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NEW BOO0KS.

TACl Strains in Fra»rnsd Structures, toilA nurne-ou> Practi.
cal appicatios for cranes, brid1ge, roof and sucpen.sion, trussss,
braced arches, pivot and draîc spstns, continuous girders, etc.,
ahto determination of dirncusions and des1yaing qf deM.ils-
specifcatioms andcarce-opet des.gtts and woriin
dratoings. By A. .lay Dz&Bis, C.E., Ph. D., etc., cic. (New
York, Jolhn lViley & Sous), 1883.-Price $10.

The aim of this work is te, treat the subject of IlS trains lu
Framed Structures " in sucli a complete inanner as te render
its principles intelligible ta any one acquainted with clemcn-
tary mechauics and casy of application tx, quetions of practical
importance. The first part of the bock is divided into, two
sections. Section 1lis subdividcd into four chapters givînig a
foul acconnt of the reoluimo a frces and c f the mne;hod of
mments bath front a graphicel and analytical point of view.

Section 11 sets forth the practîcal. application of the methoda
of the prcceding section te varions structurcsand is suibdividcd
jute nine cliapters of tvhich the first eiglit deal witk Roof andi
BruIgcs TrussssContinuous3 gircs, Swving Bridges, and Braed
Arches, which are veil illnstrated with examples but whicli do
not presentany striking novelty in the mode oftreatmnent. lu
Chapter IX the subject of the Susrpcnssion Bridges is taken up
and the greater part of the discussion scemis, as is clai*med by
the author, te ho cntircly new. In thc interests cf simplicity,
it might have been well te have inserted, in addition te, the
analytical proof, the geometrical. proof cf thc fact "l tint the
curve cf a flexible string uniformly loaded ia a parabola,"
which at once follows from thc conditions of equilibrium."

As regards the theory cf tic Stiffcnsng trus,, the autior
repudiates the ordinarily accepted oesaince it le based on the
untrue asraption thet the elfeet cf the stifl'oning trusa is te
distrubute a partial lad uniformnly over the cables. Neglecting
the slight increase cf length in the enspeuders se that -the
Ildeflectiona of trisse and cable et any point Ane equal," 'ho

fiuds the differential equation of the nese cable curve, which
is aIse a curve cf equilihriuni. The moment of the entîre dis.
triuted casle load at any point is thon fonnd, and hencu the
difféential, cquation.<of the 4th degree> cf the elsatic e.urve cf
thc truss, which can be easily integrated in an exponential
faim,

The second part of the bock deala with the Ilimportant
to1sies cf cross-soctioning snd designing cf details and connec.
tions," and altiiongh necessarily far front exhaustive in ita
treatinent, it wilI be foud cf much value and juteront te tie
engincer.

The bock s excellently printed and illustrated, and la a
valushio addition te engineering literature, but we would sug.
gest that an ofdîtion cf srn.iter sire would botter meet the needs
cf the ordiuary student.

Eplosive UompouvZ.s, M>~achine Rockc Drills andi BUlsting,-
Or^ llmNit S. Dr.iîNniu, E.M., (Nzw Yoix : John Wiley
Sens. 15 Aster place, 1883, MONTRICAL:- Dawsen Bros.)

This work iii an abstract frein the «Author's valuable treatise
on Tunncilling cf those portions relating te Explosive Coin.
potuncs, Rock Drills, sud l3lasting. Beginuing with un is-
torical accounit of rock excavation, tunnelling, iilasting, rock
drilling, ana explosive compounds, the Auther in Chapter 111.
discusses tie latter more in dcliii, and gives the chemical
ccmpoiitioý and mesthod cf manipulation cf aIl the moat im.
portant. Ciaptor IV. cemmeuces with a description cf varions
fuses, tamping, drills, expaasding borers, the haremer, and the
avantages cf electric firing; which on page 112 are aummarized
jute

<a) Simultameonu fIring of difrerent charges.
«b> Premature eape of any cf the gas developed absolutely

ave ided by close tampiug.
(c) No smoke or gas front fuses.
<si) Greateat safety.
(e) Rapidity cf work.
The remainder cf the Chapter consiste cf a diocu.ion us te

the IlPrinciples cf Blssting,"&namthe estituates cf thé olumes
tirown out su blasting and cf thie ecat of extraction. Chàptor
V. i. ssubdivided into tue parts, the. first doaling '*îth air
compressors and machine rock drills, while the second givea
tise history ana ciùuteristica of the latter. Cliapt VI& i
sisbdilided, jUto six Plati sud ilînstrateas hePrâicgee 4jpli.
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cati, of machine rock dIrillsa ud liigh explosives with refer.
eonce to the inost important tunniiels of mo(tin thaïes, ett , - (lit,
Iioosiac, Sittro, Motit chais, anti St. (Gothirdl tiunnels.

IlEectrieilli aui ils Uecs." liv J. M1111ro, (ludau: the Re.
ligiotis T1ract Society, 56 i'ateriiostce Itow.)

lit this %vork àlr. Muttra lis etitle.,vouredi ta gave a politular
accaulnt Of dtrîCtlal Wcien11- n3i1 ail 1bi brrdîlolit s1, AisI ta rcit(er
the sllbject îîîteklîgîble to rentIerà %Vho have liît~ul&8 lîsti 11o
kilovtcdge of electrîcity. 'Ilit the atllr lias ta a largo extent,
succeetlcd wili ho reAduly adulittell. The itter ký wteli eIoseil,
the illustrations are nuîerus imut! th ttliu hle acciir.ste, aud
the bjook %wmll prove a grent hLt11. s ma prh tàn~ mtrutloctioî,
ta tIs liportant brani of beieiie. l a 14tu li regrctteil,
hawever, timt the wvork slioid bu mnarreti by marny ai-
accuracleb sudLusteiI, wii mmiglit Wtva beciu casily

avoided withi a littie mumre lirar the 1i eîaratton anti ira th>
raviaiof lcf proof 41leets.

BJOOKS RECRVI».
IVeisbach's .fcn.sof 1EnIjiccria'j anti .1ilaehitry.-

]îavislîil AND a Aîu. *t (ýY . Yl1aN1s'K -N: n
Jolin WViiey & Sonse. Mo,;riýnÂî. . Dztwbsu Bras4, 1883.>

A ttenwUcis or MVechaaîit o.mne-3 C. W. M,.îcCoiti,
iNEw Youa. . Julin W'dcy &. Souse. Mos rauF,%L. DAfflot
Bros, 1883.)

2'hese ue'urXs wiZl bse reticed i h.- ý ovc>ubcr nwaber of the

Aiea reetve(d, the~ Pitadciphiaue lcal 2'unes, J. B. Lipp.
cuit & La.; tc MlecI&ttiil i llttg .Vcive, the Beavur C.
TJoronto; Dic Zsrcasicry of Pacteý, Il. I Wariier & Co.,
Ituochester.

NOTES ON TRE CONDITION AND DIS-
TRIBUTION OF TIIE CANÂMAN

FORESTS.
ttY ANDItEW T. DRUflMO.ND.

The graoving requiratuont8 ai te warld arising front
incroased population, a mare progressive spirit, and
greater wvealth, hava led us in this Juter ugo ta sea that
thora are great natural laws on which tha prosperity of
cammunities sud aven of nations largely depeuds.
'LNational prosperity arisas front tha aggregtated enter-
priseansd success ai the individuals who go ta make
tap tise nation, and whilst this prosparity continues,
individuals aud nations ara somotirnes slow ta foraseo
the ultimata resuits ta whicli tho stimulus ai success
niay Iead ta in the breaking af these natural laws. The
individuai ds not imraediately recoguize titis, but in
national aggragates it is cleariy seen. This las bcen
wvell oxemplifiied if the timber trada af the ITnited
States and Canada.

Fromt the earliest days ai thc settloment af thosa
cauntrios ta the prescrit timo thora bas been a constant
drain ou tho resources af their forests. At tiret, it was
neceasary ta clear tha forests in arder ta make room
for agricultural aperatiaus. Farmors, howvaver, as tima
went an, everyw ace, became more wastefotl sud rock-
less ai the future, and lumbermcn eveu more so. WVith
wood s0 plentiful, it did nlot appear necossary ta con-
eider the wvants ai anoather geueratiou, and now, niot
auiy that ather but stili otlier gaferations have ap-
pcared, and what resuIts do wa find î The forets of
the United States are s0 noarly depiaed of their larger

wvhite pine tituber that but a few yaars' fttrthar eupply
is loft uncut, and thora rAinains the prospect of havin glargoly to fait baek on Canada oniy ta final that the
Canadian supply is alroady on the wana. Siiiifar re.
suitg ara olsowhiere apparant. In fact, notwithutatuding

ithe incraasing substitution of iran for titiiler, attd te
inecasing usa of coule and other fuels, the forests af
tha world are being rapidly diiiiiuislied, rutich of this-
especially iii uaw coutitrias, arising fromn simple wastc.
fulneas.

Wo ara accustorned ta estcamn thoso states sud provinces
wealthy, whicli hava underlying tieids of coal, and yet
thosa whlich hava forests ave in reahity the rachar ; te
forests can bo ranewed, and the supply by proper muait.

Iagement matde to, koep pace wvith the dantand, through
future centurios, Thtis is a position whtchi in
the past we hava beu slow ta realiza. Individtiale
are selfili aud ara nlot inctiied te undortake labour and
expense, af which thay themsaives wiil not, reap the
advantaga. Shall states and provinces view the ques-
tion in the samne salfili spirit 1 ()r shall they flot rather
legisiate for posterity whon the future af tise country
depantis on te advantages ivhich thàt posterity ii
find ready at liaad? 1I Canada, marc perlhaps tita n 
the Uuited States, do wve realizo the importance of im*
mediate logisiative interference, ta prevent aut lumber
resourcas from bain- entiraly cut cif. At pre8ent the
lumber dues sud the procceds of the sale af timuber
limtits [chiefly pino] ini Ontarir Quebec an d Newv
Brunswick forai an important item of annual revenue
ta the goveruments ofitheso respective provinces. The
les af these sources af revenue would ba severely felt,
sud yat their graduai diminution ie in early prospect.
Thoso who have mado this subject a careful study cannot
be blind ta the fact that aach year tha luinbermen are
extanding their operations farther narth and west,
and although the area in which is te be found white
pine of tuerchantable sizo and in fair abuudanee, rnay
ho oxtensive, yot, if tho timbor limita contiue ta be
worked at the saino rate as in the pat, thore muet soon
ho a inarked diminution in tho exports af this clas8 af
timber. Already the size af the square tirubar exparted
from the aity of Quobso is muchi lms than it 'vas years
ugo. It is not with timber as with oathor agricultural
products. Reproduction cannat take place in a y 'ar or
in a decade. -Not until pina ie fromt saventy-five ta oee
hundred years aid is it ai sufficient siza for the market,
sa that at lest threo.quartcrs ai a century miuet elapse
cre these tituber limitsecan be ro.stocked. Haro, cleariy,
is a case in which tha ,governmont shauld intervene if
anly in its own intereats, but spart fron. this it seemts
wa have yet ',o learn that sa far froin having a right to
injure the iuheritauco whieh wili in time puas to aur
children a positive duty ie imposcd an us of ieav!Dg it,
the botter.

In the present paperit is proposed ta indicate brief-
ly, firsi, theo forest areas af Canada, teccon<l, the ranges
northward snd woestward, as ive now know them, of a
few of the loadiug ecouamic trae in those ameas, and
third the oxteut ta which these specios individually
occur. As there is no forest tree distinctiveiy Canadien,
the details which will be given hava a further interest,
in sorviug ta show the range northward af sorti repro-
sentative United States species.

Speakiug genaraily,thure are in Canada fonr great for
est area8, or zones, 'whicha can be distinctly traced, beside-

[October, 1883.



Octobr, 283.)AND TUE INIbUSTRIAL AÎÈtS.

_________________________________ s.

a fifth zone iu southi westeru Ontario. Theso
zon.,s rnay bo reorrnd te as the zones of the [il Doug-
las leir, [2] ioplar, [31 White and Ried Pine, and [4]
Beech.

Thoî zcno of the Douglas Fir [Abies Dotigasit] vir-
tuially iucludes the whoieo f the lower half of B3ritish
Culumbia, extending fromn the eastern 8iopos of the
IZucky MNounttins at tho sources of the Saskatchewan,
liow aud Belly Rivers, westward to Vancouver Island,
aud southwvar<ls to Oreon. In tii area the timbor
tree8 are sitiflar to thoso iu Oregon. Tho peculiar
lihiy.ical features of the country, embracing successive
ranges of high utountaîns whiciî run the whoie longth
of te Province, sud combiniDg in most aectionq ail the
charactoristics of higli peaks, doep valieys and level
pla.teaus, would serve te distribute the flors somewhiat
generaily over titis zone, the more northern plants
tinding, their way eouthward on the mountain sides,
and tho amore southorra foras ranging northwvard
through the valsys. The larger proportion of rainfali
along the cosat aud iu certain parts of the country has,
howevor, considerabie influence in determiniug the
range of inany of the F3pecie8.

lThe most noticeablo feature of the timbor region of
British Columbia la the distinctive charactor of its
trees as compared with those oastward of the Rocky
Mountains. PopUIu~S tremuloicles, Mic&r, the common
aspon, is probably theouely tree of oastern range
found somewvhat generaily over the Province. Abies
allia ! c.,the White Spruce, aud Laric .Americcnza,
Mîlch.c, the Iamarack, both common in Ontario sud
Qitebec, are feund within the niorth-oastern bordera of
B3ritish Columabia, but do not range much beyond.

iThe Douglas Fir-the charactoristie tree of this
zoue-oftens exce(1 8 ft. in diamecter sud attains a
hieighit of '200 to 300 ft. It occur8 most abundautly
aud in best groiwth near, but flot ou the cost, for it
seeoms to avoid the exposure of the inimediate coast
line. Alt the heads of sorie of the deep iLst which
peotrato the Cascade Mountains iL forma extensive
forests. T.1he tumber from this troc is very valuable
sud formas an important item of commerce. It is the

iouiy wood which as yet la exported from B3ritish
Columbia on auy considerable scale.

Among Cther important 'tiinber trees lu B3ritish Co-
lumbia occuring withiu this zone, and whici wvill prove
of economie importance are, 7ituja gigaidea, MiTtt, the
western «rbor vitae, or red cedar-a maguificent tree,
oftcn attaiuiu- 100 to 150 ft. iu heiglit and 10 ft. te
là ft. iu diameter. It is found iu abundauce near the
wholo of the ceast lino of Pricish Columubia, and again
iulaud ou the Selkirk aud Gold Ranges of moutitains.
iThe wood lias flot yet been largtdy used.

A bies inertensiana Lindi, the western hemiock,
which on the coast sometimes attains a heiglit of 200
foot. TJhe wood of tis trec, though soldom used, is
rsaid te bo good.

A bies Eny.elm)aîiiii Parry, Engoimanu's pine, a fine
tall trco attaiuiDg 3 ft. in diametor. It resembles the
black spruco, but curiously enough appoars, in the
Peice and Athabasca River districts, te run into the
White spruco fAbies alba] until it la quito undistin-

g&ishablo front the latter. On the eastern sud nothern
p)arts of the province the tree is very common.

Pinus pon<lerosa Douglas, the yeilow or pitch pino-
a malier tree in British Columbia than further south

whero it attains a diamoeter of tweivo foot or more. IL
occurs chictiy in te central valcys and plateaus be.
twe tho Selkirk sud Coast Ranges of motntains, sud
i8 commouiy used for lumiber purposes lu these dis-
tricts.

O'hamatecylparis niztwciisliLaeb-Yellow Cypresa-
a large tree attaining as nuuch as six foot in diameter,
and occurring qoniewlhat abrindantiy on Vancouver
Ibiand aud throughiout tho vicinity of the 'vhoio cesat
on te mainiaud. This troù bas as yet been but littie
utilized lu conmerce.

The zone of te Poplars may be said in general
teruts te have its soutitoru limita along te rivera South
Saskatchewan, Qu'Appelle snd Assiniboino sud thonce
iniand eaatward vid the north, end of Lake N,'epigen
te Auticosti, in the Gulf of St. Lawrence. The troos
nanmed are found south of th ise lintits, but not in the
abundanco whli imakes titemin ere charactoristie spe-
cies1 lThe southoru limita include, in Manitoba and the
Nortit.WesL Territory, a very considomablo tract of
prairie country, but, oven there, lu the river valleys,
sud nmong the scattered tituber bluffs, the poplar la
aimoat the oniy tree. South ef te Assiniboine and Qu'
Appelle, c,,ttonwood, oaks and othor troos begin to ap-
pear.

This zone piacticaily extends te the northernmost
limit of the growvth of trocs, but includea very fow
species attaining a sufficieut sizo te be of commercial
value. Individuaiiy, howover, these few specics, with
ti.e popiar, constitute vast forost8. MWo now kuow,
front receut explorations, somothing of the n, --thward
rauga of these species in wvhat bas hitherto beeu a terra
iiicogiida, viz., the country surreuuding the west coamte
of Hudson Bay. The proposed opening up of railway
communication between Dakota, Minnesota sud the
Canadian northwest on the eue baud, aud Churchill
flarbour iu Hudson Bay ou the other, thus affording a
new and immeusely ahorter route te Europe for the
products of theso vast western torritories, lias awakened
au iuterest iu the resources of thtis part of the couutry.
At te outlet of Lake Wiuuipeg into the Nelson River,
the wvhite spruce hias still sometimes a diameter of thies
foot sud oven lu te lower roaches of te Nelson River
is largo oneugh for building purposes ; the balsam fir
doos net bore extcnd uortitward much beyoud Lake
Winnipeg aud Oxford flouse on the Hayes River.
The wvhite birchi ranges as far as the country lying be-
tweeu the Hayes sud Nelson Rivera. The tamarae,
lu company with the poplars, ueariy reachos the ou-
trance of the Churchili River, whilst the black spruce
is fouud as far beyoud this on Hudson Bay as te Seal
River.

The Banksian pine is a familiar tree lu thia zone sud
lu gome, places wost of Lake Suparior is said to be of
good quatity sud sufficientiy large te bo ntilized by the
lumbermon.

The wvhite spruce, as found iu Manitoba, la con-
sidcred hy builders lu Winnipeg, te ho fully equal in
strength aud durability te white pino. The poplar lu
Mauitoba la pronounced by those who have had ox-
perience in both: kinda, te be botter adapted te the
varlous purposes of farin buildings and feucing than
the poplar of the esteru province-, Suait differonces
ust bo sttributed te the climate sud porbaps te soil,

a restulf which might naturally ho expected whou we
reomber the decided superiority of Mauitoba wheat-
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a superiority uxidorstuud tu be outirl.t duo ta Vie
langer sunflighit, the caaler ni-lts ud the rit black
loani of the country.

The ranges of tho <'h <'le i*i., aud the rôl jh in
Canada arc very sîntîlar and art nuw well dtfined.
Tite'h extent of uîistribution is specially iîît(irertîigi at
this time ini view af the possible scarcity af pîno tituber
in theo Unîited States in tho lucar future. If an irregu-
lar litio be drawni cumntcncing u dit iirtli shorke of
thea Uulf of ;ýt. Lawrence, opposîto Anticasti, oxtexîdiiig
wostward past LakP N. John andi t1w headwators of
the OttaNwa, River, titen fuulowiti- rather closely the
beigbit of land ta Lake Koepigan and Crossing ta the
River Winnipeg aud lake of te Waods, it wvill op.
proximatcly indicato Uhc easturly, îîorthorly and -,es-
*terny limits of bathi thesa trocs. 'Tu the immodiate
sauth. are found the northcern hjînits of numeraus trocs,
like Uic whîite cli, yollow birch, sugmîr niaple, irmlock '
baeswood, white ash and radl oak. 'The areas of tae
white and rad pâte in Canada, praetically belang ta
the Gavuriimeut and art deomnated Crown lands.
Under the systotu for same years ini vogue, tituber
limita ara put up at auction at an uipsot price and sald
ta the liighest bidder. By the subsequexît payotent of
an aunual foc, in additiun ta thc duos on the tituber
or loga eut, the purchaser can retain the limit in
Ontario so long as Ile complies with the regulatians,
alla, in ta Province cf Quebee until 1889. In Ontario
le Cali eut any sire Of treo , in Quebec 1ho i8 himiited te
thoso over twalve incites in diamotor, but tho violation
of this mile autails noa penalty beyond the possible far-
feiture of the license. The great abjection ta tlîis sys-
tain. is that it subjects thîe public lands ta unrestricted
use for just sucli a length of tinte as dis lumborînan.
may find it profitable, without any mefoence ta the
future, and re.-ardlces of dt fact that t eamly ima-
paqerishnient of those lands can be the auily rEsult of
aucli a course. he truc remedy would semn ta ba
that these lumber limits sbould hoe leased for shorter
periods of tume and in anialler arcas than hitherto lias
been the casa ; tîtat the cutting of trets under fifty
inches in girtit bliauld bu prohîbited , thiat tie, strictest
regulatiaits slîauld ba enforced ta prevent damage ta
tha youn ger trocs and that avary tituher liiiijt, on raenet-

jing tu thet Guverninent, should have a rest of twauty
five years tv anable, the yaunger trcs to attair, 'uor

I hr is owvr a greater and more seiaus drain
on our pinle tiniber. Fore~st fires hava in the paat de-
stnoyed imense artas aud the ruiu lias beau thte mare
complota front tha fact 111t large and sîinall trocs hava
beau alika consuined. 'Ihat tliese fines eau bo ta a great
extent pmeventud, by mîarcelfirctive legidlation is beyonîd
question. Tlîey geuorally arisu front w'vantun catIessnesa
whiclt shîould bc made crîminal. List year it was

Iestinîated that in the Ottawa Valley aloneoaven
$5,000,000 worth of pine tituber wvas ruîned by foest
fires. Whist then mnubt bu the annual hus for the
wbole Dominion !

