradiialiy liicrta>iu.g the weighia taiutil the
Iiiuuit tai c;iupicitv ie reached. The w. igliîtq are arrsiged te adi!
t*enu, i utitiredit aud thou-andot of îuotuids to tii. balisuini oail.
At the osuiwerd end of tiie besa', iowevier, it isiimrable to
puut on st Il grtaaer weiglîts. auds Fig. 17 ehiowà huo* thea. laige
weights are tirrangeil. As in tiie ;urevii.ui case, thru are 10 of
tiarni, but tiîey are carriedi iîy two sets of roda. faistencai to the.
ercasq brai C. 'Tiie rod D lias arma puojecting front it. One
rair of tiiese arm:i is siiown nt its buttons jutt bebow tiie
weiglita i and k. By thea iowering or A B, the weight a i. fira.t
jIiekil tap ity iiie rad! D. tii.:> B iciios, au! »o ou uuîtil aii are
c îrriuii l1y D. '%Vheti tue cross îessd C las raisci! tia. weigliU
i r. lhfed (rom D iii a reverse order. In the iront of thse case
wicci roverai tise beain four liarsilea are af en. Tiae.e lauilea
1 y miotion ssp aîîd don , niove, by eanst ofleer.% the weight
fr.uîuia sud lut, oit or tiike off ils. veighte. At the i-aiue iniue
tiury riie or iower a sies of plointr., uad ihlus indicate just
iow mnany wcmlsahevebluen lîlaceilou tue bese. inàatartiîg
to weigii, il l. he îndIts are nioved su as to bîiug the poiuters
at zerc.-klciics.

ELECTRIUITY AIN» NAGNETISI1.
UTY rixOF. W. GAIi.ÎiETt.

Dm. A surface is said to, b. lercl visen a heavy body
hais no tendency to pas froua auy oine point to any
otîser upon the atarface.

A huu iz rntai plane in practically, a level suifLice if
its dimensions are sînal. Over an catendeti arca a
lavol surface conforme Io thse -eneiai forait of ii. tautis.
Tun a complete level surfice, drawi throîtg' iDy
point, is aîaîroxinlately a spuisroiti whose ci a. is
coincident with that of tise ourtis.

lie test i)nictically eunlîloyoeti in order to deterinine
iviscîler a suifsace is let ei or Dot conists in ohseivîig
whrttiicr a mobile liquiîl lias amy tendenry to fljw fioun
one point to auoîber of thse surface. Fur titis puriaoae
a spirit lovel is enspluycd. A sp.irit level consista uf a
glass tube very sli.-htly curved, anti ancunteil vitC4 ite
convoxity uî,wat<ic. Thse tube is neaily filied with
sp)irit, leaving cnlysnalibubbie. The bubbleua.waye
occupies tii. hi;hest point of tho tube, that in. tise
centie of the bubible boes at that point of tii. tuh.
where tihe tangent in hoiajtal. If iiie in!-tiument in
proporiy neounteti the cetre of the b.abbie viii coin-
cide witha tîtu meiddle of the tube, iiowevcr tIse instru-
mont iliay bo turnta in azanuttIt, 30 long ail lies on a
horizontai piano ; but if the. level is piaced cas a plane
vhich in not horizontal, the spuirit vil! ilv towards the
lover end of Ille instrutmenh, andi thse buishie occupy
thse higisot portion. Titus tise tendency of a lueavy
fiuid to pain. front pointa at a hight r lorl te ihoSe nt a
lova- level is piact:ca!ly utilimed 10 ti st whzther or mot
s surface jîu a ictcZ sui-face.

Spiuit levouu, ais eînployed by caMponters, buildcuu,
&c., deterneine wbcthcr swuali plane siurfaces are hori-
zontal. As eneployeti in the âurvey of a largd tract cf
cauiutry thse spirit levol enablos thse *urveor Io fullov
a curveti suiface which coincidee wîth- tisat whicis
voait h. the surface cf euhl 'ratr-if v.îtor ver. pro.
sot--but visici caunot lm regaided am a plaine suifac

except over a very amnai! are, andi then oniy approau.
anately go.

If a voîtical strAigist lin. vere erecteti ini Lndon,
andi pointa maiketi off upen the lino st successive dis-
tanctsàcf one foot, and if levelà sutfaces vers dravu
througis these points their fortu wouid agre. genersiiy
vitis thse surface of the ocesan aupposeti amooth, andi tiiey
vou'.d cul the. more elevateti portion cf tise earih' sur-
faca iu contour linos. But thougis tise vertical distance
betveen successive sirfacos in London-vas exactiyv oee
foot, it wouiti h. found that the distance dil flot
romain thse sanie in otiier latitudes At lise Polos it
would ba len than one foot, anti at the equstor mocre
tian on. foot, just as tise eaurtis's pôlar radius i. leu.
than tise rad;us through Lindon, viit the equatcarial
radius in groster.

The law by visich the distances belveen succsive
suifaces wouid h3 rogîtiatoila inbth folloiovng :--The
icork donc oit a given portiki of maiter in fallingfrmm
auil sui~face Io lie n'ict teauld lue lAsi same ai (#U poiis,
aîîd Ilieere eqssul lo litI« doine inf«uing bel ween lthe
sGnie lito s1sj«a2* iit Luwdon.

Hence, wlite gravity in *,troxîg, an aI the polo.', te
distance betweeas the successive surfaces vili h. *mal],
but viser. gravity ia veais, as aI tise equator, the dii-
tance wiii b. proportionaliy great. As vs recode frosa
tise eart'aue surface, these local diffairence3 viii dintin-
isit, andti he genorai forni cf the. surfices viii approscis
more neari3' to that cf a spie.

Jf ive define a foot pounul as tise vork don. by
gravity on a paunti in falliog verticailly throngh one
foot 10 tise sea love! (Triasity high-vater In ti) isie
latitude of London, tisus nuaking it an absolut*iy c2n-
staut unit of woris, insteati of a variablie unit ns it is
generally d,.fined to b.-, thon tise v,îrk doue on a pounti
in f.alling fronu on. cf our hyoîhetical level suifaces 10
thse next viii h. ovorywisîre-a foot-pounti, provideti
tise surface to vitic thse pounti fail h. tisaI viicu
passes throitgh theTlrinity higis-vator mark in L«In.lon.

But if tie disItnc:i betveon successive surfaces in
Lonidon h. in ail cases a foot, thse wr don. on a
pount in faliiii frain oue surface le tise nit vil
d.minish aï vs a-ceîîd, iu consequonce of lthe diaiuu
lion of gravity. Wtt may, howver, so regnale th.
distanct" betweon succeesive surfaces u Lbadoa t5.1
tise work done mïy, in *Il cases, h. a foat-poxnd. The.
distance betveen succmsive surf a s iii thoen inc esss
as tise inteneiuy of gravity duminisah,'s vils lecroee
altitude, but thse systo. cof surfaces viii posses the
sinmple properiy that a foot-pound cf voik viii b.
dons on a Poundtin failing frot osch surface to lteý
noit in succession, whatovor h. lhe locality in viic
the fil taises place, anti vbatavt.r b. tii. eievaioa
in visich the fali taises place, andi w"atver h. the
olovation above tise mes.

Tise surfaces may h. umuserti con.ecutivély from
te »ea level, vhich enay h. regaieti aq zoro. Surf&=.

below tise sa love! lay have negative numbtrs as-
r-ignei to tise.. Thse 1.1.1 of a point lying,. on ensqt
thce surf.îces will titr eh repr..t.d Iuy tise uaumbe 'r
assign.d to tise surface, sat the 1-vel of a point Iying
belveas consecutive surlies vill h. represeukct by a
frictional quantity. On titis systemi tise level of a
point is reproeented by dis uikibcr of foot-pountis of
voirk don. on a Poundi cf vouS dous in fiig foSu
tise point l lise sea-levei, t is le b srface 'rit.

[Dmmýn. lu&
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levai is zero. Lavoe thue dotermisied rnay ho eaid to
bo mnesured witb the font.pound ride. Thcy difTer
frein levols e naured with ilic foot ruZe on account of
the variation of gravity. On the foot-pound 8ystern the
the difféerenceocf level bctween two puints i8 equal to
thie nutuhas of foot poundb cf ivork donc by gravity on
a pound in falling froint the first point te the second,
irbetîter the points lay ini thn saute vertical or flot.

It sheuld ho notiecd that the fout puund as aboya
employcd la not the fcit-pound as ordinarily defined,
but i8 a constant unit n-et varying with the intoneity
cf gravity in different localities. WVo iniglit have
drawn our surfaces Fe that the work dene on a gramme
in descending freont eachi surface to the next waaq alwaye
equal te ne erg, and the set cf surfaces 'weuld thon
have cerrcspended te the C.. G.-S. ab8olute systeni cf
units.

If it is deBired te Measure tho depth cf a mine for
the purposeocf estimating the cest of puimping water
frein it or tho hieiglît of a motintain lake, for the pur-
pose cf estimatirg its value as a source cf power, iL àe
clear thit th, intensity cf gravity o.ughit to ho taken
into account, and thus; it i8 the foot-pouvd ruie and net
the foot reile which ougbit, theoretically, te ba cm-
pled in the racasuronient.

.A Imethod (whichi is practically possible) cf ornploy-
ing' the foot-peund rule for the moasurement cf the
'lifference cf level betîveen two peints la the following:
ý.,onnect Vie twe points by a tube filled with water,
and attach a pressure gunge, which registers in absulute
Ineasure, te the loiver end cf the tube. The registra.
tien cf the gauge will indicate the diil'erenceocf lovel
between the ends of the tube on t'ho fout -pounZ syýten.

Henry CavendiEh pointed eut that clectricity, in
rnany cf its properties, resembles an incompressible
fluid, se that theo are xnany analogies bctween the
behiaviour cf electricity in conducters and cf water in
tubes or other vessels.

If a heavy fluid tend te pass fira a peint A te a
peint B3. thon A le said te ho at a higher lovel than B.
if popitive elctricity tend te pasa frei n e point te
another, the firet jsesaid to ho at a hi-her potentil [Or
eîectrie ]evol] than the second.

Electrie pottnIicîi le tho theory cf electricity what
lovel is in tis theory cf gravitation.

flEF. The potential cf a conductor la ita electric
condition with reforence te it8 powcr of ccmnxunicatiug
electricity ta, or of rectiving eletïricity, frcm ailier
conductors.

As thus stated, the definition cf electrie potential la
similar te that cf teniperature in the theory cf heat.
But, lu the case cf electrie potentiel, we enu do what
ws cantet do in the case cf tomperature, that is, ex-
plain nt once heu electria potential may ba estitated
guandiflireiy. lI this respect electrie petential re-
semubles levai in gravitation,; we have only te replace
the unit cf macs by the unit cf electrlcity.

If, when twe bodies, A and B, are placed in cent-
municatiun, positive alectricity tende te go front A te
B, then A is said te liave a higlier potential than B.
If electricity dees not tond te pass f romn sithor te tho
ether the bodies are said te ho at the saute potential.
Hont vlhen a conu ctoi ila in euciTical equifibiiumi it
must ha et the saine 1otontisi ail ever.

It is not usuel te dpeak cf the teniperature cf a peint
in epace, thoigh a ineaning mey be assigned te the

phrase. A point in opaco may, however, have a defi-
miteoectrical petential, %vhiether there is any matter
there or net.

DEF. Tho différence of putentiai betiweon two po-ute
is tho numxber of units of work (ergs> donc by eltctric
forces on tho unit of (positive> electricity tu paseîflg
froin the irst point te the second.

DEF. An cqipotcriu(l [or level] surface is a surface
sucli that eluctricity bas niu tendency te pass fruîîî any
one point to any othor point upon the surface.

