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Communications relatinq to the Editori*zZ Depariment shezild bc
addressed Io the £ditor, HENavy T. Bovav, 31 M[c7avish Street,
Mon treal.

The Editor doe., not hold himaif re.sponsible for opinions expreiged
by his coiePoncenis.

No notice twill bc taken, of anonymrous communications.

NEW BOOKS.

l7is Student'a Mecaies. BY W. R. BROWX3, hI.I.M.E.
(LoNnooN: CiiAs. GriuFiN~ & Co.)

The abject of this wcll writteu littie book is te exibit the
Foiîndationu ou wbich the Scioace of Ilechantcs resta in sucli a
ansner as te enable the student te, comrprchecad more ftîlly the

principles of mechanics as applicd tu practical construction.
The author iu. bis preface makes the following pertinent re-
mark-s:

"The succesatul prosecution cf MIcchanics, especially as
applied tu practical construction, chictly depends on the eh-
taîning a chcar and thorough mastery cf a few leading prînciples

tegthe Composition et Forces, the Principle et %fuinenth,
the Doctrine of Energy> which are alone ueccssary for the solu-
tion et almost all the problems et exdinary practice. It is, of
course, easy te learu sncb propositions sufflcicutlyý for tihe pur.
poses ot an examination . it is by ne mnens easy to know and
understaud tbema so thorougbly as te bo able te tise tiseni frcely
and confidently iu sttacking questions et practical importance."

That the author bas largely succeeded in lits aim to facilitate
tuch a study svifl be granted by a2l who ay read his work,
snd at may be cf interest te give a brief notice ot bis method
et treating the subjeot.

Part 1 is doveted te Pirst Pre;ciplcs, aud commences by
pointing eut the &ldîsetzvc character of mechanica. Ilction,
force, and their measuremnent, niatter (the usesning et which
is usually left tu thimnagination et the student), aud its nmea-
surement, are explained clearly snd sinsply. The sta.ement
of the laws et motion and their resulting equations is nove!
and iuterestîng, while tbe exposition is clcar and easily u-
.îerswod by readeraofe very orthnary mathematical attarnmnents.
1hîis wtdllowed by the. Compositioni of Forccs, aud Part 1 con-
z;:uJes mvth a concise explanation of the laws et oncrgy, a etndy
c,! which will render easy ef solution nsany questions iuvolving
tuergy aud work, and et great practical importance.

',1883. No 5.

Parts 11, 111 and IV dea! respectively, with statics, kidema.
tics, and dynamics. hI the last, atter describing the effeot ef
impulsive forces, the motion of a particle in a curved line,
etc., the autmer discusses very tuilly the subject cf elasticity
and deduces certain definitions and laws, conc!uding the chasp.
ter by a further development of the priuciples cf energy' and
work.

Woe fe sure that the Student's Ilechanics will realise the
expectations of its author and prove a most useful text.book.

PatclCaîrpnry ; Br FRED. T. h1enuso--z. (TisE LiD11s*
TILPUBLICATION CO., NEW Yoiuc.)

This usettil littie Laudbeok makes ne pretentions to Original-
ity but gives, in i.mall cempass, the gist of larger and murs
expeusive publications, whicb will probably be beyond the pou-
ket of moat of theso for içhom this is intended.

It aims at comprehiensivenesi aud beginning with practical
geometry gocs un te describe arch ccutrcïng; wi,îdow tracery,
varions descriptions ot roofs, mitroing of mouldinge, doveta.l-
ing, îuortibing aud tenening, door hingiiig, etc., and concludes
with qîuite a bewildering variety et subject.-, mure or les" con-
nected with liractical carpentry, stuch as esehs.ating con of
work, strength and resistxîic of tim>cr of variomq kinds,
mensuration et superficie-, element.4 et drawing, weights snd
meabures and a forma of building contract.

One ivould like te have seen the important subject of stair
xnaking receive greater attention in a work on practical car-
1)entry but as MIr. Hadgson promises us shortly a soparate,
work, to bc devoed entirely te this subjuct we will look %vith
intere3t for it.

Wec sheuld have liked aise if one or twe of the esubjecta
touched upon had been pursued a littla fnrthcr, oven though it
had been at the cost et leaving ont other lesi germanc subjects,
but taking it as a whole 've thuîîk 3fr. lRodgsen is te be con-
gratulated on having cenipiled a snsall book svhich wc te sur$
wiII be heipftul te every intelligent werkman ana for which
evtry carpeuter's tee! chest should bave a niche.

The Storage of .EZccric.1y, Bv 1{a,-.iv GaR.En. (Xxw
YOr.rs. 'N. Y. Auaiu CiLLE.CJ. OF ELECrt5lt;AL Ese-.zuaNo.>

The storage et eJ.ectricity furms part ufoe ot the most in-
tercstiug branches of electrical engineering, sud for soins time
past has beei; gradual]y a.5.um!ng incroased importanc. 3Mr.
Greer, in is pamphlet on the subjeet, lcads up te the varions
storago systems by a pre!iminiary discussion of electrical action
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and reaction, the Iawit of polarizatiou, the etTeot of heat, entrent
donsity, the state of the surface, etc., upon atoraqe poteer.

The Planté, Kabath, Ilouton and Thommon. and Sutton
batteries are briely toketched, anul the sallent pointe of many
others are also touchegi upon, but the chief attention is di.
recLed to the 13rush storage systena, the advantages of which
ar e t forth in ,,uch a manner am to impresa the reader with
the opinion that thiq, systeni is the be8t.

The descriptions are popular and realable, an!i nuch inforin.
ation is given in a compact fortu.

Winds aw Occan C0urreati. 13v (. A. M. TuaBE. (lBos.
TON:- A. WILLÎNI:S & CJO.)

ln this work, lir. 'raber propotinds a theory explaining the
principal causes which i)roduce the great previiling winds and
ocean currelits,

NV. B.-b, should have beeu àtatcd in the lInt number that
the illustration on page 113, viz., "«Hountain, Home,"l wau
taken froan "1Buiding," edited by W. T. Conastock, New
York-Bd.

ENGINEERING EDIJCATION.
BY PROF. (1. H. iICLEOD, MU.

(Ait adctren g te Gracluating Ci«ss of 1S88J, Facully of
Applied &ie are, ArcGiZI Univcrsiy).

Gentlemen, Bachelors of Applied Science:
It is My pleasing duty te address you this day on

behalf of the. Iaculty of Âpplied Science as Graduatea
of the 'University.

It is uunecessary for me te, state te yen that yen
have the. best wishes of your Professors for your future
welfare, and 1 do flot propose te offer yen suy of the
atereotyped advice se cosumon on occasions like this.
The beat of advice or assistance that we cau givo is
slway8 at your commuand. Your progrees and advance-
ment in life is one with the progress and aàsvance of
oui- practical science echool. You have, with us,
deeply at heart, I feel assured, the developmnt and
perfection of engineering education in Canada. It is
te this I would refer, sud I trust that the friends of
the University assembled her. te day te honer you
snd yeur fttllowv-graduates in Arts will pardon me if I
depart seanewhat fromn the. usual practice-and address
yoju as gentlemen 'who, in graduating frem, the. Univer-
sity, have taken upen yourselves respeusibilities which
invelve net ouly the henor snd faine of the profession
te which yen are about te unite yourselves, but aise
the. adequate provision for the education of those who
are te, cerne after yen in the atudy of engineering.
W., ef MuGill, are of course chiefly iuterested ini the
perfection -of Oui- ewn methodu sud appliancea ef
education. lu order that we may more clearly under-
stand oui- preet position, let us brielly trace the.
developuseut of modern engineering education.

Our early Eneieers, both in .iunerics and the.
mother country, were largely self-taught men ; mnen
who rose fi-oui ths ranke-capenters, mssonabrick-
layera, blacksmihs-men having litIle ef what is now
called educalion, but mien of courage sud patience ;
mn pomeaing judgments well trained in the observa-
tion of nature' laws ; these were th. mnu whe, by
years of persistent toil, founded, the profession ef
engineering, W. MUAalwaya bear iu mina that they

were mon who had te feel theîr way cautioluly through
unknewn paths, aud who on!y maatered soe of the
facts sud principlos which are nowv fainilia- te every
student of engineering, after inuzh labor aud loss of
turne. Thore wau noe such thing as a achool of en-
gineering in lioe days ; it %vas th. dawn tiane of the
science of engineering. As public works became
more numerous and the demand for Engineers boame
greater, young mosu of s practîcal tumu of mind were
draivn le the craft-it had not thon the rank of a pro.
fession-aud foud occupation as assistants te tihs eider
Engîneers. In this way the systern et appreuticsship
aroe, under which a young man upon payment ef a
preuiiuni or otherwise entered an Engineer'. office te
..ara wvhat h.e could. No attexnpt Ivan miade te teach

hum. Re-the engineer of the future-had even yet
te rme by oif-teaching, but lie was given an opportuni-
ty te ses work beinig doue;, te acquir. knowledge by
observation.

Engineering literature presently began te appear
and the apprentice had accese te Buch îvorks as, Pain-
boum on Locomotives, Vicil on Cernents, Wooed on
liailseads ; books which were valuable because lhey
hsd cliiefly reference te actual works, beîng mainly
descriptive. This was a tiane ef fact, net of theory, a
tire wheu it had net yet bugu te be fully uuderatood
that theory and practice are oes.

While iu Engiand the. systean of appreutieehip
coutinued te, b. the national acheol, of engineering,
the French people set about 1h. education of their
engîneers in a different way. They estabiishsd a
polytechulo school. la this achool, sys Prefemsr
Vose, "Il twas recognized liaI civil engineering wus
largely a mathematicl business, aud it seed te b.
assuued at th. atart, that if a littie mathematica wua
,rond, more mathematics was better, sud the. mst
mathemalie was the. beat ; mauy leadiug mimds in
that emiuently mathematical nation, set te, wenk te
reduce engineering te, a mathernatiesi science, sud
velums after volume, upen th. location of roada, the
stability of retaîning walls, the transportation of sarth,
the. application of descriptive geoîuetry to the con-
struction of masonry, sud other like matters appsared,
in whicii all the resources of the higher mathematîcs
were exhausted, aud which, ahowed, the authors te
poissas evemy accomplishment except, perhapa, a litIle
cemînen seuse.» But Ibis statexueut, tbough-no deubt
true, is not the. whole truth ; the discssion et applied
anechanies soon fell jute the bauds of men having
practical as well a scientific skill, sud fluaiiy the. har-
mony et tiieory sud praetice iu mechanice was reached
sud the science et engineering establishied by such mon
as Rsnkiue, Weisbach, Willis, Rouleaux.

Professor Vese alse informas us that the early Àuceri-
can engineering schools were baaed on the. -mdel of
the French echool whicii h. describes, snd intimatea
that the. idealseheol- wss the, eue which eould stuff into
its students a maximum of mechanice, practical or un-
practical. lier. we find tii. tiier extreans in en-
gineering educatien. Tee much tseory, tee littie
observation sud practice.

-It in te-day recognizsd, on- all handu liaI ýmatiiem-
tical akili muet b. tempered with s good deal ef judg-
ment sud practical kuowledge b'fere it eau b. of any
gi-est use. But it is equally t-us that ever se aound
s judgment, svsr s0 much cornuon e ai quiM aI
mas iu au attempt te overeome sien th imaupleat

[Vay, 1888.
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engineecring probleius without a sound scientifie train-
ing in applied Matheliatics. Sucli a stateînieit as this
instantly calte te tmmd works8 of stability, works which
have perliaps won renuwn for designers wlio were not
scientilically trained mon. 'Vhero may bo exceptions,
but in general tlic dosigus of such mon mako up in

mu,~sîen~s-liilmimplies unnecessary expenditure
ut Latbeur anmd matorial-wvlat they are unable te provido
for hy a skillful arrangoement of the parts of the
structure. Thora is a I)orvorsion of public taste in
regard to massive structures, wvhicli, as P>rofesser Ran.
Lino lias observed, Il causes werks te ho admired, net
in proportion te thecir fitness for their purposes, or the

Itho skill cviuîcod iii attaining that Iitness, but in pro-
ot erion to thoir size and coat." At lest one of our

ahloet Citnadion en-ineers and dlesigners dees net
scruple te confese that lie is hampercd at every turn
by lack of matlîeînatical knewledgo. WC7 know that
you, in the liractice of your prefession, will nlot have
cause for sitcli regret, for ive have rensen te ho preud
cf the trainîing given in McGilI, in the subject of
apj>lieil nathematics. WVe aise knew that yent have
the ahility to appiy it-te thmis, any one who has
inspected your desigus will bear testimeny, and I May
ailil, with regard tu one ef those desiges in particular,
that it lias called forth the warmest admiration of oneo f
or most distingueihed enginers, te whotm it was

exhîibitedl. 1 mention theso9 facts because 1 wishi these
whio are here te day te know that we have done and
are doing goud work, and aise because I amn geing te
poeint eut presently certain defects in ur instruction,
defects wlîich, with our present appliances are un-
avoidable.

Wo have seen that the conipetent Engu-iineer must
po,sss a ýiound judginent, and we kitow t1iat te grapple

isuuusfully witli any problein in engineering science,
hue must abevu ail thiogi have an intimnato knowletdge
cf tite nature of tho iiiaterials hoe i te e3mploy and ILis
knowledge mnust net bu the knowled-,e that ceomes fromi
hieamiay, or fremn bocks alune, it uet bo the k newledge
thjat comes cf se ing andling, auslyzing and testiizîg.
Raie ust know tho action of lis iuatic-rials under the
v.îrious conditions in wlîic& they are tue ho enpioyed.
Farther than thiq, lie 8hould kuow hew te set about
testing hie materials, bu they iron, iîteel, suiphur-
bronze, delta, stene, timber, cernent or brick. IL
-ihould ho able te leara ail about theni, and to kuow
%vhat te expect cf them. To discover the precise
vadue cf a niaterial for constructive purpeses, its limit
cf tlasticity is cf imach greater mment than its limit
cf rupture. Tu dett rmiue the limnit of elasticitý cf a
matterial, involves the power te makeo very minute
mecasuiremuents. To determnine thn value of many
matorials, a chemical analy.eis ie neeessary. To under-
stand tliureugh'y the properties of steani , the valuies

ufthe ditliùrent metliods of .jauketing- ; the raost
ctoiiomnical 8tcami pressure, epeed or point of eut off'
for given conditions - tho relative monits of wet, dry
aLnd superhcated steamn ; and the innuinerîbie other
deails cennected wvitlî the management of steani
the engineer ,aust have the oppertunity te study theni
besido an angine whîicli can be converted at will inito,
arly required condition-an experiînental angine, in
f.ct-or elso ho nuust slowly learn frein difféerent for*Ls
of angines as ho may chance te mecet them in lus
liractice. Now, te luake tlmee investigations constitiuteii

the work cf the mechanical laboratery, and this is just
the kind of oxperience wliich is; best fittod te educate
the judguîent, te ripon the discorning pewers. WVe
have the tpstimnony of ne lees an autheiity than Mr.
Faraday, that julgunient is largelya zuatter of educatien.

it le the reaIiization of tlieso facts whicli lias caused
what wu may perîmps caîl a reforni in enginieering
educatien during the st few yeara. In ail the leading
scheols of Etuglamîd and the United States, ivo find
that extensive mechanical. and pliysical laberateries
have bean establishied ; net show e3tabiisliments, bdt
places wvheio every studont lias te do the work set
baoe Iiiiuî witlî lie own hîands-where lie learns te
inako fingere eut ef thuitibs-and whiere, te the groat-
est possible extent, ho drawi his Civi cenclusiens.
One cf tho great re.sulte of sucli an institution as this,
is te impart te its etudents a love fer original investiga-
tion and a kneoviedge of the imethede cf conducting
sucli werk, whielî vill, in after years, prove cf
inestimable value, net oniy te the studont, but aise te
the country te whieh ho helongs. That such an
institution lias net beeu establiehed in McGill is net
cur fauît, muer tlîo fault cf the Governers of the uni-
versit.y. XVc have net the menus.

A beg'iniiiîg las at least beau mnade. Tue studenth
of the first year have for the past twe years been doing
practical work iii the chemicai laboratory, and the faut
that ive require, our students te employ theniselves on
practical engineering werk during the surmor vaca-
tion, and te make a report thercon, and that in addition
thereto, wuc have a six weeks course cf lieid irork in
the autuinn, wvill serve te showv that we are net
unmindful cf the practical. side cf educatien liera.
But we teck forw.trd--and that in tue very near
future-te Machi greater thinge thîsu these. Proesser
]3ovey liqs already obtained estimnates fer an experi-
miental engine, a testing machine, a dynamo, and
soveral other important and desirable implements-the
two tirst mnentioned instruments weuld ceet $$,OOO-
and now wve are atuxiously seeking for the mu whc
is to pay the bill, and WC shah] find 1dm soon We hope.
W'u are ti,3re, in tue commercial inetrepelis of Canada,
in the very centre of the inanufacturing industries cf
our country, in a to'vn wliere more wealth lia been
acquired during the last year than would endow a
dozen universities. Should thiere, .unidst such sur-
reindings, ho mucli difficulty in finding the few thou-
sand olrsay$20,003, whichi we require te
establisli a mectiancal laboratory 1

I tlîink net. Net at least if cur mon cf wvealth
would for a moment -ive tho subjeet the attention it
deserves. «W aIl have a common ebjeet, the develop-
nment cf tlîe reseurces of aur country, the improvement
of the condition cf our ceuntrymon. It ie our part in
this werk te educate these wlîo will ho the lAaders, tue
unoulders, of the Canada cf the future ; it is theirs te
provide the capital necessary for our proper equipment
for this work, just as mudli as it is te provide plant
for their milîs and facteries. The iuîvestnient in pro-
perhy directed educational work wrill, in the long mun,
yield the much larger return. Fortiinatoly, we are net
looking for support te men who have net already
shown that tley fully appruciate the necosity cf
meeting with a liberal hand the requirements cf higher
education. To the honour of the merchants and the
manufacturons of 'Montreal, ho it said, McGili. is an

.gay, 1883.1
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VERTICAL CONDENSING ENGINE WI'rlI VARIAB3LE CUT-OFF.
(IV (NB.-For descenptiou~wa. 139.)

.A. W. Roiiu"sON, Dell.,
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VERTICAL CONDENSINO 1ENGINIl- WlIH VARIABLE CUT.OFF.
~ (.h.-Por ilescriios see page 139.)
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institution of their crention, rand sua0 need net foar but
that hy thai elle will be aurpl,ý -,qtained,

My remiatks have only bec.. direced tuwards
pointing out orle of aur Most pressing necds-l ileod,
to iineoL whiehi would vastly incacase aur tîsefulness,
andi ane %vic docs net roquiro aîîy very large sim af
incy te Supply. Thre larger wants af au1 Sceel hiveil
rocently heen pointed ont by Dr. Dawson and 1 neod
not refer to thoran hero. Theo romains, hoiwever, une
further tlovelopmeunt of our work wvhichi shtould net lie
long delaycd, and whichi las net boon pitblicly referred
tu. 1

If ive are to keep abreast of the requirements of aur
tinte, ive should vory soau establislh a course ina Elea.
tricai Engineering. Suchi w'ark i3 being taken up al
araîand US. Corneli aond tire Massacliusetits Irstittt
af Teclinology hava ceinpletely equipaped scheols. Tho
Mýtovcns' Institute is ju8t about establishing ene.

Our Fiaculty af Arts possesses a valuable collection of
electricid and other physical apparatus, and ie ne doubt
alive ta the neeessity af foundiug- a physical laboratory.
If this wore dette, and aur mechianical laberatory pro-
perly equiped, a course in I'iectrical fl'ngincering couldl
readiiy b)8 provided for.

our Schoel of Engineering ivas the first af its kind
te bo established in Canada ;fer a timo it stood with-
eut a rival, but during tire last few years it bas net
been wvithiout competition. It is ne boast te say that
at prescrnt ive are hicad and shiouidera above aur cela-
petitors, but if ive would retain se hionorable a position,
it behoaves us te study carnestly the educational
requirements of aur ceuntry, and te moka fitting pro.
vision therefere. Me ]lave many advantages, and,
we muet net conceal it, woe lave some disadvantages.
Amnongst aur advantages, wo count it net the lenst thiat
ive have the wise counisel, thic never-f«tiling wvatchful-
neas of one ta wvhom ive ail ewe nuh ; lie te whom
our setioni ewos its birth, who.se fastering caro bias
brought it throughi the period of infancy, and iwho
now, in the days of its youthi, spares neither his tume
nier hits Morley ta forward its okbjets-our Principal,
D.r. Davrson. May we, hoe it at ever se great a distanve,
felbow bis example.

Geontlemen, farewell

CHARCOAL AS A FUEL FOR~ METALLUGICAL
PROCESSES.*

(CotznIled froen Page!~.

Comparisons of the operation of blat iunaces show that
îlot only is the fuel consumption per ton of pig iron l.s
with eltarcoal titan wîith minerai fuels, but that the output
ih greater per cuillic foot of capacity, althougit the bulkiness of
charcoal prevenîs as much are being ina the fîrntaee at a given
tie as îs possible with minerai fuel.

Ilaviîîg considered the quantity of titis fuel now used anîd
Iitm qualitv, rt.* inethods of manufacture înay rt'ceivoatteîîtionl.

rican practice kilns are raî,idly superseding tho more wastcful
inetlîod, aud retort,, are now taking lte place o! kiilus and
ineilers i n înauy c'ases.

Meiler chiairng should nat bc esuployed excelet under pecu.-
liir conditions, anad it lias been, fully described ii the Jlaitel
1,mekfor Citarcoal .flîrnerç, by Svedelient.

Professor Eglestora presonted ta the Institute, st tho Pitts-
brgb mueetinîg, iiiMay, 1S79, a very complote paper on Il The
Manufacture of Cliarcoal ina Kilns." Lt le, therefore, only ne.

A papor rcad Ijofore rte Aniericail intittition of Civil Enigiliecri.

-1I
ccasary at presset ta consider tho systein of carbonization ira
retortsand compare it with the other ulrocesseq.

At file Lake cieorgo meeting a! tlic Iîîstitute, ira October1878, 1 presonted a jyaper "lOn tlic Production of Charcoal, for
Ironi lVorks," lit which tlîosnibject of carbonisiug tlic %vûcý irn
closed vessels was coîîsidoredl aîîd reasolus were advaracedl for
the miore genleral adoption of tlais înoethod. 1)uriutz the dis.
cussioîi w]uich felloweed il; was claimod that flic collection or
acetates was not practicable wheiî cliarcual was manufactured
for commercial purposes. It is nawv iny iviIege ta state tîjat
the produnction oi cIrcoaI is sucessfîî ly carried an bot ina
kilîîs anud retorts, nnd the acetic vapos ,trisiiig front tire car.
borazation are conden8ed aud meole into commercial produets.

Tîere are now in opelnîtion et thes B.11gor F urnace, Mielîl.
gaîî, inurteen kilis of cighty cards capaclity, ira wlîich 16,000
cords of wood are cunually carbonizeal, and the Elk Rapids
Furnacp, Miclîlgen, aIea lace 22 oea huudrcd cord kilns, in
which 40,000 cords ai a'ood are echd year converteil juto char.
coal ;thec acetic vapers beîîîg cxlîaunsted frein ail of these kilus
by l>eîrce's puatenat inethoul and coîîvertetl juta acetate of linie
îîuîd metlîyluc alcahiol. 'l'le two plants produre daily 17,000
potunds of acetate of lime anad 250 vallotie of alcohol. Ili addi.
tion, tIhe 11k, Itapids furnaco lias 3î ane hundred cord kilra and
10 sixty cord kiluis which are net censtantly ii use.

Tiet tlic clccal i.i net deteriorated by the collection oftlme
acetic vapors is praveuî by tire i-epart% of the managers of these
plants ani hy the remai-kable records made by bath these fur-
yrsces. It ie donbtful if any other chiercoal blast furnace in
the conutry cati show as good work for ijuir consecutive years
as that rat Ilangor. Concernitug tire discussiona above referred
ta, 31aJor Pickands, tire manager, says -"IlVe do net extract
acetic vapors, nature throws tierr aff froîn the wood iii praceis
cf carbonization, whîether that pracess takti place ina a kilu,
retort, or dirt pît, and we capture thîe vapeurs and utilize

'ile linanciel succese of the chemical departinent at Danger
encouiraged file more pretentiaus venîture at Elk Rapids, and
late reports from the latter fui-oece place it in tile front râait
for cconomîical fuel consumptian sud largeoeutput.

A1 îiîmhcr oaf retorts are scattered thraugiorat the country
Tite Baltimore Iron Company have sixteen horizontal retorta,
the Port Leyden raln Comnpany have tweraty.four Mathieu
retorts, and r, numnber of iron warks raow have or are erectiîig
the latter-. The 'Mathieua retott liau met 'with iiiost favor, aud
at prosent às boing more repîdly adorited titan otliers9, becatise
afi tsforui auîid etting, and anaccouatti e irventor's niak-
in- the qualit i ofbis charcoal the first claini, and the quaratity
of acetei coîlecteul a secondary cansideration. The forms 6f
retorte in use ira this cont-y are generelly iron cyliraders, set
cithier hori.ouitclly ina tiests ever lire places, or vertically with
flues surrounded thea. i)epartnres from tiai plan are the
retarts et Caloina, Michigan, where a semi cylindrical iran
bottoin is cavered by* e fire brick ai-cI. tliese forming a cain-
plete cylirader, anad the Mliseau still, in which the carbonization

vs crried on by the use ai superbeated steam. Thais, hawever,
lpriuicipally emplayed with resinos weods.

'lie Baltimore Irait Company report as the average yield e!
tia horizonital retrts fiftybushels per coi-J. ThelPart leyden
iran Conmpany bave bccn obLainiug sixty.six buehels per cord.
P>art ai this différence may be accounted for by the age and
characîci- of tire wood used, but iL, is probable that a les# %ui-
fio cai-honization ira thîe horizontal cylinders is obtained thoan
ina the Mathieu retorta.

Theso latter arelrnade nearly crescent shape te give a practi-
cally unifarin thieknese a o wood, and are set iraclined over tire
pîlaces. Thais nietlîd ai settîng is advantageous an accounit ai
the convenrieuce ai fîlling and discnirging, and ai its permit-
ting any can(tenscd cciii ta drain front the retorts wheui cold,
thus jureserviîig the lle of tdis retorts. It is claimed tliet
while ina eperation there is little danger oi tire iran ina the re-
torts being attacked by acetic acid, because the heat maintain-
ev is sullcient for volatilization. Sorte tira Iundred oi the
Matieu reterts are ira place or ira îurcess (if ci-action at variaus
works Iocated ira difierent sections of tire country. They are
coiistrncted orie bottem plate af one-hîaîf incli wranglît iron,
which ie pratected by ait arch ai tire brick, the upper portion
being formred ai onte.eiglîth inch wronght iran connected ta the
bottai» by a»gle irons. A suitable ,zast.iron head, wjth re-
mevable door, ie placed on eitlier end, ta which a nozzle :For
coveyinig the vapore front; thie retort la sectired. Each retert
l'a about tourteen fcet long The cepacity is eue cord of wood
erdiuarily cut sixteen inceae long. With air dried wood, as

fMray, 1883.
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comwnly iîsd, the retorts requiro about sixteon heurs for
carlîonieatioîî.

'l'iera are se0 rnany commercial uises te which acetates andI
nrî'îîc acid ccii be applieid, anîd sticli pesaibilities openi te ny
jîrrees wihl clîcapenàs theni, Iliat if is qtraugêe olîfUe atten-
tin ilinseen bestowed Upenl COltectiîg the ilnlienn4o tltnantîties
now wa-tq'd in cliarcoal production, whiile large wuorks for dis.
tîiffing tiiese pîroducts freint wood ]lave bicou erecteri et, or tiear
te, otir citiPs for siipplying lîrilt worlcs, etc.

But thje importance cf carboniziîig iii close-( vesseis is net
liaseal cloue au the vaine cf' acetic vapors collecfcîl, andI the
uiarkg t for tiîem rnay bc a inatter cf secoîîdary consîderation.

Il is the poýsibility of ebtainiiiîg a greafer yield froint a givenl
alii'nîit cf woiod wiîici iiîaktv retort4 v'alîiahlo f tiioso usîîîg
cliarcoal as a fuel fur inetallurgical )îrocesses. Liberal averagos
fur flie varions inetlîcds of producing clîarea'oî frontî ordiniry
air qlrîecl %vend ol mediumiî iie andI size are, fer neiler clarriiîg,
30 bushlîcs per cord ; for kUn cirring, 46 buslielq per cord ;
fnr retrr charrng, 66 hnlàiî'ls per cord. A cord cf woed ivili,
tliprefnre, prodiice lis iniiel eliarcoal in reforts as elle and elle-
tlîird corda ini kiliî, or as two corde iii nicilers. 'lfîle rea2on

Ifor tiî is, fliat, as tihé heat is aplied extratiîeoniy, nlone cf
the wcooul ini tho retort is a'<îiîiiin.- i, wite lu thec kilui part cf
ils content arc burned to caîrlnnizo the balance, andl the ineiler,
bi-ltig moto iupen, less contreliable, andI cf snalier content,
%vastes moro veood than thie kiln.