Vfie zone of the li.ci4< covors the vhîoic amea in
Canada 8outit of a hueo drawn frot the outiet cf Ltke
.1uperior ta the City cf Quubeand then eastward sa
as ta include Nuw Brunswick, Nova Scotia and Prince
Edwamd Island. Within tîmîs area a largo nunîber of
other trocs bave in Canada thîcir nonthemut limits of
distribution, iiicluding t'ne white oak, ironwood, bitte

beocli, buttornut, red codar, and White ash) a)] of
tiieso occurring in fitir abundance. Tho qoutlive8tern
part of the I>oninsula of Ontario lias a very soutlîorly
latitude and hao are ta bo foitud reprosentativos; of a
mure southern fLkra th.în is met witli el-owlîare ini
(.anada-tio treu.s includiiîîg black walnut, the l>utton.
wood, chestnut, tulip troc and sassafras. Thoi îuinber of
these trees is, howevcr, very liniitnd, and in some eases,
as in t that of thu bLAc wvalnut wldchi has beau largely

jrcmaved foi lumnber purposes, is riapidly dimiîîishing.

ON SOME MODERN SYSTEMS OF' METAL CUTTING.

During the st thirty years m:iny ûttempts havo heen mnade

sinith lias twisted, and then Ilattened at one end ta forin a
drill. Tho object of the twisted stein wag ta scre%%tlîe cuttings
out of the hnle, and ta soute extent this sucepedeil, but not

rperfecty Tho tivisted square section revolving ini the round
hale ha.d a tendcncy ta crush or griîîd iip thé cattiîîgs ; anîd if
they were onco reduced ta powder il was difficuit (pspecially in
drillin~ verticallyl for the drill to lift the pow4ered inetal out

ofth Le.
In ntost cases the lips of theso drills were of snicl forte that

the cutting angle, or face cf ecdi lip, wliich ouglit ta have
been about 60 O, Fig. 21, page 1268 was 90 0, or even stili more
obtuse ; this being an angle which would serape offly, but
coulfd hardly be expected ta rut qvectly or rapidly.

Agaiu, tiiere were attempts ta make the cuttitig angles of
the two liî's of mach the sanie number of degrees as that given
bY the twist itself in a good twist drill. Thjis was (loue by
forgi.ng.or filinu a semnicircular or curved groove on the lower
face f each lip, Figs. 124 and 25, page 292 For a short tiîne
lips thug formed eut fairly well but a ver>' gsall amounit of
re-grindiog soon put themu out of shape, and made thera of auch
obtuse cutting angles that good results could un longer be ex-
pected front thom ; andl ta be constaotly seodiîig sucli drills ta
the jabbing or tool soiith, and then ta the fitter ta file jno
forra again before they were ré.hardened, waq found ta ba toa
tedious and too expensive. Again, ta arrive at the beat results
in drilling, escli of thîe cuttting lips shnnild niak<e the saine
angle ivitb a central line, taken tbrongli the body of the drilli
ia other words, the angles A and B, Fig 2(t, page 292 slinuld
ench have exaetly the sme numbpr of degreés, s;aV A60 . The
clearance angles aise shonld ba identical, and the lea'liniz point
P should form, the exact centra point cf the drill. Froni prac-
tice it is found that. if tbese proportions ora net correct, the
drill cannot pierce the mnietal at more thau about haif the pro-

Zr specd, snd the hole produced wilI alo hoe larger than the
drill itself. To give an ide&. cf th3 excessive accuracy whjch

must be imparted ta a twist-drill, we must bear ini mind that
even a good feed is anly aite 1OOrh in. ta each revolution ; and
ag two lips are employed te rernove this tlîickui.ss of mePtal,
each lip lias only half that quaotity to cut, or enc 2(ith in.
This one 200th ini. ie as rnuch *a cao lie taken in practice by
each lip in drills of ordiliary size8. It will therefore ho readily
undersîood that if one lil of a drill stands1 before the ather ta
the extent of one 200tlî ini. only, tUie proiniit lip, or pnrtion
of a lip, will have to reinove thé wliole thieknesq cf tlie inetal
front the hala at eachi tamn. Tite lip cf a drill ill îîot stand
such treatment ; sud it in therefore obvions that if tlîis were
attenîpted the promninent lip would eitlier break or becomt* too
rapidly bliunteil. To get ovcr these difliculties, t1hîî driller
woul.l ne dnubt rednc bis !eed Ibv nue-alf, or te one 200th
iu. per turm, which would nican about hal! the niuiibor of hole:i
drilled in a givan time.

This îîice accuracy, although absolutely requisite, cannotble
Uprodwed by haud-grisuding ; neithet cao a conmomn drill,
having a rotngh black stem more or less eccentrie, be ground

accurately, even by aid of a grinding machine wjth mechanism
for holding it. To grind any drill accurately, it must be coum'
centric and perfectly true thraughout with thu shank, as that
part bas te ha held by the drill*griuding machine. if the
drilling is te a h done in the ost rapid. manner - jn other
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words, at the smallest cost, - and if the beat clas of work ie
aise desared, it seems certain that a twist-drill, wits ail t'ats
accuracy which casa possibly he inspartcdl to it iu ite manuifac-
ture, and with tIse greattst care employed iu the re.slarpeuing,
le the only instru ufant which can bie employed.

About a quarter of a century ago botis SittJosepls Whitworth
and the lae Mr. Greeîawood of Leeds made somte twist.drills,
but it le te be presunied ilhat a large amouat of success nias iut,
aehievod witis theni. and for sorte reasort tia systent, was not
porsevered with. After tliet peaiod the Manhattan Fire-arnas
ComFauy iu Amaraca, îroduced sornie beaittafuIlyfinsl.dd twist-
dIrille. Thougla tho worknittiîship iu these was of a superior
description, thse drills would asot endure hardehip. It waa
foutid tlaat the two lips woro ton kean in tiacir cutting asagle.s,
and that thoy mere teet apt te drsg tsemiaelves iuto tihe miotai
tiîey mere cuttiug, and fiually te dig in and jamt fast, aud twist
theinelves into fragments. Mr. Morse theu took tisa anatter

up, and by dimiuishuig Ly about 50 per cent. tsa keenuess ef
tls1 cuttiug lips of twiet.drillg made a great success of tient.
lie used the giuding lino, AIB Fi. 19, end au incereesiaag
twist. Iu sucia a drill, of tise standr u gh u coea
is worn shorter by grindaag. the twist is so rapid toward the
lips that tise angle tlaey li uent, z what lias beau already te-
ferred te as the angle of the cut:iug surface, je very nearly the
sanie as tliet wlaich the writer lied previouisly established for
cutters cntting matais, as in Fig. '21.

If howevar the angle of twist is made te increasa towards the
lipp, it will of course decrease towards the sank, sa in Fig. 29,
Tise tihorter the drill is more, the more obtuse the cutting
angle heomes, and the les8 freedoni will it cut rvith :suppos-
aug cf course that, miteu the drill was asew, the angle wa.q the
uit efficient. Suppose this decreaseofe twist vere carraad stli
furtiser by lengtheniug the drill, a cutting angle ef 90 0 would
aventually Lie arrived at. Tite old cornu-on style of drill
usoally lias sncb a cutting adga which je se obtuse as net te
cnt thse maetaI sweetly, but on tho contrary te have msore of a
teaniug actioni, and thug te put ee iasuch tersienai straiîn on the
drill that fracture is certain te teke place, aven if wlaat tue
writer would now cousider a mnoderate food wses put on Ly the
drilling machine.

It is tharefore obvieusly advantagaous te adoptfrom thse first
the Lest cutting angle for ail twist-drills, snd to presarve thie
saine angle throughi the ivhole loaagta of the tyristed part, so
tlaat. howevar short tbe drill may Le mura, it al waya preseute
tie sanie angle, and that tise moar: efficit which cau lie ob-
taîed. Tis cnttang angle se easy te fax, and becomes an
unalterable stanidard wlîsclx will give the best atteinablo re-
anits. This lias beau adopted at the Gresiey Works blanches-
ter, sud of course applies to bnth lips.

A cuommsun drill usay ' run," as it is usually Lernued, sud
produce a isole winhsci a aîything but strsaght. Tis means
that tIsa poantof tise drill will rua away froni tise danser parts
of thse nietaI it ini cutting, aaad penetrate into tho opîposite aide
wriic i sit aud spoisgy. TPhis as qpecially the case in cast.
iugs ; wliere, for instance, a boss inay La quita souud on tlae
eue .4ide, whilo tlae otiier suIe, biug next te a heavy mass ef
niea, may be draw asway hy ilie contraction of tise miass iu
ttîolaaag, 4ao as tu Le very suft aud puiso. lu sudsi cases it a
îîerf,-ctiy ailbossiWie t0 preveat; a comuins drill froan runîsiun
iuto, tha seit sida. Tis sort ef imperfect isolo iq anoat trying
te tue futuer or erector ; and if st lias te Le tapped, te, ree-cvc a
scruwed boit or stud, as meat destructive tu steel tains. The
it.ps are vcry fiable t0 be larokeai, aaad an imlanuse Ions of tîrna
aaaay aisen take place iii éttteanptîaîg to laia iseola square avitia
ti. lt laîivd face. A twist djill, on the ealaer lisudi, front its
consatructiona, is bùaaud te peaietrate trîly, and te laroduce
isoles wlaaclsare sas perfect as it se possible tu make tise:,.

Thie naîxt iampîortaant step su twist-drills ias heen te fax a
stsîadard shape îand ang9le of clesarance for LotIs liîua, whaia
slsonld aise gave tiae brst attaauablc resîsît. This anagle maight
bue taaaiîîrets with if tise re griudsig wera doue lsy haud, ani
tue mucii or too hutie clearance maght essily Le impartr.d te
tue drili frein waut of nufficient kuowledize oas thse part et tise
workman. If tue little clearanace, Fig. 30, or ia soais cases
asonu at ail, in gtvaaa to the drill, the cuttaug lips then casînot;
tiea tise usatal, coasequausiy tiae% cannot cnt. Tise self-
Actinag leed of tise drillang machsine kaeepq crowdtng on tise ltd
silitit eitiser tisa machinea or the drill gives way. Usually it
wili Le tise lutter.

Again if tee basuch clearance je gavan, Fig. 31, the keen
edges et the lips dig auto the moea, and embed theanselvas
there, sud of course break off.

Fig. 32, la drawu exaggarated, iu order te shoew tise ill effect
of grindaiig eue Illj ef a drill lenger tuais thse other. It le
fouaîd tiiet tlae centre peoit l' cf the drill will Lie kelît, by the
pîressure et tlao feed in tlae directiona slaewa LY thae arrow, lu
tue censtre of slo Isola wiaiclî je beiag drilled. Thon tuera le a%
lonag lip aaad a short eue sweelr'îîg round tueIsole drilicd will
tlacrelore bce inii l.îaeter twice t..e radias of tise longer lip n,
er larger by the dis4taisce D tianî tIsa alie ef tIse dril1 itel.
This ie verv uiadesir.ibie. A uuel graver daefeet, arisiaag front,
tîs inîcorrect graadaîg, a tinet tise drill caîa ouly Iseaitreto jisto
tIse metal at a bisuag at about liaf tlae sîseed atouglat touattsiin
if it werc accurately gruuaad. For eat'. hpl eau oaal taku a
certain tlithiess of shaaving per rovolu,ïîa , and if this maxi-
mumi tlsiekness more takez by tîae tive lijas tiaey woaîld romain
comDaratîvely uîaiijured. But tic portion C of tise long lip
would have a double cut upen it (tlae otatr lhp net cuttiug et
aIl at thais enter piortioni of tlao ceaulcal isole) : hence it weuld
net stsad sudsi usage, and would citier rapiday blunt itealf er
weuld break.

Thoe griudiuag liue A B, Fig. 29, was iutrodueed lu the
Uia'ted States, te a.ssist tue eperater lu keepiugi botîs lips ef
the drill ideutically tue saine. Te arrive et tis ishowever ai
nmore tais caus Le accemplhleca by Iiatad-grin-iing, as flot les&
tiau tisree points have te Lie carefully watcised, namely

let. Tîsat beth hues are exactly tise saine length;
2nd. Tiat Lotis have tlîe semae clearance asni;ee;
Srd. iliet both niake tise saine angle wîth tise centre hueo on

tise body of tise drill.
If thesa are uiet atteusded te, tis aurll lips nsay for instance

Lie Lotît greund se as te converge exacthy te tlao griudiag liue

et, tlte point or centre of thse drill, and usay stili Le ef such
differenit lesagtbs ausd asagleà as te produco very Lad resalts lu
drilling.

Maîci itsgeuuity lias ieen expeasded on machineas for the
grinding of the two lips with meclianical, P-curacy. Thlo oe
wich lias Leeîs tise most succeseful au the Unaited States lias
titree motions, srageisusly combined witht cadis otiser. Se
many motionis Iaowever, entail conmplicatien , and liais, added
te a systeni of holding t ie drill %çlaîcli tças net suflicaeaatly ra-
liable, tailed te îareduco tise extrema accuracy it is requieite te
ina pat te tise two angles.

re grindi ag hune tee is feuud te be more or less a source of
weakness. It as tiserofore advisabhe te dispenise with it if pos.
sible ; and wîaere a good twist-drill griiid.aig machaine tausesd,
tise griuuîing linoae sosldent or neyer looked et, and iu tisat
case a tissless. If at 5.5 sutî desiraLlo te have griudiug hinte
(as au suaise cases wlaere tie Issud grinding lias te Le relîed
upeni, t iey s$li Le 8made as faint as possible, al) flot cut
deply iuto the tis central part ef tise drill, se as te weakeu jr.

Asaimaple ud oll'acieaat twast.drill griasdiig muachinea was se
inuci nteled tiset wîthin tise lent three yeara the write., aided
by lis firna, bas desigaiud eue. Tite tvrist-drill in titis msachsine
ha% ouly oaae moationi inip1 arted te i, to produce tise two, lilis of
eacla drill as perfect tacsinsiles cf taeh other anal uith, tue do.
sired amount of clearsince. Mauy cf thunse macinaes are uow
at work. That tise drills grouud Ly tîii are ssccur.ste la prev-
ed by tue Isolica arilîad, Leing se uiearly tU alize of tIse twist.
drill iuatac that sas usaaîy cases tic drill wili saut afku-maids
droit verticalîy tîarengs tise (lrillad lide Ly Uts owis gravity;
iu ether werais, tise liole as siu largar taa tise dlrill wiki lias
drsiied it. It as uot Rouerallv kaaew tîsat tis iý e meet
severe test wlaiel eau Le misade of tise aeauracy of re-gidang,
sud cf tue unistoriisty of ail iras cf the tu ist drlal.

Via et tise sii.Liltstt.size.1 awiiei isa exîsibateul. Ti. 1er.
gest nuciie gramads drille of 3l ta. diaia. ; aand tisera tard inter-
iiiehiaste sizes.

Thse wîiocf the drallaaîg auain m saîisaaîais ia now
doui, eutarely Ly twast-drills. Sauvei tiar iiitîoduiî:tiou st je
luniud tisat tise seif-actaasg feed eau Lu iiscreased about 90 per
catit. ; and sas soe enagineering %orks tise féedas in soinsusa-
cinaes havé Leesa iisereaseîl býy tuliy 200 uper cent., anad ceusie-

q uenitiy timec isoles ara nom Lasîag drilleà1 ii tie saine taie
dit eue was omîgaaîaiîy drilled watia tise old at> le et drill aud

watla old umachsinss.
It iiiîsv La iateresting te give a tewv restilte out et nusuerons

tests and exiseriieasas amade watli twiet-drisl.
Mauy tîtossansid et Iiuias j an. dtaan. and 2î lu. deep have

beau drilleti, by Siaitis aud Ceventry'a J-in. twist-drille, at se
igh a raste of feed tisat tise spindle ef tise drilling machine

çould Lie seau visily descending aud driving tlae drill Lefore
it. Tisa tîsne occupied fro'u t he starting ef ech isole, lu a
hammared se.rap.ireu bar, tili tise drill pierced tbrough it,
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,,varied iras 1 minute 20 seconda to lb niinuttes. Theoboies

drilled 'rare perfectiy atraiglit. Trho aneed ut %vhicis the drill
1.aq cutting was .arly 20 (t. per main. in its licriphery, and
tIhe foodl was 100 Muantions pcr inch af depth drilîcil.

l'li drill was lubricateil with »soap aînd water, and wont
clean through tho 22 iu. without being wvithdrswn ; aud rafter
it bi drilied cach hula it fait quitc cool ta the banud ; ira tous.

Atiebeing about 75C It La foîuid that 120 to 130 stuci
.lseube drilleil before it is aiabie ta ce.sharpeu the

twist-dIrill. This ought to lh doua imimediately thc driii éxhsi.
bit- the slightea-. sigrio nitireas. If carefullY exainiued, alter
this nusber of haolos bas been drilleil, the proinrent cîîttUng

,pa.rts uf stu titis, which have rcmuved the motaI, wiil'o Leuudâ
very Ailitly bîinteil or roitudcd, le the extent of aibout ue
1i0,h inch ;aud on tbis lengali bcing carcfully grounil hy the
machina off the end of the twist-drll, the lips are broughit ni,
ta parfectly shari) cutting eages Iegain.

Tbiie iz <i baiee, ;, in. (lions. anii 2e iu. Jecp, have beau
dillli t rongli thc sanie biatumereil scrap iran an. tho ertracr-
ilinary spacil of 2? in. deap in ana minute andl five sends,
thP number of revolutions pier ic beiug 75. Au average
nîîmn tser of 70 hales can ha drilled lu this case bifore tho drill
requi . s re.sisarpcning. Tito writer 'considecrs tbis test ta ha
rallier tuo seveea, and profers the slowcr specil.

Thea drills iu botb cases were drivais hy a driiling machine
in a trua.running spindit., linving a round taper ]sale, which
aI,;o waî periectly trssê'; tbe taper shank, andl tIsa body or
twvsttad part af ite drills, alsa rau pariectiy conceutric whcn

pi -i na the apindia, or lun areducer or socket, having a taper
eî. alit the spinidle. Whea tha drills rau without any ccon.

trfcity, thore i na pîressure, asnd next ta no friction, on tbe
siles af tihe fates ; thse wliola cf tb. pressure and arork being
tiken ou the ends of the drills. Coasequently they are nlot
leond ta wear amusllcr in diaucatcr nt tii. up andl, and with
ciîrefui usage they retain their sizes lu a wauderful manner.
TIse drills useil wcre carefuiiy sharpçued in ana af the twist-
drill grinders- ineaîioued abave.

In Loundon upwatrdî ai 3000 boles trere drllsd fi in. diams.
and 2 lu. deeî>, tbrougb steel bars, by ana driii withaat rp-
grinding il. TIse cntiîg speail was lu this instance taon great
for cotting steel. heing fromn 18 ta 20 (t. per minute ; aud the.
rasîtt la extrsordiîîary.