( To bc continudd. j

THE MOVEMENTS 0F THE EARTEL-Nature.î

Anotber disgramn (Fig. 12) will perhaps malie it a little
clearer how this range on the ratina is formed. At A B is an

aro romu it ray of ight, aie maikeil gding to the tbxe
difrit points un the retins. But it xeill be seen that tîtose

raye of light which cornte fromt the top of the arrow are, hy the
action or these three medip, twisted downwards, andI forni an
image of the top portion cf the arrow on a ]ow part u! the re-
tins. The rays cf light proceeding froni the bottomn tf the

arrow are bient up, so that its image is formed on an uppt-r part
of thoetina. The liglit coming f romn the axiddle or the arraw
is not bent et al], snd thereby forma its image on a middle
portion cf the retina. This itt the way in wIàich the eye deals
with rays of likbt entcring it. With tlîîa knowledge of the
optics cf the eyp, it will be ve*y easily seen how very wonder-
fully the construction of the eye bas been imitatcd in a photo-
graphie camrera. The front lana is practically the ecjnivalent
of those tbree refractive media of the eyi-, the aqueous and
vitreous humours, and the crystalliue lensi wlilst the iris,
which ini thîe eye serves to limait thc amount cf light entoring
it, has its exact rapresentative in the Ilstop," wc ete h
saine end in the camera. The. photographicae ,itnd
bardly he ad the counterpaît of the retina, and bas cou-
acqucntly boen beautifully drseribed as "a ret ina which does
mot forget." Simnilarly thera is juat such, an arrangement for
focusiug the liRht as exista in the eyt.. lu fact a cramera is
a rather bettar machine altogether tItan the eye, becauce the
range is izreater, and the focuaîng power ta siot luat as *ge in-*
crases. Therefora the artificial eyea of aur camera are never in
noed o! spectacles.

.1. ilot (plies enable3s ta Po end Fine Vecrniers.-Thia
lcnowltxlgc, theti, having been acquired, how is it Io be utilîaed
for ih« îîurpose of the measuremeîit of angular space 1ItX may
ba utdibed ini this irav. Vie- reason that ire eaî,aot cleurly
distinguieli abjects placad vary close to the eoye is, that the raya
of liglit irbicl flaow froîn them aie so extremely divergent that
the crystalline lana cannt focus theti on the ratina. Bat by
placîîîg betireen the eyc and the abject a double convez lent
of the eye, this extrema divergence is correctedl, the crystil-
line lens is thusa ided, aud the rays oflight are breîîght te a
fecus, aa showi in the loirer part cf Fi-, 12. Taire the case of
a vernier irbase divisions are se fine that tbey are net vi.,ible
at the diatance o! distinct visions, 'aay about ten iuchea. If
we atteînpt te correct this by making the e'i.rîons appoar
larger, by lîringixg the verniier close te the eyt., ire lose'the

roiwer cf focusing the raya which flowr frein iL But the intro.
auction of a cenvex lens betweeu the vernier and the eye on-

ahles the oye te se. the division quite distinctly.
0f course the more nearer an abject approaches the eye, ibe

more poirerful must by the lens, in erder that the eye rnay
cle&rly see it. lu thia way we sels that the qimiple addition cf

a convez Ions hau enormously increasedour powerof observing*
nti tneasuring saai angles.

2. One can, hoirevar, go furiher thqn thts, au'l use flot co
simple lena, but a couabitiation of lcuses. But before di3cusing*
the varions cembination cf lenses wlîich are anipletd ini
varions inatruments, it is necesssry ta look a littie moe close.
]y tbau w. bave yet done at the structure and action
cf aur cunvex lems. Let us use a glass loua in conjunction
'euh a n oetcttic, 1tap. Thon -Wb mxnay gt un image or
the carbon polos tbxio on thé acreen, ia exactly the
a&me way that the coytalline lens fains its image
on the ratina. But tharo would ho ibis important differeisS,
that while tii. image formod by the crystaUuine len% veniti

Dret-illler, 1S88. i
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be a clear and distinct oa.,Z. chat forned by ciur gl.s - cný wsuuXI lerb i câ n ut. Aliliough a lenb seems lio be a vcry simple
bc a very bad one instearl of the potes of the electric -are being usatter, il% structure is really based tipons some very compliesteai
clearlv and sharply dcfir'.x., they %vould a pear - àf ~Cfià ini .1i .tlcaratiurn>. If as icion .>f it Le taken it ivill be seen that
h;aze, and wotsld bc surrounded by coluurç_2ftzsoec of lgianad sis burfaiscLi uit up J catiufls af triangular pieces of glass,
not rituel could be made of themi. Whly as j'i- WC find by' tLaee tziaigusai pitýtb of glass beaasg called prisins, and how
experament that this atteflpt to imiate tise attain of the Cyç by tlicy *a al d disc iaglat it is very imsportant for us ta know. If
means of such a simple glass lens is an incorrect usay Jf pauceedl .i. faï,ast of the besa-. of Lght issuing trom th.e lanterm a prisma be
aig, thec eye Posscssang certain qualies whichthe flacsa.ple gl,..s aiacrpsas>cd, at %% ail be fissand chat vahilst part of the light is te.

Fx. 4 .- Diatrar.i aplarsag thse fornsajôn of Zn acisîoinstc lent A. cîown.glau prism. a, 1«nt.gX as pristis of les angles bu.- ivint thse saine amassa1
of colour; c, tihe two pristcoalbid, givirrq colouress yea deýviaied band of Iglst ai D'.

flected tram il. flrit surface another portion is refracted as it
is terrncd, tbat is, lient out of ils original course hy the prasan.
Furiher, it flot only suffers isis deviation due tu refractioxi, but at
undergoes also what is called dispersion. In tact, uhtere thse
laght falls an tise screcn an infinite number of dalîcrent colaurs
are: scen, these: forming achat is calid a specîruas. T his is onc of
thse reasonswahy' sucis a glass lens as ace bave used %vill flot per.
foraist tise finer work of the eye ; the images of the ra.oes -re

ssarroundcd by a faise glow, because il is diffiduitto give the lens
thse proper csirvature, -and there is ibis power of dispersion wbich
breakcs the compoundwivbitc light up inta, a numberof itsdifferent
elementary colours. It is this power of deviation wbieh thse lens
posseses which enables at ta bend the riys diffcrciatly according
ta tiseir différent distances (roms its centre, cucd causes ibeni ta
foras an image :st vihat is tercuild thse focus of thi c ns.--%Tbe
rays af laght passing throiigl the outer part of tise teins undergo

FIC. Y Ç -TestCIaCpe A, hc-Lis aaz i ala 3; c, les. for Saîpgîg .

morec aeviataon an ozeer îfLat tlîcy may bc brought ta a focu% . pcr-aan ani but slaght dcviataons, szt tu worl, aganst glab
at the s;ame point as clic otaier rays. 1%oiv prins tvhîii are: givar.g great de% aatann wxîh but Litie dispecrs. It as obviot',
mnade of différent matera, tiatàough thcy -te of the saute abcat it as sîuats piosiblc b> a comhinaison of chat c'hazactex tu
saze and cf the sanie ;r.g.c, î>ro<duce .dafTcrent dcviataons 1 lseep the cicviataon and get rid of thse da'persion, or ta lceep the
and dafferent dispersions ut talc ight wkiacb laaas upoas thean. 1 daspcrion and get nd of thse deonation, a-, ray bc desiree,. By
Ibis tact hits been taici advantagc uf an the c-inrtrurtion ut duang chaas ais artiahcial cye of great ecec'enct may Ue miade.
icnse. Let us cake an illustration et the way an whach 1 Supps twu dailecnt kands of glass su combined as tu foras a
ibis bias heen donc. ILmagine gias wksch gaves a bagh dis- 1 prasins, sbsbsould gave a perfeutly wte image. Then the

[pecomber, 1883,
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diaIjersion wilU have been git ra of, and thse deviation will have power of accurattly measuring minute angular distances uf
been retained, and this is exact!>' what takes place in the modera space.
cuanpoand, or, as at is calleui, acbromatic lea. B3> building up Fig. 14 shows a sAmple modet wich basý been des*àgned to
.1 Icas la tià ay WC i.ia get a mucis better image o! thse carbon allustrate the principle oif the instrument called thse aaacrometer.

lioIcs of thse laan than, before. This compound, achromatic This instrument placesiathchiands cf the astrunomer thse powel
Cab, wvhe a d an a combanatioD, sa caiied thse objcct-gias, of aneasuring watis catreme accuracy thse must minute distance.

becauseat as pýoanîedtb ,c object. But aPhen it is a question of It consists o; two vertical tres, onae, &, ixed, thse otiser, il,
thse combinativn of lenses, tisera is soanethang elsc to bc con- uovable b>' tise rotation of a ver> perfcly cut screw, Sme at C.
sidered besides the mere formation of imagea. It is flot csougIl The heaul of the screw, D, la divided into ioc parts, and rend
to consider merely titis, because wisen we spoke of thse action o b>' means of a vemnier to i/aoooths.
a convex lens in aidhag us te rend tise vernier, we found tisat if Thtis systean of thisd moving ever certain smalt distances
-in image was to be obtained tise rays cntering the cyc must be wisicis can bc aceaarately measured b>' means of a micrometer
practically parallel. .In tisat case thse mays always corne te a screw, cao replace tise cross wires te which WC have juit referred,
focs atthe saine point. If the raya are net paraltel, but diver- and tisere are twe very notable applications of this principle te
gent raya.. then their fucus will vary with thse varying distance cf which reference must now be nmade.,- Wisen tise objcct-glass is
the source cf ligist. used for astronomical. purposes, it la naturait> arranged te bring

In combininglenses together, then, it is important te bear imimd thc rays îvhich fali upon it froin a celestial body', and wbich are
tise fact thst the rays of ligist which, after passing UireugIl tise practicaUly paraîtel, tes. fecus whicis represents the actuai focus
lenses ultimately reach thc eye, must bc parailel ocs. flt us cf the lems for suds rays, and wiceis called. tise principal focus.
consider that arranem t lae ban nUi eecp.I thse But it la net necessary tisat tise isys which faîl upon such a lens
simple forai cf tisis instrument, A <Fig. 13), representing tise abject- sisould be parallel. Tise lens acts under other conditions with
glass, receives tise raja; of legit and formas an image of thr distant this previio, that tise more thse raya diverge frein thse boay ia
arrow, fina whieh Uic>' are snpposed te flow, in exact!>' tise front cf it, or, in other words, tise nearer tise abject la te it, tise
sanie way tisat Uic lena we uscd just n0w forined an image cf the greater wili be tise distance beind the lena of tise point at whacis
carbon poles on tise secen. the aërial image is fcrnied.

This'iae thsn isaving been cbserved, the eye views tise distant
objecî as if e teoject itself were piaced at B: 'Remember new
tise way in wisici Uic eye was; enabled te rend tise vernier plaeed
close te il, and Uic action cf Uic cenvez eyepiece cf thectelescope
wçill be ver>' obviens. In just tise saie way as tise divergent
raya ccming frein the vernier were gwaped by thc conver lens,

teIescopý grasps tise divergent ray freoin tise image, reduces themnrdrn~c aal] ei ii aeUccne >jic fts .

Fio. z6&-Modcl of blfcromnettr.

te tise necessary condition cf parallelisin, and tisus enables the -
image cf tise abject ta ise clearly formed upon tise retius of Uic
observcr's eye.

We hsave, tico, got so fat tisat ',y meana cf an lobict-glnass we
preduce an acrial image, and b>' means cf .a couvez lens vrc
can view Uiis image under conditions wisich enable ànotiser
image of it tes be formCd on Uic xctlia. It isa t once obvaions
tbat we can do somnething more tisan thit, for if we place a
concrete thing sncb as a cross wrire at tise saine distance in
front cf thec cenvex lens as Uic aërial image, or, in otiser words,
attse focal distance o! thc objeet-glasa, we sisal! sec both tise
acrWa image and Uic concliete tising, be it a cross wire or wisat
net, botis tegetiser. Ncw imagine Uiat We can obtain an a&rial
image in tisis way cf a star, and tiat side by side witis this image
of tise star we observe Uic cross wire. It is quite decar tisat if ie
have an>' means cf getting thse cross %vire te basect Uic image cf
tise Lia. WC sisal have a niuch more accurt method cf poi-nting
at Uic celestial body>. andl therefere cf rneasuring tise argle
betireen tvrc celestial bodies, th=a iras possible on thse cid systein
cf sigi wiUieut telescopes.