The saving of a large percenrage )f tlie %eod required (parti.
cîîlarly ina soute cf flie Westernî States %viere charceal suIs are
as lîigii as thirfy cents lier busiiel), mwould saou ia~ for ta plantf
of retorfa, even if aIl flie acotie vapors ivero %wastoeî

The finit cosf ef a batfery cf retorts is cciisiderable, bat,
baed oit the outlay lier butelî' cf charcoal rMade, if compares

jfavorably witli tile exîlense of kîlmîs. WVhel. îîiaced ini nests,
fuel for lîeatiiig the retorts is soldon requircîl, for the uncoli-
detisable gases resnltiîîg frein the carbonization are genieraliy
stîficient to iiaintain tlie tertiperituro of the retentsa rt the
point desireul. Thse ainclînit cf tiiese gases available la îîî'îuifli.
cieîîf ia saine parts cf tlie jrocess, andI in others abundant,
buit where a unmber of reterts are operated togetler the defi.

Iciénry of one la matIe up by the ethers. The conveniencc of
filliig antd eupf)yîng retorts as comnrcred with kîluis coînpeîî-

Isates for tlic cost cf cutting the wooîl.
'Vie ceîîýns statistica of ISSO show fliat, eiglteeîs billion foot

of boardsq were cnt lu fliat year. of tlîis aunotinu fliere iras
jîraiîably a waste cf cxie.liall cord lu fois ansd branes lefu. te

Irot lu flic cleuinng, or lu shahis bitriiol t the iiiille, for cccli
tlîotisand feet; of boards sas'ed, or 9i,000,000 cord'î. 'Ihia wottlçl
]lave 1iroduced by intprovoîl nietiiods prebably 50,000,000
biîslîelq of cliarcoal, or two and oiic-iîalt ýtintes the quaîîtity
alinualiy censumeil ini the counîtry. There la, ulîcrefore, an
opportîîîîîy te produce, front whitt la iiow %vastcd, fuel te dIo
muicl te advaîîce the industries of olîr country, andI t hus paier
lias beeiî preparcd'te iîudicate the 1 iosýibilitics cf iîanutactiruig

icliarcoal ecoîioiicaily ini locationîs wçlicre, if if rccciî'ed consi-
deration, uteat satisfactory re.'iults nîiglîf folloiv.

If the expoîssive anid wseu rcsofprodncing charcoal

fluai fuel May eaiybc prophîicsied. But if the ccoiuolis of
îîaîîîîfaicturo are caîreîuily coiisîîered, charcoal w'lI bue fcuiid
te bie in iany locationas tihe leailii t fuel accessible for nierai.

1lurglcal purposes. A iiîiiber cf Peiiiisylv.înia, charcoal fur-
us ces lîreduce pîig iroîî witlie gcreater uiouey uxpienditure for
fuel lier ton of nietai, tlîaî thîcir niear iieighhors rlite use
niiiierai fuùls, anti iin tlat State the umore nieulera ietliotls cf
îîroducing charcoal are nef geiierally adolîted.

Uiealy wlîere wuîuds are felilef prohluce cliarcoal, if la
coîusidered ais sacriiiiig t.iîîbered aroas. Surit f5 îlot, or sliotild

1 nef lie the case ; for if is comîpatie %ith succesul eperatielis
te carry ou thie lîroîhction cf cliarcoal iin eîîîection wii u in.
boning, or other kiiidred iiidustriî's4. 'Jhc la less niercliant.
rible tiuber consunî.d to.day, in flic iaufactnrp of charcoal,

thun s lef lu te ivo ti ie hse wlie strip bark for tanneries,
or cîît rai iiv:y si Ils andI ielegraphl polos. 'l'lie i'aste cf f li
sai' iis lias becîs referrtd te above andI uceda no further
comment.

'li inuistry dependeut upois chiarcoal as fuel must, f0 bc
iacrilaleitt, mainfain large foresf areas, fua beuetitiiî fthc

Istirrouîidiiig country ; aiîalumnchx of the growiîig. tinîber, biein.-
isutiiblo fer oflier îîurposea thami charcoal makiing, iv Il ho se

useil whtuci-er the coîiîpeiisaiion lq greatcr. Aionaleus as if
may at first appear, the probabilities are thiat, ina the ucar fu.-
ture, tlhe large consumnera of cliarcoal wili be auîong the inost
enthilsiastic paftnons of forestcultivafion anîd preservatica.

TITE MANT!'ACTtIRE AND APPLICATION OP AlRTIPI-
CIAL MANtJRES.-itv Mia. Siir.i.f

(A pai r reail lsfore the f it rrpool Polptchîic SocietIy.>

The inantif4irturo of artificial ina'iur,'s tnay bc lnokeil uron
as a modern indtvttry. For inany generationst it luis bfeî
kuown tiîct t0 prodîîco stfîtyrcîit flic th i&ld it Wall
îîecessary for the fariner to ippîy te the hid inatréS, i. e
pîlanît foodl, to supply tic loss %vlicih Iîad beiin sntaiîîed by the
rcîîîuval of varionîs ele-nipiit.q from ic esuil. But ini tliosA former
tiiiies, the knowvle.lge %vas sueli as was -4 lctined Il *xperience
oilly, nnd tbsoltit-ily îîotliiR was lcnown .' the meda wlierelly

crolls ehandtiîir îîoîîrîi1îînett. WiVittflih extension of
inow[euIgoil physiutaîIden cîenîi'try, thie lbarriérs

ivere cite by ont brohlwîî îowit, andl witlî this sî,lvancù, lit whicli
thi lnante cf LAebig statîIR1 pre.enîineîît, thc wray wca e1 .ened te
artifieinl inantiring, anîd coîîsequerntly ta fleicnititufucture of
artificial nlanure.

Before treating. of tho méthods of nianîîfrîctnre neoir in vogue,
it %will bc nec".siary tn give a rapid glamîce lit the general crinî*
ci pIs whichà govei th.- grnvth of plants, and the methodas hv
Wr4îîlîl thcy arc able to i,ssiiîl.ie the food which l; ploceîl
wjtlîin theïr reaehli otlhers iî,e a just concej)tion of the advai-
tages of the present prv 4ses %ili bc îîîî1 îO-Sib)le.

It nit bc cle:îr to e.cry elle, that planîts in order te gmewv,
stand ais niuCl. il% îîecd of food as aniis or mnan. Wlience
thon does thec plant obtalîx thiî; food 1 lut the first place if nlh.
talus whates'er %rater it reqiires. to build np ifs structure-
principally front tlio sal. The cirbon, the eleinent next ini

Inporance, ia obtained frotn the carbonie acideof thec air, which
is deîîî11.»poseil by the greenî colouring itter of plants (chlore.
phyli) andt is fins assînîiilated. Since, in titis clirmato lit ail
eventsq, tiiero is an abuîîdt.lît Aupply of water andI carbonie aeid
it is clear fliat it ig quite unetessary te artificially suipply
eeier cf tlîe.se. But wlîen we conte te tic other elements
wlîlcl go to biiild nip the' structure ùf plants, thc tuatter is far
différent. 0f these nitrogcn i'. au important elîsment. It la
absorbed by thle croix clîie!iy in the forai of amnienis or vitric
îîcid, aîîd it is fcuîîd that aithliugh i utrogen ini botlî tlese con.
ditioîîs exists, the quaittity i4 by ne meaus sullicient to suit-
ply the requireîîîeîî..lo cîu ltivaîcd croc. ; atid as pats )lave ot
the power cf assiînilatiîîg the freu nitrogen o! th, air, it bo.
cornes îiecessary tei sîîupy ntitrogen te our soîls if 'se would
obtain reinunerative resuiltq. lit fthc rsviaiing p.irt of plants,
the niiineral.îîîatters or ash, rlîcro are a great variety ofeloînents.
The principalrcf thes, rire :-ime, magîlesia, pliosplioric aciii,
bt!ltiliurtc îicid, pt sifîica, ami clîlorimie. Soils, aluilost
wîrholnt exception, coîîtailîîlicse thies-e elemeîîts in great'r or
leas extent, but fowv souls, in lands wlîich have been long culti-
vat, d, coutîain the wholo of thi'ac coîîstitueuts iu sufficient
qualntities te supply the wvant cf otr crops. It is net necossary,
however, to use tii. wlîole of the foregoiug list of elcînents iu
ant artificial manre, siuce it la found, both by practice andI by
the anialysis of varioîîn eulls, tîtat the majorîty of tiiese art ai.
reauly there ini sufficient, qliaîifitics antd iu an available forni.
lu the nîajority of casts it is therefoe foun tlîat, cf tlic min.
eral corwittuents tho oîi), fivo iîi.ch arc required are pilles.
phoric acid andI potash, andI this latter is moreever oniy re-
quired ini certain classes cf soils.

lFor artîfficial nînrnthorefore, the niatter resolres itscl'
iuto tho manufacture cf nimsures wlîich shall centain phoes.
phorio ccid, nitrogen, aîîýl in soine instances, potashi.

Fortninately tiiere c'xist in nature large deposits cf minera)
phioîplîctea clîicfly ini the forîn cf trilbasic phosphate cf lime,
conîtîlued with a greater <-r le's quantity of extranetite moftva _.
The foriti are varionîs andI fouiîî ii almost every country-
th!e mnoat implortant fr<'îui a commeorcial point cf vicw, being
Carolina lîhusph;t', ;%Iaétte (Norwegian and Cantadian), Eu-
traniadura phosphato, copïolices. and at cousiderible variety of
so.caiied phosphatie guanos. Besitles these minerai sources
wa derive a ccîîa:îlérablec quantity of thec phosphate required
for agricultural purpos.'a trotn the boues cf varions animaIs,
guano andI suchlIike aiial producte,.

Bunt, altlîeugh phosphates aire coiiuparaiti%,eà3 wvi'hly clistri-
buted in nature, it lias beeti found tlîat ina thle conditions ina
whiciî rley cxiaf ther are, ln Vie case of mine-rai phosphates, of
]iftlc valne as plant fooi on accounu. of their prac'.ical jîisoînt.
bility in watcr. Before plants can avail theuselves cf the
muinerai constituents of the soli, ir is necessary that fliese sn».
stances slîuld be reitdera(1 soluble in water, so thiat they may
pass by the rooflets into the plant. Soute cf the minorai phoes.
pliates arc alust insoluble ini water, aud are only veryv slosvly
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a cteti upioi liv the organic unatter andi carbonie acid, which
c-,ises into constact wîth thein si t soul s-s'lcu they are used ins
the mav tte gis ingisiro , Aud it ;a feuni thnt unîtess groid
to ait inp.sl aie powder, trie solubisity is net suilicient te suj.-
piy tl'e requireients cf a growissg crep.

To Liebig la due the credit cf tirnt deviaing a mitans cf con.
vt rting thie insolublhslosphate of bance i't a soluble and
ruidily av-ailabie forin , andi thse process was sabsequently
asiopteti for iiiinieral phosphate l'y La-ses. Tig cangsts in
tretîng oh fini.]>' groti sîjinleral phosphate wixht iulphirso
ncîid, by s-shichinvuaiis the tribasie phosphate af lime. is cois-
vtrted ilito Mioisobasie phosphate of hie anti gypsuin, bath cf
wijelà are soluble iu s-atur. It is tlîls substance, known in
commnerce as sofrhepît n linie, sohlil fornis the lais or
the great usssjority of artificial mianilires foani ini tise îîarket.

It wili, tliefore, be nsy ,tsidt'avour te place beforc yen the
ptitnciple.% on mliil thse iîans-fs cLme cf superphosphate lis
tasetd ild the litttliodS le' s-s-ii t us accoinîlilishesi, andi after.
wards te skctl ieway in wlslih the vario-is milailires arc coin.
poiuîsiet rons it. 'l'lie capital invebteti iii the manufacture of

ssilerl..o~pîat aîî nises la essoriliies, andi tIhe industry is cf
suich gr( ait commuercial iportanîce, that it us isot te be wcistered
at that inansy formes cf apparatu-s ansd smiodificationsa of proecsses

I.%eft tuine te tinte been devieti to eil'ect titis objed t, bsut 1
salrrstrî.t, unvself ta thse suethose geuieraliy Iernctisesi, withut

atueip~tiiig te caver the wlîole groi,~ . With titis end ins view
1 àhal' ilescribe the processes tullouctl su eue cf thse largest sud
usas-%t uî,oilets cf eut umnsire works, andt esidea- our, asi 1Proceesi,
ta describe tie prinesples s-shich sisoulti regulate the ,succestful

working cf thesocem
Iallage suassure s-vorks tlhe isiasufecture of suiplîuric aciti

la carrieti ci), andi for tlîis psurisose large clianiber capacis>' bas
oficu te le prcs-ided. Thse purt> of thse acid is iînnsatcrial,
-s-îd pritvs se, the-refoc, aimost iisàvariably useti as the source
cof thue sslîdur. The netîsods b>' whicl thse acid is farmeti ate
se s-eIl kuîow-n, and hiave' been tiescribed iu se sinany books,
thit ait% dlescriptionî fremin se wouii lie out cf place, more
esi eciill as the nmasnfacture cf it is only a satans te au ceti
aud siot ssii essential part cf thse msanufacture of usanure preper-
ly ocauikd.

Thtc sîîineral phosphiate, if in tise rock staste, la first retis-cet in
a ilske's iunsiier tesa ns-oderateiy fille conîdition. This redluction
is bresught abolit 1-y a biting actioni cf tihe rmachine, whicii aus-
avers sis Iiuilboheiadiiiirably. Any atler fors» cf cruiier whicls

dil rince sle roc'k te a suiicienstly fie cendtiîon for the mnili
atones, throu-gi wlsîch it lias aext te blpssed, sua>' le useiI.

Tiac phosp.hate la thon) grounti hetwecu i snll-sioîîes isuitil it
viill îps-ss iliras-ghi sies-'es cf forty mesîses te ais inchs. 'l'ie pic-
ces se far, is entircl>' inechlcait, anti prescutq nec diffiesîlties4
te thote accustenieti te tise u.sc of sncb usaciuery., buit the
proper ccntiuctîing cf this part cf tise operation issci tihe uinest
importansce iii -,ucce&stul workissg. A giance at tise ciscruistry

inssoluble nsousocaicic phlosphsate, it is trratcd with snlplsuric
aciti of about 1-55 specitie gravis>'. Tise changes wlsicli talc.
place arc represeisteti b> thse fnllowiig equation

Ca 11, P2 (la +2 (Ça SQ4 2 112 0).

Titis, doubtless, 15 ouslv gteetllv truc, a osn tise iuanufac-
tu tnsg scale I-lie decompeaition 15 silo nbsolistel>' cempîcte, ..usd
iotîser re'scsiosss il% a initieor degree take place ; lis-t the reaction
givesi ahove la tise cite wiicl souil lic anîci nt b>' tise muani-ufactii-reus.. But if the raw phosuphate lias mot been grons
stiftsitiy fine it uts-i lic evidesit tîsat, as tihe aci la only
useti te cesuforîn wlLh the equatiais gîvs-cî, the 3ulplsaric aciti
%is-h le diuiiiîluilied in qtîantsty as thse reaction proceetisi, aiîd
,tie Ilîe ptions cf tise Iuîrger Iieces cf rock wi Il temau s-u.-

attaked usti cuseueu theUi process wiil hcoeni>' partsaliy
cauiîlclte, anti a liart cf tbise pausitet wil remnaiu sn an insu-
Isli,' contionus te tIse prprt a e triiuent cf tise miantrc.

*Ove cf t-he great,.gecrets ai auccess la, tiierteforr, te griust fine]>',
ai.d tIhe fiuor tise better.

Thec addi-tion cf the sicit ta the finel>' gro-ud phsphate la
msalle ins wlîat la kîso-ou as a Ilioriresîtal susaxr." 'lit acîd is
containeti in a tank, witis a gauge attacheti te iL fer tise puribese
cf nbrassurenieur, nuist la allswe< ta ru» into the mixer liy te-
nsovinR a Rlng, andi is tîsen isstinsately nsixeti with the raw
loas-~ies li- mnus cf revolvinghMlldes. The ruixerisslIiglatiy

izsclisiet tu adusst cf stse muixture, wlncli, dsrectlyaftcrssixing,
la fluiti, liisg rusî of, s-sheu a plng, piaceti at tise lover eud for
this Isurpose, is rezssavcd. The ciseruical action which taIres

pOace esi tihe addition of tihe acid causeà tihe temsperature ta
rise very considerabiy, and it i4, therefare, allowed ta rtn to
a reservoir placed beiow, whilh is tclsicaiiy caileti a Il deca,"
for thea purpose of setthing aist eooling. A good .4izeti Ilden*'
wiII belli forty tous, and inay bc filieti li a day. After the
superphosphate lias beca aUaowed ta rernain for a day it will
have set nut may ho dug ont sud stored for further use. When
prolwrlv înuanufaettared superphîosphate sîsoulti ho in a dry and
alino.t friable condition, as, sf at cil wet or lînpy, it makes
the proccsaL of aoving bath dillivuit andi unsatisfactary.

ie proportiuns in whicli theo aciti andi raw- phosphtate are
ruixed isl depend uplon the niature andi composition cf the
phosphate antd apon tihe strengtli of aciti. Thos mnort convenient
titrcngth of Ille latter for ordinary Jsnrposcs is 11 0 1 T (1ti
specitic gravit>').

Notte of the phosphiatie inatcrials:are pure, or approximuately
pure tricalcic phosphate, and consideration bas, therefore, ta
be tak ei cf the action of the suiphuric sîciti upon tiiese ex-

trancoais substances. Thse prinipail) of these, for inatters cf
calculatien, is carbonate of lime. T1his will ho acteti uponi be-
fore the nesid attacks the phosphate, but its piresence ins raw
phosphate lis mederate proportions is liy noe oits an un..sixed
ovii, as the liberatcd carbonie acid tends ta assist the intisitate
nsixiig cf thse siateriais, sud the gyj suni forineti by the te.
fiction iielps te dry the inanture. lsi ýarge quantities it fia ire-
judicial andi rendoers certain phiospshates practically use css
excelît for mixîug witli other inateriais whicch contala but little
or nu carbonate cf lisse. 'Fle follawiug table shows the quanti.
ties cf steit cf 100 e Tj whicli art requireti by 100 parts of the
givesi substances :

100 parts requiro
Tricîlcie Phosphate
Calcie Carbonate
Ferrie Oxitie
Alumina
Calcic Fluorcle

Sssliiurie Acisi 110 >F.

* 97
* 151

* 200

In practice, however, it isativisabie te use asomewlsat greater
quautity cf aciti tai indicate in lubtis table. In tihe major.
it>' cf cases equal pîroporticns of sulphuric acid anti phos4phate
are focnît te yield satisfictor>' resuits.

Large isantities cf 3upcrphasplsate are scîti wlthout as-s>
furtmer mixîug, thse [armerrnring lis ewn jud',ýnent as te whist
lie shoulti appi>' with it. Thsis ia untiaubtx'dly- a geoti plan
wheîî there is tise requisite kuovîctige, but it requisei an
amosint cf sikili which la pos-sesseti by oui>' a comparativel>' few
cf cur ag-rienlturiats, anti it la, thorefere, better for thîe suan.
ufactusrer to sesît eut a psrelsared suansie. When, however.
tise supiierphsosphiate is solti&ai such 15 shsoulti. mot Le liagged until
wausýted, ils it apt tu cake anti te destre>' the baiga.

Froin tise descriptiasi wisicli 1 have already gitan of the
varices, kisids et plast foot it wilu lie evideut that suittrplkos.
pliate la valuable cul>' on acceunt of the seluble pheosîhate
wicri it ccsîtaisis, thse otller ceustituents leing of liracticaý'
littie value csu thse sorit>' cf soals. 15 la cs-stomaiy, thre-
fore, te sei 15 aist the lisis cf the "saluble Isli.ssiate" wlsich,
st yselti.s. Th'lis terni bas sso strictly scientific ssseauisîg, but
reprsessts thse quantit- cf triiaSic phosphaite of lime whicls
%% oud hiave te lie renstereti soluîble iu order te yield the quasi-
tit>' statotl. Sa lonug as the custcmn la unis-essai it la as con-
s-'-'silest a3 aus> atller lis&sis ansd fairi>' represes the true vaine
csitie nsauurc. Before ieaving tise manufatcture of superpîsas.
plisse it ia n-ccessary ta pastît out soutse ai tise cous'tioiie ss-ich
affeet thse stability of tIse compos-ud. It isas lieeu lousg kuiown
tli.t certain mas-ures after lsavsuîg becu kî'pt for saine tirne
yselts a les-s percentage cf sioluble phsphate thssu wheis first
siasssfactureti. Tits i3i what sa Lechnîcal>' known as «- going'

bock," anti the phio3plsatex are said te lic "«rverteti" or '* pre.
ciistatcti.* Tise jutin,'ipal causse cf this tieteucratian is ns-
tinnbttnhiy the presenct cf oxide cf trou and als-sîssîna sn thec
raw iuuatcrsal frein; whicss the superphcoaihate sa maus-facturcd.
Tit, phosphate of iron andI allumina wiîch are firas mmmced tr-
&ct aftt.r a time upon the us-onocaicie phosphate anti foras calcie
muliiatc anti ferrît anud alunis pnhospliatc, substdances insolu-
blt in water. It la, tiserefore, ati-able in thse cîsaice cf a raw
ssaterial ta oalin cite 'ticI s-s as frea as possible frount oxide
cf irais anti alumnina.

It liai lice argued, howcs-er, b>' same interesseti ln tise mat.
ter thiat these precipitatetl pliosli;ateu4 arc mi valsuable ait the
."Ilhe phosphate. anîd that the manuf#scsurcraught, therefore,
ta be pasid for the phosphlates whicls have Iseen precipitatetl ini
tise manure ous- tise saine lisis at which the soluble phosphate
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is etiniated The reason gîvela is titis. When tuperphosphate
is sowit ont the field the tirat shower of raiai dissel v'a ouf the
soluble pliobighato whlic1i was ccîîtaiaaed st if. itea solution
±laec iinincditely contes info contact witht the carboniateocf
lime andî oxide of iroas of the soil anad as at once I)riiîitatted
either cîatirely ais phIosphante of Iiiiioa and îîhosphlîte of iron. ly
titis nileaus thaloq hosruis atidi i very filnely divlded lin the
soit, aiud I)v the-action of water catitainîng carboîîac avial as

jgratin&%]y rcndered sioluble to supjaly tie îa0ct or the grotIllg
crop. If if were nlot for titis païeipitation which takes place
on thc boil ~fis latvidoxît that WiîUî a heavy fait of tain the
plaoelaortc acid would ho wnslîcd auto the sub6oil and lust for
ail piractie'al prposes.

Ifuit it eaui acarcoly he su;td flit phosphate whacltis 1b recipi.
tated iii the aiasaîre eîîtirely iii the forait cf terric andl aimainic

phshtswhich are insoluble ins distilleal water, are of equal
valu tntho soluble phosphate whicla iii any case mîust bc lire.

cîjuitate-41 partIr% as phosphate of lime, ea'on in a sol ,leticieîat
iii limie. 'No doubt thea preciîîitated phosplhate as moro valutable

i thIli the unattackeJ phosphates ;hbit even titis latter la of cer-
talin value asq a maaiure. liat ont- cf the g-reat; aiana of tiaaiuraa
slanul'l hu to apply te tlic crop tige plant focod wlaich as n'îiaclrý
l'y it ut precisely tlao tianê nt wlaach it riquaires at inoât, aui
tii cti ho done withi fur greniter certasii by the use tif a
solublle anare like superpihosp.hate tan î>y aiu inisolule ferait
o f phlosphaste. It is for-tli reasoaa that supîerphîosphiate, or
aaanaires coaitaiiug it, havé founal such cetacrai faveur.

<)îa the Contiuenat andl in fice Uniited Sates t1e lirartice cf
aliowiiag for ftle value cf prcîitf îhiosphlates as aii vogue;
but 1 %vould litre inisert a word cf cautioni te or large mhanu-
facturers. Lleecyohrt.d lcpiec îaar a eo
lated by the laws cf abupply aaad demaaad. IAot it lie gramiteal
Chat if tlje Practice of estiaaaatiaag fthe jarcipitated phosphates
10cr, te bIcomte ai gencril cusfoan flie maiiafacturcrs would bc
the gainer a C the extent of ftie value cf these plîosyahaacs.

1This woaald cnly last se lonîg as thie farnier4, tlie coaasuiaers,
weao ignorant cf flac value, but wlieiî it bgccaaae evideut thiat
the effect iu the faild was net ineacascal a coaîscqueut reducticia

ai) the îariac of soliuble phlosph)Iates weuld base ta bc îaintdeanal the tlîjectioable liractice ci hiaviaig ta .sel] nat taco drter.
aninatiens anstead of aile woaald hîave becoane geaaaerail. Buot
flac eil would net stop licre. Siaiîl iiaaimf.icturors would usIe
iuferior raw ataerialai suchi as retIluda or pavsalhosphiate,
wi che, ivien treateal witlî acial vrulal give ccasiparativeiy samai
quaifities of soluable pîhosaite, but womlldso large qantai.
ties cf îîreciîaitated phosphalite. Tite bout ausaker, -. vite aise flic
liciter chias cf anateriaîs aul who fiara eut iaaiars an wliicîi
the great hulk cf tic phaosjihiric aa'id is, soluble, wvoald flus
have te couapete ivith inférior -article,% on ancre iieariy- elual
terus tîian ut hiresent Aoy such chiaaigt as th aiepoocd
alîpears te me, tlaerefoec, te be fraughat, îrjtî dag cia oti the1o
mnufacturer andl te thac fariner, iieitlior cf vhia vonlîl tiriva.

aysubstaaatial benefif andl cach cf wîîoîu would be sadîhîcal
iu aire cumplicateal anethands cf doing businiess.

I 1îoiiited onit iau the caly part cf iay paper thait an iampcrtanatI eaent cf plitut food was niltrogeas in al comblicald mate. lIn
ming up amres, tîmerefore, for tic miarket if la nPcr.-sary
te adil sottie ceiaplcunit coitaalniaag aitroen to the annalare.
Tite quantity of tie nitregeai (or ifs eqiaivalent qaaanfiay of

aaIMnitth is beiaag flac basis on whichi it la aasaally calcu-
latcal> which ivill ho zcquirel ias a niaire, %vitI depenia largely
upoza the crop fer whiicl it is intonded ; and Uhe satnie ceassi.
eratian will aise inifluaence tlic clîoice et the îîarticular forait ias
wlaich it la apllea. For instance, for swce only a sianl

1-ercentage of natrogen la requircd aaîd fltis cati henapîlieal part-
% 31) A coasparfivc]y iluoable condition as suioddy, trird hicial,

eic., liit for wbcat it àa foaUual iaeccssauy te apply a iuiaiire
coiitaaiaiiiig cmnsiderable quantities cf ailtrege in oa rIer te
hutluimlat, th e plant in the carlier stages cf growtli. lAn tlie
aaîsaire nmust lie in a solid condition, tho furai in ichiarh lts
tnrogen la added mnust be 3olial aiso. The fornis in wîiicl if

i* maucîl arc vanrous--crysfallizcd sulpliate cf amananila, pro.
duceal lriascipally frein the ammeaiia liquor cf gas work., as a
Couamuni and cxceettingly valuablo naanurng agenit. It con-
tais, wlaen ahsohastely pire. 21.2l,; tiltrogeaio, anud, as usuatlly
fouiud ini the market, about 2O te 2Îl. cfaritrogeas.

fot in importan.ce is nitrate cf agoda. Titis i-. ofteas is-ea
fo aming vlthi niaaîaîres, but is net se walI1 adapteal te the

]tur )ose as sulpulie cf amaiccia. If fiac Ù§ au excess cf acid
ait icansutaure if lia alt te decoanposo the nitrate. aud the val.

niabe elmr-iII hol b lest, besia c offeai digl casaderahle
Idamage by flac evolutin cf iuitreus fuimes. If is oftener uaed

luy itselfua a top dressing iii sprnug.

Besides tîiese two sources cf nitregeai, thiere are a variefy cf
fornis an wîiteli the aaafrcgeii exists, îîuiiine l lin te ferait cf
orgaaanc tao nais. lirica bIsqiti, 8!1.od)y, ajýrLnd heatiier Rfii
saîaiilar colaaîîeiiraals anay he talkii, ea sîla. It la oficua
lichter to faux1 tieb iathfile illaîisplinte pîrovienîs ta the tr4alt-
]aientf wjtla auci ; hait niltrateor soda alauît oil niu accouait bce O
ugeil.