Msuy thosisands ai hales scere driiiedl inl. diameter, through
cast irou 7-16th in. deop, witii straight-shaak twist-drills
grî .pped by au eccoeaij chuck lu thse end of thse spiadie af a
quoik.qpetti drilling machine. The turne occupied for ecd
hole mss frans nine ta ton seconds aniy. Agatin, j in. halest
have beau drflled tîtroug i wrught capper, 1 g in. tbick, at the
speed of o hale lu tan seconds.

Witli special twist-drills, made for piarcing biard Bessemer
steel, rail lls, 13.16tli in. deep and 29.32tb in. diarneter,
bave beau driiled nt the rate af ane hale in ane minute and
twenty seconds, in ans ordinîsry driliing machine. Ilad tIse
machine beau stifier aud marc pawerful, better rasuits coulad
have beeu obtaineti. A Isisuilar twist-drill, 29.32tb iu. dia.

atler, driiied a bard steel rail 13.lGtii lu. dacplu ncu minute,
anai anoither lu ane minute aud ton seconds. Antotir drill,
6ý in. diansater, drillel .1 iu. deep lu tbirty-ci2lit seconds,
site circnmierential cniting speed being 22 it. per minute.
This spced ai cutting rather distresseil tie drill ; a specd ai
16 (t. ppr minute %vould havc beeu botter. '[rie steel rail
%va% si.ccially selected as being ane of thse hardest ai tisa lot.

MILLING.

Tfla writcr considers -niliing the nsost important systint u.-eil
ln ste cutsiog of meîai.:, andl wauld wiilingiy dweli more uao
it If t'me woid parisi. Ha will confine bîmscif howcver ta
giving a iew purticalars as ta tise timeo cculuied antd the fiis
iM.suced lty iniîling mnacines, ln compîarison wltthe laiag
mnacine, tisa sliapiig machine, nuit the lotting machine. Il;
la fnunîl practicble, ani-1 in most casas il is excecdingiy a.
Taiitagcous, ta finish (or as il la usualiy termeil ta Ilmachine">)
almost every élas af work, saab as la now usually flaislsed by
planing, thaping, or 3iotting machincs, lu one or ather ai tbe
namerons kinds ai miliing machinejs aireadyl lu 1u80.

Il may siot hi gonersliy knawns tsaI. lu t is alasa aimachine
miiîing cutters arc being useil of diamatera ranging from 12 ft.,
uscil for bacavy englne-work, down ta î ln. or è lu., uscd vrmn.
cîpaliy for the intriato wark requircd lu aewing machines,
smali-arnus, etc. By tii. farnmer, tIse work doue la what la
known as face-miliing. the miii iI.sehi isesamsewhist aimilar ta
a largo litho face.pliste, and the several cuttlug portions are

8taci tools insarted int it andi ilmmiy saecured by a seriest of set-
scraws or keys. Ou tise othar baud, tisa milling cutters ai the
itmail sizes, front h lu. up ta about 8 la. diaineter, are matle
front sollal bIo.'s cf catit steel, or blanks, as sIsowu lu Figs. 33
ta 38.

The tern rni iiing " la miore goneraliy undcrstood lu tiie
[Unitedl Stastes thtan ini this country. Tb menus the caltioga af
matais by nid of serratail rcvolving calters, cacii Iaving a
number ai cultiiîg teolli. Milîing cuttera have beu used lu
titis country for sunîy yaars, but until reccntiy with auly a
limited aniouint of sitess, owing ta bise expeuse and difflcalty
cf proilicing titeir ciîtting cilges and keepinq tbem lu ordor.
Tl i', was nexb ta impossible bafore thc introduction ai a mi-
chine, witb a sinali ansery.wisheei and comsouud Aildes, etc.,
fur carrying thse iniiiing entter while boiug re-sharpened.
Iloace lut the aid systems oi milling, wich dia net permit ai
the ro-sliarpening ai tho bard teetis, thse resuits wero, tIsaI after
mach expense and tire ba bison baatawcd on a cutter (iuciud-
lug quutity ai iaul-laboar apeut upon it white lu lb. un-
badaud status), the wlîole was as it were upset by tise proccea
ai taîsippring ; th*e acearticy whichbt], previonsly beaou impisrt.
cd tu it beisng îîsuaiiy qlalte destroyed by tise act-on of tise lire
sud sudden aoaiing. lu sone cases the cutter wvould he fournil
sligly3 warped or twistaI; lu aIliers it would heoaval or
ecceîitric; anid nost frcquoatiy, when set ta work an s truly.
ruaniîîg inandriilu in thsîiliing machine, nal mare than anie-
tisird of tua number afila teetii wera fount] ta hae cattin rit
ail, tb's cthers net coîning la conttact wlth the work. This
realiy meant thlai not more than ano.bbird of the praper feed
par revalution coula ho appliail, ana nlot more thon one-thîr
ao prler work praduaed. Nor iras thua the. anly drawbsck:-
tise ua.iity .. tlia workmanship producel by saab a miiliag
cutter iras nlot ai tisa hast, aud deterloratal isouriy freim
blunting aud weur. Saob a calter wanld probably nat work
for more tisan tira whtilo laya before lb Puid, requiro ta ho
aguin sallenel by heing heated rail-bot aud aflawad ta cool

rialiy. The expansive anttiarelai 8procasa a re shrp
aning by and-fling bad ta o onet roug once more ; bben
tihe re.îempering, which caned the cutter again ta becoma
warpad, swelled, or ecceutri a udacii time it was subjcctld
ta the hat oi the lire, il a tise rlsk cf bcsing destrayed by
crackzing wheu plungaint lt eh celd bath.

It is ni!cessary now ta describe tise mod.mn syst:en ai making
sud maintaining thea inîproved milling cuttersc. A cs&st-8-el
forging, or hlauhc as lb la usuaiiy stylai, la bored, and thon
turued ta its pro r siîa1 a in % lathe. The teetis are then
machinal ont ai tii. salld ta tiseir reqnired forma, lu s univer-
sal milling or cther machine. Tis work la so accarateiy pro-
ducat], direct froms the machine, that no0 aastly Isard-labour
need ho expendad upon tisa millail cutter, whiahi la taken
direct front bli miling machine ta the hardeniag furnace, sud
tempered. The isole lu tIse centre ai the cutter la then care-
fully graunil ont ta standard sizo, se ltaI it may fit accnrateiy
aud ithîout shako on the munduils b3îii oi tise grinding ma-
chine anti of its own miliing machine.

The. cntter or nîill C, Fig. 39, la now placea on tise maisil
M ai tho smaîl cutter-Lrinditig machine ; thse mndril itseif la
adjusied vcrticsîlly andtiaizontaily by nrdiuary slides, and
hy means ofai s mrs W ssiI worns-whei B, ta is raqtsiret1
au.tiar position ; nasd aci tooîb la graunti ar re-asiaspened i.y
pas,îng : zonce rapily fi'rward aud bachirard natter thse sinakl
revolving emsery-wiseel H. Thse iaîsdrl fits easiiy iuto tbe
cutter wbici q bain g groanil, so that the latter inay ho readily
mmcle rand by tise thumb ansI finger ai thse ap,.rstor.

TIse exact mode oi setting suis aSers is as foiiosvs: - Thse
cleuance. angle L .T X on teacb baoth la abtained and maintala.
aI hy th i ecry wheal 11, ai whicis s specimen ià erbibiteil.
Tie clearanco la ablnineil by adjultlng tise centre I oi the
euiery-wlicci Il a short dhstanîce iorizantaliy hehsini tise verti-
calt Iie D M tbrough tise centre ai thentilling catter. Tise
3horter this disîtnce 1) t, rte lcas tise anouit of tise clearace
ImpactedI ta cadi toocîs i oftise miiling cutter C. Tise upper
dottel lins J I i a tangent ta the circumiarance ofithe miling
cuiter, drswu irin the point aI contact J ; sud the. lower
dottId linoJ X ls atangent ta the amary whei froms tihe aute
poinst. The. angle formed by tises. tara lnes la the angle ai
eler.m

Each baoth la held lu its correct position byr meaus aisa stop
S, ~içe the miiling catter la rapidly tmraied once forward
sud backward tuiler tii. cmery arbeel. As will b.e tsen by tise
arroara, the tendancy ai the emsery aise.] la ta kep tbe cattlng
edge which la hein g graund close up aî;ainst the stop S. Thse"
la nto mort dliii calty ln, grinding spiral autting edges tian
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etri-siht cnteil ; sud face snd conical, cutters cati ais Le ground
correcti>', sud with the saine ausounit of esse.

Mliiliug cutters are ruade of tho required forma te suit thse
varions sapcs file), are îîîteîîded te uroduce ; sud ail the ordi'
sii-ry teris cati Le use in u ay mailing smschine eltiier et the
horizontal or vertical class.

Thse face -nillhug cntters, Figs. 40 and 41, are et dise foi,
sud are aîuong tlic nact usefîil. Tlsey are cýiuatructed toeut
ou oneo face sud oi tise poriphery ; aud tlsey lîroduce very per-
fect fiishb, esîîccitally on cast i-on. This forait is aIse very
useftul for steî'ped vtorle, which, even whon at co; f the siinplest
forru, eau ho readily sud relisbly fiuislîed te, standard
breadtlîs sud depths :se tlsst the pioces nsay Ltî interchazi-
Reable, andi fit togetiier stitiiout the slightest aliake or play,
just as tlîey leste tise aheine, sud wvitsout; auy hand labour
Lcstosted ou tiient.

Anotiier ordinsry sud tor useful ferit fa the eylindrical
cuatter, Fig. 42, stith teeth eut spirally over its circuintéence.
This is lsrgel>- cualoyed for eutting fiat, vertical, or horizon-
tal suartaces, 1cr fintshniig concave aud convex coi-tes, sud for
coiuplicatedl formas made up et straight lises sud curi'es. With
this spiral arranugemsent et the teeth, sud with roliable means
et ré-griudiug or re-sliarpeniug tbein, very high cîsas nachino
stork cati bc produced. Soute experimeants have Lecu made by
cutting a spiral groovo or thi-ead jute the outer surface ot oe
et tis cîss et usis, and tlius retiucing the sggregate leiigth
of its cuttiiig surface. Tito results appesi- te Le pi-sctically' as
follosa: - Ift liaIt tho length et autting edges are tiispeuaed
wtth, oîiy about liait the maximum fet por i-evolî.cion et fie
cutter cati Le apphced l'y the machine , if thîce quartera of fie
lingth cf the cuttiug iips are leit intact, tlirec qusi-tors ouly
of the aggegse fecd cati lie used; and saou in the saine pro-
portion.

Other mills again are nmade ilic or oi- etniail circular
sas, varying froint j iu. te lai iu. or sucre in tîtiekuess. The
teeth lu saine ef tut-se are aimply eut arouud the circunsfe-
rence i other liave these teeth extoutiing soute distance dowiu
ecdi iride, theur edges radiating freus the centre et the saill, as
iu Figs. 43 te 45. Toytards tise centre they are reduccd in
thiekuesas.o as to cIrai- theuasd;ves. Tîsose cutters are isseful
for a soi-y great s'snety of nork ,foi- instance the enttisîg of
key ws-,lariie oll'ur cutting tiarough pieces o eti-tai, oisd
mskng isi-allel siot, of %orlos stldths, fer tlîe Lrosdcr of
ntli tsto or aucre cutters may Le useti aide by aide

Conical anti angulsi- millii.g cutters, Figs. 33 te 38, are
much empioyed toi- a gi-est varioty et work, sucli as tise cutting
of rysucr, the muskiîg ef mulling cuitte-sthel-îselves, boeliing,
cottîug tut -;rrit:d part of hsand ati tiînmb scresta, iautia, etc.
Figs. 34 te 37 si-e edge viests et foui- et tîse cutteîs ; Fig. 33
as a face v, and Fig. 3S a section ut eue et tseras.

Auy conîplex for-ma, sucl> as the spacca betsteeu the teetit of
spur, mitre, sud etaci selîcels, cati Le mschined by usitg sehat
are kiioion ;1s flic patent cutters, wtssh cati be re-ahar îcîîcd as
citera as reqîîîrcd hy aîuspiy gindiug the face et cadýi tout)>
Tint are s,' constctctdtlaat, liosever often tiseN are i-e-greîu"d.
tisey nover loso thei- origmnal cui-vtdl foi-ms, sud alsva)y produce
tise mine depîhas of cstt. One of tl zuoctters, sui- inastance,
sl cnt tile sie standard shapesq of teeth iii a spur whieel,
aftei- it lias been used fui- ycars, as il. did tue tii-st dty it svaà
starteti.

Tiiere la a i-isk et fracture in suakiug large uîihliîsg cutters
eut ef eue soacha et butel blalik, the jtrsucial duillt-ulty heîng
iu uIl tem;scnsig. lu pictice it as taaund abat if tlse% are rt
qui-t'd cf liarger diaitter tlîau nbuut 8 lus. tlîî- aie Lette'i
mnade et serc,îigit lioi or msîld steel <lise, ssitl haîsicee ast
stecl teetia ,o st-cuit-v fitted suto thena ttat, tisay do miat rîqasîro
te Le teniovt-dt. 'Ilie cîtttslg cdg'es eati tiai le rc-sharIi-ued
ils their ostus jlace.', ss iu the cas(. -t thet ordiîaary ilhlng
cutters : tliux ensuîi ng iliat t-sdi s9hai liate tise salsie anîgleofe
cuttsuig sud cle-arance, run î.ctectly cimure-utrie, atid tlaercfue
do a muaximoum amueuait ot cuttiiug in a given itrnir. 1 t tust
hovrover Le borase su ruiîîd flint the inialler the diamuots'r cl tise
sutlliug cutter, the better finish it will produce isndcutters et
large uianietius hould oîsly Le useds te roe)>h iite deptias stier
eue ot smslic-r diazaeter cuid ia'.t, or to du fic bsaver classes
of stork.AJgaau, tic amsaler the cutter, tlcuebs does it ceat te
mnahe and suaintasu.

Tite isentcr has net had an opjmortunity et actisally testing
thé relative amounts of englue powter ri-quiroti for driviug
milliug naie.le; but,1 as far- as ho eau jssdge frons ordinary
practsco ai doiiug oidunsry svork-, Le bias saet percciveid that sny
moi-c powter as requircd te rcinove a givon steight et shavings

than lihnt required for a lathe, plsning machine, or ahaping
machine, with efliclent cutting toos in each case.

Tite cutting speed whieh cati bc crnployed lis nilliug la
mucli greater tisai tîat; whici caui hc used in any of the
crdiusry eperations of turuîug lin tho lethe, or of planluç4lshaping, or slotting. A milling cutter, with ai pleut itul stipp y
of oil, or soa;> snd water, cati b fruit at freont 80 to 100 ft. per
minute wheu cuttiug wrought irois. Tite saine metal eau ouly
ho turned ln a lathe, with a tool hoider having a gooti cutter,
at the rate of 30 ft. per minute, or at about one third flicspeed
of iîUing. Agains, a xuuilliug cutter will eut cast steel at the
rate of 25 to 30 Il. por minute.

The increased cutting speed is duo te the tact that; a iilâg
cutter, having saine thirty cutting points, lias raroly more
tisait tlîree of theso cuttiug at the saine tinte. Each cutting
point therefore is only in contact witi the masetal during one
tenth of t'ach revolution. Vins, if %ve suppose it ia cuttisig
for one second, it la out of contact, and therefore cooling, for
flic succecdinag uaine seconds, before it lias made a c"naplete i-e-
volution sud commences to cut agaits. On the ether baud, s
turnisig lool whbite cutting is cotnstantly in contact with the
nietal; and thero iii no tinie for it te cool dowu aud 1&%~e the
facet imparted te it by the cutting. Heuce, if thec cutting
sjaced exceeds 30 ft. per minute, so natchi heat %vill be producet
tlîst the temper %vil1 be drawn front the ton). Tho saisse dii.culty to a great ex tent aî,plies to the cutting tools ini planfing,
sliapiug, and slotting machinues. Tite Rpe?d of cutting is go.
vermeil aise by the thiekuess of the shaviug, and by the bard-
naq aud tenacity of the nietai which is being eut: for instance,
in cuttiug mild steel, with a traverse of j in. per i-evolution
or strokp, sud %villa a shaving about j lu. thîck, the speed cf
cuitting musat Le reducco to about R Irt. per minute. A good
average cutting a p ed for wrouguît or cast iron is 20 ft. Ver
minute. whether lor the lathe, pilanîug, shaping, or slotting
m nachine.

1 ELXPRIMENTS ON TUE STRENGTH 0F WROUGET
MfON STRUTS.*

o A imper hy Mr. Jamies Charistie-, M. Arn. Soc. C. E., on
"Experitncnts ou tho Strengtli of Wrought Irois Struts, " was

ttl i-cat Lv the Se..retair-. in tise P'.eu)ce of the author.
Tiieso exiierisnenitsý stre niadu at the Pencoyd hi-on WVorls for
tile puir juse ut'dettruiig tlie comsparative resistances to cern-
prvssîon ot luuiganîd shourt btruts of i-oled angles, tees, beains
and chatiitel siectiuzis. Thte s4pecimens wcre tested by four dit-
fercnt uietlîods, tir.., stith fiat ends hetween parailel pistes to~
whlicla tise.apeiimen stas iii no way couîoc'ted ; witIt fixed ends
oreild4 igti clanàped to îarallul plates, the lilatas substan-
tilil formii flisgea te tho sifecimen ; with hinged ends, or
both ends~ fitte<t te litmistelicricai hialls aud suekets or cvlin*

1 drical pins ; witlî round tnd'i or both eunds fitted to halls 'rest-
ing on flat plates. The apecînîcias varied ii leugtli f- rn six
indi;es tii, le 16 foot, aud store .nlectet te obtain a unitorma
ellanracter of iiiatersul. l' palier gave tabulatedl rosuits of 299
expcrîzlaouts, anid thre rcauits arc illustraicd by a1 innibor of
diagi-sîns. Thert mecio ass re. uits givoîî of a niumber et tesqts
et ssveded tubes. 'rite geucral coniclusioaîs drastu freint these

*expersients wt'ro ab follous. <.-being leuîgch dîî'îded b3' leas
nsiaof gyristion.)t

NWhen struts ar. 'Aiort, 'ty tir Lelost 20, tiier' silI ho no
lîractical îIitruce ils tho strolîgtli of the tour classas, se long
an tear-osiahîle cari- is !%k'en te kep tht' centre ot pre-surt, lu th-.
c-'entre ci aise qtiit. fliinged enuicd struts vsrY ail tise way
fin round ended uii te Ilat ende. iu strcugth. If the Lingesi
-ir pilns otsulstantial dismieter, stell fitted, anti exactiy coin-
Mient with tue axis cf groatest Toiistance ot t'ie strut, thea

>trength of th- stria stilI lie fully equii2 te that cf a flat euded,
but cozîilerî'g tic iipractieability of înaiitaisins: tîs rigid
a<-citràt-, fiae .'l'ra-g brasea çtnitç $tg compared stîth Riat
en-udl %sill tai iu -itrrîagtli -as tU i b'gtii is iincîeased until tir
à,4 about 25îi* stuc thi-y soiii average otic-third less resistitace
thau fiat a-nded. l"rons thîs lioint tlsoy stli gain comîîarativoly
luutil brconat' about 5SOt when bat'h clamses will Le practi.
câliy <quiFxod czidvd sti-ut.'gsiu in comparative re.5istanei
trou'. the shortest lengtas upsoçards isutil 1- beconses about 500
stlien tliey arc tsvice as strng as tither the flat or Iîinged
ended.

Ro<und ended struts coutinuailly lose in comparative resis-
lance S tise lcugshl is inereased. Whîen 1 is about 340, they-

1A isapcr read hefere tihe Amn. Soc. of Civil Enginesrs.
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160. tbey wil' have only lialf the strengtli of flat ended.
he ironi fraîn wlîîeh the tests wcre mnade exlîibited the fol.

loswing resistaences to direct comtpre*ssion, beîîîg the goneral
restilta of severa! testa ofarnial section, fafttt-i mettes lonag, and
seeureti in sucit a nianner as ta prevent lateral Ilexuru.

Wj'th 30,000 lies. pressure per sq. in. incipient, permanett
reditetion of lenigtht was observeti.

Witte 35,000 Iles. pressure lier sq. ini., failure of elaqticity
aCCI)rred, aîîd înarked permnenwt reduction of Ieaîgth.

Witte 50.000 ibs. per sq. in., a pernmanent redoction of
lengthofiere lier cent occurreti.