Suppose Uhi telescope of cura te supplant ibe pointer cf Uic
old instrument cf Tychso Braise, consider tise extreme accuracy of
its observation as comnpared, with tisat cf tise pointer iu Tyciso's
quadrant, snd it will be accu isew Yqstly Uic application cf tisee
optical priuciples- has added Ce Uic instrumental powers cf Uie
astronoint?.

3. Ho= O/V nabla s to .Rll= etA Vernù.r b av Micutrdf.
-But wc have ot yet done with opties. Its peiticiples have
been applied in yet anotiser mannes, but ail!!, t wo tr
appli ten wh c e have cunsidered, tending te incrtase thse

FIG. $7.-lItcromcit axraagcd for demonaratin wnli the cxc= )*Ig>.

Here in a few words we have a stalemeut cf Uic arrangement
useul in Uic mnicroscope, and a moinent's Uiougist witI show tisai
such an arrangement may te applied te tise vmrier instead aff
tise smalllent, te which reference bas aireadybieen made. Nay,
me canl go fue.ber tisan tisis, it inay ie applied ta tise circle itaci!,
and help us te measure smailfractieoal divisions of its parts vaith
yet greater acc¶sracy tissu la possible b>' Uic aid cf tise vernier.
lie way in misic is is lnmans cd la as"follows - e micro-
scope is turneul towards Uie ciS E, se tisat ita divisions Mnay be
plain!>' ccu in tise fieldl of vice, and tise position of tise mire, on.. or
'uctieen an>' division inay repeesent a certain position wnici is
te. bcen meaaured. b' ineans of tisa circle. Tise micronseter isead
May nom be useul te tell us Uic exact distance in I/îQcOths of a
revolution betwmeen Uic potition occupied b>' tise ie in tise first
instance, and tise position cf Uic wire %ien it exact>' lies on tise
next division. B>' determiuiDg, according te lise graduati o f
tla ise d e, thse isumbtto losxdh of jusat us indietedby ibe
micrometcr îuhich lie isetieen cacis division, if iS obvions tdat
tise exact angular distance betireen sucis a position aa thse
next division cf the circle eau bc accamatel>' determbned. Sucb
in operaticu as this is calleul a "zon," and practically sucis a
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cyutei ailtlis la atiopteti Ils readilig AUl large circles. But
Mhen it la a quesotioti of iiiaanuriîîg iiittllt-rrc4, the- nîhrometer
rnay bo nacti wzîi Vie telesroljie ilat-if, its wirra îîlpearing with
tht- littage al« the oi.j. et ilu thé' fit-lId of view.

A dlet;iitii cf atn exlîerinieit ulil pr.a cosavey a better
idt-a of wliat cau hi' donc ii titis way. Fig.. 15 re1 îreionts the

att-iliîgî lut-it 'l'le î'ouîleiisiig lins nf flic boiterie having ht-en
reuitoveti, the 1-lt inalldot tei tilîpingi' upon a leu-, A, 1îlat'ed
nt a sti,-lit dis;tzance flans1 the- laltît-i. Il action oit the liglit
causes a revFrýf i jinc. of tut- 11Ol(.8 te ho proîluccditls t lw air.
lThe liglit coiîiig fronti tis imilge in th-n mnalle te pa-,H tlirough
aîiothtr I tn., il ; the- rîi-raa'. in coi rcti-, tendi a magnificeti
il aige of the pelé-s < f the e'iictric are isiivii upoit tlicecreen.
¶iTe fir8t, lett w1i-i fortes% te imalîge îuay be rigarit-t as the
Oiji Ct gla'i; rfiseleclie, whikt tige etlier letîs wilnci tlîrowa

thei magiiifitd image %signes the, oect-i ii titi countet-part cf tine
lebew-cs e3eliiet-e. N i.w if at r. t îlicre elle image la formil

%i îiir, tht- ntercliiieter a-ires are' 1îlced, ltp3, Mitle t lit, imafge
cf th.e IJoiem, w-lit eaj var iiiignîufii il oit te siert-eii.

les ibis ruaminer Iisdi,.s a;îiîear with thUic a-trinl the fit-id oif
vislin of lt'e h-le-et pî', aîti thir tiaiiaeîers aiîd Lite iiiî-ieiins

', ~îl--'h titis"" of tht-l îî)iîy heott ccuraîely dtecriiuied.

'sT~ li tuelî-si ni tels., se lase beeni coicrtid ,iiiiily witii
acir.l y etiîin the- positionis occuicd by the Varioles

lîcîdies . eiu h et Il.cîg. - i-ce. But ell titiIs ilicroilieler lu tlie
fitlitd . i1 s et ilii t lt solinentli g more îlîar tis Miay bu
dote. NVe iiav lios dletvynite sfit-i testa îrenieiits sep 'n the

i-odle 1in omioii- aIoet we ]lave bet-es coiiii-erlig up ýte
ni W. Yer. Insatant e. ille image of .1 jilaret uia We ,zra-jieda by
the sviu-s, reie- sire lîoiiiiîîiig unte liib cf te plant-t, the- cîher
wvire 13 nt g along tIi' cît., r 11mb. Vherge k<iowiîîg lies Marly
couipleie tune.i. anîl 1 ]OOtli, agiti 1 lootli parts of a tuin have

bt-ei g, in n 0tii lit-ad <f a t3-rew ii enfer titat the wires May
lie 't-j araîtit tîttûtigli su Il a djsîl:îiîcî, andî kîicwIng aise tti
Val' t- cf Ulit-st' dis-t, oit% lie iid coud f arc, te di:iacîctr cf kte

ph-t iî îay lie uîetî'urt-d. ln like tltnuîer, tlîe hieigita of lu-
toi uinstaît lay lit.e- raîd l'y nîtamuring the liagtlis

cii lt -hiè*tow- dtins 1 i lut-m. Or ilt may lit' a qut-atiri cilie
di.stitîc- th'ett tuc 'tdis closè ingetiier. TIhe iîteilîcti is tîll
tIi,- Oupic O intar la nuide, la lit- aloîig the itovable Meire, tîte
ollt-r )a set ose thei fixeti one, suit the distance through whtch
tht' Miles aie k-c-Jialtit, d titi ettaliied. liaviiig attaitiei to titis,
le-t lis liritig ci itqiîiry into atihular lneasirt-melit tu a Close.

lu 1at iiî, s ut-e:haltalie In ,th quel, frouflthe measaremient
or r-pa. t e o lii. t.e.utureîtiiciit ut lente, it wit lie fouud tient lthe
difl'it-uhhii-s litivi' lit iii gislell'd a-tîl vt-ry tiuchlien the- saine
uz-y. lu ilii, meiab,îrt-ttîest t-f ,pace sac b-gaîi wîtlî seibleî ili-

atuue i le& (.111Vtl5 liy a slow gi-î,wilî hais î10 medern ilustiu-
uiseut buts aîitîit a ; yît ititasuitig the inîtets

liai-gis tuait litie tak-tii pluaci, tihe lîcîlter und cirle cfthe
iii. r andî mitrcu.t te-r, ssi Il i-r. t iiat est, cngb.e- a tltgree cf lisse-
isess to lie tltaîtied qîlîuitt aai Itin elle ehld uays. Buinl
ltnalti-g flet titaec eittr iiaîî,us n aticli the cardev wa

sù rciiî lit a It-ature, sied Ilte lîcîtiler au antaîl1, Ie tint nAcre
mtion-îîî iiuciis, et voti lit- -tesii tiet, alîitiighi botte are

stît pliai ra'ed, a gr, et eliatige la-, take. lace. 'lteie ptointer,
rqei-relIttd l'y tlir lelt-siî t-, ta Ille plros entt -'Art oif the su.
stlumexili, 'ahilsi Ile ciele tai lut(tiden tway altuoit oeit of sight.

IL' ossteteî f flanc.

lI lias licolt shc.wll low, by lthe âliplicahirtu cf geomettical
anid citl ciel 1.rit-ildie, lt-e iîcsuremtet cf atigular silace iîaa
bt-eu caritti dosavi, ln the 1 .10thl rfat &second of arc, bule a

huistt b-t g 1-12,6OO,OUtls part or aiu entire citcîiîittn-uce,
Usil; hel lua ai)u acettcy aes Liista ias ht-eu etiaiticd, Andl fie
altitudte or the- azitiautît ci Ille a-ut,, or suesin, or auly allier

liieasetly botiy cat lie correct]% aaî%l îits Ibis ex.ictitudps, iL
Mill Le t..g t-nce ttîlih be-ttes u' mu tUit y of tltfiiîig posi.

lîtîtîs ila tht- iclersî ihlrtnnclner ltit %%s ti lîarclius wîî ls
1 Mr, aitd Tyci ce I;ral.e midli ]lita1 4ttî cfa deigrt e. To de tItis,

licacter, la nleu eiiuugiî. Il is lii.- otI)l iteesssl3' at<urat.lytIo
d ifll hepsiit ita hîtavi-uiy I cdy, il. i-4 uecvssary aise tu

kiio nt %letîlllltlîlar Isu t occuleit ei lita i oaîî**. Tîte
lteaî tigiligin be dette, Uic,,, is te me licw iar wu medern!§ lianv

ti etit cf arc--lte ntexsîrement cf ai.gular ufigataice-but the
Ditetniit of linge.
Tht ea.rtîen et tin:e, Jitviever, ta; net quito Ao Aimple à

niatît-r as Wise tL.e uI-ir ut ut of alsace. A Certain atîgular
iiitssurentuit cf a-îîact, tier tatigttir distante betwecu two
bcdits, inltei i <'r lti dtlitauce Lc a dltgrec, or a minuite, or a

second, ta a very defiltite, tlig, baving a beginning and au
cuti ; but time, se far a3 wo eau cciei, lias neititer bt-gin.
ning lier eîîd ; se titt e flcjroblein cf tieni' îtasurcuxeut cf

tinte lias te bc attacked rallier ln a diffliretit way. Hert
agniu it wiil he a Wil tiant lte niatter >tihnitld hie tntied bis.
tolicahiy.

Wliît more ititural titan thast matis ltaviug gel the hIes cf the-
flow cf tlme, sthîuld tiavre btgun te utitiare it by flic flow of
watt-r, or the flotw of AatiîI t Tue Paîilie8t lime aueasurcrî wcre
rmalle agiae in gise îay ; watcr or satid being9allowed te diop
froîincite ret-îbielo tua iguîitler. rThere sere dtitlit'ltet, how.
es-tr, In tient detertnînîîtg tîne flow of lime, lu tîte ftrat place
the- tiing utaq a.wayî waititig te bu- actti nll, se te speask,
soîtittltlo wiis wîintedt to continue ths actilun, unit te piclong
it ; anud the- liraI app-aI te mechaticai îirincipl-a seas Malle
a'itil tit vit-W.

The tiraIt rel clock put tup lu Eitgland st-a put tuis lu Olti
Pailace Yard, lu lthe )*car 1288, Ly lthe Lord Chic(f Juqtice cf
tient litge, whoitaî lu jtay tîte exîletiie ef il as a finei for serte
fitult lie liat conimitte, lia coustriiition leti soruwiiaî after
titis Wrise. Ont- ittethoit cf îloatlig selUî lite flow (if tinte watt te
catilu lit te ai-t of wliacîliîrk ; Lut, -es il il kitowni, if a wcigt
acts lapon a train cf seitecis titi. velociîy increasesa lithe rota.
lion gocal ou. Titrefcre lthe science of tuechinies sans callei l
te buliply seine pritîcîple ehti'l cuil lic aplîit ta prevent
this uni-iuai vclocity of a train cf sehiel. Constider the arran-
geictt stiosn lu Fig. 18.