Fur rcdiiciuig te a fie conlitioii andl aiixiag, C'arr's ulisinte-
grater as used-uîiîiii i coaj aiuctian wit fIafiis ai iiigeiaieis air-
aaeeiat lis nalolail.

Tite maateria to be îlisiuitegrafeîl la ahiovlled lna lait-, iii
whlicli a Iteucb'â laidîer 1ieks if ail, anal c'irios if ta tlîe tour

aboe', îvhare it is tlarowu uil a sieve %vliicla la ku.pt ii ceai.
aitauat agif utîcai ty a later.il muotioni. Wtaat giacu t irough the
biî.ve passesg tdowiri a '1hoot, coiastricted for flae punîlosp, and lis

cliecucal in hags ait flie hoattant. Thao lumaips, luowcver, lias
cir tue sievo andl are toiudicteal 1», atiottier bhoot te the t1iait-
grater, arlacre îlîcy are brukea nap, and con veyed agaiui by tige
J:icob's ladaler te flic sicco on flic fluor above. Tite liroceba ig,
fiierefoni', conitiniuons.

Thai Carr'a dasitittegrator, am'licIt lisiaifactured by tlie Bris-
tol WV.q.oua Work»a o ., Litîd, and t fli arrauisgenient just de.
scnilica, art. exceedaaagly usefiil andî auaswtr for a variety cf pumr-
pOses, esîilyfor miixtures cf dry inateriala.

.Aaîîthiîr forma ef disitegratur wtiicli li4 littlo knwas las
titis coauatry as Vaiuart's. if ivilI, 1 nul iiiforiiuacl, gruaui tla.
liartiestfîiaerals tu a fige Ihiqt. Tite prinicipial oa %hich it
îçorks as centitigal force. 'riae miatcral te ho groaua La, drompeil
talona a rcvulvaig plaute of irtai, aaid as, cf course, iiistantly lire.
jecteal agaiuut flac sidle cf a duin ian wlaicl the luie rerolvea.
Tht-e amatenial thonu fall. in a [îhato beloar reaclvingý on the Raume
roal, anud hiere reccivea. a repetualeai cf tige smaslaiai actioai, and
so ni)a, as many tianea as fIacre are rolviaig pîlates.

The ether valualu iiiiritiig eleaîaeat, wlalcli la iased in the
inanufafiurer cf artificial aituure, lis iotaaj. Titisiai iuitrcdaced

êiîlier us Kaluaite, 3o.called pntasli Sais, or niariate of îîofash.
Va'latever the foraaa iaseta if la asixed in wsitlî the ananure te-

gethier îs'îtl the sialphiate cf aiiianenia anudi, if flic naînre la ut
ail aap, drycrai ii tige furai cf I'lîllllli are useal.

lTherù are cihier subanaces, saclit a bonei, guaauao, etc., wlaich
ninat he includeul tisider aile hicad cf artflÇu-ial iaaiîures wliich
requare aie clieuuical trenatu before aie.

ioiaes are gradually reuidereal soluable luy tIae décemposit ion
cf flic geli.*uase irhich hey ceaatawu, anud are excerdangly mseful
wlaere r.ilidaty cafactacai asa net a desideratiai. T1heîy are sortie-

tailles trcateul with siilphauric oeil andial ia as paire di.ssolved
1hons. It oficaier hajiohuevtr, that flic boucs are mixeal
ivilai varviuug oli.iiaacs cf groutad phoîusphate prcm'ious te trent-
mencat, hait mhiitter tras:teal seîourat..ly, or iii combla &tien wiîh
iiiimea pholeàýa.te, if a, net de:irable te grlaad the bolle fiai.
Thtcre us mire tu lae a sufficiut qjuaatify e phiosphate reaaah'rcd
solubhle ta saapply tho iinicîltate requircasents of tige growing

"-rap, anat tlae larger, partialiy attachaca portions, art, graduaii-
retailorcalsaîlîmble iii thae soal te givu a subseqment saap1 ly.

<To le cntfainited.)

On1 the Application of Variable Expailsioîî
Valvesto Iilu resr. oî uîîî

Bi A. NV. lîusasM. Mît. Sue. 'M. E.

Tiac prevailing typae of engiate, geuerally to be foaand
iflic hlm naller class cf imcre,. tug.bonts on clan riveras,

1 tkea -and hiarbours, is tîme single cylinder, laigh-pres-
Sure, lion condexasing chîgine. The buîildling .1 tu.;
ungines, haowcvcr, ]lis amut kept laacc wvif l tlue "reat

amvances maîde its annexr enginciQning of laute ycars,
iaxy oxaoiples of the khad ruferrtal te exhliîiing

crudity of design, andi the powver daiveloped boing vî±ry
alispropottionate tu thse fumel Coxasuiaacd.

Tias engiute, of wliicli allistioxas are proscnted, was
oragiaay a Juigla.pre.smar, non conilensing wit)à a
cylinder lu; iaschs gliaaicter andl 20 juiches sta'okt', and

ut Valve of time long t) alido dcsc:iption ellteie the
distribution of steain ias a particularly defective manner



140 CANADIAN MAGAZINE OF SCINCE (May, 1883

2?i9~rm ~. ZVERTICAL CONDENSING ENGINE WITIi VARIABI.E CUT.OFF.

àr4. eaiwilsrlti'çmag 
SJ

ter- DETATLS 0F CUT-OFF REGULATOR.

~AJL' 62
1*j.' 26 Fw. 5.

_ __ ' 'V-,

Sa willb sOe by refarence ta the indicator diagrars
above No. 1 taken fromn th.s eugine, whiere t'ha ad-
mission of qteamn takes place thraugiiuut the whalo
strake and the exhaust is cliuked tea b.tek.pres lire of
25 Ibs. This diagram shows a di-voloprnent of 12G
horse-power, whicli m-iy be takeii as: a fair average of
the angine, altimoiiil it varies grciffly on accouut of the
blast of the exlviust in the ,inekic-stack being used
intermittently cmnusing the steam pressura ta vary îvith k /
the aetivity of combustion. The diigram aiso shows a
coneumnption of eteara of 2-32 cubic feet pet stroke,
,wbicli rcduced ta its equivalcut weight i.s equal ta
-492 bAs. par strokec or 7-140 Ibs. per hau. Adding 1
15 per cent ta these calctmlated wei-lits for condensa-
tien snd other losues and dividiug by tho number of
horse-powver iesus 67-9 Ibs. of feed-%later par horse-
power par haur. Assuming that tho baller will leva-
patate 7 lb-à. of -water per lb. of coal, irhich is an
lardinarily goad boilor, -%va get a consumption off 9-7
Ibs. of coal par horse-power per heur. lu vicwv of the
fact that the best modern enggiues, bath land and
marine, wiII dovelop an indicated horse-power on 2
Iba. of coal par heur, the contr.st is at once iiianifêest.

ln order ta improvo this tAate of afl*miim the eugn
vras rebuilt and couvert±d. iuta a condonsisig augine
vjth, variable expansion valves s shown an the dritw-
inge preseutcd iiud a condenser aud vacuumi pump
aaded.

Tie val-es ire designed fur a range of cut-off fran
oue-eightli ta eu-ih of the étroke, the ordiuary
point whlen on a steady run being frain one-fourtht to
ane-uhird, thea distribution of steara beiug then ila

to that represontcd ini the diamrani m a. 2. The
steam vcliumie, cakltrdtt froe thizi diagm in A sirn-
it manner ta, thic former suid red:-ced *,, gu cquivalent I

wcight, of fecd w:-ter -ives l9.s9 11-s. per horse-power
par haur, or eqiàal to a saviin- af 70 per cent, lu the
cansmnption of steain by the improved formi of en-
gifle.

IL 'wilI b. Sean onl tefurence ta Fig. 3 that the.
valve Sear is of !ho kind sometimes k~nown as the .W.Rs~a~ ei
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bfiyer aud consiste of a main alide-valve on thse back
of which are double eut-off plates, operatod by a separ.
ste ecceutric, and controlling the admDission of tIhe
stoain througli the main valve. 1he relative position
cf thse cut.oif valves is variable on thse spindie by
moins of à right and left screw working ini brase nuts
which are litted to tbe valves, and they eau be adjusted
whsite in motion to any denircd point of eut-off, by tihe
regasiator showu in Fige. 9 aud 10. This rogulator iii
arrangod witis an index showiug the point at which tihe
valves are cutting off.

ie details of vacuumn psimp are show» in Figs. 7 to
10:z it in cf thse horizontal pluDger kind, laeing driveas
fromnan eccentrie on the ehsft; it is singlo.sctingand tle
pîsinger is 10 inches diameter and 8 incises stroke.
Thore are 34 sanait rubbsr valves, 17 delîvery aud 17
suction, bcth arrsnged witis their spindîca upwurd and
inserted front above, so s t be resdiy accessible on
renioval cf thse eover. The top part of the punsp
chaimbor forsning thse smat of the suction .valves is in-
clinod to ficilitste thée exit of ait, thsougis tise deliverýy
valves. Tise condenser is made of one-quarter lascî
Louler-plate and receives tise cold water injection over
à perforated plate in the top.

It nsay b. meutîoucd that tise vessol for which tiss
engino wafi designed i. 76 feet long over a&l, 17 feet
bossu and 9 foot deptis of hold.

'MU!IUciiug Ilotes.

LiVTLçG APPAR.ATUS; o 17o STlus 5tcK, F.T.-fle princi.
Pdl Object cf this invenstion ix te Wadce the amemut er sanssal
labour reqjnied, iu taking building material ujs te thse scaffoding
for thse purpos of erectisisg buildiusag. For tisspurpese aladder
in placei in a perpendicular position, and at &or suitable heiglst
op thix laslder te nuit tise scafi'lding in placed suitable trAnse.
work carrying thrce or etiser saurber et pulleys. A roe or
chis i l psad over tisese pullcys ud ut cacis eud of tise rolbe
or cisain in a cage or bas«ket, inte which thse building ssvtcrial
lu placed. 1'%N'en tItis upperatus in in uâse tise bottous cage is
fllkd witis building usaterial, leaving tise upper cage eu a level
villatthe scatroli, thse labourer tisen caries isis usosal weigist et

usatetial up au ordiuary Iadder, and afier remsening hi. own
bai. of usutenial on te tise scaffoldimg, he gels late tise erapty

cage, tise wriglat ef bis Wed counterbalaucing the lossled cage,
by w"dl incarn bu descemls te the greusd anidlafts he oies!
cage up te thse scaffld. Thsis eperatiou n astisu repeated. tise
euîusty cage being refilied, ami tise labourer :sgaimà ascenss tise
ordiuary Inider aniddes-ends lsy the cage, ne that h. uatilizes
tise weiit of his body lu lifting opa th isoasteial. lky tis
usetisod t'enadetehb isore building usatenial can be taisan te
tise scafieli ly eue su tisan cau àsew ise accousplisised. As
tise scafoiding in tront tinte te tisse resoeeva iigher te suit
tise iseigist ot tise building, thse framework carryitithe pelleys
is raises! iigiser all tise perpeudicular hadder, and! thse roîse er
chais accerdinglessgtlened accendiugly.

WzszusuaCo. Bs:ÂxEsq.-Accerdingte a circularissoed
liv tise Westinghsouse Air Braise Comiajsy, tise rnsuber eft ileir
lusses n.w in nu tisougseut, tise wenld bs us followa :-.hu Eug.
]and 15 rairnads ait supplieiL with tiser eu 1,312 engines and!
9.465 cars; France, 1(0 roads, 1,413 esngina« ami 8.369 cars ;
Belgiuu., 1 roui, 359 esigisses ani 2,006 cals; Gcruany, 4
roists. 65 elagissas and 113 cars; Auqtriam, Russias, Rlollaund,
Italian, SwcdÏisl, ladino, Xfw Seuths Wales <Antralian) and
Victorisu tes bave ashssîseil thea braise, lu tisa iteslStatea
211 roait a" itcen 3,534 euginasuman 15,317 cars. Tise isscreaus

usé ise last twe yeanu ia 4672 englua ani !,716 car braites.
Total luuub.r in lue, 10,687 engins aud 47,165 car braie..

To l'OLsSsI Srscs.-MIiX haf oîta ni ef flue semery peuder
viti, tise maie cquaut.itv eft oit soal, anmd sdi a anssuli îsiecc of

soda. Sinaisuer tii o;er a slow lsre fer twe iseus, te extruet
ail thse ssbottsrf. Rob ou vith is antel, si tiiais vush plcnsy

'o titly wiiis.

FÂOtTLTT Or ÂPPLIED SCIENC, MCGILL IJNIVEa.
a=T. PRIZE AND EXEIDTIONS OFFERE

"aB SESION 1883.84.

À Iodal or Faculty Prise là epen for corapotition te oieset
Vear Students et tise tisse coursées ef -Civil, Mecissacu aMi

Missug Esngineering. Casidates muet tair. a firat-clus
tousrsst.anding ini tiseir Ordinary course, ani& thse Modal or

fPrize aill be awasia te tise Stasieut vse staude find in tise
Ilydraulica suds Steasu et tise Advams Couru.

Thse foliewîng will b. clies!4 for cemspetitiou attse opssslng
et Session 188384:-

(1.)-The.4cott Exhibition et $66 <tommies! by thée CAeioe
nian Sosciety et Meutreal in oosuuonrsties ef tise Cestenary
of Sir Walter Scott). te atsidosts esterimg tise Thins! Yesa, tise
*objects ai exasuiuatiou beisg z-

(a.)-The iSmmer Report. <.)-Xacauhaysi Histerz cf
Englani, Vol. I., Cap. I.; Sir Walter Seotts Lay o ftisa
1Ake. <c.)-Mochasiss.

(2.)-Au Exhibition of 85, ptesent.d by A. T. Drusussesi
Etq., te Stusienta euterisg tise Pourlà Year, tise sobjecte et
exassinaties being z-

(a.).a-The Summer Report. <b.)-Appli.d Mecbusica.
(..-À Prize in bocks, te thse value of SU5, presented, by

L Skelton, Esq., te Studeuta emteriug tise 2'Afs s»d PousSA
Years, for tise hat Sommer Report.
(4.)-Tue Pria.. et 825 suds, eue te Stuiontz enteriug tise
osrt& Yesr, tise etiser te Studesta emterisg tise l'Airs Year,

tise aubjects et Exasmimaties beiug tise TniHgosousiry Amae
col (3.ouidry. sud Calcul ug cf tise provieua years

(5.)-À P>s-ze et $25. presented by S. Cremuhielda, B.A., for
tise Uthsematit*d asujecta et tise Sc#"a< Y.sr iatrienistios,
and opien te ahU Studeuts emterimg tise Secosnd Year.

(6.)-An Exhibition oft$100, preeted by J. H. Budnai
B.A.Sc., te 83todeutseuteng tise Second Year, thse aubjecta Mf
exaissination beimg

<a.>-morgamic Cheasitry. <b.-Elemsts etOrgamieChe-
znistry. (o.).-Pacticah Cheisestry.

CoaerÂs:ATvv DuRAauLitv or litsa &ND Srxus. RiLs.-
Tise Builletiit tise Comité des Forges de Frace givas tise
following table sisewing tise ceuparative 1durability of sisal.
ami iren ruila ou 13e1<an ruilsys

Year of Layillsg.
1869 .
1870
1871 ..
1872
1873
1874
1875
1876
1877
1878
1879
1880

Duratiesi.
I2yeans
Il 4
10 4
1) 44

544
4'4
34'

2 4
I t

Pereentag oftails reilaei.
mron. S"ee.
6514 .. .
84-54

72*41 .0,44

41,41
17.44 .

26.66
14*98

4*19

0.23

STEL WArTsz' Pstaes....The Cisansrey CeaupOsysaka PiPes
ot stesel past for ceuveying vêter under bigl presure. 'tisa
steel plates au costed vitis tend on bot saides la -m eso or
otiserwis, and relIai te tenu, rivetted sad soliersi tise vioe
lengtis, sud coveres i ti piteis. Tise first cet et tise sel in
net racieat tisas tist Mf ires ; sud tisa steal pipes pale.
Mes ceussderbl aivantuta over tiss of iton. Tise bai

c<stiug in supenior ou1 uccount of tisa finesse cf grain ls tise
steel ; tise PWssauSo te tenaiesutraiu tAi internai pressur is
S0 te 60 tisses and tise resistauce teieiforuation lengitndxssly
front 30 te 40 tisues greater, wviie tisa uu>smie elauticity of
tse stsal plate permits of tise pipas raoeviug telerabiy iar
kuocisa viseut bsing peruaueutly deieeuMe. Fer equal tisicit-
nsu tise stsel tubes standi twlcs tisa isierual pressure Mf tisa

mo, u briug botis higii uni stresg, tiscy art admraibly
ad~tdfer laying doua tesporarily uaid takting upb ugasma.

Csuê co~..- la be rjuuitY o chmeisrel is muais troim,
salk, bea" aad cseaut. Woeiw ilfueniuis vises preperly

cisarra, about 20 lper cent. of Su. A buuisofetcal froe paisse
weigbsaig pesais; a busise M caftom -urs«ee wgs30
launiu; 100 perts euhà a"sS à.sry 28 cisuhrcSi; ile
* vis wite pilt, 23.
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î'.'îr; x ' rur.l appears fromîî btatitics receuîtly
jîîlîlisiedl i Lit Jfuîtil!c, tlîat (ireat Brît uiti lins, nt preseilt,

i wt-làtv-thrc inietallurgiritl wvorks proqilcilig steel, îvidî 115
lhîîii ; IWIlgiuiîi fins foutr stet-l.works %vith cigh teî'i coii.
vt'it'r4, nuit a pîroductive capacity of 380,000 toits ; î%ustr.a,
u,,îrteesî wvorks, tlîirty.six ceuîverters, 632,000 toits ; Gerîîîany,

îwît-lîeworks, eiglity cnrr 1n ,300,000 tous -,J.,11411,
liV,' WOrks, <ci COîîVertC17s, 100,000 tous -,Swedoeî, tlîirty.live
coiivertcrý' 80,000 toila ; the Utedu Statetj, ulîirty.fîîur ccli.

ivertera, 1,500O,000 toits. ibis iuîptues te Bessemîer steel. Mu
regardls thie *Thoînas.(ii<chîrist rncthioi, there Maîs pîroducet imy
it ii Octolier lat, lu Germioauy, 25,170 toits cf steel frontî eight
liruis ; in Fiiglaiiud, thé works cf Ilolckcw%, Vaughanî & ce.,
iliti olily clle îîsiuug tiiis »rccess prnî!uct.d 2,500 toits 3l!Ig"iu

ib;ro(Iiuced 1,6S7 tois ; Rassisa, 1,'270 toils ; Franîce, 1,2 10 toil-3
j the Iast three biave esclî, like Eîîtglatîd, ealy cite stcelworks

î'igthe lirocces) This gives a total, for Octoher, cf 46,537
tous (If biasic Nteel <,rcducedl lu fifteen %vorks.

R.ili.fomu Cuil) S ANI) TuF EARÏII'S RiOTAtTION. - IL
flau»iolîlh shows fliat flic dellective fore, arusiuug front lie
g,.trtlî*s roationu us eatirely teon s 1 1 te déteriné derailuuients,
andii aise, that, as an excesq cf rig~lit-iiauîled dersîlinemits lias
wenî vreduitcîl soltly te uîortlî aud sentit tracke, tlîis provês it te
bie whlly iîîaginiry ;for tlie dîflective force at wiuy latitude is
uick sattme fer aIl dlirectiouns [ Vaîî .Vostra7iiVs etqiîi. mîaqi., 1833,
1171. 'Thi numierical restîlt8 giveiî arc but hiaîf tficir truc
vallie, as tiro elemelt-i of the deflîctive force are oînittcd
tien l p. 9S] but thîls doms îîet atfect the autlîor's conîclu-

iosas tie dellective forcé is stil insiguificatut, imd, for a
fit traîini li thîs latitude, aiieuîîts te but about 1-5000 cf thic

w.îglt.-w.~u. . in sr.

E.ECrmuIc A L Y A Conip)auîy lias been fornîild for the
consatruction nuit working cf aut clectrie railway frelin Cliaring
c'ross te W"aterloo, a Bill for wlîich Mras rcceuutly obtained. The
t ue ill liss uider the Tlîaues tuirough iren calmonîs. in work
cf vonýtruction wiii commiienuce ueartlîe aertheriî enîd of Northi.

j îiuiliiriaild Aveué, opposite the Grand Ibide, sud be ccîîtimîîued
t ilriougl an arch initier tlint avenue auîd thé Victoria Euobank-
Smienit. oif tliat arch sixty feet tinder the ELubauîktent have al-
ireitileemi coistructcd. The raiiway Mill paso undertdueT]Ilunue.,
ass t aaui tfîrough aut nrch imiter Coilege Street sud Vine Strt,
sud t erininauit atVn.terloo Station, irlicre it Wilt bu dirertty
cîuîiuecteil ivith the platfornus cf the Londoni suit Soîith-West-
prit UBilray, with a sepirate :iîîlroach Ircîn flic York Rotd.
'ite line AIi bc double, nutwrkcd hy mnus cf aE statiouîsry
enîgiuie rit Waterloo, transunittiuig thepoNver te Uic carniages,
wîuirlt ill rua sepirately, start las fifled, anîd occu jY about

ithrce anmd a half minuttes ii tie journey. A tender bas beeu
1 acccptcdl for the counstruction cf the railway, to be ready for
toi.elluiu irithiu eigltecmi months froui thie commîuenemnt cf
tie work. .1 contract lias alse been mamde with Mvsuýsrs. Sie.
iMens Brins. anid Ciiîîany te provide anuit crect ail requisite
clectuicsl machiinery, rolliug stock, anud apjiaratus net icluded
lu, tic before-uucntioned temîder.

SOME POINTS IN ELECTRIC LIGHTING.
The fuîurth of the series of Si-, Lectures omi the Aiiieations

cf Electricity iras delivereda t the Institution cf Civil Eîmi
wîerse <Ecg.>, clu 'I'liursday Ereniuig, tic 5th cf Alîril, byDr

,felîuî Hlojikiison, FALtS., M. Iast. C. E. The sîîb)jcct was
I"Some l'oints ii Electnie Iightiiig." The following is au
Iabstract cf tlîe lucture :-

The scienice cf ligituing by elcctrici.y was diidîcî by flic
L..cttirer mta tite prinucipmal parts-the methods of production
of electrie ctirreîits, snd cf couvcusicu cf tic cuergy cf thiog

tirrcuits imite heat at sachà a temîpérature as te bc given ir fii
rad-iations te îî'licli tlic cye isas senisible. The Iaws komm te
couliucet togetlier those lîhîccoînems called eloctrical, îre:e
1v*issiiliy uuîcluniiecal iu forti, closcly correlatecd with nie.
cliiiuical loirs, aud iiiiglt Uc nîcast aptly illustrated Uv nme-

Ichiaulecnt analogues. iC'or examiltle, the tenus Il îotcimtiat," I
r :, "rreant," snd "resiçtaiice,"' liad close auialogîieq respectively
ii "bnd" rcte cf flow," and "Co-eflicleuit cf frictionu' lu the
hydraîîlic transmuissioni cf plower. Exactly as in liydratultcs

Ilîesd iuiltiplieul by velocity cf Ibis was peower measred la
foot.jiouiiîds pt seconmd or in iu. P., se poteritial multipliemi Uy
currtmit iras power sud Mas mnsurahle in the saine nuits.

Again, jngt as wator flowing lu Et pipe liaI inoertia o'id requircd
n cxpendiiture of work to set it ii motion, nuit %vas eapab4lo of
pîroduciîîg disruiptive elfetï if that mlotion warù ton suthienly
arrested, se a cairreut of o1ectricity mn a %vire hid inertia , te se't
it ineî'ing olectroimetive forcé mtuit work for a fitiiîtt tiqîue, and
if arrcstedl suduleîly by hreaking tho circuit flic electricity
forcod its way itcroïs the ittrval as a spark. Corre. 1îInýqiiig to
Illssi nuit momuients cf illertia ii nîechauiics there existed lit
electricity co.clliciouits of self-indtiîction. Tiiere wa', liowever,
tis dilffsrciice betwceuit the inertia cf %vater ii at pnipé anid the
inertia of &ni décrie curreiit-the inortia of the Mater wai; con-
fincd te thé Mçater, w!iereas thle inertia of the electric currciît
reside l ii the 8urrotnîiditig méddium. Rontce arose the 1,heno-
inei cf induction of cîîrrents tipon currents, and of înîgn.-ts
on oi i ong cuîctr-lenîeu wliic liait 11e imiwctivite

nuialoguts in hydranlica.
The Laws cf induction %vore thon illustratea by ineans cf a

raechanuiea! mnodel devjoed hy the late J>rofiessor Cierk àfaxwell.
lit the widcst sAnse, the dynaino.electric, machine nîiglit lit

îlefined as ant apparatus for cosiverting niechanical eiiergy into
thée energy of ait clcctro.static chargé, or inechaiial Ipowr imito
its équivalent illectrie carrent throtugh a conducter. Uiider
thiq 'iefiiuitien wouLld be included flic clectropliorus anîd AIl
frictiona! nîuchlues ; but the teni w.is uïed, in a more restricteil
soit", for thoqe mnachines, whiclî pro.!uced etectrie currents.by
tic maotion cf canductors ii Et Inagnetic fieldl, or bv diaý motion
cf a inagnetie field, in the uîcighibeîîrhood. of a conuîctor. The,
iaws nu whiclî tie actioni Of sucli machine was b4ti-dt hld been
the sulIjeet cf a séries of discoveries. Oerstetl iliscovered that
ait electric current in a con-Incter exerted force ufloi a magne- ; 1
Ampère tlîat tise condiieters cotivoyiug currents geie.rally ex.
erted a inîechiaical force upon each otiier:- Faîraday il .nccvend
-shat llelmlîeltz nud 'rhoiiisoni aubsequently proveid ta b-3 t1e
nccessary, couîsequeîîce cf thé meclancal rectics liotivieuz
condîuctors coîîveymug curronts anîd inagîcts-uainely, that if
at closeil coîiductcr moved in a îuîagnetic field, there %vouhl, he
a cîrreît; iiuduceid in tlust cemîducter lut co direction, if flic
nuaibûr cf liîucs cf magnetic force passed througlhé c ccii utor
isas inceasetl by the rnovemenit,-in the otiier direction if di-
miiiqlîcd. Nov altil dviîauto.celec trie mîachines were based upon
Faraday's iliscovery. -Net ouly se ; but liowvever elalîcrate it
mighit be desired te malte the analysis cf thé actionî of a dyna.
mo-tiîachîine, Faradsy's was'y cf liresentiag the plienoiena cf
clectre.îîîagnetisnî t te iiîas waa in geénéral thé hast point
cf departure. The dynamo-machine, thea, essenatially roiiuaisted
cf a conductor inade te niove ii at uagnetic fiel. This con.
iluctor, îvith tic externat cireuit, fonîned a closedl circuit in
which electric currents were induced a the iutunlher cf Unes cf
niagnetie force passing throuigli the closed circuit vari-. Siace,
filoen, if the curreot ii a closeil circuit was in cne direction
wlien tlic nuniber cf Uines cf force ins increasming, it isas elcitr
flint tie carrent in cach part cf sucli circuit wlîich passed
tlsrcîîgl the magnetic field riu-at bie altcrnating lut directioni,
unluss indeed flic circuit Mas such that it isas continually ct-t
ting mocre sud more Unes cf force, always in thc sainîe diepc-
tien. Silice the curre,îI lu tlîc wire of the machine %ras aller.
natiag, se aIse must bho icurrent outside tie machine, unlass
seintthing in the nîature cf a coînnatater w;îs eniployed te
reverse the connections cf the internati wires in which thé cuir.
rent iras indticed, aud of thc extenat circuit. Thiere irere then
broadly tire classes cf dynauno.electrie machines ; tie siinplêst,
flic alternatiiîg current maachine, irbere ne conttatir iras
uscdl ; aud tlie continuoits-curreut minlne, in which, a coiinutater iras used te change the cennectien with t;he éxteruia
circuit just nt the moment wvhen the direction of thé currelît
weuld change. The thcory of the alternate.etirrent mnachîine
Mras thcîî cxplaincd, inil it was prevedl tliet tîço indepeîdeily
driven alterniate.currcîît machines conld net Ieo workcd tu
series, bat that tluey mi"lit bc wcorkeil lut îarallef circuit, amnd
hence irere quite suitale fer distribution of clî'ctticity for
lighting witbout flhe îecessity cf IIroviding a separ.îtc circaît
far cach nmachine.