%Vjth 75,000 alst pprinaneîît reduction ai ton per cent and
with 100,000 lies. pressure pier sq. in., a perm~anent reduction
of twventy,.ellght (28) per cent of the length.

Tite paper %vas discusstil by Mdessrs. Theodore Cooper and
Chiarles S. Eniery, whîo botte expresseti the' opinion tieat these
experistienta weruofa ver), great value, being nmade with mnate-
rial of uniîarm character, aîîd iii such a way tieat comiparisons
couli bie matde directly between the diufferent methodsa dapted
in tvs*ing.____ _____

THE REFORESTING 0F MOUNTAINS.
DY P'. DEOT7~y

(La Nature. 3rdand »i1 ihFeb., ared 3rd and 241À March, 1883,
pi). 151, 182, 215, and 260, 6 pl.)

The atate of sterility of the mounitain slopes of tho Ailps, the
1'yrences, anti the' Cevennes, is trnced to the removal or the
forests wrhiclî useci to caver these inounitains. Tite unrestraineti
torrenits hiave gradnally àtrîp)pcd the soit front the siopes, sshich,
in te absence af trecs, i,4 depriveti of its source ai rcnewal, so
tîlat eacli year the arca of vegetattton becomes more restricteti,
anti the rapiui descent of the flootis preatis devastaion iii the fer.
tile valîcys below. Tite first tentative ateasures for remcdying
titis duaatraus condition %vere undertaken in 1860, by encour.
aging tie grovtlî oi forests in varioue nulitain districts in
the souU i of ranîce, and the cxpertiueîîts have reutt in con-
verting desolate regions tutu tract8 covercd %vith y-auitg furt'8t
anud iii changing furmidalile torrcaîl, intu hartîilCaS. Streatîtsî. lit
order te hiroînate the groifthi ai trecs, it is iie.icsary butte ta
cuver the denudcd rocuKy slopaà tvth a covcnsig tif.ïuftcr gruuti,
iiîtu wlii the rota cao pectratt, auj also tu protoct the
saulîg vegcîarian front being washî»Cd atray by flice torren't.

These ijedta are accomplisliedl by erectiag humerous dams
nt suitable spints acros tic bedt ai the' torrent, some constructedl
ai aaoniy, designed ta buc permîanent, anti uthers iiierely tot-
porary constructions formeti vith liurdllcs aisd fascinies, sud by
p)rotectiti,- anîd regulating the sides and lied af t'e torrent liy
i îîes af hardies andti frushwroot. The dams anti cross% fines ai
hurdies redîîce the' stope aud ilîcrease the svîdth af the lied of
the torrent, and consequeîiliy dîmnish the vciocity af flair,
anîd cause an accumulation af dca.ritus ; %vhilsr. the hardiles
alotiî, the batiks 3irotert the side siopes front bcoiîr, aîid the
accrettans dîmnînsi titeir declivity. ieo gro.rîh af forcets is
tliercliy rendereti icasible, whîîch in tlieir a.rn proteon the
eloites frrain denuttlsti, check the' descent of tete ainall strcains
into the torrent, aîîd, by the fait ai their Icaves fi,îish a suit.
1-l ai sait for pramnotiag vec-etatiao. Tite kiud oi trees thiat
siiould lic platiteti depeîtts upoli tht' site, the expo.,urc, tenti tht'
altitude;- but whicaq. uitter the recoint unfavoured conditions,
thr huait of alttitde ai the growtn ai lorest was placeti at about
6,500 fcet, pine fea an larches, af irons ten ta fifteen years'
growth, niay now lic scoe caverîog large tracts ai giouîid nt an
altitude af shunt 9,000 feet, whcre rte aid forcitzi do oint ci-
t.-ad beyond the originial Init assigîtet ai 6,500 feet. The
resuir af the above kînçi ai work, carrîed out in the vailev of
St. Bernard, aicar Barcelouette, lias licout ta retain ait th; tic.
tratus ii tic vsîicy so that nothîng but piure water passaca away.
The Motion arc, iii e coasequeince, becoroîîîg flatter, sud it onlv
remailla ta iscîlitate the growtii ai tree:s hîglier uji tihe batiks by
Prensatitig the extension ai the covenngi ofot, wlîich la rapid-
iv effecteti by lavera ai srillows along tîte baîîks, ani eren
oc-asionally acro~s the' boit ai tua strcans, pmaducîîîg a octwork
of baots and layers, iricreasiing ivitli tilt gmasvth ai the plants.
Ia tue case ofisame strata traverseti by hiumierous ravinesi, the
accumuîîlation ai detritus woîiulie bcauo slow ta yield satisactory
re.%ult., ant i t licotaca necesuary, siter calîstmna.1iog a dam at
tee base ai ilie ravine, ta iemove ail tht' projecting partions ai
the siopes, anti throwr thomt ilîto the lied ai the stream, so as

ta raist the' lid t feast 3 ta 6 Ieet. A sertes ai fines ai fascines

are thon îulacetl acroas the new lied ta maintain it, and the
upper layer ai rocky débîris is converteti, by exposure ta the
atînosphc, ino soit suitable for saine kiods ai ve- tatioli. A
law was p)assot iii Frice, lit 1882, for repiaîitiîi farests anod
preserriîig thoraî on the1 mooîînîîîs, tad the State lias under.
taken the exu*cition ai tîte svork iii tue lîloat imnportanit districts.
It isa nticiîîated tieat tîne resuits ai tîtese works %vill lie, secuiirty
ai the popualationi and landi frain întîndatioîî, b' tice regitlatioti
af tue torrents ; preventiali ai dîtritus fraoni fillitig nip tue lieds
ufîfie rivers beiow ; extensionî af land sîîitabi,~ for culzivation ;
iltercase ii the discutarge aI rivera, nutît coi:,cquent ltossibility
ai exteiiding irrigatini ; and a large developmnt in the sîî?jîly
ai Wood.-Tr. 1stî. C. .
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Tîte Antlior reicrsa t samnellengtli ta )celor experiliielts
witî coenit coîîcrete contaiiig a certaini proportion ai lime.
.Accordiug ta tese, concroe i4satronger if made by addiog
cemnîat miortaer ta gras'cl, îîîstead af liîixitg contenît anti gravel
direct. 'l'i strength ai colicrete iras fotni ta be much greater
whiezu mnixei in the' air anti aiterwards ianînersed, tlitan whiin it
vras mouidet under %water. Tite porasîty ofthiei samjuies of
concrete was testeti ly sulijecting slalis î~ thick ta a pressure
ai 16 feet ai wa'.er, aiter they had been allowed ta lîartieî for
seven ticys in a damît atîaîosplicre. Tite fiuier the santi used,
the less porons iras the' marier, antd it was fotînti titat thse para-
sîty iras dîiminîshed by proloîigud iamorsion in irater. A
ieuortar camj)ose-1 af equal p~tts tii c,'meîiit and sand remaineti
utorau% for seveit tiys. W hen lime vras atidet ta the' aortar
tue porosîty %vas greatly dîmsnt.sliîd-a miîxture of ane part ai
ceaient, six ai sanît, and tireof flakeal lime in theO forai of a
patate, aliawred nu 'rater ta peam citer hiarîlenini! for seven tisys.

Tht' cracks wich arc usualiy iuuud iii cancreta wark aire
attributeti ta the contractioni of tue coenot. Prismas seven
inîcites long, aianof tient coent, wre obser% et tiurîîîg a per.
ioti af ana year ; aiter tue lapse of tis ire i raà fuutid that
a prisat kept lota raou liadt slîrunk, ô 162 lper centt., and oce
exposed ta tihe atmcsph-!re ù 113 per cent.

li tie dîscussian tapon tlîts Paîter, ut w"a rcuaarketi that ce-
tacnt canurete, svbcaî useti far the foîtaitattun8 of utatliiocry, is
fiable ta disînîtegrauu by the lulicatîng ail.-.r,. lA.. C. .e

THE STABILITY OF MEFeCHANT STEAMSHIPS.

Ipropose ta rtate, sud in pare ta restato, the more important
sctentite cuuisiderations conccmning the 9tabiity af mercliant
steaîitshtîs 'ehicli tht' investigation ai tien, Palhmur disaser hias
brought tu î:ght, follaiig tue iiiiii lihes ai th- second part
aofîîty Report, wrlici lian been îiiililihe-i ;ui $lettso ia several
acir-palèers. In this case, is iii ai cases iouchîing tht' rnipli-
Catt questioni af a!ip stability, il is ver îeccssatry ta h uc are-
fui liot ta dra%ç hatt iaiieretîces or any inieretîces ut ait svhich
are îlot etrictUy dedacible frotte tînt lacts or lîrinciples esta-
blislhet.

It is desirahle ta guard tht' reailer la the first laice cgaiîîst
consideritig tînt cases ai lise shiillî Dapiilhnil .u lamia-
%ibicit 1 havre liad ccasion ta associate sonievliat closelyi luMy
Report-as identical in muore titan a certainu nîtînleri of atures.
thera being othier features iii respect ai %vhicli thiero ia lete
or no rcqsnblr.ncp. 1 wili présetly puilat ont bath rte
rescmblauces ama the uifferouices, ut lirst lot me rémind the
reatier ntaittiliar %vith naval science %vient ig maat by a ctirve
ai stîbîuity, qttoting the Repart as far as inav lic accessary for
he jînepobe. Fig. 1, page 300, may bc takeîi as the transverse
section ai a vessel iuclitiied at aiaiigle ai 15 dogrmes ta tht'
upuriglt. Tht' total vwcight or gravity ai the vessel wiii net
dowîiwarîis thîraugh the' cenutre ai gravitv G~, andi the total
huioysiicy wii act tipwards tluroîîgh the' centre oi bnaoyancy
11, as tht' arroma iîtîicatt'. It mili be obvionîs tiant the'
vessel cannt rest in the' inclineti pusitian vrith thte forîces
aud no ather opcratiîig tpon hier ; site must revalve tîntil
gravitv sut liuoyancy net la thse saine vertical lino, but ia
opposite directionîs. Tht' iarther she in inclinrd tu maie
wiii the ship lie insmersed. on anc aide and emersed on
the' atier, and thcreiore the' furtiser out wili the centre
of buoyancy morve. Nowr as ocitiier the graviuy nor tho
buoysocy aîeed bc altercd in ansount by mure inclination,
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and as they are equal and opposite in direction, it follows '.mctacentre.- Whe.n a ship îi. much mnore inclinedi, the
that, whatever the inclination, the force actinig wili always point at wlîîch two coinberîttve ine:, of the buoyancy's
be the saine, but the Iever.t!e, mnarkcd c~ Z, will vary as tipwarti action will intcrscî ihay not bc, and of ten will
the centre of bîîoyancy tnoves. At 30 degrces inclina- flot bc, in the middlle line of the ship at ail], but liais point
tion, for cxamplc, (; z msnuch greater than it is iii Fig. 1 is nevertheiess calied the "metacentre." and the use of
at i5 degrees. In Fig. 2 these lcngths are set tîp as the word in t ,S e'.encied sense lias recentiy becoine

generail. In Fig. 3 is shown a floaîtiing bodly of square
FIG.1.section, inclined in the water at an ingle of ,%bout 30

dcgiccs. w*s. is the %vater line or line of flotation ; n is
ils centre of buoyancy. By giviaag it a " sliglit " inclina-
tion froin the position, it %viii of course have a nom, centre
of buoyancy given t0 it. If we incline it one way b wili
show this, if wc incline it the othor way bY %vili showv it,
and for eacb of these positions therc wi'll bc a new line o!

a- action or buovarcy. But these Uines of action, together
with that tbrough ii, wiii ail nmcet or interscct in one
point, and this point (.N) wiil ho the niietacentre ait 30

.B degrees o! inclinationî. In Fig. 4 1 have shown curves
o! stability for a pimatic body, wvith the centre o! gravity
in the centre of foraný, and also with that centre in some
cases raiscd and in others placed below the centre o!
form. In ihis figure the draught of water is taken at
3/25ths.of the tota-l depth of the prism. In Fig. 5 1 have
given ctirves o! stabiiîv for the prismatic body wiîh the

ordinates o! a curve, and similar iengths for inclination; centre of gravity and the centre of form, taken as coin-
O! 45 anad of 6o degrees are similariy set ip ; the curve cident, but with difféecnt draughts o! wvater. In Fig. 6 1
àrawn îhrough their upper extremities is this vcssel's have given the curve o! stability of a sianilar prismatic
Cicurve of stability," observing that the base line is dividel bodv>, immersed 2/Sths o! ils depthl, and hiaving ils centre
into equal len,-ths for equal angle intervals on any con- o! gravity situated 6 inches below ils metacentre. These
venient scale. f ires serve to *iustrate very ciearly the error involved

As regards the " metacentre," 1 rnusî explain here, as in th. assu'pt.on that ~u h stabahty at the tîpright posi-
FIG.2. ton and stabihtîy at go degrees-or but little inslability
FiG.2. Iat the latter, which as wthat some authors have instructed

* ~ the profcssion 10 be content with-there need be no ap-
0. la, 3.1 45, Go prhnsion o! any deflciency o! stability ait intermediate

I~ ~ ~ ~ ~ ~ ~ ~ ~~~~~~ý si inm eot hti omrlmsve iiilageof inclination. They show that vitb square sec-
stilinty Roto w a incuorted tes d nîten "ta liond prismatic forais there may be various disposi-

stailiy "aloe ws alclatd, he ord" ictcenre , tonsofcentre o! graviîy and draughts of water, witb
had a niuch more limited meaning than it possesses now. 'vhich stabiiity in the upright position and again ait g0
It forrnerly bail relation to the upright position ci the tlcgrecs are flot proofs of salety, but indications of the
vesse], in whîch case the buoyancy acts upwards thbrough gravest danger.
the centre Une of the ship's section-aiong c-, i, for [Wiîh these figures before us, wc now have both the
exarnple, in Fig. i. After receiving a slight inclination, Hai;nmoiiia case and the Dqa3hiie case amply illosîrated,

antI can carefuiiy disîinguish between tbe îwo. The
HaG.3.zz case-as put forward by Mr. Biles, who con-
ciucted lier calculations-is that o! a high-sided vesse1

wiîh hier sîabiiîy reaching a maximum soon after she hadl
inclined 30 degrees ; and she therefore finds ber ana-
iogy in oîîe or ether of the cases shown in Fiz. 5. In
the latter figure il wiil be seen that with the centre o!
gravity in the centre of form ail positive stability vanishes
at an inclination of 45 degrees in tue two cases A
and B ; but the gro;uh anid décline of the siabiliîy ait
very différent indeed at the différent immersions. \Vhen
the immersion is smailest the stability riscs in a.sîeep
curve CA), attaining a comparatively large maximum
sometbingt under 2o degrees, and ihen declines, more

gauiythan it rose, as the inclination goes on. By
încreasingý the immersion firom 3fzSthS t0 5/25tbs the

Scurve B is produced, nnd here we se a vast change of
stabiliîy, the curve, 'vhich riscs very slowly from the base
line, never reacbing one.fourîh the maximum ordinate o!
curve A ; oly attaining its maximum bey-ond 30 degrees
of inclination, and then declining less slo%,iy than it rose,
tantil it v'anishes. Imtnerse the body 10 double the last
immersion, and Nwe find in curve c that now, instead o!
výanishing at 4,- d--igrees, the stabiliîy oxîly tbere begins,

the vessel bas, as wc have said, a new centre of buoyancy, risîng to ti sîrni maximum a little bc)yond 6o degrees
and the buoyancy itseif will act upwards along a fresh and vanîshinsg at tqo degrets. It is in curve B that we
liae slighiy inclincd to wlaî was previousiy the upright find a stec ot thmngs verv closcly anak.,gous to that dis-
uine, and will intersect it at some point, :1. This point cioscd by the .l-in-'eoia cuive, which I now give in Fig.
was callcd the ." inetacentre," and îf %ve suppose the 7. In bath ca!ýc. ie stabîlatv increases but slorrly ; in

anleinig 1 e er n'il:ery much iess tban 15 *bothit reacheb early a m.îxmumn; and in both it dsappears
degrees), then the mi slion there ippro.\i.iiatel % marks the ,altogether before the vessel as more, or rnucb more, than
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inelined through haif a right angle. 'l'le cas-ý of the but an exaîination of the triple-branchcd curve of her
Papqhne reembles this in the sXakw1nesb %%ith %ihich the ý>tabiiaty given in Fig. S shows that the analogy between
buability incrcase,, as thc «essel ký inclined, this bloçne,s th tno cases ends at quite a moderate angle of inclina-
being duc ta the s,iiic causes in bath caics lotubtle.s , tion, say 30 ta 31 degrees. In ibis figure (8) the curve A

I0gG4.

CURVES of STABILITY of PRISMATIC BODY of SQUARE SECTION

DRAUGH~T of WATER 132, 'tt of DEPTH.
A W.Tu CENTRE or OmAVIny At csmiiI or FOIN.

a .. . .. ir1o

is constructed on the assumption that the ship was frc to curve wouild have mncreased until the bulwarks carne
take wa!er on board as the main1 deck becaine immersed ; under watcr, provided these bulwarks liait been water-
the branch B rr.-sumes the poop t i have becn vatertight, tight. It will at once be seen that the D<apfwe cannot bc
and the branch c is calculated ta shoiw how the stabilhty regarded as analogous ta the Bainmona or ta the curve

FIc,.G.

CURVES of STABILITY of PRISMATIC BODY of SQUARE SECTION
WITH CENTRE 0F GRAVITY AT CENTRE OF FORM.

c. *. IOX t!&

1.0.

B in Fig. b, in so far as the stability at vcry large angles Dablines curve A ceases ta riFe scan afîer the main deck
is concerncd. on the contrary she 'vould have mare re- becomes ininiersed, and then fails rapidly away in the
sembled the case of Fig. 6, proviled lier sides had gorae sanie minnex and for the sanie Tenson as ai sioips loe
as higb as ber topsides and been there (1ec1ked over. The stability when, or soan after. the freeboard bas become

FIC.6.

CURVE cf STABILITY of PRISMATIC BODY of SQUARE SECTION
ORAUGHT of WATER Ys'! cf OEPTI4.

witm CENSTRE or GCAfTC 4 INL atT IE MITAC(STREC.

S..

0. 1, 20. 30. 40, 431 60, 60, ta,

exbausted. It must therefore be clearly understood thai, a!o the immersion of the declc, mhile the Hai;nmonia,*by
it is in the early stages of the two cur,«es that the cases. losing ail stability before the deck becanie immersed,
which I have liait to make public find their reseniblance, apened up a state of things whicb startled ber buildcrs, sur-
at the later stages the Daplhne illustrates the consequences i prised the profession, and confounded tbe7tcxt-books. anil
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înust force exteniaed calcalatioflas upoîî ail those whlo liereatter
unalertako to laiiîali, slaipa tponi tic stabiiity o! wbicbi uay

Idolibt chi) 1v 1pc-sî[iiîy uXIAt.
It is prtt wity regaraicît ais a remarkable tact LIant tiiere

siaouid havae becia aiiyi ueicieucy îîîth Uic îowiedge of sh11).
blanîars eosaceraalag the coaiditioaisi or paossible condîitionas of thc

stabiîttv ot bssa lit ttaeir lauiicanîg (trait lits. But to ne tisa
Ideticiuîaey beeis thilu-st Isutrai thaîag possible. 1 t aiea ais no

uxpaattou to iliobsa wtio reaaauîaiber whtat iaiaaauaasbe tranasformaa.
tins anda extenslils lî.îve cuanu ujaa>îi th ii lîjbuaad&îaag trade

jdaariîag eveta aaa owi îirofussional expaerte-lace. 1 veil ruenaber
ioukiaîg Nvitit %îuoaaataiiiag ilitervbt li (iî'r ies ucky.trailait titu
tiret ili biila ever eura i erc , mi jet tite cuaaatrflelauli o! tru

stbiaisa tlttd bru4iaaii su n gl i Itla Ituelia years aigu lat 1 I wrutu
aaay wurk ois aziiilatiîiali aag aih 1 roai îîîaal Steul" tu mulet a %v ide.