Tise wheelwork trai is capable cf lîciug driveti by a falliug
weigltt. On tito alle axis lis tige Çlllalle,t î<hei, aund trtfa
lthe cite selicli turna itto>t rapiiiIly, will be sîcu aiother wheel
îîrovtded witlî saw-iiko teetit. Tbiu t althe top is a weighted
crots bar, ironst tht centtre of whiclî a perîîetdicmlar rôti, pro.
vitit-t wiiti palles, catîtes dowtî lu imîguge the- lt-tt cf the-

îiailt.-n-eI. No'w iultiloseo tht- dock tn e istarîtid. Tîte w' igiit
ri allcwrd la tati, sut te whieels, incliiiig lthe ;iitwleel,

lîiegîî te rea'olvî. ; thtugi bo.gues a rectilrcatit uatioti betwieen
the slwmnglig t ar aîtd iie weitel itUt wtsch il a -tes, lit-ausi
lthe 1îallets wili aet un the bar as t-y are oit etther aide of
tige cestîre oif nicticu reulIs' dri-.ts the bar firit iii onu& direction
anîd ieu fl tue olher. Tite tee he gâf th- p illet wlieel are colt.
titiually couîiig jute cont act with the- palles cf lthe swinfirig
bar. Firt-supptose tieat cue of the lttti fias encourteceif the-
uppler pîsllct ;it pîuslte, titis ast-te, aitd swings thte bar lu oe
directiont. No souier, lîowrer, lias titis b-eui tinet titan anotht-r
toothin l the- wlteel at the biottin cf the bar encousntera lte
Isaliet and sA s itin lule opiu site dtirectionî. lu titis waay il
i clvions that lthe bar ia cotttiti-iliy mteing and being met
îylthe, tieith of the reîaiag wheei, switegius; lirait in vnue dire-
lieu, andi thexi in the- cU t-rhl regsuIt cf ilui.s rt-ciprecal action

ht'aug te pro-veit thte incro nue lu the- vclocity cf th e wheeLs
sehich wcuid otlit-rwise lake pîlace.

It ts lt tii way, tutcu, by tue performance at conshant de.
funite iiihcrsals of att eqîîally ccssti,tiil d. file nt'aieont of work,
tieat tige regulatity of aitin tif stte ctorlk -. pretucei. Tue
great. r the' dibtauite of the wseightî oii tite cross-bar frein its
coutre cf mtilon, lthe lontger weiti tige basr tike in awiuîgitg, the
sloseer will lie tht- actioni cf ite dlock ; soitltit the- cock mnay
be regiîlatedl by allc'tiýg tuc p-st cf tliîse- weightî, briuîgitîg
tht-ut liatrr te, or ros'i liig lient ftrîther front the ct-ttre of

motiocn cf the bar, accordisig as il la dretircît te iiasten or retard
the action cflthe elock8 ne uic1aniâne. Yet ast wltates-er distance
fronit the centre cet motton tue twe ighils Le pfaced, assort-.
ing alsesys tat they are hoîh aI the- saune distanice frai» il,
tiu-e es sîlil Iiis coubîauhly recurriîîg perlcrmauci', nt e'quai
istîcval, of ait t-quai anut of wcrk t ult produces the se.
gutar action of the ctk. Thigt was the kinit cf dlci iben
ithicit sas put tep au Olti Palace' Yard. oui1 Venat diti nec, go
at-Il enou>gli, giviiigaixuch ittaccuratu restîlt3 ttat Tycho Braié
hal lat isceuiii)uc its use. Fortuuaîi'iy soute few years lase-r
twc Most i-tiuetît mitsa, Galilre altd liuN'glteus, ltad tieir aI.
letîtton tiran Io tItii very prirein. Tige firt-~ cf tut-se, GsîuiItc,
seas net tiet tinte stttiytug utt-iiciîit. ie. lààappened otîe day
te be in te Cathiedriti at Viasa, svhteu-t, it ahi Le remvrnbered,
they have a inloait beatiititati aîp whticli swings front a grti
lacaglit tn the- caihcdrai. Gali.'c was ai this titue werkiug aht
that braticl tuf bist tuit-dîcal étudies which deais wihh lthe pulse,
and lie looked uti titis latiji assit gestud that% lis switiging was
iiectly, tegular. To'd.,y p. ritaps et Muay at-ci very nets ral
tuI ihii8 tlioli Le -ai, lîut Gdlî- bail tite arivatitage oh briîîg

belcicyi, and that is iî-ht- i. dled tiot set-m quite soi rtatural Io
liens. Thîcre waq tt thttilue tic kueowu >,aAn wlmy it ahi-îuld
swiug in 1tt'îfct ri gidlr rhtythmu. lie founi ihatithe lamp iten
AWmîîgtng, lic matît-r with what amptlitude, teck practicily tLe

llh»#t!iiiltrr, 1888.
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saie tinuie for each swing, timinug it by lus pulse. Bis ide a was
<hiat this v'auujd tie an admirable tiethad of dt'terivuiviuug thu
rate ai a mmn's pulls-, antd the firat cloçk aoi titis prusucijîle watt
cnnsiructcd frani filet medîcal point oi view, being calleti a
ti'lailogîuîmn. Soute ycare afterwarîls, hîawever, the extrerno
iiportaiîce of Fucli an arranîgemnit front ai a'itroiîauuical standl-
pint becanie obviaaR, sienti vcry muîets attention wRIi gîvesi to

1 t. It ln isneressary toa dd tlîattlifiswiuguaglouly la nowndays
cilled a penduluuiîi. Tite mast perfect pcmîdulimn madie ii thoe
early <laya is repreileited lu Fig.19.

Th e lundtiieu'al difference between filet aîîd thuu modern
petîdulumu i'u tient part. of tlie penuluut betweeii8 and A was
î'la-ttic. It was nmade t'lau.tic for the roiasoil tha.t althlig Os.
Mi ae coaild flot fiîid any difféeunce betureeîi tic tiiiie.4 ùf thle
osciIlations ai the. laînip lu Vlisa Ciuthedral, according as its
ampuîlitudle eiswitig lias large or sai])1, ye< bu. là a dill'orenuco
dii existe altboosgh ft wns only a ai glit nule; andl <ile oîaly
mi thoul ai gcmtiiig a perfect pendulun which 8houlul îîîîk 1<5
N'sitig mu exaculy eiubaI tîntes, cm.eieil.imo its sir' aI o.scillia-
tiona, sas to coumtruct tlt-%sao-rallod cycloidal penluluiî. Lt
waq lit iîamned because lu its swinîg its elastie partion was hiuld
by tlie curveti guides setten thle figure, and miade to hend ini
thit -irtirsiilar risrvp. III, t4ti'. <livagis tilt, juu'i f îuii iiv'eail nt
uîwiiiI,,îg tlruigl tlie art-, Rc Il 1, Wau Ilîade- to Iscillute tlîraugu
1) U £. But s len tle Ira-dtllulll w<us At tht. poinîtsu 1u mud L, ut
was practically a i'horter prmudulumit an wlîem Rt ret. lii otaser
wormls, whlat the peiidulurs waé s%%ingiiig iront u ta il anîd
floust U ta Le itu curvaure, asuil r'ulluîu'llmestlv it.. ihr'timîg
leigth waas comtimiually dliciiging '... i. & &-ya s.*.. .tiiîsîî uuy
viir3'iîg thle leigth of the. swingmig part, iL %%as toîîmîd posîlule
sa malle a penduluisi whili, ileiîtiet ai thes leugtli of its

arc of oscillationi, wauld niake ila wiiig ini tintes wiiiili fur ait1
leracticat îsuruîaeise w..re absolutely 4,q<al ii leîigth. That wa% tlie
umîast P-rfect pendluini of tlat tinte. No vadays, i lie cytloidail
îs'ndului has been rt.î'laceul by ane whtch moismgs throuî'4h a
very stmèaîl ar-, and the caiitintial sliorieîîing dluriîîg tUic iîl-
luition in tVie cyelaihmtl îieiidnlmîm la hy titis mneatî'u îli.5I'nm il
wî<li, ahiki't the frictionu also beîîîg ilitich redmicel, tliere mu le.s
iiitu'îherenco (rom that 4ource. tîh t-.îs vcrv amiali swiiî, fle
dif'. semîce bciwen the arc of tlue cirele de.,cîîb)ed aîîd <tie c'y-
cloîd ini wich the cyloîdal peuduluin suwumig iii îractira41y ii-
dibtiuglisia'.altr.

Tite great; dtfereuce betwcen tht mnalermi ebau'.k and tlie au-
dient amie le <uaL in tlie former li. >eafdiligiti4 l uimvrit'î-l wiulî
as littIe as panssible whilst awiîgtimg, ami lanices ccli hisimîg
tuilter piredîmu'ly siîlar coniditIins. Ta attai titis is ta have
tloiîe iîiueîli. lie tue tirât place, ir <lie elark lias a lucavy s'eiglit,
tioat weii..làt till leroutatuly iiitemfere a gooi tisai witlith ssmg
iumg -)i theu ieniuii. 'rite clark W-'igli, iere!u're, uist but
as light as !-oaibie. Secondly, if thei wbu.elwark i% àtlwavs ti
cautact wili tlie Peîiulliluu, <luis ali will interfere. Walsh ite;
free &tid n-tu.al uit veilent. Tiere mu-t lue, tlut'î, sut l au
Arranmgemnt teint hle wliuuslworlu shill bu lamauglît Ltite couRuat
Witte he peiiultiluti o<aly fir tuu- ahortuest îo-stil tuii. 'riieîy,

it miust ;jte relieuibercuî that the dlifférnt subas ance W &L iît
la Moat, caîîvestjeiit ta use iti the c mautru,. tw'ii or Il-îuiullisî,

vdry <lîcir diusieiiaiuiis with tho v.4riàttoiîa af <lie temperainture
sud moilature ouf <ile air in wlubvh thei' arc laceti, as mi grm'uu
care iiutt lit takeni ta, elitiluiatt auy error.- wliicl insight arnse
fraont auch a source. llow are <liese vatiaus cauitioîau cotiiielied
witlit Tite first, tlit the ciackweight muet bu small. iu. nos;
uilificmils.tes adhlere ta ; but it wili bc well ta cauaider sitew.ty in
which the second conditiren, that the actionî bctieeeîi sietI-

work and poidilum alhait ti the least possible, is met. This la
donc liy eiipl,)yiîig wltat ia culit 1 ami t.-capt-uneiit. i< in so
uuanuild becaut tue jienduluisi in its swiiig la allowedu ta es-ap>
fioms tle wheelwork, aimd <hua rustaiti a prect Lrela aoe

iusi'tiý liber forai oh escaîlement about ta bc descmitu' d is iliat
wlith, for a >&asou that wili appear imnnîudiately, is calîrd the

dladu-beat ecat-etiielut (mire Fig. 20).
The escaepe wheel is the- modetmi re'îresentatîve of thet<oothed

Wli, t Jf the olti rockr, 'uhllt lIme projectionsm w ailul D are milo-
dificatioiîs of h Uali teld on <t awlrtigîmlg bar iu thî et laitru-
meut. Let tluuu peniuluni tuove in the directions ci Uie arrour.
The toth 'r lia jUit luren relea>ed. thug ieruiittiiig <he too hI
v ta enlgage flic atbcr palle< ru. NNGw wliils thet<oLuLil romiains
on he 1 iellet, thecaeale %heel roiusîes lcked, white <hlienca
duhluii quilte Ire ta uwing, thrre beti-gnotimgtaretard

ut Iauve uho veu'y gliglit friction betwecn the <oath and the sur-
lace c! th. paluet. Thie rotation of tht esc.spe wlîeels, liowcver,
brîuigi the tooth an ta the oblique ed.e ai the p&llet, uunu witli
it un this amb~tton thua ienduli ila aide.l in ita Iorwaurd swinig.
Tlien the paliet e&ctpes, recevicg au imapialu, but mince tis

is received Rliinoat ne rnnch béfore the. pendiluni luoq reachipd
it8 vertical positin as aimer iL lias paqît-d tinit point<, noc ini-
esae or dimintion in the situe of itq oscillatioli takes place.
Is l tha i ii Aay <liat t ie seciiid af it r eon-htiona i4 c.)ni plim'd

wîth, tilt- wlieelwork hîeinî 9f c<metiallv Ierevelitedl Pain interfer.
il.g wltlilhe rm'guhîrity ut il.lie wîillîn's swing. It in called,
tlt,' dt'ad.leat. tscaîa'uîin, becanso wlien tilt tn-,tlî fal on the
eliscuuar portion of the pelîlet andi lockî tlie osce wlieu ic
s'condl hayîid fitt'd, to IL stol s ilead witlit reî'nU, because
tlîe art' of tha 8iiifce tif the jealhq. is atrmek flus tht. centre
of muotionî. lie nii atoiiotIiical dlock a stili muire mioderni forni
of e4cap<'inuît, calîtl tlie gr.ovity isawnîî,l saiietimes

eus 10) il(To bc contiéutI ~

i~GENRAL THEDRY OP THERMODYNAMVIC.
Tite fii'st, of six lecttreu oitMAT iii ITS 3IECflANICAL

AP'ritCTIoNS, NiiS deliVeled (M '1lursli Vteiiiii, tlie 15tl of
Ni.venub r, buftire i lii mîtîtttion of Civil Eiigitiecrs, <Eng ),

1-V Pva(feSor OS MINEc RKiY\aLIbF, N.A., F.It ,.. the m.ibject beilng
ýfTliv Giicral I heor' oi 'llit iiiuudyiîaniu.' 'l'lie follawilîg
is ait abîtraict of flic lecture

Tliurrnodlyiitics- was i N'eiy diflicitf stileject. The. maison-
ing ilivolved was mtiels us votild oiîlv bc express'd lIn Mathia-
tical hingtuage ; but titis alone %vouId not preveuit the it'uîmlitig
f.t'ts andi< fentuircs oi tli siiiljet lueimg cxrselin poptîlar
hutigi. ge 'J'ie hu ; ivaui t licories if asti'onoiiiy, lîglîta~nd souund
involved eveli rine îiatiîîatical coriii l.,xitîcs;l il th mo-
dyninjus, bitt flics- sîuje(t ta :ve beemi rcmîdtreul popuilar, and
tlîj t tue l, great improvellutt of file tlieorics.