It iras easy te sec hiat, l'y introdîîiciug a cominutater revelv-
inlg with the armature, in an alternate.currcnt mnachîine, nuid
se arisuugeîl as te reverse the colînectiou hetaeeil Ille grînature
andl the extenat circuit just at the tinte wheui the ctirreîit
would reverse, it was possible te obtaîn a culrrent co nstant alirsys
lut direction ; but such a current would bc fdr frontî constant mut
iutcnsity, aud would. cortaitîly flot rîccoiplishi ail thec rebuîhs
obtaîneà in miodern countintiouis-currcuît machineq. This irre-
gularity miglit, however, ho reîlnced te any extemît hy muulti.
plying the wîres cf the arniaturt, giving each ita ownîeîîic
tdca te the outer circuit, sud se iilacilig theni tîjat the clectro.

Mily, 1883.1
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motive force at'n'mned a maximum successively in' the severai
coils. A practically uniforus electric cartren t ira first com mer-
cially prodîîccd sciti thse ring armature ai Pacinotti, *-tperL'cted
by Grammne. A ilynamio.niachiuewasîot aperiet ntruenttrr
convertiag meclîauical iute the energy of elecé:ic curre C~. Ccr.
tain lasses iuevitably occtIIITd. There wa5P tIse loss lue eo fi iction
oi bearinge, and af thse coilectin)g.brushea uipou ttie coasmu.
tator; titere was also, tho bass due ta the production ei Pl, <'trio

1cîîrrenti in the irou i o t mchine. WVben tiiese wcvre ac-
counttl for, tiiere reniaiiied the actua. electricai cifect ai te
mainilie in tise colidtictimg ivire ; but 8di ai titis %ias lnnt avait.
able for externat w'.Tito current hid ta circîîlat tthrtsitýl

1 the nrinatnire, wehiclî ilne'itnbly had elîcetric,il rçsistane ;
electrical en.xgy nmust, tlîcreiore, lie conivertt(I imita lteat ill Ille
arniatile ý.f tho achilie. Bttcrey mnast alsa lie expcenfled( i'i
jthe %vire of tc clectrc.nagmîet m-hiei liroia<'cd tlle field, as tise
rebistauce ai titis also couldti itb relduct d beyond a certains
liait. '[Tio los by the rcs;stautce of the ivires ai t'-e irmi turo
aivnl ai tce niatgncts greatly mk(petided on thse dinmensions ai tte
nmacinite. To kniowy tic prapertivs aifîsuy machine tlioroîtity,
it %vxc4il ot enttosgl ta 11:.0w its efficicncy Z.nId thec aniluntit ai
%volk it w.î apal af' dailng ; it %vis ttouesbary ta klno v irlît
it IwAultl (1 utîdu-r ail circunist îmwes aofayiî rcsi>t:tîute or

Ivarying vlectrom,.tive force ; aîîd, tinder aygvn ctaîdtiquutt,
whiat wolild be the cltetrottotive force ai thec armaiture t Now
titis clect'o:ttotive farce deptctded on thse itentiiy a tof nliüa.
gttttit' fit-I, nut tc intutsity ai the utagitetie ficld dept u tded
un thse esîrret paisiîîg round the ciectra-ni -gtîet anti tue cur.

remit iii th(e ainnture. The carrent tîten iun tihe machine iras
thte lîroir independetît variable iii terms ai iliiel ta express
thVe elertromiotive force. Tito situipîcat case xvas tîtat ot the
scries-îiyîîaino, ini which thse enrretnt iu tise lectra.mîsgnct andiini the armature was tise saine, for thoen there iras auly aoue

jitbepvîtiduttt v.irizthle. Tite relation betirepn electraimotive
force andi currcstt migbt be tnoat conveitiently exîtressati iy a
cUrvuŽ.

Wh'iet four years ago thse Iccturer firat useti sudsi a carve
(stttec nittic by Depîrez tito Ilcliiiacteriatic curvc ") l'o thte
pttrlinse ai expressitîg tce resultn ai Itis exlierinietits au tisa
Sieitites dtas.nalic lue xoittd out titat it iras .aîl!
ai solvttug alttîost any ptoahit relating te a particîtlar machine,
attu titat it ivas also capable rcf giving gcod indications ai the
rebult-s ai changes in the wittding ai te ragtiets, or af thse
armtures ai such maehines. 'flic use ai te characteristie
curve ias illixstrated iritît reicrence ta clsargittg accutinalators
and Jacobi's lair ai electrio transmission Pf power.

teclrent t se anraure a iiithu elocro. net, tl
tWe cut te amatur acnd ina thot acuis-an, utl

pos.sibly ticetîdent upats ci ather %vere miot iiecessarily equal,
cte probieni was flot so simple. ln that case tisere scere tira
varmables, the cttrrenît in thse electro-tuagttet sud the carrent int
i th arinaturu ; antd fllc lîrarer ta îresi ittatiatu ai ten lurperties
ofthte maschîine souiti be by a cisaractcribtic surface, ofi mmcl
al model iras exitibited. By tise aid ai suil a surface any pro.
Mentla relating ta a dynamuo.machine coald bc deait iai, ne
nmatter how~ its ýIectrna.agtetsj sud its armuature were conecteti
toz etiier. Of course bu actuel practîce theu istotici of the surface
lvùiuld nût be tuseti, but flic projections; ai its scctiotus.rThe praperfies cf a machine depended tnucî uponi ifs dinsen-
siotns. iu ppozýe tira uiaehittes aliko in cvcry particular, except.
ilig tilt thec'me hall ail bts Iinear dimensions double that ai
tlic otiser. Tito clectrcid rcsistances bu thte larger machine
ivoutd bc eue-hall thase af tise anialler. Tise current reqisireti
ta prodiîce a giveti intensity ai mnaguets fieldi iroalt lie tirice as
great bu the larger tmachtine as iii thse saier. Tise comparative
cltaracteristic carves ai the tiva miachitnes, wiien driveus at the
situe speeti, werc siawu in a diai"r.am. The tira cttrves scere
on' tise Vrojection ai thse otîter, tsavimsg correspond tmg points
witi iibscis"o iu time ratio ai cite ta hro, amid thse ordtnaites inthe ratio aicite ta four. At l'unît sight it, iauld seeun tîtat tisa
work done by tise largor mnachitne siionit be tliirtytivo tumes
ns ittucis as titat witich wouid be dons by the susaller. I>racti-
cslly, bowever, no sucli resait couiti possibly be attaineti for
mainy reasons. First, tise iran ai fte uagmîcts became satuirated,
sud consenuentiy inateati ai ciglit tinses tise clectramotive farce,
there ivouid anly be four times the electransative force. Second-

tise currcnt irhicîs tise armature coulti carry vas lizmiteti by
thîe rate nt which lie iscat generateti in tise armature coultil
escapte. Again, the larger machinue couii flot riun at go great
u augular velocity as tise sauller one. Anti Isstly, since in

tise lare machine tise carrent in' tise armature vas greater in'
proportion ta, the sataratcd magnette fieldi thau n utise smasher
otie, thse dispiacemeut o! tise point af contact o! tise britahes

with thse cotutBtor would be greater. Shortly, the ciîpacity
af similar dytnmo.machiiues vas pretty neariy proportiauate
ta their %vvigbt, titat was ta the cube oi their lifcar dimen.

ss; the work wasted in producing the muagntetic field wa-j
directly asi the linear dimensions ; and the work wasted in'
beating %te iwires of thse armature vas ast the square of the
linear dimensions.

A consid ration of the 1tropertir.qaof lutilar rn -hitîeqi h.;-'
another inmportant practicai use. M1r. Froude waî able ta c')n-
trol tie disign afi rouclad slips by exiieri-ticnte upou iiio'hh-l
made iii ptallin*wax. f t ivas a macht euier thing ta prcdtxd
wiait thc performtance of a large dyn ino.maclinuii waut hst.
fri:n iàboratary c-xiiet'itttnts made up u a mode] ai a very smnall
fiaction oi its ituoisiaîîs. A% a prouf af the lirattical utiiity oi
sucllinmeliod, the Lecturer seteti that by laboratory expert-
meis'' lie liadt succoeded in greatly increasitîg the cal-acity of
tie Edison machines, without iîicreasing thear cost, and with
a sînnil jucrense or their percent ige of efllciency, remarkahly
highi ait that clficienry alre.-.ty wais.

'rite elcctric properties ai the electric arc vers experimentaliy
illuuitratted ; in îîartiç~uIar it is showu tht tIse dtil'cretice of
poteutial betv'een the carbotis w 's utarly iiîdupendetit ai thse
curront.

When a curcent af eiectricity passei throngh a continuns
condlictar, at alncounitcred resistanco, anti heat wus geuvrated,
as shown by Joulo, at a rate representîd by the resïstance miii.
tiplted by thse eqmtire of the curremît. If thse current iras suffi.
ciently greut, lient would bc genierated at such a rate that thse
cortductor would become incandescent aud raditîte light. At-
tenipts liait bec» mnade ta use platirium and platinuni iridium
as the incandescent cotiductor. But these bodici; irre too ex.
pensive for generat use, and besides that, refractory though
they were, tlîey avere flot rcf:actary enougli ta stand thsa high
temp?rature reluired for incandlesceu't iiting, whicls shouiti b.
economical of power. Commercial success vras flot realised tunti
very thin antd very uniiorm threads or filaments ai carbon were
produced anti enclosed in reservairs of glass, irons irich the
air **as exitausteti ta thse utmoat possible limit. Such irere the
lamps mado by 31r. Edisan iriti which thse Institution in
tetvl)orariiy ligiited. Tise electricai proî>erties ai such a lamp
vcore craniulI andi in ptsrtieular 'it iras shosca that itî effi
cieiicy increasiet and its resîstance diiuissheti sith mcras ot
current.

Tihe building iras lighted by about 230 lamps, esch givitng
sixteen candles light, praduceti ezch. by 75 Watts ai powcer de-
velopeti iii the lamp. To produce thse snie sixteen candlea'
light in ordinary «cat fiattilanse gas.burners, scauli rmontre
betireen 7 and 8 cubic feet ai gas per hour, contributing heat
ta tie atniasphere at tIse rate ai 3,400,000 ft..Ibg. lier liaur,
equivalent to, 1,250 Watts, or xîearly seventeen times as mucis
iseat as thse incandesoencc.lamp of equsl power.

At the present time, ligbtimsg by eiectrîcity in Landan tout
tost somtthimg mare tîau liglîting by g-q Wh tt score thse
prospects ai reduction ai tii cast t l3eginning sitti thse engin@
anti boiter, the electrician hllt no right ta iooil forirard ta any
îuarked and exceptianal ativance in their ecaony. Next came
tise dynamo, the beat ai these vcers sa goad, tisat tisere wua
littl3 room for economy in tise conversion ai maechanicai into
electrical energy ; but the prime Coat ai the dynamo-machine
wua sure ta bc grestiy reduced. Hope ai consitierably increased,
economy inust b. mnainly based upon prob4ble improvenients
in tise iucandescenice.lanip, andi ta thie thse greateat attention,
ought ta be directeti. It bai been shoscu that mtnaked ecanomy
ai powrer could be obtained by workiug tise lampea t higis.
pressure, but tuen they soomi broke down. Iu ordinary prac.
tice, iroin 140 ta 200 candies scere obtaineti irons 1 n.r., de.
velaped in the lamps, but for a short time hie had seoa aver
1,000 candies per n.r. irast incantiesconco.lamps. Thse problem,
thon, vras se ta imprave the lamp, bu details, that it scouli last
a reasonabl<; fine scisn pressed ta that degree ai eufficiency.
There vras nio thieoretical bar ta sucis impravements, and il.
must be remnembereti tisat incandescence.iamps bati ouiy beert
articles ai commerce for about titree years, aud alres'ly mucis
hall been doue. If sucis au improvement verre realizeti, itirouiti
mean that it irould i e possible ta get live tinies as mmcli light
for a savereig u scoultil be tione now. At prescrit electric ligbtý.
ing irculti aucceeti commercialiy irbere ather cousitieratioe
tissu cost hiait weight. lmprovenents in thse lampa were car.
tain, and there wua a probability that tisese impeaivementa
xnight go so fsr as ta ieduce the cost ta one-fifth or what it now
vras. He Ieft the meeting ta judge irbether or not it was pro.
bable, nay. almust certain, that lighting by electricity wiat
b. Iighting of the future.

- i
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THE IIEAT OF TRE SU.N.
DY ERNEsr il. CoOiK, B.Sc. (î.eNa.), V.C.rs.

<Clist(Ir ero page 115.>

Tua. IMFEnenî TîsEour.

Born in tha littie towu af Hfeilbronn, Wutrtomburg,
tliîý ilinstriaus eri"iua-t.r ef tiis thcary, vreuld. have
lived and dcd a ruspecteid Cerîuîan physician had ho0
nat possesqed a ,trong mont il bias ini faveur af Phy-
sical sî1jecuiutxoLs.

ra suri, a case the strang- influence w1tich bhis writ-
ings have Made iipon the thoughit ai the preent day
would havé- heen %vaingiý and the~ %orid Nwouid have
been ignorant of the nratae of Robert Julius Mayer.
Dit liera we mnust -nard ourEeives àgairîst faliig inta
the oppiosite extrome, ,înd gii-al tho credit ta ane.
1 ]lave calieti Mây,ýr the ariginator of time tlîeory, and
so iu triffh lie W,18, liaivillîg publislhed his Il Es*ay ou
Celestial l),ynimic8 I ii 18418. Bat, as is goneraliy the
case, oth-r muinds %ere a! thi' same time actively en-
gagcd upon a sifllar subjet. It wasU naL howeveu
uutil the iruIs Meeting of the Britislî Association la
1853 that WVatorstan ,ketce ie(t e saine theory, being
at thc time nuite ignorant af Maypes previauis wvrit-
ings. Waterston's paner attracteti tlîe attpntion ai the
eelobrated matmeiiatîianii andi plîyý,icist 'ýir William
Thompsen, anti in a beautiful inemoir pubiislied ia the
Transactions af the Royal Socîef.v of E'IinbutrghîI fer
1854, time xhlie theory is e.mhaustiveiy worked eut
and doveloped.

W ith thue lip afi these %vritîn.-z w'e wull now endea-
vat te -ive as brielly as posibIe an outlineofa this
interestiîîg thîeory.

It is neesêary hîowveor, ta a proper appreciat ion of
the subjeet, ta acquire a ittlo preiimintirykovid.
Suppose a botdy tu bu alevin-, alnd we stop tlîatlîedy's
motion, irekîoî that iva hivo te exert foice te do sa.
MNorcovnr the fieavior the badly the gr ater force ie re-
quireti, or wvith tho samo weight, the ftîstt'r iL poas the
more force is requireti. Givea lime wreiglît and the
vCloeity ai Motion, we eau cailaite the 'verks, reqilired
ta be dune ta briîîg the bo'dy Ibo rie.tt. Ag.,iL lias
been mravell tlîat %wark of cunrgy and hecat aire mutuai.
ly convertible. i.',that a verti»i aunouîL of hleat can
b8 producet1 by tbin expnadittiro of a reut, ia amnount
of îvork. and aIse that a certain a-noutît of work wiil
h"at a giveu b3dAy ta a t-rt-iin dlgru'a. Tha:slias beau
emqied the inechinical equiiv.ilott of lieat, and ive may
stat" it tlitls:

lf ta wurk reqitired( te rai.te 139() lbsz. one foot Irighu
bu don -upon ena pounti af water tie Letupeorture of
tîmat water ivili be rai',et 1 '- Ç. Now as was said
ahove, %vo can caleuîlate th) aunoiut of work which
ilust bu doue ln order te stop) thî otaIion of a moving
bedy anti tlit-r4ore if this work bo îîi4rîe into
lîcat %vu *an fiud hiow inuicîri tho tempt rituire of the
body ivill be inerca-a. Thiis 'vo finti that tile heient
givea aut by stoppin th,)i' mot ion ai a leaden buihèt
mavin- at the mati) Vi 1300 I'cat a second wvould raise
its toîrîperaturo abo)ut G<10 -ý C. if all tht, bort io Me-
taiiet hy tlir, hitut.

le the imagiu.ttion îe, i., an t.aiy niatter te ise froa
the ctniiidt:mationi uf the impact if a rifleý bullet te cwi-
sider the impact af woid(k Iu efl,!ct tis is ,vît u
Meteoric Thpory duis, ouly inst adi of irtrlde iL con-

siders "ho collision to occur betwoen the Sun meteora,
andi cornets. In ar solar &yitemn thora exists a numer-
outs clis of small bodies cailed astproids. These sinal
bodies likoe the larget ailes are subjutedl to the law of
gravitation and are attract-d by the sgun. Any mnediumn
which existî ini space, haoivevor rare it may bu, %would
exert a coînparatively groater action on small bodies,
thian upon large oiles such as the planot4C. Thuq ai-
thougli those latteor miy flot have their mnotions affected,
tho former may bu rapidly causcd to approacli the sun.
It is thus suppoped that the suri is constantiy subjeot
te a canuonado of simati bodiies uipon iLs surface. But
if suich a rain of thieso qmali bodies is contantl.y fi.
ing froin theo uterînost Iiiiits of our systemn upoa the
ami, iL is evident that as they appraachi near Iinii they
becomuo condenseti. MV ouglit thoreforo to be enabledl
to sce suieli a crowvd of inoteors bMère they fait into the
suin. This is suippoetl ta bu proved by tho existence
of the mass of liay miatter wvhiclî surrounds the sun
hknown as tho 7Z diacil liglit. Whether or flot thUs
consists; of an ass3cmblage of moteurs, it is, of course,
impossible to say. Býut the înattor compo8ing, it bas
heen Aiîown ta obey theo rdiinary Iaws of planetary
rotation and thus ta 1b'have exaetiy as ineoteor3 wvould.

iere are two wîiya in which a badJy nîay fit iaf o
the sun : it xnay fait direetly upon iL, or iL may revoive
arounti IL in gradtially dIiminishing arbits until it 18 at
last ,uhsorbed. 'lie final voiocity whiceh it could have,
is very différent lu the two c %ses ; in the first, suppoî
ing- it ta fail from an infinit-3 distance it wvould, have
tho greatest veiocity possible, viz., 390 miles a second.
in the secondi cv:o Nwhere the velacity xnay bo supposcd
a minimmumî i would bo cqual to 276 mýiles a second.
Strikcing the sun witlî iLs maximum velocity, the body
wouid genierate "l more than 9000 Urnes the heat
goneratoi by the combustion of an equal amount of
coal," striking with iLs minimum veiocity iL wvould
produce 41000 0timcs al; mucli heat. "lliere then ive
have an agncy competqnt ta re.qte his lest cnerg-ýy ta
the sun, and ta niaintain a temperaturo which far
transc-nds ail terrestrial combustion. . . . IL înay be
contended that this showering down af maLter necessi-
taLes the growth of the nuni; iL (lacs so, but the quan-
tity necessary to maintainl the observed calarifie emis-
sien for 4000 years %vouid du féat the scrutiny af aur
best instruments." (Tyndall). The amaunt afilient
gienorateti l'y tho f.1li af thmýo metears is thus undoubt-
cdiy sufficient te produce the tenîperaturo wo find, and
there caaî aise bo no doubt as ta the number of these
bodies exi4îing in the salir system. WThen we ra-
mnenbei tho largo inxnbnr afi nieteors wvhich are seen
by obsqrvers, aIse that the vast mnajority eau oîmly bu
seen at, night, and th-3 sm.il btulk which the earth
accupis in suace, we cannot but admit the suffiriency
of the cause lu regaril te quantity. Tirus during one
observation at Bou-tan filiera wcere observed in nine
hauts, ne less tin 2.1.000 ineteor.s, anti thus in a year
we imiay concludo that litundretis, perhaps thouqauds, of
millions izîli hita thi e.arLhî'. atraaspliere.

Sir William 'Ihompson in dcvûlIopinýg thiu; theory ia
the piper before ineiitionei ba, xnodîfvlýd iL soinewhit.
Ilis tlr;t iglea wzis siniikr ta that af Mayer that thre
metear:c maLter (ai Igdowa on the sun circulated
ecse te him. lBut i f theo bo this mnateor e.'ditug
round the suni, iL is dillicuit ta acconut, for tho faut

1 t is interestiug tu note hiere ttt the idea of tho universal exis.
tellec~ of ili atinospliere tu iutroducued in tho nietcoric tbeory.

[May, 1883.
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that cornets ara ohserved to pass quite aloe. ta him,
sud thorofore through this niattar without 8uffering
any IBs of energy. Thompson has thorefore coins ta

jthe conclusion that the heat of the sun was 1produced
in this way but i8 noal thus inaintaiei. 11e considera
Ilthe low rate of cooling and coneaquent constancy of
the omission is due to the hlighi spocifie beat of the

imatarials of %vlliclh the Sun is composad" -yadall.
IThus in effeot the sun is cooling down but at the ou-
armous rate at which ha gives ont hoat; according ta
our kniowbedge> of tarreatrial things i%'e shouid imagine
ho would soon bu burnt ont. But this notion, if it

Iexista muet be dispelled, as Thonipson provas that the
ibeat thus originaily produced is able ta suppiy the sua

wvith sufficient, ta Iqst, him for noa laeu than 20,000,000
yoirs.

But aithanughI doalin- with imall masses of ruatter,
this thoory is flot cantined ta tbem. The hcat may b.
produced by larger massagsatriking the sun. In the

j histary of astranomical obsarvations -%v have it set
dlown that occasionally stars are obsorvod to Buddenly
meoase in brilliancy until thoy reach a maximum and
thon ta decline until tboy reacli their former briglitnes.
Mhne, in 1572, an autireiy new Star suddenly "Iappeared
in the constoilation af Cassiopela, and gradually in-
croasedin brilliancy until it murpassed ail tho other
stars. Il couid ho piainiy Sean in the day-tima. On
a sudden, NKov. 1 11h, it was as bright as Venus at her
hrighteat. lu the faoing 'March il was of the first
magnitude. Lt exhibited varions hues af colaur in a
foiv montha and disappcared in March 1574."-Draper.
Since thon many alumilar occurrances have heen iloted.

These, cau only ha satisfactoriiy expiained by sup-
posiug a collision beîweeu two bodies ta have occurred.
Acting upon tbis ides Sir W. Thompsau has calculated
the heat which ivould ho given out by the vations
bodies compaaing the pianetary systeni falling inta the
SUn. 'lhe table is as follaws, the hoat being axpre.qsed
as able ta sustain the solar emission for the stated
times:-

Mfercury . . yeara 214 dayl
Venus 83 " 227
Earth . . 94 "303

Marb 12 22
Jupiter . . .32,240

Saturn . . .9659"

UJrarnus . - .1610

Neptune . . .1890

l'bus if tha earth ware ta fall int thasun the heat which
%vould ha given ont hy the suddan stoppage of the
motion %vould ha sufficient ta keop up the present rate
of solar omission for a period of 91 years 303 days.
In addition ta the ainaunts givon in the table thera
mnust ha addcd th() hat which would ba produced by
the rotation of the planet on its amis, which in the case
of the aarth wouid 8upply the sun for 81 days. "lThq'
hoat of rotation of the sun and pianeta, takon together,
woiuid caver the solar oumission for 134 years, vwbile
the total heat of gravitatian-thst produccd by the
planets falling ino the sun-would caver the emisalon
for 45,589 year."-Tfyndaii.

lix the foregoing Sketch of a thaory which bas in-
fluenced 8o mightily the progress of solar physies, I
have endeavotired ta confine myseif as much as possi-
ble ta the words of its anthors and supporters. In
taking a survey of il in lis entirety, wa cannaI but be
atruck by the reaily beautifut way iu which everything
is derived from an original and ail pervading iaw ;

that of gravitation. Given the existence of unifIer
and tîxo iaw of gravitation, tho Iheory shows howv the
universo rnay have beon produod. The saule farce
which causes tha apple to fail ta tIse ground acting
Ilirougli distant age8 gava us the liglit aud boeat of the
@un %vhichi caused the appla ta aecend on the tre.
Ulnity and design pervades the %vhoie, aud tblstif I
may ha allowed ta Say so, is what wa find everywhere
in nature. Again, throughout, the whole of the theory,
thare is no assumptiou of elîher hypothelical sub.
stancas or hypothatical forces. No luminiferouseather
with ils ProIau propertios, the single hiat on the Un-
dulatory thoory of lighit; no attractive and repulsive
zones as in the Corpuscular theory. Starting with
malter as wa fiud it on the oarth, il ivaike ont ils Te-
suits accarding ta the aporatian of knowrn and thor-
oughiy establiied lawvs.

Thi8 ie an important point, for the theory wvas pro-
pounded snd worked ont Iong hafora Kirchoif
had given to the worid bis immortal discovery,
of terrestrial matter in the sun. Subsequent dis-
covery proves that the universe contains na matter
not exi8ting an the Partli amd the Melearic Theory eall.
for fia other. . . What I may eall the asseulial,
elemeuts of a theory are therefora hers preeent, its
ultimata fate muat tharefare dopond upon some more
probable axplanation helng praposad. Wearightiy cou-
aider the predielion of an hitherto unknown phenomen-
on, whieli is afîerwards proved ta ha true as a triumph
of theory. Thus, the diseovery of Neptune, and that
of Conical iRefractian, are considered a aving ixed,
tho (Gravitatiofs and Undulatory Theoriaq, respectivaiy,
on a firm hasis. It happons that tha Mo!aeoric Theory
bas also its pradiction. Owing, howaver ta ils nature,
we are snd shall be, unforlunalely, unabie to varify ..
The prediction is nothing more nor lesu than that of
the eud of aur planctary systani, a-ad lu fact of the
universe. 'Muons will fail int planaIs, planea int
ans and sans, imita aller aunaB, and ah the lat only ana
mighty sun wvii1 romain. This is the eud ta whieh al
must came. In taking leave of tbis theory 1 cannot
omit to mention ana important point whichi 1 do not
think has beeu raised before and which Bo far as I arn
aware lis not attracted the notice of ite supporters. It
-%vill Ile seen that ane of its assumptions la thal the
centrai body la graduaily aithoughi vory slowly altract-
ing the revolving bodies nearer ta, itsoîf. Extenuding
thii idea very siighlly wva have that the planels acting
as centrai bodies ought to b. gradually attracting their
satellites. TIhis paint has baa ahiy aud fuiiy -%vorked
out by Mr. G. H. Darivin and lia has came ta the con-
clusion that th. moon has beau and stillisl gradually
receding fromn the earth. UJpon this point therefore
theory and observation seem to, ba opposed ta each
other and we shall ba giad ta. ase tha axplanation cfà
the supporters upon it.

THE COMRAiCTION TIEOftY.

Iu the aboya stalement, of the meteorie theory it la
pointad out how cornparatively amail an addition ta
tlîe hulk cf the aun is aibla ta support the loss of anaer-
gy whieh ha suifera. But alîhough undoubtediy the
amnaunt which bas failen during historie tinmea le amal
compared ta the im~mense buik of 1h. sun, yet whan
we considor geologie limes tha case le différent.

(To bc zontiniua..)

Ilay, 1883.1



CANADIAN MIAG'AZNE 0FSINE(My 83

THE APPROACHINý,G ECLIPSE
Hi E acconipanying illustration fromn La Ntire shows

the instruments te be uscd at the total eclipse cf
May 6, by M. lanssen, who lias counnmand of the French
exeilition. Tflir illustration is aftr a photograph t.ken
at M. janssen's <Jbservator) aL Meulion. Thse French
expiedition, whuch bas probab> rcachîŽd its destinationi,
seul be loýated on Sable Islaiîd, necar Caroline Island, in
thec Marquesas Archipelago. Bf:fore- quitting P>aris, M.
Janssen liad ail bis inst. tmcuts and teins erected in order
to sec that ail worked ivel. Tuie trame .jurrounding the

l
jN

apparatus is arrangcd ta receive a large awnîng tu pretect
them. The lent on thse right us intended fer thse astre-
neuners, the furniture consisting of a work-tabic, several
camnp-stools, and thrce beds. The littIe tent on the left
is for photography. The instruments of the French txpe-
dition comprise-i . A telescope of short focus for spectre-
scopie work. 2. An equatorial on which wiul be arranged
a photographic apparatus, containing five camneras which
act together. Thse plates are olný4o by om. 5 0 ; they wil
require an expostirc of fivc mninutes. This apparatus is
intendcd for intra-Mercurial planets. 3. A telescope of
6 inches, with a lens cf 3 inche;, svitb photograpbic appa-
ratus acting by means of three cameras at once. Thtis.
apparatus, is intended for the solar corons. 4. .A

furth telescope, specially, reserved for M. Trouvelot
for drawings cf the corona and search for intra-Mercurial
planes.

TUE GRlEAT INTER~NATIONAL PISHE SEXI
BITION.-(Nattire.)