~ .jîreaa. iuce.itNy, tua, idea o! veritilag tlebcriltiolii of wuod bhi 1is
laaviuig ailrcady îaalýsaal attaiy. I e(Ituaîly îîehl reniuaaataer die

jbuaildiang ait Saraueut theu firbt bcruw btttàîalaita ever cous.
striicted tiiere , buit %viivre iiua aire aaîy but bcrew titeauahips

jbuilt for ordiîiary oc-aî %ver), 1 Sutea bailisag bhi 1îs adJbole
paddle steamaers dutiiltlus3 are- bîailt uvula aiu% , but the scrow
steaaaaer Lt la iuau iaadîspnttl oassîi f the %auridaâ aL-ail
traie. Witia tliiie cl.i. have ca.isiet iniilul lien. aleVehial
maenitea ta! âshajalaiag s.îvflaC, iad the I)reâelît is îia.t by aiy

î iait-l fli irât aleatice ili vahichi it lias fîhleai t> ila> lot tu
lataiat uiit errurs of datatriair '.1,te Iedîîtuî frontî fariner
pr.tkoict alaiàIi tera flîlva ic t slilalJiilder. li Ulie cae
of tlîe btriis te wlIhi shlîis are subjected, the dedaactioîas
mnade 1,y tic musat eîiiiaiea.t aites) viu discussed tlîe suhiject
scientifiac.ihy .t tlic eîaal uf file last and the igilaing of tile
laruseait a.eitury beiic tu ane to lit, irrecoiicil.ble uviti the couî-

Iditins of aioder:a stails, anda after ltiiagtlieaaed inîvestigations 1
!oîîîsd that they a ere îat oîi> a rulag, but iii boule cases tlie

jreversae of tlîe traîth, asiJ 1 cuaîtrihîiteal Lo tlîe Rtoyal Society a
p15p1r oaî tlie sulJect wlich lias lire, glît mioderni tlieory anud
mnoderni liractîca iaLo letter relatioîiaiip. lia Uic anatter uf
stability it was iost naturai tlîat las sue alasdoaaad the eîîî-
ployîia-ît of usina ias aur jiropelliaix îmwer-wliicl of course
iaiiiiosei illoni shlils tlie îîecassîty fer large stability to wstti-
stand thîe wîiid-Iaressnre-lîîabîaldters wi-re able to resort to
greater praîlnrtuaaîate lengtit aud tu eîilarized proluortioiiate
area of iiiit.,tlj ctiola ; aand tlana to bring abouit conditionîs su

ivluct luarge i tiaal or uaarly àsîaability, sn tu speak, fa*hl ont of
ideiaad. tNor îs it eaby tu a> y sciaca aictaielt stability ssould
1 have corne iitir close, Inivestigationa, Ivi it îlot bren for tlîo
1accidenat of certainasa ut very l"wa irecbsaetri comautg under
1 consideratioi ait the Atîîiiaty, as exîiliacid su iay Iieort.

tease lesd teu e alculaiui ut siahtlity ait siacebslva' anagles o!
in iuctilin, aloia tu tuai iatitoat of recurd.aag tute resultzlsi sitet

itorni o! ttuIl aurte ot sîability " îareviuusly dc8rlibeal. liait
besidasb Lue chaîuîp ot the sce.îgo.aag biaila, tliert hb leri tiu

eiacriaius exteisioz ut its caailuynaLlit, ut carryiaag trade ou
thec sua laaviaîg îîîcreascd by leapa) anîd bounds. Every elae

i kuoss Iliat whthe icliieauaul o! cuuaauierce aire very urgeait,
scienîce îand acieîîtitac rescarati are apt tu le aîegleccrd. Thae
neca.atv fur greait cari> îig leune i .aud uqared îat sua has bevaa
attendei tay tal caîal ztLessbity fur ljsstkeîiuag the Ioadiaîg ania
dîsclaargîaag o! stuips ina poart, anad aoaaseîueuLly steani wiisd.

tlasseâsu au rliius, anla îîaîîy uther mualera apianlces in% olviug
t ala.tr weighit have cvlaac aîatas vouie, anda tlîcîr effect uifaun sta.
bilîty ha.-, saut breîîaia consîalera d. Frutti tlirse aîil otlier
catis"i Lucre lias Lurai bruaiglit abuiit that sutnealiat extenasive
eml. iet it u! altais ot bualla st.iaility, or of no stîtbility lit ail
îiî tlia-aaaslve8, ta, shii it lsitcly lecame Ialy dety ta direct
attentini. It us lia douît the gencrai belief tlaat a hîlî àided

ishîalî avîng somîe initial stabilay, will, absit ainiaclines, gater
lage dltaiusa.îi stataility, aîad wil' retaila sonne aveu at very

larg angles, tlîaî, as laty lb-port titatesa, lias glu -thlY cucour.-ged
uîeouav'.le to bui satistied i etî very sîîaîll initial stahility, fin borne

ca'aeb wlit neute at ail, anîd eveai lese Uaau sieste. Maiay steaîn-
slaips of large tonniage have beesi bailt of laie years for italli.n-
tuai steamu cla aai n îd ütluar osier-, aIllicha alips are totally

iniîcapabsle of il.aatiug ul-rlglît witliout the asid of baallast or of
cargo, aaaa whlacla calillot le nailoadeai iîî dock wiuliout betîîg
lieid tajariglit uvitli lawsa-r. attaclird Io tlîe shorc. Sudh shaîps,
eveîî uhen capable of lona ing uuballabtcd witlaont captîziaag,
cani ouly dle lo by lohliîîg over at large angles o! inclination,
and tuere fiuding a po-îtiolI of stable cqluilibriuîaî WVheîi
carefully wratclaed over and stowcd with suitauble cargots, these
shiys caxi ususily be made safe at ses, aaîd sometimes even safer
tlaaî ships witlî larger initial stabiiity but lesq range-a cir-
cunistaa ces to winch undue prosuence lias perliaps becu given,
and wich. [sas diverte>d many froua the grave clements, ai dan-
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gpr winch mîoto ofteîî area associatcd witlî sanall initial 8tability.
Il Tiiere is flot tic ieast doîîbt, Iîowever, that a very limait
initial s9tability givcn to maisy moderai mercantile ateamshipa
-gvon iu tho belief that mtcit nmore le bure tu bo gaitied as
the shîpii inclines (watiî large limits>-hias resuitea in tho cap.

suîgof înany silîps at sea, find to grave anîger to asany that
ar sîl allat î ilo saine anzler, becauso net in the

salne condition as tu ligiiess as the llum a nacad Dahnc,
hait froin otler îlot lans ruai gleticîeeiiu." Saîd ani serious au
tis susltentent s, 1 repeat it lierts witlh pertvct conîfidence in
Ils acculay.

'iollîettitieu buch ve8sel.4 are brotigit iiot a tuaidîtion of ail.
paen 8atfety iay dit, stuwagc ut thiatr on-îî çQa, Iait as3 the ceai

as uîsuitied thiacr z§ttaillty daîîîletley eitlasîzu, alîsapitear,
and the îvaaîd "mliaaîug" as recorduai ag.aillst tiien lai ao officiai
retuirn. No aneaus exista, îîotwithstaîîaiîîg ail our shipping
Iegîslatious, for îaîstiîîîag tiat the facts wvulI bo brouglît to lîglît

-ideat the otficial inuiry whiici fullows uîîder flic lire.
sent conaditions, thae question of litability inay flot even be

mnutionacî. As the stability of a sitip is ofteni an intricate
maîtter whlîi cati bu eilectualiy coutroiled onsly by close and
aartf11 caluulztiaa, andi s aao Guveraaaîa lit departanent is at

arl al ge %vith, the duties even of collccting, recordiog,
alla aakiiig knowns thuse dimnsions aîad îaarticnl.srs of ship3
evih deturiiiiaîc ticir btîîbilitY, the inatter aîiust bie icft te

riglrht its.-if. Masritîtaîs slîijîý of iali stability incur dangers
froua, and ;ire tlu(ibtlcsï lest by, the operatiols of causes which
are laut very imperfectly appreciatcd.

It is nader the urgent pressure of a very rapidly growing
mercantile stcaîn marinle tha;thei sipatuiding trade las soute.
nhat, 1 féar riuelsh ontrun thc compaîiiouaiî aud regulation

o! secice. It i8 oniy quite recently that tia necessity for
îlevaIojaing their scicaîtitic stafft andi ap;aliances lins been borne
iîa upont the îainds of slaipbuilders. Thoe neyer, aven yet,
laas been su anch as a traiinîg sehool or college established by
tiacua for the cdlucation o! yonaag nîaval ardhiteets and draughts.
mets tlarougliout tie country. But the Aduîiralty have had
thiacr dockyard sclaools at work, for aieariy forty years; school
after sclicoi o! Gloversiment naval architecture lias beau estais.
lislied ; the Institution of Naval Arcitects lias beurs formeld
and doue invaluable work, for more titan tweaaty years ; and
soinle prîvata slaipabuiders have at length exatered with apirt
and enterarise sillon tho labour of dea'elopiag the practice of
scîeîîtific naaval architecture. No part o! my duty in conuection
witiî tlae DLapIî,c iuquiry lias tfler so agreeable to mue us that
o! tacarîag svitaaes te tue admirable efforts of seve.al CIydi
tarins in thas resîlec. ; and there as lao reaiut than cau foiloW
trous the iaiauiry iacl 1 eIuitId tâteelu aao laaglaly as tho eme-
Iattuu o! thir eflurts tlîraugituut out altî)but1i.ug establish.
mujnis geiiertily-uness, indeed, at wero that of a generai
awvakeuiag ut âshapvaeaîcr* Lt> tittr great ani eiaduriiag respoasi.

bilaties in tihis niatter. E 1, %itbî J. RxEu.

THE USE OF CAST XRON FOR HIOUSE DRLAINS.«
ny W. D. SCT-OLI C . B .

Thea materiala aigeal fnr thpc aîstrurtian of flouse draina are
prartirally limit;>d ta baricks, eartienwure. and cast irons. The
aalvanttgs of a-ast iron airae <1 iti; aiperirar strengta and caps-
City toi reit frarture, 12) tht- greater leaagtim lu wlaiah it cati
lb auniaftiatured, anal tlhe correspasidin.g reductin in the
nîîaaah.r nfjuaatq, (3> the greater farilities for inaking thc
jalinte sua-aire iay incan>a of luvl, sulphtir aaxiaired iran filîngs,

kc. Theia points ta bc entireîd-.ra'ul ina adoptiug e.ast iroua are (a)
the availahlo ravant; for pres;ervisig it, (15) thie dc.tcrmination tof
the rapacity and weigat: of tia pipa-s, (e) the cliaracter of the

nan'tionq best iitA-l ta, the iliatérjul, (J) file nature of the
jcointg, te) flic comparative tost. Tue e'cparicuco of gos and
water co'np:nics oîîglit ta be a guide as ta, tlîe life of the cast
iron drainuaipe iu regard to corrosion from theuoaitusid inivards.
Wlicn dicre is no oxidu of iran in tlic soil throtighi which it la
lida, file destruction af thei pille froua exterisir rusting i8 go
slow as ta justify iLs uise svithoîît any special sucins of protec-
tioni. Iu tue case of drainpip.s Lliere is no rcason ta eclude a
gond protecting mediuîm becausr it is poisonous-ati ablec-
tion wlîacl, of course,. liolds good iu tlîe case of pipes ued for
tlic distribution of drinking water. In addition ta thu ordin-
ary kinds of ;aailt malle frota preparatins of Iead, kc., tlieref
are two metiiods of prcscrvîing pipes froua oxidationi whith

National Ilealth ILcturc rcad at the Sottety'a Exhibition,
Knightabratgc, Eutg.
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P ieserve moto than a passing notice. One of thoe consi8s lu
coating with a prepariation of tar, known ns Dr. Angtus Sniitlà'8
composition, and tlic other 1 refer toi is known ns tie Bower-
lkusff procces, iu wlîich thse surfaces tire coered %vith xnagnotic
uxidû, producd t a higli temperature in a furnace buit for
tflicîtirpose lit a lutter with wliich Dr. Angus Smith favoîîruî
ne ii fewv dityr tige, ho incritiuied a femlseraturo of 4000 F.

P-, the> nost suitable for the application of lus prcparation. A
" rt4tit ainoutit of practict is reqtîireut iii dcaling ivitls it, in
ortltr to lîngtre thic prupur cont6say of tlic taiterial whuîs
coolcd. If it lias been subjectud for saine tiie to thse noces-
týaLV tenaperature, cvaplorailýUa ilnakcstitle rvsidtual luiatire liard
Mal brittie afttr covling. Te avoid titis, a barrt.I uf oil tsust
bc kelit at luizti tu sula with tlic composition, so as tu ketp
it in ita original propîortionss. If tou inut.là uil i aled, tic
coating will flot bc ltard enough. I have arrange(. atu p-
paratus conLsisting of atrougs huatcd by mutins of guis jets for
,,!,plying the mixture, but it le better, I believe, tio have tlic
piJýcs tlipped vertically. Tru0 us ut stuani in a doutble lined
eliamber would bc an advantageous method et werking it, if
the temiperature of 300' P. recommendcd le3 iitfilcient. lu
tduit case, a stuaisi boler W-,uld ileud toelb pruviduJ titt'able t

stnigawring pressure of .s1bs. un t bquarc iiit.h. If
400' F. iii necebsary, the builer vicluld reuiru, tu bc able tu
stand a working pressure ut 2501bs. Tiîre are buveral bpeuci-
ilseng of tic composition shuii by the Northi llritiss Plumb-

j ng Comspany in tht, prebent exhibition. flefore cuatiîig cast
fron, mau sbould bc taken that tlie surfaces are thuoruughly
frce, freni sand and othetr forcign substances. A steel wviro
biruitî, circular, and pruvided witls a long hanil, il, usettîl for
sçouring eut the interior et pipeb, and tiiey may aftcrwards bc
wipcd otît witf s an oily cloth. I have here tvo specîmuns ut
Dr. Angus, Smithvs composition, kindly lent me by Mur. Itaw-
linson. One et thena lias lain in the ground for 28 years, antI
tisough the composition docs net secn te bave been
very well applied te, begili with, you e that the iron is still
ln an excellent stato ot preservation. The ether specimen
shows the application ot tic protcting medium in the great.
est perfection, and the test et its condition as regards con-
sisteucy and temperature is to be found in thse high glazing
or v,>rnish whichà is given te tlic surface of the iren when it
se properly applied. The Bower.2arff process bas recently

beeru brought prominently into public notice. It consists in
coatsng the surfaces ot the iren teD bc proervcd with magnstic
oxide. In this exhibiton are shown som'e sper-imens of piples
treated ln this way Tlsey wereceoated nt St. Neot's, Hunting-
donslsire, under the direction oft r Bwr te whom my

exhibition. 1 have no doubt of tisecflicacy of this plan when
tIse surfaces ot tise iren toe c alt witb are se expoed as toe 
capable eft torougb cleansing Trlîuinterieo east.-iren pipes
requires special care lu tîsis respect. Thse dgceres,'I tron whicu
they are made being et Ilgrcen eand," leave rough particles
behind thera, whiclî, at lîigh temperature required for the pro-
duction et the magîsetic oxide, must u apt, I tlsiuk, te form
a vitreous glazisug, unless the pipes are vcry earefully eleansed
beforebaud. To retîtra te the pipes themselves, the> diameter
I bave adopted for ordiuary bouse drains is 5in. This il; the
ramie as bas been recently rccommcnded by tlie engincers et
the London Sanitary Protection tlssoç;iation. In casies et cor-.
siderable faîl, more especially wbcn tic drain is flushcd by
mecans ofta fleshing tank, a velocity et flow is obtained whsiich
would bu apt te tell s5everely upon thse points et earthenwarc
pipes lain in cement. and censidcring the first sanitary im-
portance et tic rapid movement, this is a point in faveur et
cast iron. la Lord Ducie's lieuse lu Porttuan-square, the
sanihary arrangements et whiclu bave receutly been altcrcd,
tlîerc is a direct line et cast iron drainpîpe 5in. diam. and 99tt.
lu lemsgth, wîth a faîl et 1 in 33. The end ncarcst the strcct
bcecr is providcd with a Kenyon air-cisamber floor and mnan-
ilole. At the ether cxtrermity efthe lcogth et 99t5. thsere is a
siratar provission for inspection, but ipon a simaller enate.
flcyond titis peint atfurther stretch of 5in. cast-iren drainpipe,
about 7Oft. ia leugth, jiasses on te the back et tlie promises,
and le previded with an 80-gallon flush tank. It is tound
that the velocity et flow between Uic two dîsconnuctîug
chambers along the leugth et "'ft., first spoken et, le nt the
rate et 5tt. per second. As the drainpipe la running ncarly full
bore, this condition et things renders it impossible that amy
obstruction la tUe shape et cewage matter can remain behind.
The clements; essntial te the creation et sewer guis being

wantiug, ils absence fromt the drain is practic,.ly gsîarauteed.
TIse atter part et flie flush, lu Suis case, always rutîs clesîr. T'he
formulas wlucli are conimtnnly used fur calcsîlnting thtc velt.ity
of wvater lu pipes reunning fulhl insîst bu -.onpiduably înidified
for tic ilow of bouse (irauiage lu 5inr. là pus. I donothinkiuel
le te bc gainecl by makiîig tie puipes lest; tliaii *,iî il iauter, and,
on thie otlier liasd, a groater cal)flihy il, lt.tiiàl> iiut reiuîed
fur thse urhuobes ut n ordiiuary hoîîsulîold. I tîserefurt look
sipon il ahu a îisefsîl dinietibion for urdinnrj, eusss. As tlierc le
ais nbsuîî,.e ut huîdrnîîlit. prcssîîrc lis t.abt-ironi p~ipes useul for
hlic coîuveyaitc ot ordinary housedrainag, nu extrssthiekncss
,,f aCaI kh r,.jUiltXI Ut Iluut iuttuuiti i ll..y Ility, tllitCfuO,
bie made thutînier tulais urdinaly utr,.et inls. T'hl I*ulluiig
il, a tdtIste ut tht. tiîîs.kncu auJl w%:ikh: t ofpipes et difforcsît
diamettr buitiled for thse putriio.we