Wliat reîdci cd the siîîbjtîct of ''iternîuud>'vn.tnics so obscure,
'vas <liai ît (tuait Witte 1 lidos; oi etitily t.t)lidaltliouîgli
l% tilects toa. bu ietogîîîzed andl uîea."îîrcd, was yct of such

a liatisi c tliat itN tlt (le ut oulerLtlii t'oild nuit li' îucrccitved by
aîuý of eui stisvS 1L.ut 1 -ks lut'ci a wcurlc of nature. andu
had 11wieeiîsn beutn >0 liu ant il w:us :Ibso)ut, Iy i-
îa'rLeîut il;le, Gitâlvu, iiitudl oi là.îv i g tlui livent a iiîamli lue to
îueiiîuîrin aî tlcîl ltc, fitit tiîi, ivuîîld have' lia 1, fruîi tile ob.
sci vc ul nutiumî ol lieu hlis. to livu uiscovureul Lhu îîecliuic;il
primit.ilils:ttàd ac<î,uiiu iiivulvel. Suti ait effort wuld hauve
beemi strictly pairîll to Unesit requîreul for the dlistovt-iy of tile
muithitaift prîuu.îjcs; vf whili liu plieiîomiîa of litxat wcre
tier ie.,uit.

lis tfu inîngincul case ai the dock,, tlic <l-covery înigh- have
beciî iii.d, isa tiva wv.. [;y fi tstfic imicIlh , fris» thie

olitrvet in.,tiuii îh lieu lianiîs tlie fatt tlà4t tilt. lit k, deîueîded
aut i tii.hurif l iteruil«lti,t iUîti,,ii, woulîl h1 *v.. leu tl tile is.
eno ery Vl' tilt îrteiîdlu (i lieu tiîl. iiinl'Y té tIil(, lvriol (,f

vitrut istig tuodit s, and un tii, priniîle tic tll cltur>' (If
(13,11 sillcs iigli Liave -eeîil fomd. :Su, la a ilitur or' nse-

Chlai 8 1vu11ld Ihave beUti JSu UbsO tut, htels iut 81miuurc obscure
lisait the thi,.ur a li theiiîudyiui t ISsuon its two laws.
Btit tlier W, Ualiis tlîuuîl , andîu it 'v.us biy ilais tient filc

tts.3' a! tîaiî a na bri-augli ta liglit-tu. il1V.nt au i<rtiti-
ial cuLock, tlieat tiq-il ut wilicis voilit be ~i < w.t8 fmai tige

nits il penulettes tliit titlieuraîit Ijuls cet flic cu.uisLtiîuy of tie
îIerbods, % f an.eaîîg:id it'v.lvù,ig b.dics %%'rr dicovereci,

whlcîie faîluwed the dynaniîel tlicarics of L,,trositin)y, of liglît
autu a of.oiiiîî.

As ïcirarcl. à tlie action of bhens, no visible mne( lanical con-
trian e ,.as soveeu wllei wuid uilrdn xaniîuleofi Ui

îni.uail prisiipeu1l and utioninvolvvd s0 tienit thu ouîly
apparent inctlîod wutu <adîeve y expeiiuiist tilt liîws of
tlic action ai licat, maid ta accep. Miens de; axianuatie laws
wvitlîaut formîîîg auy mental iiuatc of tîseir dyniîanit ai orîgin.
This %vas what, flic liresuut tbeau.y of lîrîayîu icaîur-
porteud to bu.

lit this larmn the tlîcory was pîîrcly matliemutit-.l andiruat
fit for tîte atubjeut of a lectuîre. Blut as no ouî, wl:o liud 6tnditd
tUic subjt'cl. dlaîîlîtd for one mntenu'it tlicm'esîsc orîiit of
thcsc 1:1" , l'rufhcsr Itoyîîoldls wuitld bu ftollûjwitia thi.: apirit
if iot tlic letter of lus suibj. et if he introdurm'd ei iccpltion
of the niuchanical actions fias» %vhliell <liebe lawu t-Juung.
This lie slîould do aitlîaugh lic douîlutcd if lie thtuld haive go
ventîît cd, hast it uL auri <huit whvl- consideriuig this lecture
hé: bit mpon certain inuliaiiîl cistivauuces, whichl lie woutld
cul]<hîtc-niue. wliich iulloffled Visible exnDujuJî'. of tbe
iiéthanical actionî cf lient in tict .4c'iuc sente lus tlic pcniclulitinî
was a viiiblu ex<îîiiplc ut the 1uiuii priuîciplus an tio't li.

volvcd ii tlc pîichinena ai ligît idsoiîrd Suîeh iuavhint-i
tbatiks tes the ready hulp of Mr. Faaitcr bit;sasiltant ln con-
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structing tho apparattu, lie should show, and lie couli nlot but
hopo tinst tîsesc ldir,cti, engincs mniglit remnove the source of
thse obscurity of thc'rmnudp(yiiiinics, ot %vichlie liati dweiL

The genurail action uf lient to cause zuatter to expsnd wva8
snfficiently obvionîs auid popîslarly kulown ;aise that thse cx-
pa'nding niatter cutld (Io work waï; 4tifliciently obvious. But
thse part wlîlt]î tho lient played inL doing this work was very
obscure.

It was known flint lient played two, or it mniglit bc said
three, distinct ainhnical paitte iii dbing this work.

These parts werc :
i. To supply tilt etncrgy necessnry tu tie performance

of work.
2. Tlo give tu tise assiittet til hittis it3 %vlkith i ablesi

it tu Cxîsand-to t (,Is. ert thse ilers mattcr litu &lit astttàg
machine.

3. To convey it.,elf, i. e., lient, in and ont of thlt
matter.

This this-d fiction ~veik geniily taken for grasîteti lt flic
theory of tlursnudysiaiit s, adthoîsgli il liad an impbortant place
in ail aspplicatios~ ù! fuît theory.

Tise itica of miakiiîgr a kiiuccsiewhic!î thould lie in
extapie o!action sii, h :sý lieut, hllt nu) sooner ogecurretd t
Mi tiian varions verciv si smple inuans prescnted tiieniseives
Heat wvas tansformueti by flic expansion of tic mnattes caiused
by lient

At first lie tried lot invent Ponte mneclianicai arrangement
which would cxlianti wleîsi priit.i agitation %vas in-
parted te its part:, bsut contraction scunîed casier-ti s wvus us
good. Ail that wva.s wvanted vs a mnechanismi which wouid
change its shape, duing Ws.rk vilin its parts wvere tliruvn loto
a state of agitation.

In ordcr tu antsc a buthet front a tvcll catier a rolie was
pulleti or file ivusîi,iat, wound-sit-,li a machuine did not act hq
1proxaiBsuoiis agintitis, but il tie rupu~a a lieavy ulît. (a
Chain wva8 butter) anid l wab iliade tatet lt tIse top uf tic Weil
su that it ju.st t;s«ioqesidtd Useu butkiut, tilt-l it il Waîbbliakvn front
thse top wvx or wriggich Wuuid ruits du%% il tile roile util thse
whule chmaut hall gassîiiitud as coittiitualiy d.ianig tintous
terni. Andi tsa chil rue c(&ild rit,' stre.tchl, it could not realci
B0 fa us îli tihe W~eL it it 5IsA,'Ls.. s lihu it siiiglit, bu
Ébat tit but het ssutld u tssunîuviiat raibud andi ivordu ine by
prolmîstuils agittiz Tilt çisain a Llote (t lîigusi lits
mechanicat vhusrat r, anda tront Lemgs a rigiti tie iii .& .erticul
direction wuiid îpost'es kîiictiL çlabtiLuy, a.. ulit8ticity in
virtue of tise mîltsio uts ît pats, .Atusinig it t tu ciitrts.t il,,
vertical length îîgninNt tlic ieiglit Pf tie butitet. Noin itas
easy to ue in lis wst: tlint tu perforni tii opcrativii. theC
work spent, in sliatking tilt; rupesu petluiiiivd tv«, parts uf iti,ýtut-
ing cniergy ut niutsoît I., tte cisi utsi iahmng tIse Lsukut. A
certain amnutît ut eiciS of agit.ttiosi ii thse chait wutild bu
necessary ho causse il, tu raibe a bîsciset of a certain weiglit
tîtrougis a certain distante, anti tise tuismt.sU %Nlti,.tisli cîsvrgy
of agitation bore t f ice work donc in rai',itg tie Iiîjeket, foi-
lowed a law, whicit i eu't;ircsscti woul5 l çuiuî..sse c-xactly %vitis
the second la%% ut tiiernmothý nainîs.s. The esie:rgy of agitation
inipartesi tu tise cliain iab virmially as munch spent as the
actit Mork iii ratssssg tise u keî,tisai4. is tu saty, liuitlier uf
these cniergics, cutd bu îî'ud oti tgdtiii. If it %au6 wanted, to
<lu furtmer work, tise raised butkt.t va., taken off, aud tisen tu
gelt the Chmain Jon azaisî L mii't I.. sîlitsacd t cool, 1. C.,
thse agitation niust bs* aliuaud t dlie oui.. tlien liutacldsig
anotiser liuciet, il wilii is ctsi tu s*Uiolji.t tile sine
encrgy over.-igîin.

11e hand utîsr nactiiod.- btesides tic simple chîîssu, whicis
serveti butter tu illusitrate tise le% titre, tlit tic prisîcilu 'vas
thc saine.

lut one there ',tas a completc cngine %Vi tii a iworling pinnp.
By merc agitation tlie ijîssket o! tilt tauiau> rotse, lifting 5 lss.
o! water 1 fout bisgli, before il, avul iti iku anutîser tîtroki. tie
agstated muediums niust be cuoilet, 3.s.., tilt wiergy whiche aubed
tIse elastscity msti bu t.sken out, hi.in tic buch.et des;cnted,
and, being agitateti ugain, made another strohce.

He felt tinat thcre wras a cîmildisît sinmplicity about these
kinetic-eîsgines, which miglit at llrst; mise the feeling o!
IlAhana and Pharpar ' in tise sninds of sonic of lus Isearers.
But tîmis woulîl b. only tili tlîey reahàzcdl tlint it tvas not nowr
atteiuptcd to niaie thic best nmachsine to mise tice bîseket but
a msachinue tat tvuuld anse tise buchuti lsy Misaking. Tîsese
kinctic-engiîies wure ti0 mere illustrations or analogy of tIse

action o! lient, but woeo instances of tho action of ti esame
piticipica Thse sensible energy in the shaking relpe only
diffcred fron tIs flc nrgy of lient in tIse iscalo frein thse
energy of lient in a ical bar The teusperuture o! tise bar,
ascertainied front ubsolîste zero, measurcd tise meanu square of
tie vcloeity of its parts muitiplied by tice weiglmt per foot of
tIse cliain, really representeti thse euergy of visible agitation in
tise chain.