The idea of an intrnaionald Fislherie.4 Exhibition ato ont
of thie. sis of theo shiow of Britishi fisticry held at Norwich a
short lime ago: and the presidetit and execiltire ofth*1e latter
furnied the sncicus of tie far more ipowerful body by whomn
thîe presciit enterprise lins been brouglit about.

Thie buildîings aeo w~elI advanccdl towards conipletion, and
%%.l bc finislied long before the opening diiy ; the exhibitors
wul, it is hopcd, supî port the exceutive 1 y. ,Ictding in2 thir
goodis iii time, and tlin all will bc ready for the 12îIi proximo.

Tie plan of the buiblimigs einbraces the whole of the twcnty.
two ncrps of the Ilortieultiiral Gardens the uprper haIt, left
in its usnal state or cultiv.ition, wnul forin a pîcMaant lonu 0
auJi re.stilig.placou for visitors iu the internais 01f t12ir study
of thL, collections. This element of gardon accommodation was
one of theo nost attractive features at the Paris Exhibition of
1878.

AXs the plan cf tho buildings i.s stragglfiuig nd extended, and
wiilîly spr the tî clases, the nioàat convenioI2t mode of
beeing thec show will 1îrobab.ly bc found iii goiîîg tlirough. thie
surrouîiding buildings fir.,t, and then takitig the annexes as
they occur.

On enteriug thie main doe in tlhe Exhibition Road, %ve pass
tlhroiigli the Vestibiilo te Llie coîîocil Jt,022 or the0 Royal ler.
ticultural Society', wbichli ]as beeu decorated fur the recelîtion
of marine paiiîtings, river suljects, anid fnbh picturesof ail sorts,
by modern artiats.

Leaving the Fine Art, bhliind, tio principtl buildin-Z cf the
Exhibition is befoc us-that devotcdl to the deep seà fis)wprfr
of Great Itritaiu. It iR a liaidsoine woodeu strudtrc 750 ft.
iii leligtli. 50 ft. wide, and 30 ft. at its; greatebt lieiglit. Tite
utodel cf tliis, as wu.lI as of thîe other teiiiporary wooden buil.
iimcq, is the saine as that; cf the anne~xes of tho grecat Exhibition
cf 1802.

Ou car leit are the Dining Itonnîs with the Kitclieus in the
ruai-, Tuie tîuir-1 rooîii, set apairt for clivap fish dinners (one cf
the fétetreî of the' Hxhibition). is to ho decorated fit the ex-
pise cf the, B ruivss 13.rdett Coutts, and itq walls are te ho
Jiuig witli pïcurs ]eut: by tho FislilDOIger's Comnpany, wVho
have aIse furîîidhed the requîsite chairs sunt tables, and have
made arrangements fur a daily snpply cf cheup fisli,while aliost
everything necessary te its maintenance (tcrks, spoon.s, table.
linen, & c.), wilI bo lent by varions firme.

'The apîsidal building attached is te, ho dDovd te lectures on
tihe cookiîîg cf hish.

Hsavisig crossed the Britishi Section, aud turning te the rigbt
and passiug by another entrauce, wo cone n on what weIll bo
te aI onee cf thc most interesting features ofthe Exhibition,
and te thc scicntiWic stuelat cf iclitbyoiogsv a collection of pa.
ramounit imlbuetanice. 'We allidu te tue Western Arcade, iu
wîiich are îîlaced the 4iquaria, wliich bave in their construction
given risc te more tilioughtful caro and deliberaticu titan any
ether part cf theo wcrks. On the right, in the baye, are the
twenty large asphalt tankse, about 12 it. long, 3 ft. wi'e, sud
3 ft. depp. These are the largest dimen siens that tihe space at
comnmand will ailow, but it is feared by soune that they weill bo
fecnu soinewhat confined for fast feîug fuel1. Along the Wall
on the left arc ratiged twenty sma ler, or table-tanks cf slate,
whicha vary semewhat ini ýize :the teuu largest are about 5 ft.
8 in. long, 2 ft. 0 in. wm*,and I fit. 9 in. deep.

In this Western Arcade will hc fouud ail the nese inventions
iu fisi culture-modeis of hatching, breeding and reariug
estabishments, apîlaratus fer the transporting cf fnbh, ove,
medels, andl drawU2gS scf fubli-passes aud l.udders, sud represen.
tations cf the deveiepmnent and grewth of fish. Thse chief
exhibitors arc specialiste, and, are alrEady wvell. kuosen te eur
readers. Sir James Gibsen Ilaitland bas takion an active part
in the arrangement cf this brancb, sud is hirnself eue cf the

cntenot f theo Arcade sehoe it curves tosearuls the Con-
servatory, seul bo shovu an enorrueus collection cf exaniples
of stufled fnbh, coutiihntcd hy rnany cf the preminent augling
societies. lu front of tliese on the ceunter seul be ranged
microscopie prepirations of parasites, &c., sud a stind frrat
thse Norwich Exhibition cf a fanna cf isis aud ilsh.eatiog
birds.

Passing beiuid thse Ccnservatory sud don the Estern
Arcade-in which seili ho arranged Aigre, Sponges, Mollusca,
Star-fish, wirnis nscd for biait insccts which destroy span or
sehicis serve ns food for fiel,, &c.-ou turning te tho left, wO
find ourselves in tise Eish Ilseket, sebicis sili probably vie

(Play, 1863.



May, 1S83.] AND 1:11E INDUSIRIAL ARTS.
with the Aquarla on the other aide ln attractingponnUlar t.
tention. This model l3illin sgate la ta ho dlvi e ite Iwo
parLç the unse for thp sale of frlesh, the other of dried and cnred

Next in order corne the two long iran sheds airoprittd
re.qlctively to Life.hoats and Machinery iii motion. Wouie )mast
the Rtoyal Pavilion (the idea of which, was doubtiesa taU en
front its prototype at the P>aris Exhibition> ta the sontlîern
endl of the central block, which is shared by the Netlîerlands
and ile%,founidlaid ; just tu the noith of the former ligiuqn

haq place.
White the Comnsittee of the Netherlands was onse of thse

earieat tormed, Belgium only *came in ut the elorenth hour;
she will, however, owing te thie zealous activity of Mir. Lenders,
the consul in Londoiî, scnd an imeortant contribution iiorthy
of lier interest in tho North Sca lisleries. 'Wo oughit aise te
mention that Nevfoindland le among those colonies which,
have shown great encrgy, andI site may be ex1iected ta rond a
large collection.

Passiîîg northward we corne te Sredcn atid Norway, with
Chili betweenl them,. These two conntrces wvere, like thé Nctlier.
lands, early lu treparing to participte in the Exhibition. Eacb
hisq liad its ownt Coinmittep, which bas been %vurkin- hard since,
early in 1882.

BeLCK PLAIe-A. Switterland; B. Isle of Man: C. Bahama amdW. 1. Islands: D. Ilawai, 7. Ioland. Portugal: G. Au>tria; li. Cern.2ny7
tFrance; J. Xîay: K. Greece; L. Chna; M. India and Ceyl-n: N. Straits Seî:tnents; 0 japan. P. T.ismnta. Q. New s-r.th

wae-cl,200 reet to sthe inch.
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Paraiel te tut' Seaudinaviu ftection hintlîat devoteti te Co.
tnda antht t'ti iîiid States. W~hite the Ainieican U;overii-
usaent bas freighîtti a1 shl witlî SIPeeiîîîeais expecteil daily, tlîe
formaer lias entcend leart auia seul liste thîe frieiiîly ravaîiry,
and aî'ill occupy ani ettal sltace-teai tlinuaad squatre feit.

li the Nortien Traiaîsejtt îaiil bai 1liaiestheli ifflaît 1ial îieries
of tue Uniitted Kingdii. At ecdi c.iî cf tlîe btuiltding is aptly
iîîelosed al basins feriiat*rly standiting ii tîte gairtt'ia - untd ever
tîte eîaterîl cite vili l'e er.cied the dais fronmt iieh tiii Qiaenl
ivili foriuaîlly ileclare ilît, Exliib'.tioit oenu.

Shîootiaîg out at ritzlit anîgles arc the Sîîsnisli -iaeitxp, andl
tlie ltuiltinîg sîtatrt l, "v iiua ad ('cyloît, China andl Jaîtan,
ait.! New Sothî wales -white correspoIîuliiig tu iliese at titi-
wea'ien end arc the ltusiam atnnexe. andt a sihed allutteal te
sevenal coutries anti coloniies. Tite 14le cf Man, tîje Btahiamas,
switzerlantl, Geriîîany, Ilftwaii, Jtaly, amat i;reece -8li Iita
tîjeir sutace uind,'r its roof.

After ail Uie buildings 'vere uthanicl, thea (oîernîicîînts of
Ilussia anal Sîtaiti cleclantal tîjeir inîtîtionat et rticitaatin,- ; ccd
accordingly for each, tîje coutties a coiiîinodious iron btuildinig
liai' heeti speciait>' ereeteil.

Tite Spanish cellectici will lie ot pecaîliar interest -. it lia%
tiecn gàtiiereal together b>' a (havertimnt vîs e n- -rl r oinid
tîte ecat for tîto uluse, and taking up) coîitributi i al]
the seilîcris as it ia.neî.

Of the coumtries wiose Coveriituenti; for iiiqcruituîle reasniis
cf state shîow, distaa'our anal lack ot .%.ziîtaitlày, ( irnavt
ltroînîaient ; aitlieîigli b>' tIe active iitative cf thse Loarttcît
Conuiiit.-e soeule imîportiant conitributîionîs have. been secîtreti
froni Jaivate itliaidîiûls a silng tOsent, we art. hiappy te say,
is 31r. Max veit dtl, lorie, wio, avill seulil his ct!l-brated
îîiciîbstor, whlici the Eugiish Coînniittee have arraîîiged te
exhihtit in eperation ni tîteir ewîî expmîse.

Althoig)î tîte Italiain (Ioa'emameît, like IliAt of Ct~rinmanv,
holds nloof, individaair esiieciaull- Dr. l)ohnî of the ais
Zeological Station, will atetia conîtributions of great scieiitific
value.

Framnce, tue ether day oul)-, coîîsentedl te tue officiali ap-

'loiîIntehnt of lier Coîîsul te look alter the itiereats; of the eyv.ter
cultiva' ira vrlie are contnih'oing an impîttatt teatiire.

In tlb- Chiiieee and alaaese, anntexe, on the ciat, avili lie
I lieut a lurge colltectioni ot sjecimeiis çincindiug he ffigintlic
i <rabs) whîicli liais biens colccd, te n grtat extent, nt tise su--
gestioni ef Dr. (Giluther oft fei Britisha Muîseum.

la îs nt lte -amne tilie ftenmate aîîd oisfortunate iliata sinhar
FIshleries Exhibition ii slowv beiaig lielal at Yokohiama. as man>-
I îcimeus îvhirir have been collecieil specîally for their own
lise woiald othieravise lie îvaitiîig ; anal oii theotlher bandi, illan>

Iare hielti back for their cui shtow.
Chîina, cf ail foreigis cnunltries, aras lthe firat to seti lier

goutte, whtich arriveal at the buildinîg oit tîte 3UtLlt ultime, aic-
compatiieti l> ative worknieis, wlie an- préparihig toert-ct orver

a iincoîitigueîîs te ilîcir annexe models of th iiumîiner-
holmue atia bridg~e wiîth whuielt thiewillow-patterni plate lias isinde
a is ftaîniliar; auIle titi the b.sit avilI float mîodels ot Chitiese
jcnks.

O tf Britisht colonties, Ses' Soutuh W~aIes ailI coiitnilàaiao a ver>'
înterestistg collectioni 1 .lced îalir the 'aire t.l the Utiraier of
tht. sydutey Museatut ; andt front Ile tadiais Empire avilI coillo
a large gaîlîering et sjSceiment iii spitits Initier the sutterin-
tendetice ot Di. Franis I)ai-

Of great scicziiifac itittresi are te exhibits, te hleîplaccdl in
lw<'b aeigliunag sl:tcls, ouf the' Native Gntitî ('eîtpaiv nt the
Mihloaa'iers' Ass-ocialiatu). Tîte forînerivill alatar al] thehpatents
aiseil for the. Iîiitcatioîî ot rivera front sewage, aît, tite latter
will dispiay iii actiout iteir aniethoal cf rendeng iitîtocunus thi'
clitniîle:îl polltiones awhi factories pîour iutai rivera.

ln titi- large piece ot ataer in te ticbttint jurt et the gAr-
dcix, whhltia l'ell deeli"'ued un î,arîtoý, alptattis in con-
irciain xçith diviiîg avill be m-cu , ad liard il%, in a shetd,
Mem"r. Sitite, Onniiis 1& Co. avili show a seltet;nn ot besîtti-
ful mnuate aiteila tirptiged froua theo bottona of tht. M'editer-
raiiêcan.

ln lthe <upet bas'ins in tlie gavres avilI li sten bu-avers, arals,
se-iitiaderas andl ether aqtlaîic Itirds.,

Front titis rrelirinry woilk roundia cnuîoah bas,% ve tlîink,
bu-en accun te show tiat the. Crest lInternational Fialteries Ex.
hit'ititn wili provc et imitera-st aliku-,ie tht' enîinar>' visiter, te
ilios-e anxioaas for the wedl-being of fushermien, te fishermnr
tlieniselve.s et everv- degrer, anal le the scientific aiudent ot
iclithtyolog in aIl] Ùt branches.

The econoômie question ot th. tiniertaking ave bave ictî tit-
touceda.

ELE'CTRICITY APPLIED TO EXPLOSIVE PUTtPOSES.

l'le firth of the series of Six Lectures oit the Applications
of Electricity. wias delivereal at the Institutiont of Civil En.
gineers, ont Tj'ursalay Eveuitic!, tle l9th of April 1883, by
P'rofesser F A. %bul, C.B3., F.It.S., lion. M. Inst. C.E. 'lho
followiîîg :9 an abstract of tht. cecture -

lai inte.odtîiiig tke atulject, the l.ecturer inicateal the pria-
cijial advaittages %rhich it hail bevi» rarly observeal wouid
re ailt frein a certain mode of fiting explo.4ive charge.- by etec-
tric current intead of lty the erdiiar>' fuzes, tie liesl af
tviiicIî had iiblierent defects, greaitly linaitiîîg- their tise for any
ut the siînplest opprations. lie traced the Iîistory ar 1 de-

velopisietnt of electrie tirimîg Froîn tht enrude experimt.its of
Béisîjamn Franîklin, atbout the year 1751, througli the varions
stages in whichl frictiotial electricity, volta.ilnductien apparu.
tusi, anti mag-neto electric machines bail sujîplical the mnus of
-,citerttig tht. carrenît, the tteaîdésacy of laite ytars being to
revert te a inoditi.t1 forn ofu voltaic batterv for oe clasa of
ivork, aîti te finiloy dyîîanio-electric inachines for another
clnam. 'ite history anal developinent oft he Iow tension, or
%vire fine, anal of tha.) vanioua turcs empiovel witih electici
currents of laîgl tvîaý,ieîî, were iaiio discuaisea, andl their rela-
tive advantages, defces and performnances were describeal.

Thle ainly sources of electricit>' wlîicl at piresent thorougly
fulfilleal the conditions essentiai in the exploding agent for
.,ulhînarine initie, were constant voltaic batteries. The>' were
simple of construciona, comp~aratîvel *y la. xpeaasis'e, requireal
but lîttie skili or labour in tlaeir lirotlucttvnsand rerair, andl
very littit. attention te keep thema iii constant good workiaag
order for long pericals, aud tlîeir action naiglit bc made quite
independet of any operatioa te be perfornaed lit the Ist mo-
ment.

Wfîen tirst arrangements were devisedl for the applicati': of
electricity iii the na~val service te the firing cf guns acu no
calleil outriseger charges, tho voitaic pl.e recommendedii self
for i'î siauîflicitv, te readîness with whicli it could be put to-
gether %ii ikcept iii order hy sailors, and the considerable power
prrsenteil aaid maintaiiîd by it for a atumber of heurs. Dif-
lerent teris of pile icre deviscil at 'Woolwich for boat anal
sliip use, the latter heing cf aufficient power te tire heavy

brodaltis ,ybrandi circuits, and to continue in a serviceable
condition sur tweniy, tour ]jours, w)ien tiaey coutl be re iaceal
by fresh batteries, %vhicli had in tle meantime been cleanea
anti built ualî hy .aailors.

The Daitiell andl sand batteries first useal in conjuncetion,
ivitî the Itigl tenasion fuze for subinarjue inting service were
apredily refflaceail b>' a mondification cf thte batter>' known asa
Walker's, which was alter seule tinie converteil intet a uaodifledil
tern ot thc Leclaîcialatey

Tite importance cf beig be te ascertain hy tests tîtat thstcircuits leadiîîg to a mune, as weil as the fuze-s introduccil inte
denat circuiit, werc in utreper order, very soomi becanie manifest ;
and ativn ixîstancattt-cre en record in tlac earlier ayf of 3ub- 1
miarine ninnitag cf tlie tltaapltointiîg resuits attending the acci-
dental disturhiance of electrie firiaig arrangement-, wlien
liroper ineans baid net been knowaî or providcd for ascertaining i
wlîvtlîer the circuit -.vas conipiete, or for iocaliting an>' defcct
wlien discoveredl.

Tite iesihg er tue Abel fuze, iii whicli the bridge, or igniting
andl conductiîig composition, wats a mixture of tlîe copper
phosphide anda sulphide with potassium chloride, sas easy of
accoisnllisliancaît tby measn of feeble curreîts of lîigh tension)>,
iii prop~ortionî as tic sulpiie of copýîcr predominateal over the
phiospîtide. Even tîte nîat sesiuv ight bit thus testeal
witlî safety ; but %vlien the necesi- for repeatea tcsthag, or
evezi for %lac paasîing of a signal tbrough the finet, arose, as in
apermanent a -stein of iiubaraino cuies, tie case was diffe.l

rent, thtis foie"beitng bitcepile cf conaiderabis alterniîons in
condîactivity on bcing freqiacutl>' -ibiittedl te even ver>' feeb1p
test rurretL, and its accidenti ignition, hy ,ucb compara-
tiveiv punwcrful test or signal entrent%, as snigbt have te be
tcueployetl, became se fan pnossilule asq te create an unceriainty
which s's nînst unîdesirâble.

,leuce, aaîd aise because the pniîning in tiiest fustes was
liable tesortie cheanicai change~ detrimntia1 Wa ils sensitive-
zmess, iiolesa thorougly 1 îrotcctedl frota acces ef meisture,
anether forte cf bigli tension fis, spcciaily adapteal for enb-
marine înining service, was devisa at W'oolwicli. This,
thnaagh inuch leas sensitive than the. orilinal Abel fuie, was
suitricutnly se foraaereice requiremaent,, whilo it pmeenied great
xltperiOrty over tlae latter in stabiiity anal unitonanity cf elec-
tric rsistance ; anti, tlaougii net a1tegether unaffected by thse
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lanîg colitiuuedt tri-lsinis'iou of' test currents tbrotigli theni,
lt'e î'liciency cf' tige fut:p ' n!t airteced therriby.

Mlloîg lilih telisio.-I faz.'s ipr.euted dcciîk'd Id'atita-c-;
in poaint of coimemietiuo UndI efli.'ieiiey ovî'r the' rerfriî of

%vltmiiiiwire flizi', illmo requirem, làts iîîc aros,., in clabor.
.îtiig llmnrmulily elli.'eîit, foraen a!'tIjéo lýfteib
euluanariu' niiesq, lat tht' demanul foraattery for uo iu %hIp
i mlili won id- re'nîain îractieliI v conçetant for long luor!ot"
i tirt a v..ry careful eoisdraiu . the' relative .i'antag.'s
f t tii- liagl aud lovw teIîslouî of stlisc irille ta ru'stilt in fa.

1 venir of thti, cnîiluIuîytitn't (if %vire luzes4 for tritso services. lit
ituist in ZO the disad vaiitages iireul ouît tloiras AS:liût.

iîiu cf %ta%,'.,rtitnt, or leo,-iiblo ulanigqr, iii th-elij' e oiuî ëliet

e.' tioî a i taie bjatte'riesa, iii place of géiij'ratorî of hlili
t.l.Isîj, Clet-trîî'ity, iiglit s.t:lI toec.siusntlly coistmitutt' al Source
t1 .1 luger, nainvjiv, tht' 110.ssluihlt)y of litgli tensioni tuz-.' bu.ilin
:<,id t1 îtlly exiilolid by carrelets indlîited ini caRIes, %vir.b

mîilihIt tliey %vi're cnnuî.'ecd, lur'ing the ocjurrence of tluiidu'r
t .toriîis, or of lî's' violent Itilosl)jeie, elèctrjeal, dIiturbaicu's.

J E;.'.iuuemtanai. the tesuits otutaintul lu iiiilitary se'rvice
Ileetr.é,tion., himu rutsel tliut if iusulated mires, iii-

J iliu iii mater, burîu'd ln the raridi, or eve'î mxteiîded ou tie
gratuinti, a'»re lu qilfficit-lit leuruxilllity ta oua0 allitlier, cacli
tuie b(ini in circuit %çith a hiîgli t"îsiaiosi ze anti theo eartli,

lti" exloio a raîy of 1til, fuats 1.3y a charge froin a Lu'yden
jar, or front a dvîuauno.eiectric iiiaeljillea o sue.h..îuîr
ir.iglit be autnunueu lIb tlî ige itiîeii ignition of l'uzr, ut-
tachi ta adjacenit cales, wiil wu'ri' mut counecleul witlî the
îl)arcc Uf Plbutricity, l'ut wluiclî iecoiuno sufllcielitly cliargelt
bv the' inductive action of the transimittcd carrenît. It tlîere'

rfore apujîuared vers' po.,sible tlîat iinsulateu catules exttuding ta
landl or suxbnîaritie mines, in %mohiili Ihigli tension fuzès weêre
ellcloq'ii, iîiigg>t limcogme chiargedtz inlcltvets' (lurin vicie'nt
atinosî.Iu.ric teict ries) distrîrbances ta sucil arg exte-Ur as ta fendi

lie tige accidentaI exlosioni ai ines Nwith ibicli thety iv'rc
raenuuetu'd. bun Ite jurt l'y m'ont Eluner ant the' dcfvnc.. of Vu-

iu"u, l"ula, alla LISNa, 113 su)'rnarmnt' tainles, lu 1l-Gi, lie' refers
lie the' accidientaI explosion ai aie of a groupl of sixteoit saines
ubiirmig. a eai> thitdertorin, as iveil as to rtie exploasion ai
soute nul ume.-, t'y the direct eliargimug oi titi cablc.ts, titurarigl tha
firmiug âlatiaur laving beeii sîruck lu> lighmititing. *.l'îo inmstanmces
4f the accilu'mîal explosionî ai tenusioni fuies by tie direct
cIiarging oi overbîî'at wires duraieg imgltning dis.c)àarges oc-
curred lit 1S7 at Woahi'ich.

Suîbeqîi.mm ilah elezîrie cable was laid ohit nt Woolwicli
aloîig time river luank, h,'luw loir msater mnark., and' a tenisiona fine
vras attat'lîiî ta ap etrcmity, the other turimg baricu. %bout
eleven nionth-, afîcrtiards tRie fuzc iras explodeul by a charge
intlucrdl ia tlhc couductor durimag a very hcai'y tl.îîîmder'

la t'onset)lhencc oi sucli dflliculties as theso expiericuccain l
Sthe -luecial applicationî oi tfelic g'tai fies ta sutuniarîme

tt toî,te production ai cotîmîjnaivcly sensitive lav.tetision
fnac,., of' mîîc greaier unifturity of re3i'.temce than tîte e m.
1.)ayett iii former yenra, was lande tlle sîbjuet of au claboratec
t'xî'rimet'ial investgitonh b>' thme peturer. Différentsnîuc

* rf ccoîaltsr.tively thin irrc, mnalle front coummercial platiîuuni,
rliov'd venr3 great i'ari.itoimis mnt electrical condictivity. Very
* r'tnîIera lfèît'remîces la tic amn t ai forgiug ta) wliicl tihe

iital, ini the forai or.qlîougte, hîmu becîi snltjectetl, di'l ihet ilit-
în'rtanUly affect <ithe'r lis sumpec grsvtyv or its conductiv'îty,

atiti tite itiseul meta) lihau omîly a very slighily hîigher degrccio
coniductimity titan the sainie lnttai forgemi fi'om the spange.

(To be conintied.L

TU3E SIIAPES OP LZ.AVES. ".Veurt."
DY GRANT AL1LEN.

lII.-riginî of 2Tfpes.

The two momt grecral ndu dm,%Iinctive types ai iohiage 'immmng
anglosperuîs art timos charicteristic ciof a'tj~ An d u

dchIltîsre.jîectively. They owe their princiual traits of
-1iapu' and verntion ta tJie ihhannt'r la which th&se iwa grfat
finlanîcuitai chists hmave becu separately evolveid front lowcr

.Nr. Ilerbert Specer las shon tihst tlîere rre twoacbicfways
lu virlh a centrai axis or caulom'u mua> conceivatll lie de.ve.

lop.'d f'rom an ihhtegi'it 1 scflu's of primuitive salkeas creejtîug
frond.s. TioTrie iwAy is hty tic iu-rolling or iliag ai tia
fronti. sa as ta, forcit a coinpleto tube, often with adusate edgés,,

as ri ikr.'seîîtcd li tlle ait'oieati3.i îg dla1gr4IlI1 (Fig. 20) illodii"'i
)-y Mir. Si.pisîer'at ldîd r rîîi.isiou fr-mit thnt Il 1rtieih of I
IeîoIvgy." Fer detaî of thie sîxp mtiatiot, tlî2 rmaiJr i:nu.' »Im
rtr1rrti. ta Unit work (vol, iî. part iv. chat). iii.) ; it mugit

snilm'et Li<re ta ilote 0lî.2 ait il) qlcil ca.~ encil treai .nsi cave.
loi the yoiîîngtr tiouis ivî:hil it, tige liroceçsa is tîmerc %hown ta

Iev-'niti-itc i n eîdgunoî etuîî nal a mo''orudnnaSm'd
-twvo elîarau'terî4îetî foilid -tit a îuatttr of lilet conistauîtiy to
i acntsujually ollé atiotiêi Ini acuial natuire. The~ secmZd wiuy is
by tl e xhkimiuîg and Isittd--ising of t flix4d seriest or imidribs,
ai alîown ini tîmu. LU xt uliagr.tu (!'xg. 1î, aisa uîodif'ued ifter

;r îîî~. imul luiq nuieiliot sitit iiieeasa.ruly reâitit il% on
Jgbîu. tui aiî. a .lîeotyledouints .seedi. Tite- ilirgrans in

2i5 .2 aind 23,, whlirli ru'j>r,,sîit :tcr iiîug ta Mr Spuencer
('ii.tttly alt.ru.d> t h. tvljuun (el tIllei iO~ V.'uii
antitld lvu*luîi. 'ý.lut) -i %%l belle itv* .011h' urtmer ta

1 illii'.triii» ti Iii)nnîîtîv.- ehira(t ru.t4tus oit' te Iw tyjubt'.

T it'i- nh.t'tuuiui tvlp nf îla'is f gr thei irUtit part
extr'uîul v uiifoerîuit .uu. colmtn t tecnpt'rate cliniaten at
lea.t, fier in the~ trigmshe îure'senu'e or lartge aiburebteim furmîs,

hure as pualins in.! ivrei.un~,a ull as or gmgÂhmjt.. liliu'.,
ainirylli-1l; and gui>-.., -olîas tho. l-anitnas, 3,11cc.îs, lgve,
and 1iaîmbuns, îztrcs; a 'mr dlist inctive aspect ta the' ensemble

1 of' tIige el.us. 1in iti. lent jrucmtple a. rinte or les,; in-rolled stuîdi
1 fol.lu'u fronde, ei"rs 'ait orf evi' quily aias in forîlng the

c;ttil-mue or stemîu, hlm'ii. l~tl',' ensi.f tnli a ate ta
shw iîl. ;tinci>m b t)..i iht nuit 1"îf-.talk, lamna

.in<l petit.Ir. For Ille 'tuîne ru'a*on, the' fr- emîdi al.o toinds 10
alisuriv' a Lintpoligtt or %v'u .bî.,iguile the lou'r pîrt u'.allyI
bccoines amure or It'.i tuliular or slm-athing in arrangemnt
Again, fi)r two "e'aîs t g,-ii rauiy ba4 aiuaraflt venihftof.
Ili rtme first pIlace, sine' the letives or toriimzl vXipaisions ar4-
iré pro)Oumvitons or tîjus tel the' stenî-forrmlng portion, it will

iallowt that lthe vaascular ti'siies %rill t"rîd itait oit <'niutuon s.
]y over every pa:t, iustu'ail of ruidiating froîn a cenht %hîich
lliîîst in SUAIh a Ctbm.e -V ] i)% ariîli îtl . Ili t1î sc'ndl plaice
it i' ci"ar tient I"trallt-I ven.Mi is the :mîa4 tronvemîeîît tyne
for long rarrni' L'a t'es, as is îîplz] %Iiuiyn evmen ainonrî dzio-

tvi'is 1w %giell toltageu, asý tient of tii.' piaîtaiuq, g.. senlu'îi
firou»îu'lseîîdamt'tr bat îîith 4'hief rilbs nomr îirra)le..
Stili bi'ttpr are both ti.e li.ueiluies illust'atedl in .hmoe

ua',u's ;àinig ilîeatt-ilon,; wher.' Ille lauJaIuua is surpressc.i aileo.
gerlier, an'l. tige llatt-,'nci pu'tiedle asutm foILar futicti us, s
in Oxriabe îju<aufuî and Ac-eou duî.:lr (F.i,,. 24>.
Thes,' î.lmyllaîlus thus r'emnbling in tlir lund'i- of ci'elop-

ment the mnnctldînttype, antd 'oîutingtuis throughioul;
writh the ctliapriof o the primitive' Ie'îf, exhih'it both in

sîhajue aud venet lau the cluiuf muoiocett'ICdon)ous ehurcteristics.
A1 typu cal tuotiocotyledon ii shape and veiiatzoix is reprcsfinted
lu Fig. '25.