Bore Thickness ofttotal.
luche.s. i a

4 161 221 28 3 lb. per foot
5 198 269 32.4 dg i

r, 234 Il 9 406" tg d

lu 1)racticte,I believe pipes iive-sixteenths otan inchlin thiiekues8
are sulffcicnt for drainage jiorposes anud thtis wveuid give about
ioob. astie weight of a GfS. lengti ef pipe tuî.diameter.Ausoiig

tlie varsuu kinds ut joints, tisat kîîewn as the -tsocket joint"I
appesîrs te me te bu Uic btst suited for trou lieuse drains and
althoughi tie pipes tiemseives sssay bu made lîglîter than
main pipes, tIse seeket slsould net bu rectuccd iu weighit or
strcngtii, because thsey are subjectcd te tie samne strain trea
tie staving et the lcad. Great care slîeuld bu used in this
respect, the more so: as worktuen xnay bu enuployed who are
not se experienced as those iu the service otwater cempanies.
A joint lias been brengbt uder my notice, wlsich lias licen
pattentcd by Mr. Eaton, C.E. It is intendcd for flice use et
Spence's mctai or sulpîsur, and consisa ef an exceittrie ring
with a pourxsg hole on !ts top side. Trhis overiaps thse joint
on both sides, and would bu uiseful, I thsink, whcre it was
rcquired te inert a length et pipe between two already in
position, as tisis could be donc witbouit thse necessity et lifting
more than tIse piece whiels was te bc rcmoved. With regard
te tie connections and appliauces; suitable for attachmeut te
cast-iron pipes, you %vilI se exhîlbited a cait iron air-chasuber
fleor, whlcl s an effort te simplify tise arrangement uov se
frequently adopted with advanusge, ot hiaving a usanhole, with
a fleor cemjsosed ot haIt pipeb ns a thanuel for tlic passage et
tic sewage, and a trap beyend it te cut eff the drauin troa the
main sewer. In the cast-iron bubstitutdu for tItis appliance, the
mouth of thse trap is practically ceued su as tu furai a fluor
for tie mauliole in itbect, and thiîs extension bas thse advan-
Sage ut aflurding a provision fer bide suletÀs tur the psassage et
surface wvatcr amnd folr other purposes. .At the turther or lieuse
end et tie drain, instead et building a shallow mantiele, a
cnst-i;on terminal is previded wluicb le cabily accessible, and
whiui ib aude soutire by menus ot a Urnes plug flxcd sn a
grouud scatiiig ut tIhe samne muta]. lu ma'.- ng a cenuectuen
betwcen a lead soilpipe and n iren socket, ut us wchl te have
a streng copper picce, with brazed lap-sssmn, slspped ever tise
lend and boldered. This alloiws for au oakua and red-lead
joint tu Uc madu w ith sificient, substance te sadmit ut caulk-
ing. Ab regards tise compasrative cuit of irou nd arthcnware
for lieuse drains, it mue:s bu borne iu mind thuat a great pro-
portion ot tIse total expcnsc et lifting an old drain and layîng
a new eue is commun telbutU systeats. Fer instance, thse cost
ef excavatîing, filling lu, and makîng 'g-ood 55 prsctically
ideutical. The tinie occupied in makîng gaod tie joints et
an cartheuwarc drain is as six te eue as compared te an iron
drain, tIse number et joints; being as thîrcic te eue iu the case
et 2ft. lengts of steneivare, and Ot. lengths et iron, and I
estimate the time eccupicd upon eachi ns two te eue lu faveur ot
tise motaI. Tiii, I estirnate, balances the extrar eost et the
material. The connections, includiug the air-ebamber floor,
are, more costly than eartbenwarc; but tis, in tise case ef an
erdinary London Isause drain, should net amaourt te more than
£5 in aIl. I thuink that thc greater security te be obtained
tram SUe use et oust Iran quite justifies thse expencliture et this
aclditional sua. These reaarksr iield good se long as cash iron
le te bu obtained at its prescut pnie. Other kiuls of materials
are used for baisse drains, although bricks are now ebsolete.
TUe practical objections tel the use et earthcnwars pipes are
let. Their liabilîty toi twist lu fixing. Mr. Ernest Turner,
speakse ofbaving rejected as mucli as 60 per cent. otpipes sup-
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plicd b)y Ilweli-knlown rnantifacttircrs."1 2nd. Thcir liability
ta fracture. Concussion without fracture of the surface is
ofteni etfficient, tx détacit a brandi picce froni a pipe ini which
the tiottrial semrna Wbc continuons, nithotîgit the conction
be oftcn secured b>' littie or nothing but the glazing. As sucit
a coutingenlc>' mn>' riCin> n squati af warkrnen for several
houme, until another pipe andîr brandi bas been obtaiued, therc
le e teniptation tu iuake use of defectîve pipes. Expericuce
shows ,that workmien are neot ubove yieldlng ta the tenoptation
of concefinient. B3roken bonîds and bad connections are fro-
quently fliund in places -which are most available for the pas-
sage af suwcr gas Inta a divelling. 3rd. The short lengtbe in
which earthenware pipes arc mnade noessitto an excssive
number of Joints, in order to make up tie lcngthi of an ordini-
ar>' bouse drain. The juints when muade with clay arc mueffi-
cient; and wben nmade with cernent, are subjcct ta msan>'
drawbfr1ks wbich nothing but gruat and tincomninn pains on
the part of the worknn cas overcome. Thte project ion of
cernent ta the interior of the joint is a necessar>' condition,
and this muet bce removed. Iu doiug so, the pipe is liable ta
movement dnring the critical period wben thte cernent ia set-
tiug. The position of it pipe at the bottant of a duel> ctîttiug
rendors it difficuit ta pack tic joint frais the battant. Oui>'a
szmaII proportion of eartienware bouse-drains are found ta bo
tight wlteu tested with a pressure of aveni a fu'w incites head
of water. These are among tho cousiderations wbici bave Me
me tu adopt iran in preference ta otier inaterials. and 1 shall
b«glad if this paper lias the cffcct, of calling furtber attention
ta the subject.

.DOUESTIC OIMNEYS.

The construction of the dome8tic fireplece and chinns no
doulit is oue of t.he muat Important itxtms ta Say householder,
and yet it iii etrange ta note the snisil amounât of attention
that la paid ta their eflicient construction, and tbe careiosneas

*frequenatly shown by builders in tic way iu wiuch they are
built and finished.

In the firet place the matter of efficient draught is au item of
extreme.-importance to the conîfort o! the occupants af the
roao. Thare aboula be tbree pointe in thte construction of the
fireplace aud chimney to wiicit attention should bo directed
for the fermatian of su eflicient up-draught. Thte first is proper
proportion in the dimonsiolts of te flue itself ; second, the
!telght and formation of the chuunney staek ; aud thirdly, the

Droision cf a suit'hle suppy of cold air ta produce afi Up.
~raoght. Talcing t!Ëese pointe in succession we may> remark

thaït man>' builders nowadays adhere witbeutreasou, orwithout
thought ta thei ai nternal dimensions of flues, 14 lu. by'9
in., *hich were neceditited as e obihîitiu ~ aclihnbang

boys wcre used, te provide a free passage for them up and down
the flue. Vie area so provided is uudoubtedly very niuch
grenter than is neceesitated by the volume of bot airgenerated 1
iu the ordinary donicatie becarth.

Wt% ad better firet detine the scientific conditions underwhich
the beated coluinn of ait develops an np.draught. The dxangbât
ini other words, merel>' re resenkta the velocit>' %ith whieli the.
air la travelling through tie shaft of the chimne>'. and allar.
rangements should bo thus muade with a view ta deveiop the.
formation of that upward velocity. In the colurn othot air
the velocit>' of up-draught ls geratedIeimply b>' the difference

of pcifle gravit>' of the hot air in the chimne>', as compired
cft1 ' n e al column of cold air ln the external. atmosihere.
Tii. cold colua of hieavier weiiht, bý yhe elkow iaw o
peseous and fluid pressure dis'piaces t e hot calum frôm the
iuequalit>' of pressuré àt the base of te chitune>', eûddavodfring
ta reproduce eqxiilibrium. As-bowever, evey succee diug -epiy
of cold air becornes hoûaed ini itetutués it pases;thriu '?r,
over thé lire the constant cireulatiou is xnaintained, àrdf ihe.
result la a draugbit. The lnteiLiity or Iroliodty of thisa'ra > lt~
i2 determined by the rie in temrperature of the'ascèiiltg 1
ýcalan of air and by thte emr.ilness of the passage or 1hft
titrougit which the air is travelling. 80 loi'g as -th6ýpMAe»ia
not tao sraall ta choke the dran ,it. In'an excesdiiely ide
ehaft thon, the toiperature ta -w1ich the large »vdôilrt of air
passing through il. eu be rttLaed, la very muit iol*er'than
would have been casad had rte shaff 1 -tn moto estrièted Ir
ares. This will serve ta expiain, why we objeet, tdchniýellY,
ta the eanstiuetion of chimuey mh>tfts of aaytiiing likethe ares 1
of 1? iu. by 9 in.; aveu the more reduced- dimeniisend ofOlin. 1
b>' 9 in. are considerab>' greater, tit what le neeeeeaty 1 ale.
tho efficiency of the flne as a dreuglit producer je litaited"by thi.
final ares, of the fiside of the ehumniiey pot. This wekubw ,s'
unaslly iaiited ta some 6 ini. in disrneter, Torears Oi*@ isand it
is therefore the heiglit of absurdit>' and very jjirioiie ta the
effective dreught ta have an area at any part of thte ohsft of
ggre te dinsions than that of the. chimno>' pot By ilet-
ng ti1s csderation in thé design of the. flues bitilders 5m
te go ot cf their way ta develope a smaoky cbumune>. To- piro-
duco the essiost and bet draught through a flue the irea aboulda
b. greetest et the exit or chimne>' pot and rednced towards'tho
tire.

W. have only ta look- et the immense numuber of oowls and
zinc chimne>' pots that disfigure sa large a iaber of roofs, ta
sue thai. if tho builder deaired ta maintain the, architectural
effect of the roof lino of hie bnildbn$, the usinta chuey shaf
snpplied is fer shorter titan à)quisîte ta irteintaiti thie pwper
dirangbt. Thtis, no doubt, la frequenti cawied by the lx4epO'
sitian f h ih gables, or t he. height oft b ildi g 'yt er4 u sdiate vicirnty, but vas hink that"it behovea axciect ubuilders ta conatruct their cluizy shafta 8 s ta.pý e
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tielî ne drugi uiliu tie cessary additioni cf six or
ai rî tat'e tieaght of "t tî slaft lu tise shapecazis

cii1ucy top. hasu Jis cat ho douej is proved by the thrce
.;nre ordi Sciscel iii Lodo-ît ciscll elle ic, e o

haeve, lis assy adtiitioc te tise originial ciiieys as previsies by
tisa arclsitect.

Havitîg se fuliy deait wits tise consstructioni cf tise fluce t
deterisistae a ralîid up-tdraiigiit, we hsave still te itrovisie a raady
access for tise celuiisi cf 'outl air wvîicis is reaulv tise effective
motive powar te tise hsot coliints ot air ini tihe eliiitîeyê sisaft.
If tise reins te wisici tise cliiîntieys aunu lseartls are fitteti ara
tisemeelvas supîîiied witis a sitable systetis of v-itilattin, scci
as Tobin's, by wisicl tise cold air obtints .4teisly isigress te tise
rooci, neo siesbt a sîslliciesît coluim of colsi air wiil bu ssspplied
by tîsase musa. Tisera are, isowcver, issasssoti e i iis t i r.
dinary deissesti, isou8elioid wlsici are iii tiseisslves sîssail and
stuffy, andl te wlsich sic itreper aitlliiiissee% ard tised for tise ini-
troductiots cf a stcady osirrasît of col air, sud it uili be fouti
frequeîstly tisat it s exactiy tusse sissaili asnd stîify reins wiiicis
are meet subjectesi te ulownuirausgits ini tie ciissy. Tîésee
wa coneider te bc caîsses aissîet estîreiy tty tise abacîsice cf a
suficiaiitiy resiar .4alîltiy cf coid air te cause a driviug tue-
dicm te eject ise hsot sur'frosîi ti cissitsey. WVe woiuid scg.
geet tisat if ventilation ista tise redi is a1st te protîtce iiracaits
sesnsible te these occipystsg it, tliat a sîîsoky cliîssssiey niay be
oftau cured hy tise direct adsussbsioc cf colsi air frein the ex-
tarnai waii te tise lieartis sisdersseath tisa grate. We should in
that way hava direct coîsssusti cation betwcets thsa exterîsal.
columu cf air andt tise hoet asceîsdiug cohuîsîtsi cf air lu tisa chisu-
uey, sud wouid sîîdouîbtetiiy have a rapiti anti elfaectîs i circu-
lation or draîsght cf air created nip tise ciîcsey. Thsis wocid
isy ne mas dcstroy ventilation frein tise body cf air lu tise
ront, as snch ais aïcenisdsg draiiglit lias a stressg induisctive
affert.

WVe sec aise thsat; tee frequsentiy tise bîsiltiers are casreless witis
regard te the tlsickness cf thse wvaIls forssisng tise liniîîg or sitis cf
the fine. It 15 îlot aii utnusa casse te fsid tisit tiikuces te
consiet cf eîsly hiall' a bsick. Titis piodisces twe very b.sd affects:
First, it lesds te a vcry coîssitirale ciilissg or cooliig cf tise
asceudicg celutuu cf air, and ulsarciore a ýairtiai destruction cf
tise mpidity cf tise drauiglt; seconsîiy, it la a source cf danger
te tise lieuse iteif, ais very oftess tisa iortaîr iii whizls thse bricks
are set is isuparfect, assî tise pargeinis lemrittesi in tise interior
cf the fisse, tisus causiisg a very gre-it radiations cf liat frotu tise
surface cf the chiîuey If uuou fittisigs, woeeden beaucîs, or
the cnds cf joists are fittetsi nto, or isi close contact witis tise
clsimssev brests, wisicis is tee oftcn tise case, a great danîger le
roc cf iccidental ignistion, .sud snuy lousses tisait are bulît lu
ais cld fashioned style for picturesque affects are sacrificad te
that danger.

We hava notîccd sev,.ra1 suggestions, sîcongst cisc ceîtesupe-
raties tlsat it wossis be cf great isulsrtauce insi te construction
cf cisimucys fer tisen te lie i wviti circular fireciay pipes.
M'a io net see why tisa ordissary ciay drain isip-s woîsld cet
ansuver ausply wcll for tise purpese, and coîssider tise suggestions
s vary vaicable cste a; eflcricg tise greatest lîroteetienOaigaicît
tisa radiation cf licat, tise itreper andî liîssitcd aires for efficieiscy
cf drauglit, sud at the sanie tinte the sincoti giazs (if tise entire
surface voulu prevesît tisa depositiosa oc seet, ansd greatIy faci-
iitate tise ciaaning cisarations cf tise sweel.-Tae (Loi«Ios)
J3uildsug ands igi7icerimtl Times.

A NEW WAY 0F REMOVING A BLUFF.

The isydraulic machiucry sehich has becs breuglît te tîsis
city te bie used lu wasising away the tisreatessing bluffs wisich
hang over thse track cf tise Milwaukee road tue tuiles west,
vas list te a test ycsterday. The hest possible arrangesisents
for sndertaking the diffscult work bsave beau made. Frein tisa
Wortiigton îscmp, wiiich is cesisidareti tise more powerfnl cf
the tve est tise beat, att 8-n. lpipe axtensidu ulq tise batik te a
haigist cf about 60 feet, wlsere it reacises tihe reaui-bed cf tIse
trsck. It tisen rois usider tise track caarly te tise hase cf the
bluff sud tersminates lu a usovablo iren noazîs, vitis a 2.ic.
end. Frotu tise point where tise cozzia is diracted tewsrd the
bluff isegins a sluiceway constrncted cf boards sud about twe
feat deep. The sluiceway leads issîder tise track, downuward. iu
a diagonal course te tise river. Tise pipbe tisreugh wiiici tise
water rushes te tise uzze is well secured. Tie slusceasy le
constructed ou timber sud is strocgly hraced. As tise ucu7le

peits toward tise hluffwitiicut tlsewatcr rushiug froin its mentis
su visen tisa siuicaway le dry, tiserae u otiiug particuiarly

curicus or intecasting in tisa macisinery's appearsuca ; but visen

the big hoiler et the water below begins to pull', the powerfui
pemp commences action, and the glitterieg streamu shootî freint
the mcutii cf the couzle with lightning speed, aud, hardiy
sprayiug, strikes thie bluff with terrifie force, boriug deep into
eartli sud causiug the dust to rid u louds, somte appreciation
cf the force of the watar tan be gained, Then, toc, the practi.
cal recuit cf tic aqucous battcring-ranm's power ie seau in the
tuais of mud wisicli rushen threegh the sîssice. Hundrede cr
tous cf earth, madie soluble malt away su ait heur and ara
swiftly carriesi off tisrougls the apparentiy stuil board runwey
te the river hclew. Wieu the pumpe started yesterday isfter.
ceeu it wasjust 2.30 oWclock. Ganerai Sisparintendant Clark,
Geticral Master Mciîauic Lowray, Assistant Master Mecbanie
Camipbell and Divisions Superintendaut Jackson wcre present,

dotin h movatueuts cf about tlsirty men who assistaîl the
m-,clsiîscry iii its wnrkr. As spectators, fssliy lifty gentlemen
from titis city wcre aise on hau~, watc!sing with great ictereet
tise actioni of tise water on the bluff. Some way below J. M.
Finch. cf Milwaukee, %%lîo superiutcnded the putting togetler
cf the hydraulie tuLichinery, anîd Engineer Josephs Powell, cf
Yanktou, waitesi for tise signal te "«set her going.» Thr boler
showcd 120 peuuds cf 8tesîss-a fasit head. Thte sluiceway was
inspected. and stretsgtlicued. S. Coleusan, cf this city, sitood at.
tie tiozle, clati ini a rssbber suit, while four assistants were
near thse cozzle, siîniiarly protected freint tihe water sud raady
with shovais aud hoes te clear the sluice at its nsouth f romt
obstructiug masses cf turf or Wheu ail was ready the
signal was given and the water bagant to rush tiîreugh the pipe
aud pound away et the batik. In five minutes immense queaut.
titias cf tise dirt wera melting aud rushing througz the àaie.
The cuittiug was donc in a sceeitiflu maiscer. Firit, the water
was sent agaiust tise bluff sixty feet up, sud hales hored te
weaken its dry soiidity. Tissu the boring began ndarneats,
and the foisudation cf a usses cf earth sixty feet bîgh sud tan
feet thick by about fifty feet lu wiltis vas dug swsy. Ail at
once tise big chunk gave way and with vast cloude of dust sud
inuch noise fl'al dowuward sud toward the track. The piucky

piple-mac aud his assistants were the least disturbed by the
sîlde sud advance cf the eas'th, but tiîey liad cause for slarm,
as fer ais instant it lookcd as ifsa large part cf thse bluff would
be affectcd by tise movetueut cf that detached sud would break
icose te sweelp everythiîsg hefere it te the river. During the
heur, wisile the crewd cf visitera ramained, a much larger.
qcasstity cf eartis wac washsd away than wai expacte when
the werk cemmeuced, sud tise officiais geuerally seemed ta ba
siitisfled that et last au effective way cf cccqueriug thse dan.
garous bluff had been found. It heing uuderstoed that Generai
Superiiuteudeut J. T. Clark wss thse proposer cf the hydraulie
metiied cf cutting away thse bluff, sud that principaily throngh
hic efforts it has been hrecght te a -practical test, hae ws
briefly iuterviewad. He cxpresqad bimseif such pleased with
tise recuit cf tie experimeut as fuir as it had goe. Ha added
that it was only ais exîsarimeut, but that it looked te hima as
beiug inucli more effective titan hlastiug sud sisoveliug, while
the ultimate expense wouid uct be liaîf se great. Juet st that
moment, as if te furuisis hics an exemple te illustrats by, a
blast cf giaut powder was fired about 300 ft. down thse track by
twe men wiso had beau wericicg tw liseurs te put it lu sud get
it resdy te fies. Tise qeautity cf dirt which came dewu wus
inconsiderabie, sud it did net uced explanatien te show that
tise bist only dispisced tise dirt, but did net mova it. The
advautage cf tise hydrsulic over every ether systema le that tie
dirt le csrried away as fuet as wasised down. Tisa ouly difficsslty
Mn thse way cf csrrying tise work te a succeseful conclusion ahl
aloug tise fine cf the bluffs msy ba feuud lu the places whers
the bluffe are very near tisa track sud pracipitous. The !bêtwla
lu that avent is te, carry away tihe earth as fust as ut caves 7
down. Somae means cf overceming tlsis may ba found. At auy
rate, for tise p oint cf atteck cisosen at prasent, tha hydraulie
engine sud the shootingetreatu cf wster seem te ba about what
le ueeded.-2'he Sioitz City Journual.

TUE OVERFLOW ON THE IMSSISSIPPI PRIER

This great river drains a watarshed. cf 1,147,000 square
miles, aud lias an snnai downfall cf aighty trillions
(80,000,000,000,000> cf cubic feat of watar, aud a drainage cf
twanty trillions cubie feet, wisich le a ratio cf 25 par cent. of
the downfall par aunum.

New problema sund uew conditions presant theusseves ta 4,,
large extent in thle river ou account cf thse immense ares of'
land brougist undar cultivation, sud cf foreat ent down, s&W
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fro"'i the graduai strtiglitefliig oi thé river, which during the
Iso4t biiiidiC(l aud sixty years lias shortened its course 240 miles

beweit ('aira n'id Orleans.
'J'h annual raiintaîl on the wateralied of the Mississippi end

its t rilîntarici %vould take thé bed af théA river, nt the pirésent
rate nf the currcnt, three years ta carry ta thé Guîlf ; or taking
the ratio oi 25 lier cent. %vhich is universally adrnittcd, hiad it
anl average daily drainiage, it takes nino mouttîs of thé year nt
it- îîîaxiintilu ta carry loir the immense volunin of xvater. But

diuit is con.sidted tlîat the overflowed roservoirs an citlier
side of tlîo river, once filled, represent a volume of water nearly
5o miles iii îidtlî and 12 feet deep froin Ciliro ta Newv Orleans,
or about twelvo billions ai cubie feot of %vater, wluuch wnuld
take tlhe maximum capacity of thé Mississippi eighty.four days
tu carry assaY, evenl tlîouvb it hand naoreinforcément constantly
fn)rcsd u1bon it aboyé, it is conclusive that no systema of levées
lblaw lRed River, thus far constructedl or proséBd, can take
swsiy Unis yearly inland bea, linving but 322 feét ai faîl front
C.tiro to thé mnttit oi thé Missisaippi, and whoso uurrent i4
iîiereasêd front J mile an hour nt mnediumstages ta 3 miles
per hour ait flood stages.