Tise waves of the sou constitutedl a source uîf entergy in the
forni of sensible agitation; but tliis cîsorgy vould flot hc used
to work continuons one of tisese kinletic-macmines, for exactly
tie saine reamîn us tise lient iu the bodtes ut the meura
temîberatutre of tise eartliss surfatce coult nlot ho uscd te work
licat-euîgiues.

A csaîin attachil to a slsîp's matit in a rougis seu would
iseconso elastie with agitation, but tisis elasticity could flot
ho useti to mise cargo out of tIse hold, because it 'would ho
s. constant quantity as long as tise rouglîness of tIse sien,
ists'd.

Besides tho waves of tlie sent tîsore vins no otiier source of
sensible agitationi, so tmere hmall been no dcsnand for kinctie-
engLues. Hîsd it heen otlierwîse, tliey wotsld not have been
luIt for 1dim to disicover-or lsad tlîcy been, he might have
heen tenipted to patent tise inventions But Usure had
been al demnand for whiat miglit be calieui sensible kinetic-
clsssticity to perforin for sesnsibîle motion the part wmich iseat.
eiasticity performcd in tise timerînomete-r.

And it Imas net bicu heft for hMi to Lavent kinetie-mecha-
uiism for tîisi Inrpose, ultîsougli iL mîglît he that Uts semblance
to tlic tlernmeter land not been recoguized. Tise principle
wus3 lonig ago applied hy Watt. The comnion forte of gaver-
non, of a stuamu engine acted by a kinetie-eliisticity, which
el.sticity, depeudiug on thse speed at which the governors
wce driven, caused tisent te contract as Éie spccd iiiercascd.
Tise guvernor muasureti by contractiun thse veiocity of tise
engin(:, whule tie ticrnmoincter nseasured by expansion the
velocity iii tIse particles of niatter whiich surrotinded [t;Y so
thaint Autid ituv 'lave heen seen tlint Liaving to perforrut two
operaticins, the une ori a visible seale, tise other on a molecu.
lar sc'alv, tise saute clabs of mecliiinisxn lsad been umeonsciously
adoptcd in pcrforming both operatioss

Tise purpose for wivîsi tliese kinetie-engines was put for-
ward was flot thsat tisey maiglit ho expected to simplify the
tlituury s.f tliermudynaiisr, buît thint tliey might show what
was being dune. Thle theory of thermnodynamics could be
duduced by tise laws c.! motion front an>' one of thsese kinetie-
cssginc.ý j isst ab Rtankine deduced iLt frum tie Iypotheses of
molcular vortices.

Notliing lias yct been said o! tise third part which heat
îîlaycd iii purfurnîing wurk, isamely, cunveying lieut in and out
o! ntter. It was an innovation to iutroduce such consider-
ation. iito tise sîibjct or tliermudyuaxnics, but it properly
liad a place in tise tlmevry o! lient engines. It was on this
part tIai. tise sjieed ut wich.i an enigine would perform work
dcpendcd.

Tise kinetie-maciines shuwed thi. If one end o! a Chain
was shjakers tise wriggle ra along with a definite spced, s0
tisat a definite intervai mîust clapse before sufficient agitationi
%Vas establihmed Wo m.ise tise bncket , furtlier. an isiteral must
clapsbe beforo tise agitation cud bo witisdrawn, so that, the
but.ket miglit bc lowered for another strokie. *rise kinetio-
nmachîine, irith fie pnînp, coult only w1ork nt a given rate.
Hoe çould Lueatso this rate by slîaking harder, but then lie
expesiled mure cnergy La proportion tu tise work donc. This
txaetiy correponds -with what went on in tise steain..engine,
only oiving to tie tise o! separate vcssels, tic boier, cylinder
and condensers, tie connection was ranchs confused. But It
-was clear thiat for ever>' lâ.P. (2,000,000 ft.-ltîs. per hoeur)
15,4bO,0OL0 ft-ihs. lia tho be passed from tli fmrnace into thse
huiler, as otit of tise 15,000,000 no more thant 2,000,000 could
ho uscd for wons, tise remaining 13,000,000 wec available for
forcing thse lient ioto tise boier and ont o! tise team la
tise cosîdenser, and thcy wcre use! ully employed .'or thtis pur-
pome

Tise boiLers were made as small as sufficeti to produce
steam, and thts sise -. as dctermind by tie différence of tise
internal temperitures o! the guises in tise fus-naces, and tise
water in tise hoiler; and whatevcr diminislied this différence
woul.1 necessunil>' incs-cae tise sise of tihe heating surface
required, t.c., tise weîglit o! tise engine. The power which
tisis différence of temperature repre8ented could not bo used
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iii the steam-eîîgiie, se it was usefully cniployed hi dimainishi-
!Dg the size of the englue.

àMoBt of this power, whCli fl tbe stenua cligine wns nt toaist
eiglit turnes Uic power îised, %vais speait iii gutting tic lit from
the gases into tUi mutai plates, for giLs aîuted thc part ai con-
veyane far lest reaily thin boiling water or condenuing
steafl. If air liad ta bc lieatud iiislde the boîtur nd cooled
li the condenser witlî the saine diflereaicu. of tuinperatîîre,
tiiere ivauld bu required thirty or forty tiines the~ licnting sur-
fac-na concltusioni whicil 8ulitieiitlr exîalaied whiy aîttuîijts
to substitute liot air for steam liait faiicdl. Ia azie respaect thec
hot air englues Iiad, an adIvatitîge aver the steuiiaî--eigiie.
Dêiring the ajauration iii thec ylindcr the lient waâ tvaîntud ta
bc kept ln thu acting substance; thîja ias easy with air, for
it was 8ucli n bail conductor of lient Liant iiiiless it iras in n
violent statu of interal aigitation &t wvouhd lose lieat bot elowly,
altilougu aL a tenîpeuroaf 1,000 dogrmes aund the cyiiudur
cold.

Sten, on thu athur Jînnd, coauiensed sa readily thait the
teinirtture of the cyliiider mnust bc kcpt above thait af Uic
stenîn. It %vas iis fât ehiach lunited the temperaturc ait
wlhiih stcam cauld bu used. Tiîus whîle bot air fiaed on
uiceount of truc ucoîîomy, tu praieticai huait of tbe ecoîîoany of
steain was fixed by thait whiacl a cyhaîîder woîald bear. Thiese
faets wvere meîîtioned bcause nit tia present tinie thero np-
jacared to bc thu dawua of substituti>g conibustion-uaagîaes iii
place a! stean ciigiii2u.

Combîîstion-enigiiies iii the shape of guns, were the oldeat
form of beat-r igînc. In thiese, the time rcquired for hucatiîag
the expanive agent Niras zero, whilu they laid the advnuagu
o! incondtnsible guis iii the cylinder, sa tiat if the cylinder

%vas kept cool it cooled flic gas but 811ghtly, aithougli tuis was
saune 3,on0 degrccs iii teînpcratîîre.

Tlut <Iisnd<vaiitiige of theme enginca was that the hot gas was
not srtlcîeittl.% ec,.lcd by cxpanrion, but a considcrabie
ama<>nt oi limat carried maiwy nîight bc uscd again couid it b.
extracted and lenit inta. the fresli charge, ta do this, howover,
woidiaîtr<adiice the, dîfiiculty of hecatîingsurfnco iii an aggra-
Vaîted forîîî. lloVcver, atopposing the camion tu havo buen
tatmed îrnd coal and oxygen frota the air te bc used in6teadl of
gîuîtpowder 'Llîermodlyiîaiuîis t3howed that sucli engi nos should
stiIl hauve a %vide iiiiaargiîi of cconoiny over stcam..cuugines, bu.
Rides thec ativantage of working with a cold cylindcr antd nt an
îiiiiiiiiitd speed. 'Vie plresa*ait a(!iîrvcment of the gas-engine,
Etatec to bu roîa'o 2,(îCA,000 ft.-bs. per ton of coke,ilooked very
proinisiîag, ar.a it %vast thus not tînimportant ta notice that
il.tt'.cr the art dihlicultuui inighit bc. thennodynamics sBowed

no barrier to fairtlier cconouny iii thala direction, such as that.
whieh appvare<l fot far alhead. of wvhatwas nearlyaccompished
a'ith stein.cîîgines.

But however tlîia miglit bc, lie protested against the vlew
wlîîcà tecuuedl soiioivht Inrgely field that the steam-engine
was uiv at scnîî-arbaroîîs mnachine, which wîîsted 10 times
ais nîneli licnt a., it tised-vcry tîcil for those wio knew no
scivnce, but only waiiting until tliose bcttercdueated had time
ta turai their attention ta practical matters, and thon ta give
place tw soiiethang butter. Tluermodynamics showed the.
perfectionîs ziot tic faultit of tho stcani-engine, in wbich al
the lient wuus tized, and coald only cuiaince the admiration in
wlich tie work of thosu must bc field wvho gave, nlot only
tlîe steam-engine, but thic embodfinent of nie science of
lient

I.
RINGED ADDERS CREEPING OUT FROM THE EGGS, IN THE BERLIN AQUARIUM %1-(Sc 4m
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COMBINED TRIANGbLAIZ AND SUSPENSION
BRIDG%'i TRUSS.

A palier lîy 'Mr. E. Tlîatclier deseriliin a Coînliîîied
Trianguilar and Su lisn B udg.- Tras', alîti cînparing ils
<04t wiUî that cf thîe WV.rr. îî, l'ratio WVluiibil.', nl H-1wîi Tî-set

was ni-ad nt a rocelitInî eîiiîgef 'la IIAIî. 3wi. 0t Cavil Elîgilut'rs.
Trie autîter lîreselutu i dî i î i îî tii- scrilitiokiî cf truîss
forme.[ by a ceit'-ia:itio)n cf tîto triangiular nîa'tpqelsion Sys.
tpntai, the j.rintsry svst,'ln ljviîi roiîupîis. cf top andi bottoîn
cborsîs uad a web. cf %trutî n'ai tics arraîucd iît the forcin cf
triîîîîgles free te elîaîîgt figure titi fer ths elfects of tululieriture.

Titîe cenître tieg i-xteîî'i ,a,,cii fler alit lei8 il ain two pianlîs andî
ouer îlot muore thi tii- nuîuîbr lii iiattif 1 ,îuîî le-i@u. A cari,-
fail analvsia w;1i Ir.'-elltu liii t bie 8tl',iilis Inî t'ese b'.la ; anîd
tables wa', al-o gývonla iwiiiz the alat %rila lave' 1 iaîs wliid
înlny lie slibstitu v'il for tlîc aclacel 101,l3 cf tIi' l'a fanig tvlîe2 cf
10 %vit el mad tousoli-lation u'îetin-s in spaîi' ra'igiîtg fro il 10
tg- 5001 fi-il. Tii.. u titer dis ut ,,-t ita- gl.-feetq et viara iii', tonusi
cf liridwe ta uit culiîtlet w.ittî Wvii;t, %vee t ir the iii vain.
ta«-,s cf tbc lbiltieciîlar tru s dea.'riI.ed iii thf pipi r. Ifeu aise>
îireîuîiateitl esthîiîat"s. (If tu cIl toCS uf til i i!0'mI li]t Ilo0 tîo l i I ,ru-
cilîle ns coîiiiatuîd wiuli tîte esr t, t'le Wa-reii, Prît!, Wh iIpile
in-I lotwe tritses, dluicig a loivt*r >isult for ètIl sliiiis blit l
iay tibis nueta I. Wl îîrecýliileýl C.,nuî,.irit- e,;tiîîlttes as to
thle econciîiy cf bii Iiges, buaIlt eîii. y oftaru as ci omtr villat
tlicse hîuiit %çitI the cuaiiitMion t,1f ico 1 and irait, uvit b the
restait tli'ît tie tîlîlîntti. cost o'f tiau couiliiiîtioi bridge, was
taoasiierably Irwer IbaLit the Oth-r.