Tite die..tyledoiious typ", though far mare varied, is eqtaally
due in its shape aumd iluiat!ton ta the original chitracteristicsj
imîîlimd l'y its origun. t.huly the inîirib inbtcadi of the miaulo
leaf bt'iîg, liera coiîcern,.'d in Ille productiona of tRié -tent, thera
ia fair grenier ti'n-leiur tn di-,tiiactncss. hetweett peti4le and

lamina, and a niarke'» ltrcf..r'ièce far the' uetted v'eiiation. Tite
foliar vxpauruuom i,; nomt b,'rl a vivre tIll ; it leecoiiii- a nmore
separate and deiejeu t.l'ýmenlia the entire leai. And as the
re-tia'.-. joins iii.' lamina at a d:stiiiet and notirrable juoluit,
there la at uatitral teueozàc for tht' vascular Iuiidles te diverge
ttpr<., tking the renmatinu pAlmate or ra.liating, sa as ta dis.
tribuNe it ellually o 10 aI .4 of tii» expàtîîdedl surface. Fig.
2t shows the restilting eaacrist (ria of dictyi'edlonnu3
lent'. lts variations of pîinnate or o1ler î'oiiation mciii bc cou-
Sifiercel a littie I-it.'r on,

Aiîiong lionocolu'dqonsq, thie central type la perbapt l.est
fouciti iu the muainî1%' tubteronst or bulbous orderg, sucli as tige
orchidq, lillirs, nâti unrvliis. Tlirse order-, having nich
rscrirairs of' food laid It'>' underground, seuil art relativelv thick
sîui sturuy leaves ; but th.'ir idms1u lez cim luy the ancl'estràl
typue, snd by their stritt subor.îination ta the central axie.
lence, ilhy are usnially long, narraw and rather ieshv. Fa.
nîillur ezajmplcs ar, the, tillil , hyl 1 iuhS, gsniw.lropa, daffo'lil!
crorise, &c. 'rhosc which hAvcsimali buibs, or nouen, or grow
niuch aunang grati. likc Sisyrinchini, arA noarly or <g itte

-,ier tho.'e whiel. -.lise their bicatît higher juta the apen,
lilk lse r are nfici qlnitc ovate. Exolic l'orms <bromirligt.
yurc t-, agaves) frqie-ntly have th-i poItu hAirp an.1 îtiercing,

jas a pritvctma:î agiiie-st lierlîiror.s. Ibu tht' grasse.s zlia' isuirAly na large rsrorof fcood, aud their Icaves accordiuI 1
sho alic h central typie ii a âtrngy dr-avli.u p calii!iou. Sou su
in seulgr.% womortlis, and asuy otheri. ut wheré the gent-
ri ruonacotylu'doîious hablit lias beeti mores lost, and 3oniething
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like the dicotyledonous habit acquired, the leaves become the saine type recurs tinder sinfilar circeinmstances lit
moce like those of the opposite class. Thus the Arums, Sagiflaria sagi11ifolia (Fig. 27). Stilli n#,.,~ màrkedly
wafl. their very unhlyhike mode of growtb, and their long dicoty1edonotis-looking arc the leaves of certain. very
pctioles ising high into the open air, have usually a very aberrant Ainaryllids, such as 7anus and the other Diosco.
distiauct broad lamina, -ind have the vcins accordingly rideo, wbich have taken to cibing, aind have therefore
branched or netted, almost as in dicotyledons. Very niuch acquired broader leaves with netted veimîs between the

Fia. o-Deelopmen of %tonoroty'edonout ste..

ribs. Compare with these the like resuit in Smilar; Once more, the ovate type of Listera Icads on readily
and then lookc at both side by side with such dicotyledons enough to the whorlid leaves of I'adis and Trihum,
as Convoh'uIa. The influence of the ancestral type is where the venation bas be.-omc similarly nectcc. A
here seen in the arrangement of the main ribs; the in- bushy type, like Rse.-::s. develops broad Ieaf]like pcd-
fluence of environmcent is sbown bath in the approxima- uncles, whicn closeiy sitnulate the true leavcà of dicotylc-
tion ofgeneral shape, and in the nettîng cf tbemninor veins. donous bushes with bbke habit, such as box or privet.

ViG. 2à.-Dvlopmer.t of Dicoytdco-.u qîcv

Blut the widest departure of ail from the central mono.
coledonous type is foun in Icaves lie those cf the
tropil arborescent forms-the palms, screw-pincs, &c.

Most 'of these have lonig pinnate foliage, whose origin
mnay bcst be considered when wc corne to examine the

cliief cdiiotyledonous types; ineatwhile such i oims as the
cocoanut or the date-palm nxay be adtaatageously c inl
pared, as to conditions and general sh:%pe, with the tree-
feras in ont direction, and the cycads in another. The

bananas çutst much an.-logoi- lielit *apon the enigin of
these tropical pinniatc fnrir.N's ihere tte plant is les$
arborescent, as lit Chamoerropi, tlhc Je.if assumes rather a
fan-sbaped than a pinnate de% u!opiienit.

Among dicotylcdons it may Le fairly assuined, that the
cauliest fnrni of tc.if*was simple, oiâte, and nearly ribless,
or with faint di gitate venation. *rhis is shown both by
the nature cf the, e.arliest Ieaves in fuiost sclrngs. and
Ithe constant recurrence te sucb a t,,,pe wherci',er circiiiii-
1tances arc favourable for its reproduction. Hcnce, as a
'vhole, digitale vcnation secmý; the conimonest in most
humble dicotylectons; ndt the only prublcm is how
pinnate venation cainc to bc substitutedl fior i in c".tain
cases. *rhe a'nswcr seerns to bc that whecrir circum-
.;tances have caused leaves tin lcngihcn fastcr than thcy
broadened, and so te% assume a tanzcnlate rather than an
ovate shape, the tcndency ha,~ been iot the main ribs te
bc given off, not from the saine point, but a little in front
cf ane another. If the lechnîczt botanîsts will p2rdon
suclh a phrase, the internodcs cf the inidrib, usually sup-
pressed, seem.1 here to have becn fully develnped. Figs.
28, 29, and 30 show d',e stages by which such a change
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!1.3be brouglit about. Figs. 31, 32, and 33 exhibit a
shightly different fonn of the sarne tendency.

That tls is the real origin of pinnate vcnation scems
.0r.flty clvar on a comparison of a good many otherwise
rk1,sly rel.itd formis. Look for e'yample first at tbe rounded,
j.-nost orbicular Ieaf of Geraidieni molle and its allies,

Pic. 2_4.-Devclopment cf Dicotyledonoiis seedlzng.

with palmate ribs ; and then look at the long, narrower,
doubly pinnate, ai pinnately-ribbed leaves of Erodiuit
cicutarium. Or again , look at the conmmon cinquefoil,
crect and palmate; a-id then at silver-weed, long, creep-
ing, closely presseci to the ground, and with nuimerous
pinnate leaflets. Once more, compare .Alche'mil/a with

Fia. 2.-Aca4ia nLuiZ.

Polftium and Sanju,'uùorèa. As a stili sirnpler instance,
where we get the différence in its first bcginning, contras:
Ranenc*us acdr with B. rep5ens, or the least compound
leaves of the blackberry bramble with its own mnost Ictm-
pound foliage. As a iule the rnost pinnate grotsps, such

r1ç -, ~ ~ );UI -73'wc: lad.. teoie vnent7ion.

as tile lesbcr .:nc4ters, tlhe peaflowers, &c., have very
lon.g ]cave,-.

This sujggested origin of pinnate venation in dicotyrle-
d.ons becomes even more probable wheti we look at the
pinýnate meir.bcrs of other classes. Aynong nionecotyle-

aIon the long-leayed arums, though their vcnatian is
fundamentally parallel in type have yet acquircd a

branching and practically pinnate set of ribs. The
pl2ntaifls and bananas, %vith very long and broad foliage,

car 'h same tendcncy yet further; for their leaves are
cp:n nately ribbed f rom a stout midrib. The lower shrubby
or bushy palmis, like Chamajrops, have fan-shaped lcaves,
with vei ns divergrng in rough parallegsm from a cominon
centre ; that is to say, they are in fadt palmate .but in
the taller arborescnt palms, with - their long leaves, the
internodes of the midrili (to use the saine convenient

iciG. 26.-Typical Diot) ledc-njus teaf and venation.

phrase once more) are fully developed, so that the' leaf
becomes pinnatifid. In this case the subdivision into
leaflets is probably protective against tropical storxa&
The broad-leavcd plantains and the CharSxurops, tbough
so much shorier than the pinnate palms, are ofteu torD
by the wind, and a plantain leaf so tomn into ribbons
closely resembles a cocoanut leaf. ini the taller palms
this disruption betweet, the ribs becomes normaàl. Com-
pzre Zamia and mne other cycads among gymnosperins.

Fm~ z; -Si:af a i 7h.

Once more, the fcrnis are a class with 1 ng lanceolate
fronds as a mile, and their venation is almrost always
pinnatc; tl1.c or.ly fcrns that vary mnuch (rom the central
tyr$ being sosue like the Ml\aidenhairs, which are tufty

an !ahr ovate in gcneral form, and have so mnodified
thieir venettion as cioscly to approach the herb Roberts
and other bedgerow plants ins te oute effec. We mnay
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fairly concindte, tiacrefore, tiat pitiliate vention isbestada;îted
Ita very long leave., l.utl becîîmsc o! the snjîpport it gives te tie
Celîhîlar iliasî alibil becausa of the easy ibanner li IvIlidi it dis.
tiihntes uni> ta every patrt aliks'.

It «,î-iis also p.robl tiit îîiniiiît rilis arc ej.eially ablapt.
CdI ta fUrV.St tra.'. %IUNt cf tl-i-' 111IdCeî havV iîIVîI Icle t Il rier
long iii oîlii-liketlie aîhi, tihe oak, thée chitîut, the %val-
liît, t.ute iiib.iiîitaiîi sii, the liarcis, thie larîibeani, îîîîd the
%villa%%- hl ailiers iii w liit Il thie prîisiary rius atre paliîîate-
liko tiilio e.h,'tîî and, thle iîlaie-iave thii-r se'oilarv
ribs Iiiiiii te and! tli.-r lobes ai- le.tiet4 very lonig, su tlîat thte
total et. t tis ii tic eild îiretty iiiteî t, mailne. lut oeal nlicen
the lenf t rittli-r sliunîent-l ii geiial iiutlii, as ii thoe liii,
the bceeli, the, altIer, aîid the popîlar, Uie veîi oî iqs t il pîîî-
huae. linuliiless tinîs forîn (if grottid plait irottecîs dilîeaves

cf tlîtsse exliîîaî .1 tee. lîit iig.tlilt the %% iii.! ;tand wlierc tie
leallet.4 arc îîîîîClî bîlIbdîi.i-1i, as lit tiit, nC, i-ts, UIl Stt'Itiigîiîl
inay lie regarde.il as a prote. tioia àa. tiiisî ses-are ,tortils.

, l'le Sliîpos of leave.s Ill Ccdià î.. t lar specni-S of pîlant tiîs
depen~îd in ultiiite snalystq silln tata f.ittor% . first, the ances-

trallv-ialîi rited ~Ieculiaritte. ,!, type aiiîd vcnatiuii ;.tand secondi,
thet' ettiial condîiitions t.> iic hîwjmcies is iîîaw lîalîituily
exiioseil. Accordiligiy, tîlidir the sale coniiitions-, a mnotiuieo-
tvleglîiîi and a diteotyliedon %% li t.'nd ta assumne aîiîroxiiîtately
:iîiitr giiierai e.\*ern-t fîîruîs ti[bt tlieir îiiierlyiîîg nnccst'-al
î*eill iairt't niay i.î. .ly l p a eiç tlîroiigi tllt- iii.'re

rlalg e,eiitl . ~p.hii. au jiîtical seul jiiiii
By l4- ineratin e tse tçofaot.irs uce r'islt eiiilîvolir t.> ex-
paneeypaîrticiilar foin of lent. To dlo tliis thirutihit thie

ihLu t -table kîîig-liii %wun!lie bcf course ais etîîless t.k.
Lu ado 'a ini a fen- s,.lerî,d gronuîs i, iîîîtl a 1 îrirticable an.!

a tisefîi botiîniici >tn.ly. 'l'ite wpuiilll Ii -ll aln-ays dieiind
nn thîe aiictstral t 'l.e , thi. ottine, blegre- of setgmientationî.

ai.! in:iniiîieàs cf citii,, siii., îisaali s de1 îiid ujbon the
avcrage bnlîlly of~ carlbosie acil alibi stunlight.

Fronti thîe lîreviotis ilapers it n-il! b lc ear tOint de.-e of
stubordiniationî ta the stela icconnit ini large inaaatre for the
exteiit to %çidci leaves vary froin tiie primitive oVaite.iaiiceoiato
typec. Wlière tlîcv art sii sa îîîost snbordinated, iliume ill
lie a stroîg teniadcy tenartis the long piinte 1 ribboii.iike
tefim, and! ai-n a niarkcd incliîiabioi totvards dlectirreiace. This
coiinatioîî of pecîîiiarities is ste1 ! ascii ini severai Uîtistles,
ali In coîiifri-y, as al-.O te a le." exielît iin minii épilabes an,!
stellarias. Conspire Verbaseaîm t1.apisisî, and. other mulleiîis.
Front tlîî-se extreiiîe case'., in wlîcla lentf ait.! tein -ire niot full)
differeiitiated front une :.nattier, aise cait trace severai gratta-

tioL5, tliraîgli square steiîis %wîtl st-asile le-ives (as iii certain
St. Johni's %verts) tit te iaerely sessile stcîii.lenves, or ii'aves
tilat cla.ip the bte-it -itli iointed or raîiiadcl annicles.-. Wlier-
ever his exin- aloîîg the steni, they niay bi observe.! in
pasirs uap lt. a poinît whîtere a lent is given 07T, aîîîl they arc.
ulidîotitelv snrviviig mnarks of tie pirimitive uîîity of Atent
aud lent. 'lie saiî'n iiîay b.. aaid of ron-s o! hairs, like tlîîîa

of .tllori,t ,uclîa and! cf 1e"riPùicý& Chmnî.- dr.. Tiii-rc cars lc
littie dossbt tiîat seletive cais-ses (protectin aganiist crep~iig
iliscts &c.) hlave oftcn coî.îe tutti play ini prrserviiig or iodi-
fying aticli tiicctîrreit n-in,., stei-uines, atiriec, Clasuiiig
tiîisîlc', and rose f liairs ; but as as %vliolc tliey nca'eitliless

poinit Il.k -!iuincty t.> the arigiuu of dieoycoessîii
train supe-rpoNitinsi ot leaves an.! iiiiilribs tilin one aîîotlî,r.
Thîey are rîîdîîneîîtary formas of sem-nîî

Sessile leaves arm partîctultrlv- Rist ta lie iaiîceolate. They
aplîrcarli nenreht aineng îiicotyledaîis to thie nioiocot)yleiloîiotîs

type Theiotaniqt sl ueadily 1111 ini exampies for lîimsplf.
On2 the other hiaut], il. is clear tlîat the coniioîns sînter

whiich leaves amisume theo orlicular aitd lieltate tylie-s can cnly
occur -hîere there ta least snbordiîiatiaii ta a crntral stan,.

su! lea condtitionîs innat have occurre.! for immnise nstîiters
ot ge-ratiozi% ii Ortler te overcome thie aîîestrai teîîdcicy
toward.% the lsiirolate or avait,- or:n. For a lî-af intiat first
jînast tbraigli a crniati or reiiitorsi, stage, like tiiut cf ibn

colt.-f.ous, letore it eau mea. hl nu orbicuhar shiape, like tigat cf
otir eoiiil waterhiiv , alibi cv' Il n-heu it iseciioses comiplet.ly

cîreillar, lilce tue Victoria ruginv, îLt înay atifi retaiui a mark 0f

j anction suhiere the. evoaninppiiig ied;ea ha~ve mîet wîiot
I becntnîIn:g conntate. lui thîe ce-of ai cinra regie theo tranis-

formationî lias lie-n trace.! diuruag geriniiiatton. The firat
levsî.eiceqI iîy the yatnug pîlant, are lîîîar and subinerge.d;

tu etaesagittate and! hiatatp ; thie latter ailes becomn
raunîle.!, cordate, anti orbicular; aitd evcîi when they assume
tUit pcltatc forin, the Ihue still marks the ploint ot unionî. Titis

sufficieîîtly accotints for the raritv of perfectly peitato leaves,
sucb as thaoso of 7'rop&'ulizin, Hjdrocotyle, anîd Podlophyllitm.]titlicai hvaves growiiîg on lotîg fo.staaia wili lbe ottenest
orbicular cardate ; stem.leavei on tho sainie plant inay pals
train vate.cordatc te ovate, ianceoiate, an.! lincar. Large
cordae radical leaves wîll bc ist freituently îîrodnccd front
poernitiaia %vitit ricliy store.! roitetookb. 'rite sagittate and

1îoiiited leaves of Aruim and! Sîaptarmî showv the furthest step)
attiiiied in the sane dire..tioit of iîîonocotyle.lonous foliage,
stitrtisig traini the liiiceotiï fin.

Wiiero the stens, or, what conites practically to tho saine
tlîiîîx, soliîttryasceîdîing br.în.his, rise litgh isio tho air, espe.
ci.îily wvitlî Opposite lenveq, WCe ge.t at couinan typie which inay
lie weil reprewnited by the %-liste t1eaduettie (Fig. 34). Iledge.
row planîîts witli 1p2eînîal stocks frequently assuille tii typýe.
It reappears aliîost identicaily, îîîîder the saine condiitions, lit

-jo disuint a group~ as the-~ tune îettles; and, tlioîigli it is potsqibles
tlîst the~ causes whiclh îroluce tuiînicry ii tie animîal world
in'ty liera have coune saiîiewh.ît into pîlay, se a8 to îîîodify sundry
J,aiiiîiiiit into the sintîIitîî!,e of the irotected Urùica, yet the
aîiaiogy of other Lahiates shtotws tlîat tlia circuamstaiices alone
liave soucis te do wîith prodncîng the resemb&tnce. For a
great maiîv tnll.stemnnd hietgerowç Labiates close!3 , apnroxi-
iliat.. ta the saine typie ; for exaniple. )xi4îu geoblolon,
RalZ.,t wiqra, GuZ'oii.ia letrahit, .stachils silrairca, anîd S.

1;ali4.tr4is. Complare. muats iaun4ts tor anîccstral peculi-
ariti. s- otuecer lîî.dgerow pîlantls, ýS,.rojphitaria tiodosa, anîd
Affiarta .,.lcatiiî. On tlic allier liail, notice the orbictîlar

lntig.statlkl l(iw.'r ]cuves of tua latter tesîiccîally selîi bien-
niai> side by side ivitli the lowver Icaves of sote Labiates, buch
as %Xripea g1cchoina. Indeed, the Labiates ns a wlîole present
an b ie t dy of local meodîticatioît lit ait itnceàtr.tl type,
ac:or.liîîg ta habit antd habitat. T.îke aý uther ltralslps nf titis
faînîly the foliowiîîg . firit Pkr'~ i Lycopies, tiien, SaZioe
p)rtitlesis,, rinela, lttcîrrube..in, rallical leaves of Ajîsgo
relbtalt,, and loiver leaver of Yep4e gicehoma ;finally, Vie
tyîî.cai forîn %îlwarfetd in littie- lrostrate retrog4rado types, %ntîcî

a-ti Thvinus ser,Jyt1îc»t and! M.lfcia Itlci~.iiun. Coiiîî.îre the
la-t wýith oiier lîrastrate or elw.îrlcl types elsewlre, like
1",-. nîk.:i scrpiilifo!,îet. Jeplis portifl.e. )Iypericuern. hitiifitstien,

.l!ti~ttitaia a.!A ren zria serpi'yl f.îuuc.
Is grasy tYjîca, the best fatnîliar exsîîîîîleS ara tiiose of the

tlaxeît, Stclarit ,raniit, Toadîlix, Ilastird 'roaflti, &c.;
al t fwlieli have been largely inlltuenccd by illotiocotyledo-
ilins conitetition. Eveiî a îî.a, fi4tiIru.S ,s'la lias gat riti
tander snch circnistanccs of its lt'afleis, and lias flatteiîed its

petiole itito a grass like blatte. lIiterîîîediate forint; occtir iii
Sontlîrit ]Ei;rolîe. The lwaq, indeed, arm îitîilioniaccotta plantsi .lîicla have largeiy cast ailr tiscir anesra lcfty ,iiodrt

I vi heinsplvea of iiev conditioes. L. qbyhaca lias lest its
Icallets, lid% tiattenuîl alibi enlargedêi its stipuîles sa as ta rcaentilie

dced. the lealiets tu aile long inost liiîcar pair. Mîîrsiîy plants
have aise ofien beeiî iorced iîîto atloptiiig grass-like farina.

lie great spe.arwort ia a sw.iiiiiîy butterciîp, n-hose anicestral
lent lias beeîî leiigtlieued ont iiito a lonîg riblioj, wviti aio3t
parai-1 rilis , the. iess,.r sî.eartvort ilio%çs thîe s-itme taieiitny to
a less degree, stili rttaiiîiiig ovate lovwcr lenve'., witlt laiîceolate
iiiler onies ;an.d Veraitietc scîîlla'uî I a siiîailar inarslîy caseI
anibing t Scropimilarine.

When tiie tree.hiko forai; is atLtined, or frec neceas ta air is
otierwise g.tiiied (as; by cliibersi), the suîpily of carlîoi, being

I-.racîicaiiy îîîsiliiiîttd becoines relatively liite imîportant, anî
t ea.ijîply of sunfliglit assumes the firit place iin tie econorny
of thlîant. 1'tîder sîîch conîditions~, thie great olîjeet inust
lie te lîrevent tha 1cavC'. frontî oversliadoiîiig ue aiotiier.
Noîw tîmîs restit inay bie abtainie. iin a great niter cf ways,

nu-c ilnuit liot exleet tiîat cverv tree or shirub vseul salve the
pîroWli fur itsî'lf ini exactly the saine f.tîslîia. It la Ciiosigli
tient the shape 111:0 vrhidi tite anîcestral torni is fiîaiiy modi-
fipd, sliniitd siffliciciîtly aîiswer the pirliose ini vicew. As a
initttor of f.ict, the aîiitabilitv of the actal! forins and. arrangie-
iîlenit of tree-leaves ta thec fuîict:ons tlîey htavo te îîerforin can
lie rra iiy teste.! ly obszrritig aîîy trec in briglit stiîîîaîine.
On tlîe aile hiand, alîiiost c,.,ry lent i i it fîîll illumination, ne
le n eesa-i siditig Us. neiglibour; and on UC other.

bandi, tiiere is liarbdiy any interstpace betvecr thte luaves, as
inay tie seen by the fxct tiîat the sauon- tisronn by tie tree
as a n-halo is xIiost perfectly conîtinuonis. In shor., thcre is
un0 wx-ite of ciaherioplhîyl, au.! titero is zn wxste of stinsine.
1 31r. h!vrbert Spenicer b:as caile.! attention ta tho resilti or

varyiuag utxuiesre te liglît in the varions parts of Vie saine
leave.s, wlaich often caisses tlîcîn te becoinc unîeqtially deve-
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loi ed. ]ni the irn <Fig. 25 Siurli ollqatty is normtal. ln
lie varions 11'gotias (leigs. 36 anal137 2fl e resuîltitig asvîîîîntry

Jil a'ery îîoticcabh,. In the coiv-.rýia'tp (Fig. 3S) at is tige
jeailetu cf the saine leof which aire w4yiniîaŽtrically dvi 1d
s0 lis not to Caesis lo allnoriiîr. Ili tîzore 3ynniî'ttrical
Ieaves, tiiera is anà equal p.rovisini for pîrevétatîîîg aversalaaow.
lig, ofl>' Jarre il; talc's tige fora or lindenîtatiion o ie edga',
lis ,, il,, al, or o! sublivi8ioniî lt m ,ict , thé i t e 8io -,e

ciesa,î. i thec latter casi', fîde ile two ottta'ruio4t
Ii'atiets lire Iibittially tîsynttetrical. Ou the whol,', iîcwî'v.r,
thae ans of forest trees ia tetziparte clinates bave alitinst
castire iî'aves ; anad feu expostira te s.unit'.ht as s'ciired rater
tty cliarr .tpecial spccitkr arrangollaa'it ut flt enid ci the anai
braaiîcloe. Most oftcîi thî'y aire anore or less ovftta, g14 ii tfig
diai, lat'cli, aider, lairchi ainat lioiblar. %V'(ere the leai'eai are
ividf-d, the sepiarate lai't sui'thé alipe'aranice ai alînost
etare ii'avaes ; coli jîtra thé litilec of tuahers cla'stiut with
the lent of thei trac ciiestaut -,the l'al't of the ualt witht file
lclf of Ille licr8bcaUi , the le;tailt Of the~ Wallitt Wttl tilt'f
of fIe becchl ; unda tue leail.'t of the nialtiutain ati avîtil the icaif

i oif th i,e cktiiorit- In ail itsp aaa uait idaittical résuits
are praeiall rducca ini the enda lay siatuai circniiatanices

I aatîîtpo =uîhijy utilikP originîal typ. P
Soaiae mnltor typirai forins exist iii crtain gronuîa <a clitatu'ra,

%VIiîd are Woarth a îoei' nalcie. 'l'aka0 ais ait exaiiî 1ai tii
cr.'eping lenvaa of ivy. As long ais titis lait grovrs, close te
a iai1 ai the trnik of a tree it wausanes the aveil kiaawi attiapa

j altoîra in Fig. 39. But as 80oît as ut branchéis ont its ie.r
1 ag :prays iîîto the opér, acqiiaig a tre'.ikî habit, iviilà il;
ofacit dots oh the topt or a walI, it talès a 4irnplî'r anîd totallv
diffrirct forin of ]eaf, ais shiwa ln Fig. '1i., grô%ving ail tu
saisie plant. 'Tiis hist typé is quite comparable tu thait of tue
poaaegranate. 'Pliat botta typîes adaiirablysit tlîeîr partu'aar

l ittiation eau easily bc aee'a by iatiiig ho%' well the'> lit ai
w aith flc aitotiier %vititout oir'liadcwjiî. It wund ha dilii.
Icuit ta point ont aile georatetricai grouitide for titis relatiou,

bat thA relation otefnaeiv ab'o i vâaawtcliiiig an i%'y.p)l.it
1in Itroati aîuuiiiiie. Morcaiver, tbo 111178t or truly li'y'llke ferit
nf caf tent's ta recair ini na'iny pîiati vrhilel 8ianilarly Ibre-s

clae tu a fil't surfacc. lia Vc'ronàica iacderarf'daa ave -et it iri a
wedk that clinab8 tarer hanks of varth ; Linaria cyapaal.1Aairia
ave gût it ini a trailer ltaufiîig talion stoate aia ; ini Cttlnpaiiaîaia
iacderacca aniti JheîacuîsIaderaca ns wce get il; ini a cree'jer
aIOSag thte etige cf nuls or açer soft nantI. Compjare ia cai
case atiier fartais cf (lie typdcal geaîeric legif, ais sea ini gerinan-

der, sjaea.laell, tolulilax, liarotuîll tand maadw 1.atterca>a.
cf "'le spéecial elitubiiag type, proiter teane oi-tai là ibits

oftiviuiiig roiaîad allen atteic, is tîtat cf atoe coammun Iitiîdwt'eLi.
Tis, flia ordiiuy conv. :alaiis ferait. rcaeJanli.s exatctly ia sto
diatant a planut as Iloluqùaiin coi.volt-iilit., whlose habits are
exactiy shialar. Eu'ea aîîiaiug itionacaî>'iedon'î iva get it
eloaaely sillaaalatcdl by S7ila.c, witl ireriatily Ilia conaditionaî
at.d iotne%çli-.t licas cloisely t'b' 2'ttlacî. lîîdecd, tItie foraîî cf
)caf aaaay be salid te ha alatiost uiîxersal aiaioag lithu twiiig

i c er,.
'fluai hep typa beloug~s ratlarr te tiniaitliîag tian to natre

twining. climl)er.. It reappacaias uiilr i deittirgi cùaaaitiotns
lin tht ville,, anda lês.- clûsely ai trait bryoauy. Molre atilalàvjileti
lita leailets it prodiguces thea Vurginha ercepber, andal iatiy format
orflemtaatis.