Sorne othèr mnieql muast thereforo be provided for tîte ovér-
ilow aboyé the maximum capacity of the river ; and tic Author
asserta that the overi'.lw bas nover been carrdèd off by the
îltisissiplIi, undl that its maximum capacity iii time of floods
1,evér cnaub he medicum or chaunel af the overfliw at the
tInnd.-st.agé, witholit mally years of labaur and igreat txpénse in
,Ieî.piiîiig the river-channel, und that the aId natural clianel
or vaut Ot' riâ tie Atcluafalaya River sh:luld be thé main chun-
nel oireli,*iaided hy the Placquemine l3à3you ta the Atcluafsstlaya,'
:nd the ll,.nnet Carré ta Lake' Poutchartrain.

9 lver $100,0011,0013 (,920,833,333% bas heen expended in the
eontruction ai the bliseissilipi lovees already ; aud during the
1 tiit fifteen years4 ovmur 100 miles ai these have cavéd in, aud
lîen ]est to owners and the conintry.-Abst.frorn fl'crs. Ain.
Sec. C. E.

THE VENTILATION 0F TIIE ST. GOTHARD TUNNEL..

Ejmitoineof a Report by Dr. SrAI-F, Geologist ai

ln tie number ai thé Il Giornale del Géuio Civile " for
.lauuary 1880 appéarcd a uuapér upon Dr. Stapir's report upon
tie tnperature ai thé rock ii thé St. Gathard tunnel. The
pîrésent piperuis an abstract ai lits report for 1881, which Sp.
îîearèd ini Uie fast quirterly repart of the Swiss Féderal Colin.
cil, and wluscl dî±als %vith the température, huuaidity aud
venutilation,, after the completion oi thé heading, and dnring
die ivorks for widening and lining the tunnel, and aise wvuh

terules wvhicu îfounded sîpon tîje nimerons abservatians taken
dlmg thlat tinte) show whiatcurrents oi air may ho anticipatéd

1 ii thîe W.,rkiig.
Tcnîipcratitre.-The currents of air at the outrances loseer thé

itenipérature only tbroughi a portion ai each bial of the tunnel,
achilé toa.rds the central portions Uiey have the effect ai raising
it. The soullera end is genérally warmer than the northcrn,
owîntg ta thé cxteruîal air boing wvarmer St the south. Tho fol.
loiig figures s4how the graduai, and absoluite caalîog through.
out t te tunnetl. Dmariimg the drivîng at the heading thé meau
tènmerature af tic rock was 24 0.43 Centigrade; an Februaiy
29th, 1880, niter the héaditig was complété, the température
of the air %vas 210.69 Centigrade ; an Febuary 11, 1281, it wsva
10 0.30 Centigrade ; and on Febuary 24th, 1882, itwas 1 l-15

JfritmùWly ofie Air.-This, which lias such an injurions
tffeet ail tiio sorkiietu, is uradualiy dimînisliing, but is still
ceimsiulerable, particularly at the southeru end.

Ventzlatio.-Tîe, natural ventilation dépends upon thé
dlrieleu mil thé atiiîosptieric pre'sure at the twa eods, thé
temupralnie anîd tIse unoisture. Thé ceurrenit contes front thé
ciid at wcsc thé pressgure ia thé greatér, sud uts velocity in.
r. ases Witb tlie aquueo roat of Uie diffleuce ai tlc pressures.

The~ difference in hevel bétweéîî thé twa ends (118 feet) increasca
or lîinishies the vehocity ai thé currant according as thé iii-
t rmal air is ligliter or hecaviér than thé external, aud as thé
( urent cohues; frein thé nartlî or front thé south, or vicc versd.
T1i' augmentation af volume oi the air whicls entera the tunneél
-uiti heconies waruîer interfères with the circulation, as aise
does friction.

If v représenta tIse véhocity af the air in mètres per second ;
(V aîî, d" the %weigluts of a cubie foot ai air nt thé northerut
muid soastherit ends ; u a coctliciéut, depeîîdiîîg upon the resist.
onuce due ta frictionîî

v=usl 281.8 V i -d" + 0.0lmJ32 for cuiren ts front thée nortîs

r=u 281.8 P '- '-0 OU002 for tîsosé froua thé soutli.

The fiure 0 00032 is duo ta tIsé dillu-ronce- iu donsity ai thé
air St thé céiitre ai thé tunînel nild thiat anitsidu at tho two
enids. 1 t la théc menu of toit ohsermstioms, muid dîiinislies with
tlîe graduai cooling ai tîte tunnîîel. Thé density of the air la

0.00171 x b
calculated by die formua (1 i --- ivlire t lis thé

1 XO0.80367 t
températuire and b the lieiglit of thé laroruuoter at thé contré of
tic eiitraiieý,. Tite value ofit lias bécui aaeertaiied ta hée 0.0796
by meaîis ai a sériés oi experimniets, diîring wlssch it was foiînd
tlîat tlié p.issagé, ai traims 9-riouly atitctéd it.

Th Atithor théen procéemîs tosliow'that very sliglit atmnospheric
ditl'erences le>~ twmî cutIs sutfire ta alter thé iiirection oi thé
currents tsro.gh tise tunniel, anid lie gives tables4 shawîung froin
observation andi calculation whist would hlave been tIse direc-
tion aîîd vm'l.umty ai the' esurrent at dittereuit tilues tlsroîighout
the year 1881 lîad the tunnetl beau complote, antI front thèses
tablés lié couicludes thiat in that cagé the mnaximum velocitiés
would have becua front 10.88 feet ta 14.27 per second, or a
liteauî ai 12.30. and the inuimumî vetocuties (atter deducting
thé changeq in d*reitî,. froin 0.00 ta 4 téet, or a inclan ai 2
feet lier secondl.

If théc question ai venitilationu could hé décided by averages it
woultl hé secn tlîat evcuî in the worst case tlîére would hé a
current oi 4 feet lier seconîd, wlsich wouild cléar tIse tunnel ai
sutake (if îîo trainis %vers ruiiiîsiîg> ii three and a quarter ho'ars,
s0 tliat, to eiîsure caiullte ventilations, it wouîd oily hé noces-
sary so ta time tIse trains, that Oiere wauld be once un every
twenty-four ]lours ais interval ai threo and a q iarter honrs
betvreen thora.

Uniortnnately, hawéver, at cadi chan.e in tlie direction ai
tIse cuirrent thiére ia a ppriosi wliei tho air la at rest, andî thougs
generally thèse changes in thé direction occuranlynt iutervals
ai several days,' andî do nat seriouily interféré wîthi thé venstilea.
tion, thiéré are tiiunes whou tboy occur at stich frequént inter.
vals, that it may be anticipatea) that tic current may hé
nrre.ted for four days uit a titae ; aud hère thé questions of thé
necésiity, of artificisi venstlation arises. The Author givès thé
nunîber ai trains pabsing tlîrough daily, thé ainounit ai CORI.
anîl of axygen conaumèd, and of carhonic acid aud carbonuc
oocidé produced, thé cubic capacity ai thé tunnel, sud thé pier.
ceutage ai noxiaus gsmses which woudld be coustamuned in thé air
alifter four tliys' working with no natural current, aad lié cou-
cludes tlîat thé air wouhd by that time bé instipporltabIc. Hel
thinkq, howevér, that such a state ai things could not accur
more thian oncesa yeax, andti iglit bé avaidéd altogethèr by
stapping semé ai thé luggigo trains at sncb times. lié con-
aidera that it would hé taolilb ta provide a co.,tly method of
artifieial ventilation, which would hé ahsolutelv usces. oxcépt
upoîs thèse rare occasions. lic is, howe ver, ai opinion thsat
comprcsséd air shouild always hé as'ailablé for thé bénefit ai the
workmen "Y menuns ai cocks placéul at intervals upon piples
riînuuiug througs the tunnel, and that a aujîply ai drinkcing
watér stuauld alo hé provitlèd. Thé èsYtor admis in a noté
that suelpa havé héén takéîî ta provide air and water for thé
workinen.

EDISON ELEOIRIO LTGHT PITTINGS.

The FEdison gencrators are shunt wvound, that le. Uic colls
oi tlîc fiehld uagnets arc excitcd feoun al derîvcdl circuit brauch-
ing froua the hales ai the arin-.tirc, and hience tIés' ire ta a
ccrtasins xtent self regulatiug. But tlic reguitation is far front
îucriect, anid whscu uny cauu'idcrablc hproportion af ile lauîps
aire turuucd omut, say 20 per cenit, there is a iuarked increase in
the brilliatity of tise rcmi!nderad thé curremît passiug thîrougb
Otu isttaimu -ti intensity, yhidli iiallowed tu onatinue would
shorten thé flic ai tIse filamencut. Tu lereveuiit thîis a reguîlator
la supplied with cacîs iwutallatian, and tlîis requircs ta bc
adijsistc-d riont time ta time wlsen tîte variations ai a pilot
liglit or tlîc ueflections ai a galvanomactcer indicate thsat the
dificreusceofa potentiel bctwccsti i oles differs frant the

-normal. This regulator (sec p. 308, Fig. 1) consists of a box
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of reeletance colle joined np lu scriJ,% andi se arranged that by
the movement of the itandle auy nuxaber of thora can lie
included i n tho field magnet, circuit, and se add to ifs cec-
trical resistaiice, cMitting a corrcsponding <lecreaso in flic

Icarrent giowing through it. and coiuscquuîîitly rediteing fict
Intensity oftfli magnetic fieldi. From flic junctioù- betwccn
cacli adjacenit pair of coilis a contluctor i, loti tu a contact
picce on the top of the box, just as In a Oramne ring a wire
connects tlic conpling picce of ecdi pair of belibins to tlie
conunutator. The conmmencemnt of thoc first ccii le con-
nectcd tu tile firet contact piece, nit the enti of the lnst coil
1tho fl ]t contact piece. 'l'ie positive ceîîductor freint thoc
polo of the armature is couiet also lu flic first contact pieco,
and the conductor lcading tu the couls le joined te tile iepintile
upou which the handle turne. rhus wvhcn tlie haudie le at
zero the carrent ptases tbrougli it front tlic fir8t, contact picco
without travcrding any cf flic resitance colis; --lien it lit
(say> 90 deg. one-fourth cf flic coilsatre inclîîded ini flic circuit
andi the current ust vircuinfe thrctîgli Mtii bcforc it cati
reach tIhe lîandle andi procced tu fle inaglîcts.

In thie country flic use cf self-regulating generators le gra-
dually displacing devicca cf thie kind, but lin ticatres and
places cf amusecment wliere many graiduattions cf illumination
are requireti, thAy wiil proltably always bu mseti. Fig. 4
illustrattes a comblucci electric andi gas lracket ab erecchd in
thec Bijou Theatre, Bol ton, U.S.A., by tlie Edison Company
for Isolated Ligliting. Thte state cf nervous apprehtension

INVOLUITION 0FP THEI STETHOSCOPE.
By SAMUEL WILY,8, M.D., F.R.S.,

PRY8101AN AND LECTUEI ON MEDICINE, OUY'S HOSPITAL.

lnateadl cf placing oit the table every imaginary ferai cf ste
thoacopo manufactured out of every possible material gatlîcred
fronm the sbops cf the instrument.aîakers, 1 will carry yon
back to the enigin cf thte stothoscopp, and you will seo htdw,1on the principle cf selectien andi the .strvival cf thte fiftest, th.e
primitive instrumenta have departeti front thet accus andi aru
now only te be found amoîîg flie fossilized curiesities, the re-
lies cf former age.q, on thte antiquateti helve8 cf somte very olti
medical practitioner. Thte etetiioscope, as yen know, was in-
venteti by Laennec. lie relates how in the yeiir 1816 hoe lisp
re d te recolleet the well-known fact in aceustice; cf selid

odies conveying sounti, and hoe gees on te eay: uImmediat-
ely on titis siggestion I relleti a quire of paper mbt a kind cf
cylinder and appieti one end cf it te the regien of the heart
andi the ethet te my est, andi was net a littie surpriseti andi
ileased te find titat 1 coniti titereby perceive the action cf the
ieart in a manner machi more clear than by the application cf

bte ear... Thte first instrument which 1 useti was a cylinder
of paper fermeti cf titres quires cempletely relîcti tegetiter anti
kept ia shape by peste." Laennec then Rces on te describe
how lie ccpied this roll cf paper in wood, metuls, glass andi
other substances, andi flnally lie ays: In l cosequence cf
titese varions experiments 1 now employ a cylinder cf wced
anincli anti. hiaif in diameter andi a feot; ler., perforated
longitudinally by a bcre three lines wide and hellowed cnt into
a funnel-ahape te the depth cf an inch andi a hlf at oné of thte
extremities: [t ils diyidet into two portions, partly for thte
convenience of carrnage andi eartly te permit its being useti cf
hall the usual lengtli. The instrument in titis form-tbat i8,
witit the funnel.shaped extremity-is ustdin explernig the
respirtion andi rattle ; when applied te the expleration cf the
hea.rit ant thte voice, it ie converteti into a simple tube
witli thick- aides, by inerting jute, its excavateti extremity a
stopper or plng traverseti by a amall aperture and accarately
adjusteti to the excavation. The instrument I have clenomin.
ateti thte stelhoacQpe."

FiR. 1, page 309, represent Laennec's roll cf paper, andi Fige.
2 anud 3 the cepy cf titis in içccti as betiescribes. Thelatter figure
la drawn fromt an instrument kindly given me by Dr. Galton, cf

erwod, bing the stetitescepe long nsed by his father. It
doa ntapxte ihito twe pieces, but contains the plug whicli

ean lie removedl se a te leave the endi hollew Fis 4 ls thes
msme instrument with thte aides cnt ont te make itigitter andi
maore eentheear.piece being the same as before, and the
mentit ao hollowe ont. TItis waa the etethocbpe u.eed a
recommentiet by the. late Dr. Hlu 8its. By makIng thte in-

wblch bas licou dcvelopcd in large audiences by the fearful
di6asters wliich have occurrcd in theatres during the st few
years, lias rendereti thîcîn pctlinrly liable te pentc, and there
arc but fcw cases wltere clectric liglît installations arc se
erganizeti that total extent-oît i8 n lmpossibility. Thereftre,
as managers nattirally decline te place entire dependenco
upeli electricity, the Edison Company lias boltily fsced the
situtionî and lias breuglit ont a fit ting wbiclt admit8 cf the
,ise of *botlî illtîînanîte, eillier of which can bce turned np or
dnwn with eqtîal facility.

Fige. 2, 31, ant 5, pmage 3109, arc illustrations cf tliree otiior
varietica of eletrie liglît fittitigs nsed by lthe Ediscn Company
for Iaolated Ligiliing. Fig. 2 shows au iliexpensive formi cf
jttintld lrnkt williteht. The joints are mecîtenical net elcc-
tica!, flic currcit, beiiig carricti by a flexible certi, andi they are
provitiet with tliutnb.sc-.ewq by wliich tbey can bie set lnasny
pttsition, a vcry conveilient provision, as it allows cf flic nee
of long brancies. lit clesignitig tchl ittingt there is mucht
greater scolle thoîn iu gas briiekoe, for, altlîeugh if le both
unficaitlîy and dangerotîs tu briîîg a gas faute clown to, a level
of tlic table, auiiaîlsci lamp may bce placed in the meet
convenient potsition ivîticl can be feund, provideti tho direct
raye are seretnetl froin ftic eye. Fig. 2 shows an epergne with
four lamups, flic design rcîresenting foi r luminoue flowers, set
ini a bouquet cf nmctal woric. Fig. 5 is a belt fltling cf 10
lampa, the wlîolc etîclosetu in large globe te, protect thein
from. dust. aud injtiry.

.11

FIG. 1. Fi. 2. FiG. 3. FIG. 4. FIG. 5.

c

FIG. 6. FIG. 7. Fio. 8.
strumeut still more elegant and 8eeder we have thte niodern
stethoscopé in entiless varietyi as in Fig. 5. It ls titus very
evident hew the medern instrument bas been frameti ont cf
bte origina block of wocd witicit waa made the coterpart cf
Laennec'satl oro cf pper.

1 lcnow net we inventeti thte instrumenta witli flexible
tubes, but I have ne doubt tli:t a searcli inte medicai history
conld tell us. I remember, m.owever, titat thec firet flexible
stethoscpe witicit I ever saw was the eue tiepicteti in Fig. 6,
unti net y Dr. Golding Bird wi a hoe saw out-patienta lu the
>'ear 1803. Being mach crippled with rheomatieoe, and thore-
fore net wisiting to rie front his chair, ho founti this irstru-
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mjent very cuîîveîi,nt , lie aIso was vînabli'îl te iasu tire ear-
picet, tos gentlemaen standiîag încar )lins, wh-ite lie iield ti cule
oit rte parit to be exaiîniried. 1 aiwvavm- tlauglit it %vas is offls
Inveniîton. But, whvctlier ses or iret, 1 doe not think nuy great
effort of gellius a as r.-aju:î ci to h anse a ilt e iiie îIstrumnaît,
and tiacîr adapt ir fur tile issu (iutteo or tvu ear, Titis beiîig
donc, flic aext steli votid be to i kIp twvo illouitiu-iiceni te
appîly tes t Ile cha'4 nît difïereîat z4pots. Varions arloditicaitiesîs
of tlîest instrumencits baia Is-t-bil alle, of Laie Y'ears, iarit fle firit
aioîîuc of fileurî 1 bave al kilo%% ltg- of In Isly Ira.tiîîg ai te bc.
fou:und iii a letter to rte "- Lancêt, - u Aiàgtist 29, 1S21.1, by Mr.
(Conuins, of Editiblirglî, ieip 1 1X si bie iStotliostore-.'
Titis %vas oîuiy tw-eive years nfter l.aesioecs inuvenion. 1 t is
dimlicuit freont ris descrilbpti to Iticitîre tile Inîstrumentsu bat n
seems ta thave 1-ien coînipoet -A joiuted russes, îad maie for
twe c.arâ ab tvtlt as ue. Mi. Ccîuti .rîs lus eurriue
that the' dlicovirir ni iiiî.diistt aieut i.i i ito 0 strg.g st a
flexible instrumenat, as hoe ss. Il if au bu aiil in the higluesi
ranks oi society without etîciuding fastidîrui delieacy.'

A% very iinîerestilîg tact was tîrnit pointe-1 oui tes siu hy D>r.
Aidrtsi Clark, arit) reslict t tu a liecah.iv of flic liiatral tri
tire ehjcectis-e api'reciatieru of soiuats ; tiiot if eaclu ear-pieco bc
selamtely used, andI any sound bc niadu' îu-ar rte siteuts-iece,
it is heard in flei car itself, but, if the, twe picces are eniffleyed
togctiie-r, flae setndi s heard lit rte sîet, where si sa prottuced.
Tirle isot us vtnry litrs it~a a joliysiul-izial poiit ci v-tew,
.and fartîior eurrtborates tire thcory as tes thle vatine of a double
met of sens"s, or, in a word, of fihe bodly b.-iat îut:id.1 aub of two
lialvts, forjust as thie tire hands feeling diîiicrent parts ot ait
Object gamu il idta of exieatien, antic ues auyvs by obiain.
iniz dith'rent views of.iay suîbstance get a ki.ottlcdge cf its.
solitlity, se in rte sainse iv.y rte tire ears listelail , te ilu saille
souîîd usore tihnrougIll alb)reelatt. its eajectivity.

If yea look at this scrica3 of dravriaigs yeut isty lisreei e but
litrie reseîîîbt:ance bet%çe-n the tirsi figure u md tire tast, but
tale 1.1 Ili I,, .U L)n'li aid y.-u tI >ce tia;at tige' iigtttt.4 lire
rieally 1 'rogrPessive. My srery of develo1 inîcnt is saut iiiiagiaiary,
but ltistoril.-Lazzcd.

Notes of a Course of Lorltires 0on Elcectricity
anîd 3lnganetismu.

13v PiROF. Mr. GARNETur.

N. B.-Tacse lectures irere delivi-ret in cannectien with rte:
Camnbridge Unrersîy extension iysteni of Iligbîr education.

It was nioticcd nt aî very carly date thât affiler wvhea
rubbcd had tIre powèr ofattractnug- ilit bodiesý. l'iraks,
cf Miietus, mnrtioned this propezty about B.C. 600,

iand iL is also rt-férred 1.0 bv Tircopitaastus andl Pluy.
The sireeks of tire Torpedo %vec iurtroned by Ptrrny
(A.D. 70) and byi Arîsto tic.