FUSIBLE SAPErY BOTtER PLUGS.
Theqc liaîuly coiitriv.tie3 atre iii gerilii -e, tlacur oflicu

beiîig t'e gîve notice of ooîî- f iter th11t iii tu be <Jlanger.
cuis. 'l'ie 'v- liit iaeo

had ad]ave a drilld fiole fî-oîn eîd tu tent, tie cuitiro
leuîgîli lîitîgi' sufl'tcietIt to p1vt- tlîr-nAl i ie ' cf tie lbciter
atut projet 'aur ctiolga b. yoigil t.î ilî'ide ,aîîrfit'e lu bc ablove
tue salaiîîtît or. seul. Tilîabrvtr enutisl fînitcol ilîto n boit
lit-ad, anîd the shunt, is tltri-caaed aund is screwaîi ilito ai tufippet
ilet ovýr*tlàe fie-box, in te crowil stiet. Trite Locomotive

siustiiîs b'e raite cf the Unilted Sýtutîs Steauînbo:ut Iîî'pe,'tioft
service ns tu the fusible flitwlîiel sall bu cf pure Ilanuca
titi.

Tc titis filliîîg tîtero lit t> bua tlecam~tits. endi >iosibly objec-
titill ina>' bc fuuuîîd to rniiq fiaibic ,t~Impositioni. It i po-.A.ble
tiaat tlae exîteriell~c cf ci.gilue r.s, ais auceîitant. (1, pa-tv's that
olire" c'f casily fiîsibl.' nmtai. i, toyt iinkh r certain eir-

cuanîstaitie.. At ail îtvîs it cX1ii le readil) iîibstaîtittI Iy
fluets tldont, asily fusililc tilugî lia% rufîil,il tu aut tiiden fle
the uiî,st t-xnt tiîîg t irtrl5tnat;e8 étfier liai in4 fleurn in utit two
year.ýsont lunes les

There iý a rcetly iii reunevluuz andi rcu*Ilii; the eafvty- plug
once inî six niuztîts tir once îa year. lut îterlt a bi tUer
anetlaed wiîuîld bc tu distant the tt.ýe of lanacJJoiin
and suîbstutitte wrotaii-roit, of a tanitulti tlt;amctîr to ali; of
file botter platte 'l'in tut the t-ore te bu fuseti. I as ,tirroitittied
by l ras, citmpciuit of wlttch tilti is an imnportant comtuie
nent. Witl the acir-on etlient iiaî't' inay lie a clicaitcai action
that dtiriys or iuaapairi the faasbility ut the tin ; expenience

sceis te Poit tit wa;y.
Tite ncccnînenilntiua of te Locomoetiv'e fbit the cure for

recî-uuang te fîusiblte fllliîug u-iuuld b- taîuureti frin tlie iîîîide
cf tlie boiter tu he outhida of lthe plug, tbu longer dîameicr
beinug in>ide the boiler, is a rr-asotiable onue, andi will conunsd
itscif to etugincera.

Taut isrd'ing of tiîe Arlberg Tunntel was unexpectedly coin-
pleteul on Tî.es'ay atuurtioi latit weekl. lii knagth thte ucw
tunnel ratilca tiaird nmouig the e!ri-at tunnels of flic worlti, ust
lenth lîeilig 10.270 nuetreq, wiite te Mont Celtis Tutnnel lis
12,323. îîud tlie St. Gotliard 14,900 iiiebro4. But wIîile tlt
exclivatiels cf ut,' lir&t lîtiteti IîO lias Iluait fî'urteen yc'srs anad a
haîf, anti tbat o! tlue 2econîl about ciglit, the Arlberg Tunnel
will have taken, v.lieu vateile and ndy in rc.ive the furst

leoomotive, net anore than feur yeans, tl'aî'lcstetlue, experience
acquired ttnniug the coîastruction of the Gmzt tweo Alpine tun.

îîlle! and te sortie innuovationa wtuich cottoýtitute zaînothcr inapor-
tarit step irî tue art of enagineerniug requireîl for the coestructien

of large tunnels. The eugiaieer of the St.* Gothar-1 Tunnel
introduced dynamite for blowing up the rocks, alreiidy pýercIed
titrougla b the borin~ m~ine, 'wiîifi upf"îit tool was natal.
rallv l-ot disregarleil ain theebonatrvtoi of the new tutiîîsl.
It wa% nl-in ouly natural that the Ferrotux pmrusiion boriîîg
mnachiîne, first iîîîroducel ait the. Mont Ceîîîs workîî, sbould be
agiaitî eînlployî'd, under the hupervisioii cf th, inventor hituseif,

eo ii thiti îean tîne had coîîsiderably imnprovel1 his powerfui
boriîng inaîtruiinetit ; but ttis titre the* Bratidt turniiîg borer,
first euaplovî'îl at the worka or St. Gothard,. w.ua allowed to
colupeto witb flic Perroux percusion bnrer, the torner being
useai iii ioring nu the tununel'& w.'aîtern si-le. andî tiie laiter on
the oItstern. To datas end, several 8treains fient the Leights of
the snow-c irer-il Arlberg av-te gîîtlered on the eastlort laide
jute esi-rvoirs fraim whiclt two turbineq and thra(e water col.
unus were directed te the achtines, wbica comîpressed the air
te flte atinosplîeres, with wlîiîh the Perroux borer was worketl ;
white oua t western side puupeil mitter was pressed tbrough
pîlue to the tension cf over a lîundred atinnspîîreg, te work
Brandlt turnisig borer, whicb cuis cylitîdrical blucks cf rock
froin the mnîuiîîtiiii. Tlîe easterii etitranicî to tiie Aribt.rg
rTunnîel -asiutiy, St. Atiton-is 130D mettes alînve the level of
tlîît ea, wite the we-4tern etitu-aîtce is offly 1215 inetrep, loy
whiei ullr,-ce a goo.1 ventilation of the future ritilwity tunnel

ieîs s-curet!. Tite vauitiug auJ ail othmr neceusary works
wili bc fiîîusbed at theî latest ot .August 1, 188t.

JOINT'S OF SANATORY Pim't, a're.-usteud of te pclet end
usti-lly attachel In pilles, Mre. A. B WVren, nîinkes lais cylindri.
cal, or recia.tlalr, througliout their uîatire lengtli. To forai
tliejoiîît, the eund of one' pipe entersi the etiaur foraboîît au inîch.
For about an intch froiu iti extremity na eîd of the 1-lpu ls re-
dîaced te about tîsîf its thickness by rtiiuoval of subst titre front
its exterior. Siîuaiiarly, for about the len'gth cf an inch front
the otlier extreunity of a pipe, it is reduced to about haîf its
tiîickîîess, by reînovsi of substotic fromn the juterior. The iii-
tuer an.t uxteririr angles tlîus fd)rtnued by the reunotal, cf eîîb-
stanîce are iîgltty round-d1, to facilitate the opelng cf the
joinît wlieu iuccesry. One end1 of a piple heing îîîtro-luced
aluto the eîtd of nuotiier. tue joint is susainv'd, field farînly in
p) ânte ), anti retiderti water-tigiî by a bandage of canvas, or

ut er ,%ut. bie înaterial, welI satuirate-t with tar, paratlin-war,
oir other snitable mteraal, streuclivd tightly rond it. Tlîe
joint, wbeu u.ud for sanatery or other puies for convî'yiug
w.tter, ig f urîtler otrengt he sieI by beîug coateil wide plastic ce-
tîunt, or other buitable material, and a collar pîipe drawn
tiglîîly cver the reeeted joiîîî. A bole inay be made at thé
tep cf ibis cullar, for tbe atiîtaîisîon or plastie nîtterial if
:bOeIght desirabw. Mien uszed Ris a joint for electric wire
ceîîductors, tiae collar as divided Iougitu-linslly iauto balaruî.
Oîîe liaiftah placed un&.r tile j int te prevent tipping, the
cIller flair beiîîg placed titer it for protection, sud ne cunîeîît
as m'qnuiel. Whun exaîninatjoît cf the electric wîre mnîy
bu reuiîred, tlae ulîper haif is reîneved, a sharp kni!. passed
aInng the joiîrd Rep.seates the bandage, and thse joint is opeuied.
Afcer the ex-iminatucul the joint is cloed, a fresh aaturated,
batadage aîîplîed, and the hatl' cellar replsced.

Bksssutîaziso coapz YATTEiI. -Pierre blanhés chiians to
have overcunau ail the dîlfflnlties in lIus'.eteizing copper
matte, anîd te boive clhaTge cf au e8t&blihmnt whicu a-, st the
preent tine, succusisfuliy tuakiuz ccpjîer on a cotanîuerviai
scale. He ruelis the orea in a auitshbl cupola fuarnacé, castinîg
the muatte pro luced int a Manlhéï converter, when, under the
actint cf n bigli pressure bIst, it is rapidiy uaîor ied nto
98 010 to 99 010 bl4o.k copper Tne 3lmhnés worlcs consist cf
tnaec cuîoIs~ (of tweîîty.five te îiîircy tous' capacuty per day,
Iwo siutall cuipolas fer remelting the matte aiI case cf need
tbrea Mauîbé8 couverturs, treating a ton and a hlair cf matte lit
cacb operation, eind ench malcing9 tweîîty-two to twen-
ty.four operations per day ; and the necessary blowing.

Origines. Manhes cdaims tUat cost cf liber la reduct-d te a
mîinimumn, becsuse operatiuas lut eaaly a few minutes, and
large quantities of metai are handied. The co-it cf fuel is low;
becataju ne fuel il; needeit tc brin g the matte forw.ird Wo black
copper, except that used for the blowiug-engitae. The aaving
in cost over the Welsb or Swansea procees, accordilag to lotal.
conditions, is frout 50 010 te 75 010.

!ECoOicÂL PU P0.NaNS-r . T. Porter reports
the duty c-f tiau Gbskill engiuies at Saratoga as 106,000.000
licunds, raibed oue fot bigla, per 100 pontuds of hand.picked
ceal. Tite Cerliss origines aII Pettaceutt, Providence, R.I.,
gave a Juîy cf 113,271,000 ; anid abe Pàwtucket engin..s bave
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an average, for the 3year 18S2, of 113,500,000. The slip et
valves is reduced te eue-haIt ot oue per cent.

EcoNomy OF STICAM.notLERu. -Williamt Keut reports, ta thé
Aunes ans Eaciety oft nifeciailical eniginFers, the resîîlts or a se.
ries of tei.s ot fuels in v-trinu wsys, and under vitrious terais
ot boilers. Hie gives titi, followitig se relative valne% of fuals
detaruuited by burîîiug initder the Jiabcack & Wicox hoilera

Welslî Iiitum ........................ 109.6.
Seoicît hirunu........................ 109 5.
Cibris, Peitt., scnti.bituut ............ 91.2.
Pirisburgli, Petin., bitura ............. 99.5.
Ohia biturat......................... 84.9.
Vaucouver's Island ................... 85.7.

PItl&VENTINO Vis FtîEEZuNG OF WATF.I 11; WATER CLORF-T8-
Accorditig te titis intnîtion, tile inventer, Mr. J. W. illakeyi,
ap1îlies a îeceîîtacie or bax at auy suitabia or canvatiient; pasi-
tien hetween tiae Water mtamn and tile poinît witere sucît wîater
ix disclîarged, aud lis tire ree-I)tftleore bar with rock or
oter sait. Tire %water pipe is couîîled or attachaI te ecit
end et this receptacîs or biox, se flits;tsny water tîat; curnles
frein tire moinsi tuie dliscliîgiiig poitnt has ta pasai tîtrotîgl
tua box. Tite pipe connectionsa are utoreaver se arrauîged
that a poîrtioin ouly ot iti' sait iii cxpaaed ta tr rusîh et
the water, and se tint only as aiial.le poîrtion et the sait ls
taken air escli timei. TIhe waté-t liassng thraugh te box î,kes
up the reqaired fitautity ar sli; wîiicîî lias ste eft.ct ot lire-
venting it ircestiîg. A salt.suî.îîiy receptacle is araiîged in
catinectien with the box and a valve for reclîarging the latter
theiefroni as rtquired.