Amaoigg groand plants it ix eaaly poaille very tarieily ta refî'r
te fige succulent types wiiicl aionit i dry sttuations. A
regailar ga'adstiaîi iiiay ltro be traceti froin racla formîs wîtlu
rathetr tiain, lait, cate lacgrwnî fit'otaîrallesi t at logis,

lik S dm telbumiii, t(onas (warh ;I kîîubby, vrlo ngarlavs
C>kc&daîm Seduij aPtIna, tîtfrmîgl ivarit antis, lbaisa- alevîg
groîriîg la 'cary dry spots, lîka alc aaaglicuaaa. Mairro
che striai lipriames verv a.aca'aletir, tcé lears maty bc dwarfed
cit (-f î'xaat. ne, aîîagetiicr, or reduceti ta jariekles, as ini tîtose

diry de'.'ert plains, rite caictiiscs. Comipare sonie tropical
Ealcali'.Misodllalleons exaniples af tîtee dhry type-s arc

ailsj foaaaad an.ong Mesoaibryathiuias aitît athcr Fteoiieae.
naativcs af hiot, sauidy pîlainus ln Southt Africa. The stcri.
le'te liait' aictm aiq a reserroir for mvater. Spéecial î.récaa-
tienas sic take a aginSt evalaaratiot. %Vu bue thte tirst avit-
tom, of saci a battit il] saine Ei"igllsha dry-sal atxifrage's.

Proxinîity ta thé' ses, wlîetlî.'r the liant giows ta saad or
tond, aise t,.aad ta proaloce saactulenee. Tiis c(i'ct is setrn

cuitlly ia anany seasiale aveedt, andat hataitarally an Midih cases
asq tainrtiri', Intila crit )moidee, Slpeilaarig a'îatra, Cakife

marafinma, andi colimon Iscîtrvy.guassq. Siitla Iannîî'a as tai
titis f"rup thes exact aalogue of Se'5'i'd auajlitn, %vitale Sali-
cona is slmilxrly the analogue of the le'aiîaiss cactiases. Coin.

para ilsil Saasla kaii. Titere is a saaaiataiiia ednt
t. llt'4liIIitSaî ii1 Ce'rtaina fr0aater Wet'lî Of t11iiolt spots, sauclu

gis (tryss!iaîa ailditti airaas
lit attela a lana'!f skettl is titi jtr."ýeiit it la impotaithe ta do

moro tuait altidi' ini (aaaýiiig tu saitîdr3y "'Ore M.jeciai ltit!i!I>1
aiteits of leaîae", fiai i.ittcti'.e ar atîter )aurpeo'ît'. (laie iheve-
loiajati'aat o! thlis chiteîter iit serai iii tlit ' raaî'tlà of 1îrick ly tilts

tAyeav-, .lAbe, SasaaJt.,ia tas ae'tias, brtmtla 3au aiqitiiý, or

L"j. ita Ji.' eyra lin), Saci 1.rackla4 itiay tac îirely dtîfensive, or
tlaîi'uy a,~ i*alt the plianta elai htheriug (Siellat, Sinilaa',
htopt. .t*lin, tile ira! a, a tvîttabaq a Il rralnet'd t.> a pnCkiek,

tas Iliis' whrbar til t! djy vatiaag 'aeiAlisig bat tre àoul haives
l ika tas aillaS , habt tlàeseq gir.' wvay urai'iully ta eîtare liant-
ilaitte bliiqtas, anda fiinîaly ta îia'r.tait i lnesaic. Afnothier
'cary aiill"rait a.JaV10'iuJaIMiit ia tIl.ta att the illt-ict-eatiig platitq,

altih grov; ai %cary baaggy %paa, antd so reqaure aittutîtît
j M 1 ita tte lat >'id'ltleah tittil iay ite roatt. Onii k*tà,"tsli snoait'î
(l'îg. 4h t ti il .'tialaiple of the tirait %tep lu nuefi a liroceass
es.acîiaiailly itls letave-4aiui tai 1ita oiov.te taittat or rasetteti
tylar ra.,reseuitt.ai hy the' dais', oîîly a littie eaagerated -but
tiiay bave (tarai sîeils-lfor thé lîa'aîct-taattiia fiinctioi liy
the évolutti cf titi' little glalialailar -iiatir4. 'veît atitpler taJtite ty'j.' ai' tite bnttî'ra'îrt, whti, la b'a Ing ta ltue saine fohiar
chisat .it ti Lontai Priai., i>ra lai Ça:a. e ti oîtlai. 1",aleraiaali,
.Seinapcri-ia fat trc'd'raaiia, a., liat î"ili the, i-dgle. tî'l.îea Ovet' s

j 'as t', illcl,a it iF. ltt't vi'(' Pleoin tues. simle. lutins %Vc
t rgr% l it L'att o liiii' 'ta"?217' types like I)aaaaa Fig.

42), -Sartaceataa, Jhria:ati Vepetla s, aend ('cpitalotu,.
(laiie itairi', thte connate loan iu opplosite. lpaes iDilasaacz,,

VIl'rao r the Ilortftlatt' iii alltierîiae cite,% inaazi',îaî at y
bc due, as las tîeu sug«î'atîd, tu thé fttailiale, tiî". auranga.
ziiet tatord liar storni àa lle rc'atrvoir of avatar, wich acta,
a: ,a mnoat ta itrotiet thte fltle'rs front elinjiiig nta. But
suci inter séetctive aictielis arc toc mtinm'rons slait too tiir.:i-
lied tu ha tiotîccl lin fiu!ll ra it mîust snfi'ce ta poinît out the
aat'iiral ptricipltî' uiannu il' the fortas cf leav'ts atally'
detl'ii, ia iîgtu rtaider tu ('iliili the détailsait ei very c,.se

fron bis aavn aîîecial ataseruatiî,îas.

OURt BODIES:" (,',Z!.a

IIOt'i TRE 19011lu'.' Z)itIFS ARE IE:'):iO
lail Our hait >a warae savw tîtat thae hoitaaas . cclaîlex las

cine, vidili whiiciu cattiua actious antre iaeiiug cccitrd
atta ltcroaitea. Lifr', iîici' t- m lis iiieri'l the, sainî total of
tits" ' tous. Ouîr e'xistence ii thte resitit of tlîî'r exact andî

cotitittatta lu'rforiaa.iîce. [t rnîaius, iiotvever, thait ai hul
lo'ok a hittîa mnatr chuaa'ly lit titec Itodly îtracess.cs. \Ve atit

v'aol.' ii'taur ta asî'.rtatat hiat tiaey lire îaa'rforiei, anal unt wahat
.tiiiutlîî' relate iiiiale to oiii ditl lire.

'rite avorlul '<a"cr<'tjaa" l'a eute int côi;it tisa ini tue iontas
.,f phlysioloit- 'ihi'v :palzk <a thte liv'îr "aecretitug" bila, o!

the salîa'.try gltî' <a"aiîg .itiva, or flte 'waît<'r' of the
toati aunI i'i' th.-'tti~al '".î'ata" "astit ecc. What

la ii<'aîilt, titra, iav tlîis av'înî 'S''<hia' and l 'igat is the u e
vi pupot ai ta- filaictionî wtl.it'a tai'arâ it', utaîttia 7 Ta atisaver

heequpeis ive ilts r' uI..'-t a ]aille tapait the ulemndas wihhih
l1fe Iluakes tapa-au tige bodv's li'itguî' t diaaigestion ofj
Joitî, for éx.iijale, a i"al aa iîîîîuuiaer of ilaîî,J'a arc lacîreul
at lîîtercaals tîjau tih' fon 1 The dugastaa-î syvstelit, it avili lbe
ri'naenîbert -1, iliaîarey a taiule, opeîîîng tauto avctuuic final rer.

(<ita org-aws, aitiî as; %alivary glaitl, laver, ,%wept'tire.1d, &-.
Nauu', alîgéstiinn la 1argela' a chiîailar~- Certain f<oad-

a'aîi'î.arc brikeu da<a'îa, cta:auttt'l ivit i aluîr elen'meiu,
zît tîadea ta atqtzlne îuî'aî' farrais, îîait iiclu th'y raiat lita' . icdly

vaiîa'àti,d avami tuaheal-. leauce tîlboî. ah.' faoo1 ttîre arc
th luîlid-t alrca'ly mêîeitigieail, whîicli altcr ittI e'igiaagt tii.' fotod.

eîaastita,'nts làs itata liearêt". 'faka ai n e'saiu<it, tue focal-
çitauga'. alici occaîr ila the. mthîta, S.itî'.u-ttte <'ttier"* or j
tht' mtîomîtl-la plaoarcal ap~on the fo-ail nt titiqs atag". or d'gestionî.
ITItis thatitî l'a fîirnilua'd li' thurue î.ttrx af orgaq .alledt saaltanai
fi laaptrL ecci glaîal nlci)iii inta the, mutl bt> a "t(Ituca" ar
'tube cf its own. M'ien saliva r.ontes la contact %vîlli any starcuy
faûdil, tué latter Aira traan'.nrm,'ti ity filue ti'nitrAl nettoît a! this
fluîi- into dextrin anal gnilaa'aîifaar. '%Vtkeut ssltva is ataaly.,eai,

ha s caa, tacuisto! aater, certa ia urs aitt a atIiu-
stance <fatutid atoavîtr iit thte bo-iv s.îue ait titis Mluîid) cAlcl
>atqaliii. It us tis lat:er attitaace wlitch aippelars ta bc instru-
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FIG. 42 -D.or.:a.

mental in changitîg starel inta dextrin and grape..sngar-iti
which latter formas tarth, itseif indigestible, becoutos more
readily absorbeti inta the blooti. Ilence tItis substance, pty<litt,
ta s.ttd ta bhoane of the digestive "lfermett"-a name alpplieti
to certain bodies wvhicli arc found chiefly in the digestive iluids,
audw~hich praduco chlemical changes ini thte foods submittcd ta
their action.

Iu the sitamacli, another "feraient," pepsiin, exista iu tho
ga triaie." 'Thle latter iluid is "sàecretetI"l ly the littie

glands thuitt exigt in the substance of tic stoinachi itieIf. This
ferment has the iower of changing tgitrageltous foods or "'aibu.
minaida" iuta subýgstanices andi called pcptuts. In a word, in
the latter farta these foods are diftusibie, and readily pass juta
the blood. The liver, as oveiy anc krîows, ie a manufactory of
bile, %vliieh la, îierlial, the mnont coniplex Rauid lu the body.
Bile isaf a greîutish.yelIow calaur, aud wlcn analysed la fouutd
to couisist a f water and solids, awongst the latter boiug biis,
fat, cholestcriii, &o. There seems little dnubt that; bile whon
added ta the foodi (as it la addcd alter the food hale loft the
stautach> acta specîaily on tho fatty part. of the food, whilst
discharging ather functiaus. 'lhe puvîcrcac or 1 .sweetbreadP'
thromwg pancreaiicjiicc on the food, wbien bile fratu the liver is
also poured upona it. Li the swectbreads secretion we fluti
water, mitierais, andi a substance calltgI patcreatiiu. Starcli la
certainly actoti upon by titis uubstanc, andi sucb starchy fonds
as may have escapeti digestion in the moutb, ara charged into
dextrin and grape.sugar after leaving thc stoinach. 'Tli siveet.
bread's "juice" also assias in the digestion of fatet, andi must
iu this way aid bile in ils wyork; whilst it la ialso beiuveti ta
possessa somne action upon the aibutinuus parta af the' food, an
effect uccessory ta that jîîoduced by tlic gastric juicu, of the

Mone the fi;od is passing along the tube which succeeds the
stomaclh, aud whiehla calleti the inicstUno (or bawci), if is thus
mixed thl bile and pancrectic juice. These fluids are poured
upon tbe food lu the lirat part ai the intestine. lu totail length,
the intestine iu mani measuros 26 ft. ; the sinall intestinei
makcing up 20 ft. of titis leîtgtlî, andtheli large intestine about
6 fi. As tîte foodi travels along the stuail intestine, it lias also
poureti ulion it the Rauids fîtruislteti by tînt glands of tîne bowei.
The gl1ands are of varions kinds, nd soutge at Ist appear ta
exercise a digestive action ou the foo-1.

To suin up aur notes on digestion, thon, we discover that
the food ia attlickced, aa ta spealc, at various stages of ifs pro-
grr~ along tlte digestive tube by the Iluitis or Ilsecretionna"
titat are lgureti uposi it ; that, st'candiy, tîtesù secrvtiotîs cxert
each a cheinical action ou lte fo&)d ; titirdly, that tîteir efftuet
is ta corvert the foodi into a milk-like fluid. (called chltye) whicb
contains the canteutrateà notirini at of the foodl, anti which
wiil bc addcd iu due course to tlîc blod ; aud, lastiy t' hat the
Rauids whichl tltas accomp)i.ish digebtion arc pravidcd caph by
an argats or or)an calieti, genoraliy, glatlds. Titt witich
romains f.ir .s la ta n.tquire, how or luy wlit moiens thue glawls
produce andi manufacture tînhp cu iocf wlîich we have jttst
spoken.

In a nufactary there are three cliiefelements wliici de.
manti consideratioti at toe liaîîds cf tlic economibt. 'Nie fiast
is tite raw material, thte secotîd j,; fli workniatt or wturkînen,
and tce tîtird la fleic anuifacttreu anMive. Each "glatd'' in
a Ituman body ls maniifaftorv atuîrnaut a ma:tufaciitr'd
article (bile, g-aatricjuice, saliva, &e)frot ratw mate-rial. TIie

Irate inîterial l the phlysiologiczîi factanfes is bloiau. i"e
Ihowever, wc caine face ta face %vitiî a Véry !Ieep pli ciuongal

prablein. Feratu alle anti tue sauge ragV îîî.ît,rl -bl(Oo-W Iiich
Iis sttp;uficd te the "glatînI," ecit Ifîctry prodîîccs a specii

Prodîlct, îliiferittg widg:lY fin oui tat a! otitcr 'gans. Bile
andi paucreatic juice, the IItoars -of tîte cyos, the nueit
seCretIQU of tii', nuis, andti li saliva, are %widely digreret
glids ;yet tlîv are tnaîtîîificittireti fr.îuî îh**. s'igie ra :av ri
But what of the w<îirktuien witicl p..rf.uriîi îii't %vark 1 litre wo
couic f1ce ta faice wltiî the microîcoiîic ~*eînnor éurh.u.'
knawn as ccl1s. lu Our lat pipecr 1 slioke0lzrd oaîî tue

'Pby.!cll basi% of 11fe," as $oil ilu tue .-. îtuor "Iiii s
anlacule." Now tc colis of aur lîaîllî, when in ain %etive,
living atatC, con Sibt Of PTOtoplatm. 'rTe liver is, ra- til.aily,
an aggiaaîerctiou of ltel>aiic cdls, cach about titis .j-006tlî oif au
inch lu dianieter. It is "- celis" a! other kinds tht make up
the oaseutial p.1rt3 cf te salivary glanda it is Il colla" that

tlîat niid< tîte gastrie juice in the glands o! flic stoiîutch. If,
as is certainly the casel, tit cll ill a iasi ti! living 'prilta.
Plasmi" thton it la d cean thiat we là-ve at ha.st1 trackcîl the pro.
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hlt'm of seretion as fat as we mnay. Stnpply a liver cil witit
biecti. anîd it iakes bile ;, supply a tell cf flic tesornacl'S glandts
wlîli blooti, anit ittakes or *O!ecrete.4"' gastric jilice. lie

1« îproperties of îîrotofflasin ". is a plttse tiet alcalis luntch or
uitile. itcccrding nis we tira wse or hteeullesî cf life'sa nets aud
eolitters. lia selo la ittedituss wili bit ap, te say îiiert. is nc
ruystery after ail ; lie wiii urge flint liv'ing îrttaîpltsm, becanse
itl m'es, tise.iarges tie foticîons, and thal lthera la an itt n f
the atatter. iltt lie w'lo je wiâu wiil nI rest liera. lie wvili

atŽck to kacu' whly olte bit of prctoplaauîi îîîakt'a bile, and. st/tu
nctiter înttkes stîliva. Ile will regard vilth woiîîl& lthe fart

thuit ail fortîs cf ltrôtopln3iii aptîear tussctilaiy aitiilar te util
sciettifte tests. lie wili look hliw lth stîrfuie, aîîd se in
lthe atdaptations cf tii cite suisice le inny andu varietl étids,
nîmnîlier itroof cf titi, great couteution cf intelraî scit.nce-lîat,
afler nfl, flia avolttio of lift's wayi aitti sorks is as discarîtibie
in a study cf "seectîon,"' andi "ceils," as ln lthe growth o.f tue
comtttter ainimal front tae simplek egg, or cf thei iittwer attil ils
varltîy frot lthe Ptrimtitive gerni tat Itrccetle8 frîtitioti.

THIE BLOOD.

Whisî the voica cf auieieut nutitority ileiar. il lthe blotti cf
lthe body te bu ils Ilit, lthe statettîcut was eole wîicit the ex\-

o..ile f îveryday lit secinîct fuliy te Sîupport. The phly*
slogietof to.dsy nulol jît arr..l serlotîsly wvîtl flie aflcienl

Heteig -e kîtoss lthe iitlo4sibility et îieiiing titis inystie
lifa" of ours, iiciî apusears lion% asg tliver.sit- it tut, anul

titan as tînily amidst vterieîy et lte must coeltîplex kintu. lie
tIlso kîitoss titat mnteî cther parts or cotiîpoets cf lthe botdy
utiglit Nvilth equai justîcv l'e taîtieti the Il itfa''-at It'asl, in lte
sen>a la wiic fite bloci lias berit se ternueti. 'Titi- t oi) cf tae
spinal cerd (or muedtul/a oUontgatt, as tii part cf lthe îteraous
axis lias lieun named) iizlt, lterlîuîs, witli greater force titan
lie biorti, li naineti the Illite," sinne e ar) lose a plut or twc
of bleoit aud recever pztrf(ýetly front lthe depletion, wiie a prick
wit an i le lit i titillta onlc tise Iitbt,,tiîictieth. Sittîjiar.
!y, the Ilaart mighî qîtite apîtropritliy be nain- t lthe ''1f.'

ln th saucel of ltae aitsciule nereesily cf itsa, tiou for ltae cou.
tinuanca of lthe crcîtiawii. lThe Il brealtli," aise, ia fle "lite"
iu a s'cry P'lain anti titiîi takeabie sets,siDcc intearféence
Wlth lta( braathîng fUtttlti tîteatîsi iriîlgat11' ileall te fle bloc' 1

itseîf. Btît sehen a-c coîts'td, liî:t lth( biootl.ilow la incessanît,
lthat il traell to ail ptaris of lthe iuctly, aîd ltat ils tailitro
Mnestis ileprivatien oh 1boul lA lthe lisbutt, as Weu as8 ltae seatt cf
iîcât.Irodîtctiot, wut caîî readiiy ettougitfît îtieîaitaît
for lthe wurtls of aucietit wvizioî wtisit wicl wa cipai titis
Pa p r.

W'1iîal is blooti t Au important questions ti, ant elle nlîii'i
n.1%y lie answere in uat lenst flir e aviva -Itrsly, ph gsitrs 1l'/

firsiiy, Z ittleavottr , mscertlaitliti. phy,,ial cuerariers cf bicoti,
or titosa nhiîh itioct exittbîîs açlt't regartit - 1îerî.iy as al par.
ticuiar kitîl of fii. Te the iake1 eyýe, blood appears cf a
bright retl cctlour ats il flons iii tae artertes-tîtat la, weitt il is
pute,; whlst i1 cs f a paîrtite colotirt nieî, it att imputtre st île.
it Circu1ates ti'roughl lte velus. aire îeei .s we %hatll

jtreîtly sfe, Moud la iolj realiy red inlu hue, bot nites its
colour te lthe îîîîuîtrous rail boutis (or torptîscles) niticli floal
iti il. ihiooi i% feitly alike inu its rtnuctioiî, andt titis alk-iliue
chat tir er Jvetases fronît te finie tif tii- reîîî,vai cf titi blooti
frein tite itotla, andi ut'til it dotfs or Ilrolttlzteeb."

Wheu t iîwttà frot lte tolly, hioe1 Il cloî',2' Froit tnc to
fia'e or six tîtiliule.s 3iilie for tis action. At fiit, tha lîlot
:ip)tcrs as a red jeliy ; Itut uitinttly, the clol stîtks to lthe

itottota cf ltae vessael, atvmt str:tn-colourt(I liqidjî~ aboya.
1110oti lus prsCtct'atialy eu itseil before ont e',es, intl a

soliti paît, lthe cdot, attt a liqu- part, tue scrit7n or p?'asutuî.
the îlot cflhtisLi cf lihe co-rpiusei-s ùtt qloiius of the blondi lîtoait

of Ilistt red, ltt.ce lthe cliîar.teter cf tit' eot) eiîtautgt'tih atu
bubsttlaîicî'ti tifb. î 'rite liqîtit, or pasitA, is lime ntoriaît

liqîttî or tlit pat cf lie blood ils,t If. 'l'its ili, the îuiero-
scolie siîows' ls, is ats cin as n.îtt-r, atndt owés ils aitiaretlty
itgi caicuir, as alrealy r,îi trk',l i thel globulies tuai floaI
luIl. If la; oniîg, Io te feti of I t P itictiî.ce1 îîaî t

sî.tei i rit( tu piiasta, taI the tiquat l'art of the, blooati tt

titi blond witîi a buîuilie et twiuNý jiit aItl-r it lias heurt sita,
i., elotîîîtg lîkes pldace. lu mieiî s c4t>o. ne wltip ot frot Itlthlei tio îlriti wic fd tîa i lm reil corjouscies,, antd wiclt
atiîtresN lt s% rtîîgs or siretis te liti- tivigs.
.''lie chcîtinitî1 co??ktpo.uttten oft iti- boct fl:53 Ut' vety sitly~

de.dIt witîl. A fluiti wicIt i: stiilitd 10 et'ety Ptart cf lta I

bodly, andi from which pach orpaîî or tisque derivem the materias
wittrewilli to renovatv anti repir its subsitance, inilit réasota'

iahiy tinougi bc exppeted to presaut us with a fluiti epitoate of
file entire frarne. And i i0, 'f ruti, (Io wc find biood te ex.
hiit a comîposition of witte anti generaliseti character. Whs

uliîse-oi'r, for instaue, that bleotl contains about 784 parts of
irater per 1,000 ; it is tic! in czlbuenn ; it centaine faUty
vittirs ; it lias a cetnpiex lint of minerais, suci as conimon
Sait, Ciîierile of poss, Phospîhates of line and niagiegiumu,
carbonate of sodium, etc., anti it shows on analysis, colutring
inatter, gags, aud a nutrber of substances deriveti froin the

%wIt.4tfl of the body. Anotiter fasitlon ofahoning lthe cl)enlicai
toîtîpositiott cf blooti, brings ont itqelemnentary constitution as
foiiovs :(arben, 57*9 ; hydrogert, 7-1 ; nitrogev, 17*4 ; oxy.
gent, 19-2 ;ahe4, 4-4. Front such an eetiînate, we se that
blooti cOUlans inaterial adapted for suppiyig ail lthe tissuet
of the hoIy lt the reparative work which is iîîceseautly being
lie& fortued.

Utider lthe inticroscolie, a thin film cf human bloat i msen to
consist of a eie.îr lit1 ud-the plasma-i which float two klnda
of budied. liThose are the reil andi îckiee corpuscles or "globule!s,'
aî thov are oflan poptîiariy naînet. Trhe biood derives its red
colour froin the immense numnber cf corpuscles which fioat in
itliuiti 'rit whiîte globules are lest nurnerous; about ont
whîite corpuscis exiqting to 400 or 500 reti one@. The micro-
sCojte îtîaies us te mse in betwueti the globules, atid thus fi
percelve lthe clear liqui. To the naket ey2, conversely. the
bloond apîtears uttiforinly reti, becaîtse flie globules are sie numer.

(ttis, 811.1 beotse we cannot perceiv4lie liquid in whicli they
ficoat. Ea"h reti corpuscle of man Ibýeasures ln breadth about

1-32U0th ofa n chi, anti iii thicknass about 1.10,000th of un
incih. la ahapa it is biconcave, or iiollowedl on ejîher Bide,

iiit4i is colouretl red by a substance calied htoemglobin. It la
tis tbàtnîîice wich is affecleti hy the o.cygeîî we breathe jno
the bicoti, anti by ltho car&onie acid g« lthe body anti tissques st
ilarge exreee iute the blotd. lThe ivltt corptsest of maill
blood nensuire in diaineler, eacit. about the 1-2500th cf au
iiei. Eaclt cottattis a central Itarticle, ltae nucleus. it ap.
peats to lie titis ntucleus wich, wliîn iiberated froin the culer
part of tite witel corpuscle aud coionred rail, becomei a ret cor-

pue.IC '£lie reti corptiscies of the blooti are tVins deriveti from
tae whîite orles.

Th'e wite corpuscles cf the blood arc known te possess the
cartotns property cf exiiting muoventents alînilar 10 Ihose seen
ini lte a7nî,cba.auituaicule. Phasie corpuscles (like tîte amSeala)

r &l «also ab.iorb particles cf soili niater, as the animalcule% la
question i;îkes ils feaid. The white corpuscie is, therefore, a
1tîrlicle of livinil prot'iplitsin, possessing a vitality indepi!ndent,
ii a nioasture at least, oi tîtat seen in the bodly of which il feorme
part. it i,, intleeti, a curions fact to ponder ever, that roilingt

:ont lu or vîeins andi :rteries ; uew worming through thé
-w:tis cf itlood-vessels ile our tisitues, andi noir contractiand
expaîîdîug their substance, are myriatisof minute living sjecks
w4lich, sitiiouglî, part ntd pareel cf our composition, are
cios-ciy related iii structureand lifé te the animalcules of lthé
pool.

Ar A OETN F TUEu PHiYSICÂt. SOCKuTY Berlill, Dr.
Rut," reitorte-1 out twn olbtico-I)Iyiiological researcites, which 1

lie haul carrieti out lui ceuttequence of his eplicai sudies
with the leucoscopa. Ili tue fircit lie has, witt lthe ai
of a speciai apparatus, examinîti a nuniber cf colour bliuti

)'arbots as tel lia position lu thei spectrunt of thiter se
(ulled 'l iîcatralil' point. Accortiing te, tuhe Yotitg.H..lînhcitz
thvtory, it la known, tîtere are lhree primary celoura (reti,
green, antI violet), eacit of wlîlch produees its il)teciztl coicur
sensation, whte ail coinbineti give the impression cf white.
'lie sonstility for the thrce îîritnary colours is se distrihuteti
Over the sibeetrttull that titeir curves la greal part coinleitle on
tilt! jlhCi%,1a of wtîve iengîths, antd titerefore mixeil coloîr son-
sallot et-% ocr evt'rywhere, wite lthe maxilma cf tle separate
curve.s occur aI îC places cf briglitest reti, grisa, andi violet
resîteetiv'ciy. lu the rase cf tic colour bliid one corve im
w.itîtg, andth tin We reînsinlitg cites lîtVe therefora a Pitont of

uCtt4 wlerC titeir urdinates ara the saine. Ilaence tht eye
usî at titis Part hiave titi impression Or white or gmTy. For

fiîîding 1h15i neutral pinlt la lthe spectrm, au apparatus serv-
cil, lu wili the telescope cf a spectroscope was s0 arrangad
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with regard to the. non refringent angle of the, prisa that the
petnimi took up only liait ot the field of vision, white tiie

e"tiier hlai iras occîîpied with the impge of the whijte painted
greiiii( surfaceofe the prism. lnstead of thie eyopiece there
mis aiiother Ait in the telescope, in which one èaw only a
sinaîl section of the spectruni ; by anicremetric disphscement of
the colliniator of the spectral apparatus any part of the s ec-
tinte colour blind portion saw both halves of the fÏ2l of
viion white, while the persoil with normal vision saw the part
of the spectruin in question in ita normal etour, sud se could
deteruiiuie the. wave length at whicit the. neutral polit et the
coletir blind person, occîirred. Changes of light iîîtetisity dis.
plared the urutral point ; lience in comparative nleasurenteiita
care must be taken te have the. saine iîitensity iu the source ef
light. Sitei measurenients were made by Dr. lCdnig with
great precisiou on nine cntour blind persons, aud it appeared
that thii uettral points are situated between about 191 sud 500
nîillioîitls of a miilhimetre, snd (what is ot special iliterent
theoretically) that tIi. menu values of the separate observations
witli dilfereiit colour blind persolis wore flot equal, but varied
in a lretty regular aeries between the. tiro terminal value.s.
Ac cording te thle commnîc view tltat colour blindes depends
ou the disappoarauîce of one of the normal tbree curves ot
colour perception, the. position of the netitral point as point of
aectioiî uf the two curves prescut niust b. always the sanie,
and for tii. red andI the greenî bhind must h. at tire quit. de.
termîinate eints et the spectruin. As the experitmetits have

y)ieldc.d a ditteirent resuit in persen. tie et wheu itere red
bliuid, and seven green blind, Dr. Konig believes tluat tii. ea-

seniCeo etour blindnes consists net mn the absence ef oee
eure, but in the diaplaceinent of twn durves on eue aijother,
mluicli may b. more or less couriplete, aud se produces the. dit.
tient ilegreea ot etour blinuduess observed. In the second
invebtigation Dr. Kiinig songlît tu deteranine the. two remark.
able points et section of tIie lîee curvea ltsat ccur, accordîing
te the. Yoting.Helnuholtz tiieery, in normal colour perception.