HA1:DENIN SUir LIMCTOItcS NITIi PLUOStLiCATuc.-Thba
application of alkalîne sîlicatea te the exteriar of buildings, in
order te prevetît teé detcriora-ioni of tue ,tolie, bas itet been
stteuiîed witit ,atisfactor), rebnîts. IL L. Kessiet pîroposes ta
u>e a saluti il et flnaailicaîes of bases Wlîo.e arides and car.
l'ouateà are in,4oluble ius a free state. WVliett sott limeatone la
satuitted wîth a coîici.utrated aolution et s fltasilicate of nia.
giiesiaun, aluiniunuî, zinîc, or load, a vory cousiderable degrea
et induration , lacon ri îiciio, anîd tire reultîîîg liroductq, ex-
ctpt the liberat-d carboute anuhydiride, lire leus solubile thtan thé
atone ibselt. No varuidbis laortned, aud tîterefare ne danger
auises flois expansion oft rast beneathi St. The preces lis
resisted bte savate teats of wiuter. Colora nîay lie *utrodnced
satisfactor.ly.

SIMI-LY AND> COMPOU!;fD ENOINES 0ox SueurT ROUra,.-IMr.
Boulviu lias deteriintîl a seriea of fotrmulas expressing thte
relations between size et vesse], weighta carried, and distances
traversied, sud the wcights et the simple aud the coîmpound
angine, sud f'tuds, that, for shiiit r.-ubes. the hast tarin et en-
gine iS the bingle cyliuder rtbler *lien the comîpounîd. lia
fitîds tîtat fer linoes train twenty ta sixty moiles il) lengîli, as
tha e frein Dover ta Calais aud tramt Ostend te Daver, a gain
et a kuat sut lieut utay bie obtaineil by the use of the sillIe
ongine iustead et the coipîond, lu cansequenca et the saviug
lu sseight; of nischiuîer3'. Oit long routes the eeonoiny iS on
tbe aida of the conipoiiud angitie, lu coîtsequence et tho saving
Su weigbt of fuel. The Jeter practice of Boîgliab canstructorsi
bau beau li tîcoardansea vrith this result, sud with bire princi-
pies Snvolvad Su thre work et Mr. Boulvin. Ha constructs curves
sbowisig tîtceaquations grapbically, aud ilatrates their use by
axamples.

HRAVY KNINUî~z &ND AMESIcÂNAtÂLeb'RcS-r
0. Chianute states that htavy *'consoidation" angines do nat
injure the track nie than the lightet angineâ fornierly dd
Trains bave beau leugthaued Iront 22 cari Su 1874 te 38 iu
1883 ; aud the weigbta hauled, frout 106 te '228 toua. By
btreuigthaiiing dratw.heade, links, sud pins, accidents front
bresking spart; et trains have beau diîîîluisbed, and the ceat et
liais, il lias baou reduced tent oua cent ta a balf.ctîlt par itou
pet ruila.

M. P. Tifo4 bas lately shoîwn at tbe ludustil Science
Society et Lyonti a nae seittt.iucandescent lamu., gtvisig tha
hrilliancy of su arc light. This i îattained by liaving twa car-
hon roda, sligbtly iucliued te oue another, brought down au
tes aémail prios, et cbalk, aud aeparabe frou e an uter by a
mmali ted ef the saine materisl. Tha cnrrent passes tbrouRh
tha chalk ted niakinqç lb incandescent. By this mens the
light la réndered siiser thtan an î.r light, sud it la said te
bava the sanie brilliauey.

MAIJOOANY STAU<-A very good sud chepap tnethod of pré-
parimg stiahogany malin is ta bail one poun.I aI iagwoeJin four
quarts of water, sud Rdd a doubla liandfuil 6f iralnutt peelings.
Boit ogain, takle outtie chips. andladdomie pint ofvineg4r. Tiais
doeii best for beecli woo 1. Anther uiethad is to &uriud burnt
sienna in ale or vinegir, niake it tîtiu, sprexi on wvith a brasît,
aid, wlîile wet, it may le graitieîl and oîadcd rith, tire saine,
uqiîîg linrut uituber. F.)r black çalnut use file saine, USifli
burit. nmber. For yellow staini, grind and ii with 'aite or
vinegar, alaes or gaînhoge ; or, unake a stain by baSting car-
cumna Ini water.

NATURE.PR1TfltO.-A na0Vet style of priuting trom natural
objecta li.îs jist beau pertected by Mr. Thos Stonywood. lit
this process the impression% are takeul dire. tly tramt tho ob.jecte
theniselves, thereby passessing a vigouir andl a freâhneea, to
which tapie copyîug, however artistiçally dune, coutil nqver
ettain. Articles as divers@ as a spîder's web sud a muttia
chop are reprodure-1 %vith altiuist plîatogaîîhie exactitude,
round obijecta and fi tt beinz coîbted w:itli equ %l fdeilîtv. Titus
leaves are cepieit %vith exquiibe effectî. As Smîiressiottî of
bath large and salit alpocîtei caus be trausterred and on aisy
substance, nîasiy chaniers are opaiied for tira emnployaient of
titis iligenieus mntlîed ar prititung.

CAED[T TO »;< AMxc&As NATUELAUT.-lu An Officiai T

paort by M. Banueliestî.iraiidulv, secretary ofth tie c lege e
France, the antuto stiites th il; lia lia4 learîîed lîy two years of

atudy tîtat tii.- sexres ef tire Poîtiignesae oyiter tire cetinlel ta
separate inulividuals; that atter titis dicavery lie cotîciived
that it iniglt be p>osible toa rtiictiIiv fertilizo tire cgg% ut tIis
nîelluk ; autt that, atter two yoars imore of expeirimetiting, this
atteinlit bas been 4.uccessfiîl. A-nerieazns wili lie îîîteremtd ta
leiirn that in 1879 an Amoerican tis.,kal ollicir, Lieut. Francis
'Winaiow, wboarwas statioîîed iut Obraîrar for a t.-w weekg, de
termned tire utî's-xu.,lîîy ef the l'orrîîgueaseopeser, aîîd re;îred
ilt Irot artificiatly tertîlzcd eggsc. fusî re.4ulti were îîrlnted in
tire Ainerican liîralis' in 1879 tiri 1880 ; but, os 1 have no op-
prirtuuity for referetico ut prestut, 1 cauat give tire exact
data.

COCOA A14D CHOCOLT.-blany drînk,.rs ut tieàe tilenast
bevarages are utiaware as te tire iuethuîd by which tire cocoa
seeds are obtasied. Ccoo, or cacao, v; extracted ftrite seed
of stuail trees et the gr.uus theodraini, whiîcl, wlîet cultivAtoîl,
grows frotnt 12 ft. ta 1is tt. Isigt.. but ta a higher -levatien ii
tlîcir witd stata. ire flawers are autali, and clubst r on tire
braniches atnd irunks, tire tnotured fruit applesritîg as tiîongh
artificiaily att.sched. Ont of eaclî cluster oîîly elle poil i ai-
lewed ta mature, antd tItis whetî fuit growu is train î in. ta 10
in. long tîy 3 lus. ta 4J tn. wtdc. Tlite five celia coutsin eacit a
ruw ef train fia ta tons seeils oiubpddotil i a funîk, acid pmuip,
the cocas bean. Tite tree ta îuiliigi.ous to Mexico, but it eau
ho cultivated within the 25th pirti ehï of latitude, ai d trives
st any elévation un fer 2,OtUu ft., but it r4quires a ticli s-il, a
warin humid atniaspliere, sud protection fronît cold wîîîds.
The trets tire propîtgited freint seeilq in a ntursery uutit tliey
attain a height of freint 14 tu. tu 18 ini., wlieuî tisey are traits-
plante]l and euretîliy jlaltered by 1lAsiting otiier trees about
thein. Tkîey contmence ta bear about ste filîli yerir, but do
net attain niatnrîty uttl tire eiglitl, Rail contintue yieling
fruit for neariy haIt a century. Thore ta le iîpecial time fur
harvesting the croit, as the treea continue bearing alt the sitne,
flowers and fruit in ail sta4es bl. ililz cilriauaiy borne ou1 tira
sa&me troe. gut; in Venezuela tha pîrincipial gatlieringi are in
Jotte aud Decemnber. Chocolata is gentrsily miade train the
fluer varieties of cocoaseaeds, sud was a favaurite beverage in
Centrai Ameries, long betoro Columbus discovered tha New
World. As ait irelleut; prepared, chocolaté. iia made in cakes,
whiia cocos, s uîuaiiy sold in pawiier, flakes, or nibs. The
costituetîts et the averaga coca seed are as Ietiews : - Fat,
cacaa lutter. 32 ; nitregeneas contpaîîd, 20 ; btarch, 20 ; cul-
lulose, 2;, theobrounine, 2 ; saline substances, 4; , ater. 10
cocot rad, essential ail, 10.

Tayu toliawing is au illustration of whet private entcejpits
nîay otTeet for the 4ouefit et science. Wlien the Swedisb alîip
.iIoark was leavîng Swedetî at yeur for .Australie, the seconîd
officer on board appied ta tire Zoolagîcai MAlseua ait Upeula for
the loan of a trawl aud saine vesscis for preslervittg 'naturai
history objecte. The reiui bave beau the coietiot?'U a4ume
120 tipecies of flsb, 50 of jusect, Boane bitd, aud about 100
varieties of the lower ses tauna et the Paciaic, which have now
atrived ait Upsala.
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A étranige tiasuafras-leaf.

The obsen at tits tipon the sassafras-leav os - a re-
port ot %ybichi appeare l itiSx~E ne. 30 -ave
eii conitîied tIirouglt thue ycar. wili ressîlts whlcli

do not differ materlaàlly tront tiiose already giveui.
Tlîrec other tormis. linwever, lkzt% c been foinsdr whicli
are given li the accoînpaîîyig outdineeg&iis
Fig. 1 slitous aî lecîlliar îulottiffctioîi ot the tlirec-
lobefi forin, anid dtifferIs frons lt ii hav'ing flie maiun
central lobe îedîîcei tû a siglitiv raiscd eînarginate
endi te the luŽaf. At fi't sifflit il $*eenxcd as if the le.-f
liait lost its mlddle lbe by sonie toraglng anîial; but
tl absenice ot aimy roiighiics. lit the oîitlin e, ati il other
cliaracteristics ofthei edgcs, precitîde this vioiç. The
tarin t;liewi lit fig. 2 liclps te conlirin the above vlew.
lit this we hâve a tlîîee-Iobed terni, with the lateral
lobes îîuîeîual, anîd thec central and tipîper portions ot

FIG. 2.

the leaf lnverted beart-3baped (oberdate). Thenid-
nib ba% stoppedl short, and divided lnte two equai
parts, whlch ruin te the tîps of the twe diverging
lobes, If titis fallure ot thse mid-rib te extend bail
takten place earlier, a leaf might bave been produced
similar te thse ene shuwn ln fig. 1.

Thu~ mest lnteresting et thbe tbree new fermes la
sbown. in fig. 3. Hcre we have a happy combinatien
et the three-Iebed, andi thse 'mîtten' terin. The man-
iier in wlîicl tlîis lias been accomplislied Is simple,
aînd is fîîlly slîown by thse outline giren. The xisiddle
lobe lias becoine lobed upen ene side, - a 1thunib
lias formed; andl, mere the lonwer portion et thse leaf
rcîîîoved, it wotsld leave a <mittei' et geod shape.
The whele framnework et the leaf bias become soe-
whart distorted: thse mid-rib does net take a direct

course; and the lower lobea are neither equal,*nor at
the saine distance froin thse base ef the leaf.

It ls due tise reader to, étate that these three format
were ail leund ulion the saine shrub - not a large
one, - and that only a single specimen of ac was

Fig. 1.

dlscevered. These were ail upon the sanie brasiclx,
theugh scattered amoug flftyv or se et leaves ef the
three forins before described, and whlch, frein their
unltenn présence, miay be censldered nermal Eew
,shail thés. déviations b. viéwed 1 Is the foliage et the suss.
fias paaing through a period in which différent forma of leaves
are being tried te set whieh, is boat adaptaid te thse surroîsnd-
ings1 lt may be that there is a tendency freont thé simVle
tovard thé moe cemper ; and fig. $ shows thé formn whida
aeu the philosephie botaniat knew but littié ; but, wheni orn
finda thés.e déviatiens frein thé common ferni, hé cauet help
wondering aftér what end-the plant bearing themin l stiiving.

ByRoye D. HLLSUTID.

(Decomber, 1668.