IFroni the. researches ot Prof. voit Helmîholtz on the. wava
leuigtiis et the comuplemieutary lctours, auîd trotu those et Clerk
Maxwelîl ou cnour mixtures, s ppear values fer these peints et
stetioii which agree pretty wcli. Tii. saine values, approxi.
unately, are reaclied by tIi. researches et several nphthalmolo.
gisis oit tli. places ot quickest change et cotour iu the. spectruni.
Dr. KiUnig tried te de termitie tlîe first sertion peint by making
tîte violet curve disappear througi the talcing of autouin, and~
w heit lie Lad tins made hiniselt temporarily 'eiolet-blind, lie
dci eruiined his neutral point, the point of section eftch. red
and the. green curve. Ail these cloterminations aud theoretical
considerations led te îîretty inuch the. saine values fur the
points ot section, sudt the first point is situated net, as is often
scuppîosedl, in the yellow, but iii the bIne, betireen the }7raun-
liofer lides E and bi, anil nearer the latter.

A-r A MEETI\o 0F TUp IIOTAL Soc!till Edinburgh, Mr.
W3icliai read a paper on tIie variation cf temperatur. with sun.
spots. TIie comparîson mas net a direct eue, but was based upo
lthe weil kitouwn plienonienen et the. diurnal luarometric ocla
toin viewed in relation to the ameunt ef mater vapour in the air.
Frein tbe observations et tlue Challenger Expodition, Mr. Buchau
liait couicluded that thia diurnal variation over the. epent sea
was net the re.tult of changes ot surface temperature (for these
wero virry &mal]), b.ut mas te be refrred te tiie direct liet.ting
etlfect et the sun epen the air, or more strictly upion the water

vpeur in the. air. This view mras supported by the tact that
i over the sea the. diunal variation of pressure iras greatest mIter,

muost va pour was,; vilereai; the. cor'trary held over the land, the
cenuperature et mlîich varied greatly during the day, and tIi.
more se mhen the air AIov was drier, as more heat then reach.
el the earîlî. In other mrrs, the increas.et f eisture in the.
air increases the barometric oscillation over the £et and

1dimutuishes it over the~ tend ; sud hooce itseemed probable that
tii. discut.siola et these daily oscillations iu sun-skot cycles
miglut lcad te soine defunite restitt. Tii. long continned ob.
servations at Calcutta, Madras, aud Bomibay moe combined
ir tlîis 'nra>, And Yielded a remàrknble resuit - there b'eing a
welI iiiarketi maximum ot baroisietric diunal oscillation hait
%vay.betireen the miniumiin d mauximum suri spot yeire, aud
a iiiiimum hait may betireen the maximum sud mnitimumi
years. Tii. averartes mer. lteu for the. five dry %vinter
mentis. auîd the efl'octs w.re exîulaiuied as due te thu accunuu.
lntcdl mater vapeur in the upper southerly wmnda that exiât
over India during theas« menti.. Wben the. rainfail on the.
southeru slopea eftihe diîmalayas wau similarlytreated-which
raitaîl ia of courâle due te the srreating et these upper moist

ceurreuts-the analogeus tNct %aa brouglit euit, vis. minimum
ralufail at times et unaximumi barometrie oscillation snd vie
v.rsd.

Rtt;pliAron.9 voit MîirM.-Ur. Dickinson, H. M. Chiet
Inspecter et Mineit, made an important communication te the
meinhorsg et the. Mancheater oecoegical Society at ticir mieeting
on Tuesday. lits Attention, ho saiui, had bren requeateil te
tii. aubject ot a reâpirator aud a launp for penetratiiig nexieus
Igues ini mines ; and, atter decailing the varions effortit mmici
liait been miade in this direction, lie gave a description ot the.
Fleuss ex"loring res4pirator, te wicli, ho *aid, the. 4tteîîtion of
the. ýecretary et Stace hait beon drawmi; and the Coveruiant
were auxieus tiat tiie inspectera et mines sheuld uiake it weli
kuowu, sud that tiie varieus coliiery districts slionld pattiri-
pate in its benelits. It vias sugge&ted that stations sheuld b.s
organired ln miniîug districts, wlîore the iapparatus shonld be
stored iu suflicieiit numbers, and muaintaiiied lu readiness tor
iuonediate use, and wlîere the. instruction ef tiié men troni tii.
uurrouiudiug coln in luts use alîouid b. systemat,,icall
carried out, iiu order that a rescuiuq party coutl, thua b.a apeed.
ily ou the. spot atter tIi. eccurrenre et ait accident. Satitant.
ury resuits had beoni secnred with tiie aparatu.q, but witht it
organisation mas reinired ; exygei gas lia te b. provided, and
muen iusiruicted lu tiie use et thie apliaratus. Tii. diving-'its
iu connectin mi the. apparatus mas ackuewledged, andl

prcised noir aud tieien putopîug pits ; and it mas put eut
when,1. n piarda et 200 mou irere ghutt up lu the [tartiy Coiiiery,
audî had been îîrole~ for otiier occasions wvithout, liowever,
much useful eti'ect. rThe question et satety.lçignps was aIse
before the meeting, aud it mas urged by Mr. Pnrdy, et Nut-
tiugham, that, as it vrai; eil known uîauy explosions hab beeti
cansedl b> the. (suIt> construction of lamsup, ever>' lampu'maker
ouight te ho mnade respousibld for eaci lamp lie sent out.

Te REN»ik LR AYD OTfilt FÂnuRcIMPI3IAIL
Mr. Janiu has discovered that b>' puttiug a layer et cellulose
ou the. kurface et ny lciid of labrio, and patticularl>' linen
sud stuifs, it wili become iipermeable. The. mixture Ïa pr.
pared witb pyrexyliuie, wlîich ln obtained b>' disaggr..gating
some cellulose with paper or with rags, lu a mixture et sui.
pîlîrie acid andi azotie uid. This tullus mass ia put lu caln-
pierateti useehol, te, wIiih in aftermards added a muxtute et
aicoliel aud ether. Tii. comnpound is applied ou liard objecta
mitli a brush, but stuits are .hîlped into a bath er the mixture.
It deles net, in taut, consiat et a neir product, but et a neir
applicatien et a known îîrodnct. Mr. Janin's mixture is sinîply
celluloid dissoived. Tii. cloti tins obtind te, whcli Mr.
Janin gives the Damne et linge parisiene (Parisian lineut>, differs
troni the American u i t act that tîte latter is applied dry.

Wutwui' or SxA.qoE»i TuiExn.-The foilowing fa the
weiglit ef sessoued timber pot- culîic tout, in liii. :Apple tree,
49 ; sti, 50 ; bay tree, 50 ; beech, 51 ; bircii, 48; box, 60;
eedar, American, 30, Lebanou, 35 ; cherry tree, 42; ciies:ut,
40 ; cerk, 15 ; ebony, Inctiau, 70, Amnerioan, 80; eider, 42;
elm, 39 ; fir, Dantzic, 35, Memeli, 38 ; hazel, 40; herubeani,
48 ; larcii, 35 ; Iignum.vitSt, 70 ; logweod, 55 ; inuhogan>',
Honduras, 40, Spanisii, 55; mnapte, 47 ; oalt, Englisi, 50,
American, 47, Baltie, 46 ; pin., red, 40, yellow, 33 ; peplar,
mhite Spautial, 32 ; sycaunor., 37 ; telk Indian, 41, %toui.
moîn, 45, Johore, ',0, Atrican, 60; ivsin3cot, Riga, 38 ; wal.
nut, American, 35, Spaniali, 43 ; willow, 30 ; ycw, 50.

lx~ tiie lest report et the Frenchu Society 'for i>reveuîting Ac.
cidents frein, Machines-a socitl ftnded uiier tii. auspices
etfcthe Société Industrielle dle Nluthuse-ac recoiuuîeudacion ia
muade for ti. avolitance t ch. use et circular stuis lin ail werk
siiopa wer. practicable. The following are tIi. reasuns fur
titis recommendation :-lst, circolar saws are dangerlu te
morknuen ; 2nd, they require more power thait ocher saws ;
and 3rd, they cnt a brearlcr Une auid are conscquentiy mure
mastetul.

PROCEEDINGS OF SOCIETIPJS.

Tws Ixsruor op Civurit itts-M. Branl... Pre.-Iident
in cte Chair. tiie Paper rend was Oui01 tIi. Sttnunit-IAvel Tunnel el
the. lettis sud Fcstiniog Raitiray." by Mr. William Swcth, 31. lInt.
C.B.

Tii. Autbor stated tinat the obje et tuis railway mas toafford more
direct communication betwccn tho slateproduciug diltrict et Pesta1-
nio# snd the. hoine mnarkets. Tii. lin. cemuncncedl nt Ilettws.y.-Cced,
travcraed the. valley otfithe river Cotuway fer about 1 mile, aud thon
fellowed the. vallcy etf thue river Lledr. It riet puiard under the
uuouutaineus ridg. b.tmeen Citrnarvoiaire aud Meriouetbsuire iu a
lont tunnel. rau allons the. Dinas brauch et the Festini« narrow-
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sauge lino. and terminateu t Bicensu Festînia Thre Coal iersçth
was about 12 miles. atîd, except attre strations,, t t e lino wtu laid wîlh
a tingle way. The sumani-level turnnel wae 3,860 yards il ictCh. IL
wax os rried ont b>' the staff oi Chu lAedon sud Norlt-Weterti Rail-
way Compiany', the mrater panrt n of rtalundc ai Ctre works beinte
executeul b>' crrtrrtct. Tire tunnci.worke coîrrîri4eu Cire sitkrrg ni
threes obrfts, Cire drivingt ni eigltt headingg, land nmotitrghertî ont Ca
Ch. fulite lof nite tunnel. The oka ierfnreted conroteud ni î'ery
bard members ni Ciho inctamantnii syslenir: ratnd it wvis stateil tiraI at
the ooutb endt, li îrasqir nder the Wclsli Suite Cortsîrny's works
groat cure avas uecesmar>', andi a îtrung casinrg f or linsitr as roruira
la sustaits the heavy avoiehîs above rirrn rrrtd . 'lia tunnel iait n
ascenditr gradient iran te nortis end of ir lu f~ or a distance oi 1
mile rsnd38'4 chans, foiloiveu by' ns evel potilon et Cire srruit ai
0*75 chairs, andl Chen a deoondirsg gadnient ofi1 lu 660 for a dis4tairce ni
36 ebains 'totise soath ortr. t as1fotOiresitheigiti, sud 16
fout O inehea ins widlh. Tite deepeat ai the tbree rulrrtts i igtti e'x-
eeedeul 143 yards. andl ail avora rectaurguiar, 12 font iry 6 foet. %vitir thue
longer side lu the direction ni tiraliue ni tho tunntel. The avîndinte'
machiner>' coîupriscdl, eit each sbaiC, te bolier ni tise locomotive type
Cavaaimait high-uresonre englunes. witiî otur'wirecl and uinuor ai
winditig-drrums: tho latter avore 6 féet lu diauseter, unitrd Cir avne
coai rais. a graes lundu ill cavI e. ut 8 t'cet per second. 'Tho Cituber
head-genrringt carrted tavo pulitys-, cach 8 feet in dismoter 'sud wars
fitteul wilh Waiker's detachire bttok to îurcvert ns-er-wtdiil. Tire
repos verc ni steel avîre, tho breakngstrs bcitut 20 Cors. Five nir-
couitrassors; avre couitrncted tu cotsstsresdt. tu a puressure of 80ibs. îuer
suare iîrch,sutomaient air tosupput> six rock'borrrrg maruchinres nit enuch
fce. The comptresser taleatn-e.gcrunetors score secorrd'htrad boilers.

The pipsens for coavey-int tIra ctuurîure!ced sir on tIre wcrrkinrc moere ni
wrouteht'îrns, of3J hnchres bore to tire botîCoru of rte nirailo arsd ofi21
luiches bore fraus titenco to the frace of the workitrcs. Su ilns
avater avas rieu to the surfauce, fron ne strietr a ltae inrttoro: t'rsr twou
oi the obafts b y nl avrrugtt-iron vessel, att.iclitl ta tiue imider srdr' of

the cage, whiicba filied landl eutiett ltselfinrtttiitnietîcri> z but et the
other sbtit aaer avas int ex fa uu oruce puitr u.itau to ho entîluyed.
The shaits wera inamnri' surk hi'banni lnabourr. TtieAitrtirrheur prrs.
ceedeul Ca describo nt ingth Cire uirii'cnrrnges foer on irurting tire
mnacines, rta drrlittguuachuues teuuseises urnt rite tslaes of use'
tuatinte theon At rte nurth end o! tire tuiruret min exiieristicurCnu dciii-
oarriage waut employcul, lu corrjorctreri avuti eiectrie-frirg avrth the
vieav ni takiurg ont, s onua largo trcadusg. tue fttll ecotroit oY tino Cuir'
sein but ftur avant ni arccesa in etectrc-lriust il segio erutunsl>' abats-
doneul, mund the St. Gothnrrd typos ni errriansc M m ani hielt mst sttb'
etitutcud. It avas oqiiund avîih sixt Ilugersuîl glrili"m, fitteut iitis
automsatie feeni. At tire 'uuoth end nisiti rrli'oarrnt'et ss'rr con-
structeti. surltble fora airtdî'treoiwirulirntiy, arndi pro% itled ivitis
six Buluii drîilate .maciniîes wi'tlr1.rd''ud At tire six inter-
mediale faces the carrîsa saero of tIre ts'-pe adotuteu lirt the St.
Golhard Tunsnl, with Makeesn frlio-taJtneiuratoea face,
driven b>' compresseacu iîr. Tavu forait ofi di-tail ponts wtre noori. tIre
chisel siingle'euttiurg enige for suuitu ronck, andn the cru,".-suiurtfetr jointt-
est rock Witb regatrd Crs the avorkitrgiý ut Crire botroin of eneci sbnsft, a
tep heading wva drls'eu itt the firast instansce. Driviuug tire atives
beadtng coniprrocdl threo distinct operatins, nanui>', buring Chue tries
at the 4noce. cbarging aunu firtnug. anni resrroî'iîg t e td/là jet. Of thse
varieut explosi'es used. cotton prwder oer tonrito anroaercu l ot for
Ch. reunoval of rocks inurnsonineul places. but elynarnite anu l itho-
tracteur avere rte muât effectunrl rire utds'aiise beaullugs. The nad'
vanceul beadtg avas 8 t'ee q tare,1 auni ,suaiiy reuuro frein 15 to 30
bales 31 foot deep, anul fr<rnt1rassoit teo 2 iuclnes ls diauneter, to reiuava
a complete Qlice off Cita fate. Tira etnernrtin ni thse driiiingnnacttinos
mounteni an the carrintges was thren deseritreul. ne spcent ni 300 tu 500
strnkea per unute btînrg attnrd n 1> mtie uneihral tri clrnrgirng the
baoles aurd firing b>' hnttrn. ss'iii wnts uuewi'nt diffe'rent to thnut
ordunurity purqned. Fuloisi g ulir e wake nt tire advanncent irendrug
lu tire top ni ire tunnel wsu tire rcrinra tuf rte CiCr, "ides. Titis %trs
due prunciuuaiiy b>' hatrul issuor.nid cheitrd tînt .se'i.n tuf tire open-
ing irouie square t>u tsenii-cîrcie. Tite exCatVrtiusl (eut rite lower Itor'
Clou ws'n effecteul b>' drivtng a guliet alutug Ouro sîi of about busf hCie

aidth tuf tae tunrnel ta the fuait tett. leaving tire otiror ut! fnran
roadaa. Tht reiauiuing puortion ss's teon attakouil pnrtiy by issus
parti>' b>' macinie-drills at vanurts pints. 'l'ie Arîttîrr itext reterroul
to the lurogres meule mît ech ni tie esitsitu aînud itaiausroin, sylile
it eptuenirodtihat te averaige utun ttte ivtle rut Cire eilit inuces
amauutted ta W&''. feet vuer week, TIre touai quauntity ni avater findirrg
its av lite Cire tunnuel .vs about 1W.,000 galions per dtsy. Tino toali
ost oni Cire tunnuel tenu! titree sate ctCe, inuîinng labour, plaunt.
nusterisiga d eru-uundries as £302.850, diviuled -as folitava, vit., labour
£20300. planrt 2.3.630, andl iaterisis asususnnlries £74,?-0s. Aliowisîg
as a credrt tise liusiicost (if tire plant at' tino plantC, avhuiul it ivrs as-
sumeel utsght evnrrtiym renieti, tIre îeduced ost avouad ho £73
per lineai yardi, sud tuskiîrg thse avisle cnuicai conutents ai rock .nrd
ether substances actitai>' renunveti. tin ouvst puer cobie yatrdi seau £2 8&.
l0ti. The tunnel ms openeul for prublie traille on the 2ttd nf Juiy,
18749.

Avircca Socu'rr na, Civin. Exnuyr'.a.-BRegttlar meeting. Auril
18tis, 188. Vice-Pre.sident Peruure ii tne Chiar. The deatha ai'
Meuars. John C. James, Il. Ain. Sec, C. E., of Winnipeg, Manitoba,
andl Simeon Sireidan, M. Am. Soc.- C. E., ni Clevelandl, Ohio, avere
anneunaced.

The Secrear>' stateul Chat arraungements avere avel advansced for tise
Convention ni Ch. Society' ta ho heid at St. Pulu nud Minrneapolis bo-
gînuung Joue 2Oth. The ardinar>' mectinga to ho helti at St. Pui.
trne meeting at which Cire Pre.qideut's aduiress avii be deliverest ta ho
beid at Minneapuolis. ooi fr nithe Soaciety' andu the% r fillitlies avil
be accommndatcdt at te Hlutel Lafay>ette, Lake Mînnetrunka, sud
speciat arrangeruents have been ruade for transn to rend froin Chat
hotel avith releremsce te the nmeetingrs ni the Conuvention. A banrquet
avili b. tendereul b>' Cii Cititena ni tise tavo Citues at Chat hntei. le ia
as expected ta malle arrangeuntnU for a visit ta Ch. exposition aof

Balaa> Applianees at Chicao durnio tIre week proviens ta the Con-
volution, and tho Mcmberr citCh. Society' ili ieve Chicago for St.
Paul at a time te b. announceul ou tither June 18tis or 19th. The at-
tendance at Ch. Convention avili prababl>' ho ver>' large.

A rb>' th. laCe Wm. R. Morl>', M. Am. Soc.- C. E. avas rend hi'
ttecretar>' upon Ch. Subject af the Prouer Compensation for Iait-

rad Cuirves pon Grades. Mr'. Mariey' expresses Ch.e opinion ChaLt h

resistance due te ourrature ila meaaured nlot b>' tho ionsth of radiai
but b>' tire iougth of train, or gahat le the traulot b>' the ruiing grade'
and Chat white thora tnay buosottie increttsedl rebistauice duo to radim

Cha in b'c largoly ovorcouno bv the elovatin of the onter tait, unr
thlit ntisa location ot'a ralliis tho liigth aitrain or ruiing grade
shoai be made the busis ot Compernsation, and not tisa radius et Cor.
vaturo.

lie gives examples in his expericuce where tire practics oi Compta.,
igation with reforence te the ra-dius rcsnlted upon etep grades in qa
deided exeess of Unurpenosatin and in a notiorablo incroam of speu,
ni thre train un)on curvos. H1e aiio ules the roies adoptod b>' bita la,
bls practice wbich wore as foliows.

Rate of inax grade -00 te -Io pet 100 féet; .06 per 100 <set pue desiu Ceapwaa"s
do do '0to 1*60 no,44 .05 44 44 i

de ' 1'60te 3" go di4 w . dé d

Tihe paper wau discused b>' Meoan. nogart. Chanute T. C. Ciaak.
Einery Forney, Macdonald, North, Wrn. H. Paine, D. *srd, and I.

B1. Warui.
lus te discussion Mr. Chranute referred particuiarly te Ch. papr

S. W'iiiery X. Ara. Soe. %)1. B., pubiehed lu the Transactions of àh.
Societinl 1878 oit the iesistanco of Curvos, and the discussion upnes
Chat iraper, statirig Chat the thenretical trosistanes detmid by2 Mi.
Winery aured very eioely wlth the îsraotioal rositaoti
exîserizucntrt nîon ordinary whecis at tom, rpced, and Cht h. r..i

ws an addition nf about one balf pouud pser tand 1 ir doere, teo Ch.
resistisuco on straight finos, and that th. equation Cor curvature r.
sulting rai Chia was about hai! of what Mr. Morley' bas adoptd ee

hle oCr grade" bcibisicd lu an carlynuasber of the Transaetioas.,
and will ho discusssd with othors at the apirrntscbing Convention.

Meeting ni Airril4th. 1883: Geo. S. (Ircenel$r. in the Chair. As
Menibers,, Thuinas Ap ieton, Counoil0 Grave K an, 0. H. P. Corneil,

Seiîonoctarl L E. [Il ol Eiot, Norfolk, Va. Orvili. (irove, lions.
Con, lex., W . G. Willians'on Martingvitis, Va.: As Juniors, y. L
Fullor. Boston. Mass., A. Mchouaid, Nasbvtiie, Tenu.

The pretiinary' arranrgemrents for Che Convention wcre report.dbv
tht Seuretar-v. Tlite Cuventini l tob hi houat tus Cilles ni St. pala
atîd Minneairniis, Minri. The part), wit arrive ut St. Panl about noon

i Joue 1th. Poul detals wil ti mtao ho announced. It la iutended
aigo to arraire for a vi4it to tOto National Espo;itioî oC' Railway Ap
pitances et Chicagu bei'nro proceeding to SC. Faut. The doath of Mr'.

Peter t.ouon r the mortîrno of the meeting was announced, and
afier r..ektrk bl Mr- reoiad it wa-i ordered Cat an rttrproprlat.
noîtjeu sh uld be strrjr'ad truoi tIre luinsirdteso ' lie Society. Apiairerb>'
C>. Y. Wisrrer M. Am. Sue. C. E. oit tleudeti Field Work was rosd b>'
the Secrcrrsry lir the riberren ni' tire Atîthor and w:rs dibenîsed bY,
Meuars. Ilaighit, Pritîdie. CrVes, ansd Ceno. ýs. Grecire, Jr.

ENot,ta' Cuisa n o r.x.. iiiA.-Itecorri of rexular meeting.
Mrsrch l"ith 18W3 Pregidetît liemr %i 4.'trr it ite Chirr Mr.

Chas. A. Asliburner rend. n airor on* A Nesw Metirod ni Estituliting
tho Conterîts ni Iligh>' Piieuted Coni Bcrt, as Aîsîsid Cui tiro Anthra-
cite Filds of Petrrîeyivania," The etuesiliîs ni'rte futre prnductin
aird nliuate exharratin of the"e faiei, are nf Cite tererîtest inmportane.
Iu 1860 tho population ni tire United Staîtes vrs> 31.413,321, aîrd 8.513,.
123 ton ni coai wore prodnccd. i. c.. acttuily qhlîrjed to mrarket; ie
18,#0 the ipopulatton hadl increased 22 tuer cent a1.0.7)rnd the po
duction ni antrascite was ueaniy donsbled. bOIrr9 16,182,191 tons, oFr
theyear 1880, wiCh a populations oi over 50 mtillions. rte Proueut was
2327,242 Cons. Iu 1882 tho attuai produtiorn wras ov'er 30,000,000 tons.
It bas hocîs varnuuiy estiiatea timnt rte 470.qtttrarc ruiles coutaining-
ttrîs coil i>errusyIvruia wiii tue e'rtiroiy extraîsted lu irons 140 to
201 ycars. Wiiio r. Asliturrier rives irut te'titnatn tire uitirate ex.
lrarr.tirun. ho liras dtvised sa metottd for etirtirstig te conterrts Of
tire2c frids, t'roru risit lisn being olotuireu by rte c4srefri ,nd praeti.
cal geologicil. ranrd î,rirsing extriirirur i the Siate 'SurvcY. Th*
exact prrssltin andi detaleul struutndr srspt' rul tire conti bedu ara irag
iurîPPerl by 50 fout contour lines aloung tire floor af tire boula. giVin«g
corsîleteiy aird satisîactoriiy. the geuuetrcnsi construcetion and shape.
Tirese surfaces arc thers deveiolrsdi irrto plaie, by tic oeveioiument
lrt s trarehlst es ni the tino ni tire isit s eut b>' îuraliellid section

pieres 100 fet arnr t ins ernîpliicai inotrodi laetterrded witls errors
whicb are urîatbeinatically dîscuseruld, atni whicla have bicen formulated
bIc Mr. Arthurr Wirslinw, Meruber oC' Cire Club. Titis inetirot duos net
gtvo the Crue area nf the surface of e aphere, voue or triangular

trough. In the case nf a sishere, it givos î of Ch. Crue arca; ln aà
cosle, tire error inrcases diractl>' as the semant of the angle whieii Che
pitir of tire colle mrakes with ias a-,is: and li a triarrgular Crauch.
wbicit atlure ricar> reareets t ie iirpe ni the anthracite brtisiu, Ch.

errrrr i.e very mirci leso. -4 5ractica i tubt lia- been madise nf this uiethodi
lu tire Pantirer Creek bast,,, betsr MaNîti Cturrk utini Tatoanna,
aud Cire mraximnumr tossi'ni errer li irn r g tiro surface areasof the
enail Ieds wrrs furtîrrl ta be .903 of liter cent. Aftt3r thse arens are Chug
futundrite conrtents rire oltrsed 1>3 catrcini incnourcitienta muade la
the strinres to vscerCatii the actosliirîrrîrber of tons ni cotai whicb are
con tuineil in a unit Il ace) oi bei rires, lu hiswtyit iras been oaCi-
nrtet lat Cire aboye as'in nriginntily couttaied 1,032.000,000 Cons ;

Chat the arts, otder uleveoiruuetrt origirraiiy cortained 92,00(),000 Cous,
nut ni vîticîr latter tîrct 54,010,000 toits )lave liceu italien.

Tite Seerctury ur'eeented, frrr Mr. .Joitii llarQton, an ilUustrated sut
ni frrrnriine forrirarri tttrnoutsatîti crrseçitrse.

lOt. Joint 'T. Ilavr oxitibiCedt rilbern« orf îrhosprbn' bronze with wilck
he landl experintueil witit a View to lis non for tape lines. in mne
slrup sud itirer worlc, wire7c the tdatuger ni broskirrg tbe ordiasrysteel
lisseu s ver greuit aird wlirre the conrtct of tire Cta witir lurb$taîroes,
lu thetuselves izilurious to it, reuders iraquient wiping, and consequent
scouring off ofthe figiures,unecessaly. 2lire lrnier bronze ribo
wu$ M rtrl Ca Ise extreinci>' Cough, but, lu rdidltion C Clite difficuit>' in

its mranufascture t thia shatre, it wtts inuid thait after it was beut
at a sharp angle, it wouid not sCraighten out, thus decreasuhe.
iength ni tirafine. As nain; Ch. haminer ta streighten it would ln.
crese the lcngth, thse exprrrent wss not proocuteul fartner.
Thte Secretar>' pre-teutcd a systensi of reditttion tables which he bad

tude te iocilitattà lorng andl Cedios ulutiplicstions and divIsions,
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