Dr. Gilbert, cf Coîchoister, Physician te Qucen Eli-
izab>eth, niay be rcga.rdced as the founder of the science
o f Eiectricity. Ilt found tiret a vcry large nuiber of
bodies could be excitt-d by firetîoir se as t.0 attract
otier bodies; but thi a se-cond very large clasq, rn-
cluina tire ractais, coulîl net h so excat -d. He ai-

jvidcd ail bodies rato lire two clases cf electries, or
ibodies wirici could be excrted by irictiun, and watn
electrics, or bodies iviiîclr couid urot bo e0 excrtd.

Rlobert Boylo formad tiet -rue bodices rebsiîred their
iciectrification for a long trise after tire friction iîiclr
excitcd iL hid emqed. Ile added, severai cUrer bodres
te Gilbert's lint of t1ctr-s.

OJtto von Guteriacke, about tire muddle of the leVen-
tcentiL. century, coastructcd the first eiectric machine

1by nîetng a bail cf sulphiri on ani axis, andi causir-.g
it tu relate ogairist tire friztoir exertcdl by tire braud.
Ile ziotrced tire liglit, 'wiri -tccomlmuilrd tile electrie
dischiarge, and aise obicrvcd thiat whin a lîglit boJy ivas
attractcd by an ciectrified body, and taie in contact

ivith it, it wvas afterwards repellod. Ho aiso dîscover.
ed clectrie Induction, by observing tiet certain bodios
placed nenrito rstrongôly olectrifiod bodies acquired tire
saine powers uf attraction as th> electrîioid bodte.,
thrrmsolvcs.

ýsîr Isaac Nowton wait the lir8t to aniploy a giasà
globe in place'of tire auipirur globo of Vo Guericke.
A machine siiiar to that of Necwton iwa' aftorwardB
eajipioyed by Hawksbeo.

Stephon (.iray, in 1729, discovored that sortie hodiea
liad the power of coîulucting electrification through
thir. substItncs, wvhiio othiier dia flot :rllow of itï trams-
mission. Ho succeeded riu conducting electricity to a

idistance of 886 fec by means of pack-ilhread supportedjby silk, loops.
Desaguliers ehewcd tirat Gilhert',s cectrics iwero those

bodies which lied mot the power of conua timg electer-
city, iwhile ail conductors were non eIectrice. About
the saine tmes Dufsay found that ail bodies could ho
eiectriflod by friction if supported on ras ulatin 'stands.
Tis e8tablished the true distinction botween tho se.
called electrica and non-eiectrics. Conductors cannot
ho oioctrified by friction unlcss suppurted on insult-t
ing stands, because the electrilication cecapie to the
cartir as soon as grenerated. .Nun-conducturs, or inu.
Zaturs, ont the other hand, retain the t ectrilication

«whlri lias been iiarted, to thoru. Thre ivision of
bodies into cctrics and iuwcelectrieýy conscquently gave
plaice. tu the division into conducturs and non ccnduc-
tore.

Dufay also obscrved the dual character of electrifica-
*tion, and cailed that kind of ciectrificatioit ihiclr is
j gencia-ty excited upon glass iitreous, whîie that which
isl excited upon resin, anibcr, sealing-wax, etc., ho
calied rsious. Gray, Haw~ksbee, and Dr. Wall, ail
noticed a sinriiarity between the electric dihchrrrge andjthundor and ightîîing-.

In tire eariy 0par' of tire eightecnth century, ]loze, if
jWittenbcrg, addcd the prima conductor to the eiectrîc

mrachinec; Wînkler. of J-lqerp, emloyed a cushion its-
s t ead of the haud for tire excitation of thes glasi ; and

j Gariion, of Er furt, a S:otclr Jenedxctinu MoDk, rdpi.,c-Jcd N.vtop's globe by a glissa cylinder.
ofThe Leydon Jar, vlhicli serves for tire accumrulat on
oflaîge charges o.f eicctricrîy, appears to have bien

accidcîîtaiiy discovercd by tCuireus, a pujil of Mu-
ciîerbroeck, of Leyderi, about 174i. Cunti.i 's ritjtcnmpting tu eiescirify %vater which w-as contained in a
phial helM in his haîîd, tho connrectiozi betwven ire
eicectric macine and the 'vater bi.mng nmade by si nail

1Wich. passeît tirrouglr the cork. On xuuchiý he madil
jvt wtirhii otirer ind alter ciiarging tiru w..tcr, lie expeo-
riencd a severe ck. Thoi pre.sent forra of tirs! Ley-
don Jar ie dite tu Sir Williamî Wartzon, whio entuneizt-
cd the garni of tic co flurd tireory of electricity as
i10w lielmd.

lu Jane, 1752, Frarnklin succecded in csîlec1in*;
aeiectricity front tirunder clouds by inine of his kite.
In Arîgîrt, 175~3. 1>rofeussur Riciînan, of St. l>terzl
barg, -Sàs kiilled by dischltrge fr-ont an iron rod iwhirh
lie liail erccted to cuîilect eiectricîty fr-ont tire clouds.

Çantons, in 17.53, found that griaind glass received
resinous eiectricity wr-ion ruhbcd with flannel, and t1i4tt
gcneraliy tire character of tire electrification depends
on the natures of tire rubbcr as 'vell as of tire body
rubbed.
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Synimer eniunciRted the two-fluid theory of electri-
city, maintairring tiret thrr are two electrie Iltuids,

hircli wvhon present in equal quantities neutralisa ono
itnotlifr, arnd that a body positively electrified lira an
excess of positive or vitreous eioctricity, whic a body
is negatively cicctrified because it bas an excess of
negative or resinous eiectricity.

Cavendish and UEpinus indepcrndentiy coinpiehtd
tire onc.fluid theory of Fraukiin, and Cavendishr show-
pà d.lat electricity bohaves in rrrany respects likue a
perfcctiy incoinprelrensible fluid. Hie compared the
resistauce offercd by different conductors to the flowv
of uicctricity, aud. obtained rcsuit.s which ivere .,tun-
rihingiy accuratc, corrsiduring the apparatris ha cinr-
plioyed. Ife measured resistance by cornparing the
shiocks whici hie experienced on discharging- a Lrryden
jai through bis own body. Cavendish al.,o e;tîbish. J
tire liai that the attraction or repulsion excrtedl be-
tween tu-o charges of electricity varies inversoly as the
square of the distance iretween thom, by the most
currcir.sivo experirrîcut îvith wbich %vu are acquamntcd.

In 1790 Garlvani discovered the inutcul.rr cuntrre-
tions produccd in a frog's legs wblen dissirîiar nretais
aire put in contact witir the sciatic norve and gastro-
encînius muscla aud thon ruade te torrch orre another.
Volta in 1800 constructed tie Voltaii pile, and in 180d
Davy obtainod tire uretals of the aikalies by electrolysis.

In 18'20 Oersted discovered tira efrects of an oiectric
carient on a irigriet, and thus inventcd the gAlvanu-
nîcter . and immcdiatciy afterivards Ampère developcdl
the laVVs Of elCCtro.înag-netiC action by a simple but
complot@ set of exporiments; wbich have net sinice been
inrpluvcd upoin. [n thre sane Near in whichi Oeraited
rmade bis discovery Arago aud Davy independeîrtly
discovercd the poiver of an electrie current ta magne-
tise irorr,and tirus providod us with the electro-magnet.

Tro rrvoid tire loss of power due to I)olariafioiz
wrich was experienced. iu thre aider batteries, Danidl

in 1836 invcrrted tire constant baLLer-y known by bis
nairne, and this battery continues tire most constant of
qny which have found their way into general use.
Grove'e battcry wvas invented at the saine tiare, aud is
used where very groat currents are required. In 1840
Sîrice adopted the artifico of coating silver plates Nçith
piatinuru deposited upori theni so as to forni a rougi
Surface. This diiniielies the accumirulation of hydro-
gen, but tlues. iot prevencz iieiarzation.

lu 1833 Frnidav arrnorrcedl the iw of olectro cic-
irriczil equivalents; as ippiied ta eiectrOl3'Cis, and. thus
1îrovidecl a tuetirou cof rnsrring the lot-il arnounit of
ei.ci:ity conveycul by a current ini auv tinre. Tbis
inethudi bas recoentiy been ippiied to tire illcasur-erent
of quantiti. s of cectricity enrployed in olectrie liglitiîrg.

lu 1$22 Seebcck diecovercd tîrat wvbcn twvo drieront
rrerl~are .loitred la, a c!oeed circurit aud tho junu. ions

uurq'1.ilv bvantcd, thr- is generrliy àt eurreut. set. up)
inr the clicuit. ln 1834 Pritier slreved that wlivn a
muarenît asc fronu onre tnetal te another tire jiuction
as gn riyhe-ited %vlen the cuiront paisses in (oie

*direction. airda cooed whcrî ilar. lin tire oppositu
fdirectiî.1. :Sir WVnr Tlhonison ja 18-56 shewed ibat
wrhen a cura-ont >as-s alon- a inetril bar, tire btvin.r
, .ir ol which changes continnorasly fr-ont and ta endi,
iler-e le iii sorne cases a heatin- sud in others a cc'olii-
*llcet prtrduced, %vbii le indc pendenat of tire rt!sistanci.
ef the ba-r.

In 1827 G. S. Ohaîr enrrnciated tire ltaw of c'ectrical
re8i.4tancu wii is krrown by iris naine, aud wlrich
Mtates thuit tire currcart prorXrced ixr any coîrdîrtor ie
al waýys prupurtional Io tire eicctro-raotive force urgirrg it.

.Joule, inr 18.11, 1)ublishil tire resuit of bis investiga-
tîeuu un tire La.at geuerrrted ini conductors by tire paes-
ageo of an elQctrie cuiront, and eirowed Lirat thirenot
geénerated %vas cquivalir toL tire worli dionc by tirn bat-
tery or other -o~urte uf the crrrrent, tis s-uppiyiiig
another exarnple of tie prîruciplu of tflu cunseriation
of energy.

In 182-1 Aràago pcrformel iris celcbratcd experiment,
in wivriý bue huwekl tirat a irragnet 0uspended freely
over a rutartiiig copper duo, tended to fullow the dise
iu its rotation. Tbis wvas tire first experinrent on the
inrduction Jf crrrents, brit ils explanation remained a
niÀj-tuiý until Faraday d1lscver#,d tire indrrcton of cur-
rents ln 1831.

Faraday (1831 auJit 1832) fonnd that %vhenever the
numnber of anagrretic lirios of force passing thr-ouý. a
cuiidtittiug cir-cuit i., cliiiu-,vJ. thre ié8 an ulectrie cur-
rent iiidugetd iir tuie ciicuit. Thie i8 tire principle of
ail tire so calid dynamo or dynaîrroi-nagueto-eiectric
machines now carrpioyed in clectrie iigirting aud the
transmission of Power.

Lenz, in 1833, cniciated tie iaw knroiwn by iris
namne, wiaicir cabies us tu deduce tire direction of the
car-rent induceci i-3 any motion of coîrductors in a
riagrreti<. fieid, fror.a tihe iaws of Aurptèrc respcctiugthe
ireciranical force exer-tedl upon a conductor conveying
a cur-reut.

lI G- Maxwell puiielied Iris ciectro-niagnetia
tireury of liglît, atccrdn.g to %]ricli the saine medium
serves for tire transmission of liglît, and of ail electrie,
uragnetie, and electro-rurignetic actions.

aI M~OF 'tECiIIaXIC.%L PRIuscrt'ES.

At the threslrolci of pîrysical science we find our-
selves face to face witlr At lcast three prinîary concep-
tions, or quantities wii cannot bo dcfined in ternis
of auytlring sinrpler than tlrcînselves. lirey are time,
lengtîr, sud mass.

Eaicb of tîrese quantities. like ail othors, muet bc
messured by conîparison wvitir a unit of it.s owu kiud.
lire unit of tirno iuvariabiy atloptcd for scieutifia pur-
poses is tire second qif tiu nie-ur .eolar lime.

Tire Btritishr unit of lengtir is thre imperial standard
yard. One third of ti le eartir, or tire foot, ie tire unit
,gciicraily enîiployeui by erîgiarcers. Tire aretrie unit of
lengtir is the irretre, wirich is sulrdivided inta 10 dcci-
met-es, 100 centimetres, aud 1,000 nîillimetres. The
centinretre je tire unit of iengtlr gecer-ally sulopted by
electric-iiirs. Tire nîctre le equral ta 39-370432 Englisi
incires, arnd tire centirnetre la tirerefore equal ta
-39370432 inrch, or nesarly -)3281 of a foot. A couti-
uretre îîîay bu rougliy regar-ed as about two-fifti of
air inrchr, aud tihe milliinetre is about 1 25ti of in inch.

The Britisi unit of mass is tire imperiai standard
poîrnd avoir-dupoids. Tire etairdard itsolf je a mass of
piatium, aud le deefined by tire Act %lrich gave it au-
tiîority as tire only standard of frciqh1. It ie clear,
however, tiîst tire abject of autlrorizirig a standard for
commrercial purposes le to pr-avide a unit in terme of
whicir quantitice of materl xay ho measured, %ad il,
is an accident thnat weigirt is geuerally takcen advantage
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cf for making the comparison. The pound eught,
therofore, to be regarded as the unit of mass, not of
weight. This is further indicated by the fact that the
weight cf a pound je different in difftjrent latitudes
and at difl'erent altitudes, whilo it8 mass romains inva-
riable, so that if a niaterial standard -%ers adopted as
a unit cf weiglit, that ie, of force, it would have to be
varied whenever it is moved from place to place, and
would only romain the standard se long as it le kept
in the same place.

The metrie unit of mass je the kilogramme, but the
gramme, which je one thousandth of the kilogramme,
is the unit generally adopted for sciontiflo purposes.
The gramme is approxîmatoly equal toi the mass of a
cubie centimetre, of distilled water at the temperature
corresponding to îts maximum density. It is equal
to about 15-43234874 graine, or -0022046212 lb. avoir-
dupois.

Every person je supposed te be provided witb the
requisite means for measuring time, leng,,th, and mass,
and when the measurement of any other physical
quantity can bo reduced to the determination of these
three fundamental quantities, it may be rogarded as
completed, at lsast theoretically. When any quantity
ie meesured in terme cf the fundameutal units of time,
length, and mass cnly, it le 8aid to be expressed in
absolitde measure. It will be one of eut objecte iu theso
lectures te show that ail electrical quantitice may be
expressed in termes cf the second, the centimetre, and
the gramme, or in terme of any other set of fundamen-
tai nitis. The system, wvhich is based on the ceuti-
mette, gramme, aud second, je called the C.G.S. aystem
of units.

Geometry je the science which deals with pure
space. If -%ve consider space and time together 'we
enter on the subject cf kinsmatics. When we lire-
ducs the notion of mass as weli as space and time we
have dynamice. Thus dynamice muet be regarded as
the basis cf aIl physical science.

Except when etbsrwise stated, we shall confine aur-
selves to the nuits cf the C.G.S. systemn and the prac.
ticai unita derived frcm them.

DE'. Velocity le the degree cf quickness 'with
which anything le moviug. The unit cf velocity is
the velocity of a point which traverse the unit cf
length in tne unit cf time. Ilence eut unit of velocity
iviI1 ba a centimetre per second. The xnse,ure cf the
velocity cf suy point mcving uuiformly wll thon be
equal to the number of centimetres passed over by it
in the course cf a second.

Dsr. Acceleraticu le the rate cf iorase cf velcci-
ty. The unit cM acceleratiou ia that cf a point who8e
velocity le increased by unity in the unit cf tine, or
by cons centimetre per second ln aci second, se that
the masure cf a unifotma acceletation le equal te the
nuxaber cf umits cf vseocity added in the unit cf time.

])Er. The momentua cf a body le the product cf
its mase sud ils velocity. The C.G.S. unit cf momen-
tum la that cf a gramme moving aI the rate cf a cenli-
mette pet meond.

When we pass from the consideration cf pure km..-
malics te Ibat cf the motion cf matetiai bodies, we
muet hae recoure te observation and erperiment.
Newton summed up the. restilta cf such observations
and experimenta lu tbree brief statements, called the
Utc of Motion. These, like cther physical laws,

muet be regarded siniply as concise statemnta cf the
tesulta cf experionce.

L.iw I. À body under t)oe action of no externai force
toiZ rentain at rest or continue o i ove uniformly
in a straight Uine.

Rence we deduce the definition ef force, viz.
Force le that which changes or tends to chunge a

body'a 8tale cf rost or motion.
T[ho firet, law cf motion thue furniehes8 a qualit ative

defluition cf force. The second law givesits quantitave
moasuro.

LAw Il. Rate of change of ,norentumn is propor-
tional Io the impilresscd force, and lakes place- ine
lie direction in ichicL thcd force «c.

A force le, therofors, proporlional te the change cf
momenlum, it produces in the unit cf lime. If we
take as unit force that force which produces the unit
cf momenlum in the unit cf lime, tics measure cf any
force will bo equai to the numbor cf nits cf momen-
tumn Nhich it gencrates in the unit cf timej. The C.G.
S. unit cf force je that force which acting on a gramme
fot a second produces lu il a velocity cf a cenlimetre
pet second, and le ealled a dyne.

DEp. A force le said te de work wlîen it inoves ils
point cf application iu ita cwn direction, or an agent
le s.aid to do work wheu il overcomes reelatauce.

The work doue ie proportional te the product cf the
force and the distance through which. ils moves its
point cf application in ils own direction, or propcr-
tional te the produet of the resistance cvetcome aud
the distance througli whiclc il je overcorne. If the
force set vertically, aud the body bo nioved aloug an
incline, iu estimating the work doue we muet measure
only the vertical height through -%vhieh th. body la
raiseci or falis, and generally, in whatever direction
the force acta, the dispiacement muet be msasured in
ltat direction. If the body moves in the senie in
'which the force acta, Nvork is doue by thec force, but if
it be made te move ilu the opposite senisé, wvork is dons
againet the force. The unit cf work le the wcrk dons
by the unit cf force lu moving its point cf application
over the unit cf length. The C.G.S. unit cf wotk la
the wvork doue by a dyne in moving ite point cf appli-
cation over a centimetre, and le called au erg.

Tics weight cf somo particular body, such as the
unit cf msse, le sometimes takeon as the unit cf force,
aud la called a gravitation unit. Thre objection te such
a unit is Ibat it varies lu différent localities, being
about one-haif pet cent, leus near the equator thau,
near the polos If the weight cf a pound be taken as
the unit cf force, the unit cf work will be the work
dons in lifting a pound one foot high against grapiy,
and tis is called a foot-pouud. It la equal to about
13,560,000 ergs.

D»w. The poiver cf in agent is the rate ai whil'Jc
il can wcrk. The unit cf power la tirai cf an agent
iwhich cau do tho unit cf work ini the unit cf lime.
The C.G.S. unit of powror la that of an agent which
cau do ouea . n n eonaan erg per eue n
le the C.G.S. unit rate cf doiug work.

Dm'. An agent which cen perform 33,000 foot-
pounds cf work lu one minute, or 550 foot-ponuda lu
oe second, je said t e ocf one horse-lpower. The
horse-power is equal to about 7,458,000,000 C.G.S.
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units of power. 'Ihus, an agent of one horse power
cati do 7,458,000,000 ergs per second, and wvo cani
always dctermine the HA)-. at wvlichi any agent is
wvothking by dividing the nuinhoer of ergs donc in a
second by 7,458,000,000, or, with 8uficiont accuracy
for niost purposes, by dividing by 7,460,000j,000.
Tho rate of doing work equivalent to 10,UUU,uou ergs
per second is calledl a wvatt.

(Te bce Coetiizned.)

THE ADMIXTURE 0F LESS VALUABLE ENGREDIENTS
WITH PORTLAND CEMENT.

(Transacion of lite GCrrnait .svciation of Cemncitt mz>rs,
XIarch, 1Sb3.

It bla lie( I n1erendy laid down as a proposition, nt a lare-
viens mseeting of the Associationî, that the sale tif c'-nu'nt
contsiniiig an adiatîxture of foreign ingredients, added lifter
the l.nrning, was a fraud on thi. censunaar, la.avisig out of tite
questiriii how fat the quality nf tIse cenient w%%s inis.aited by
such additions. A large numaber of mnakers lait agreed ta this
decisicît îtlaûnigh otheis, secretly or opeaily, rcsisted it>, and
stops wcre taken te enterae is general acceeptalice îhransghout
the trada.. Apart fions tlie moral ceiisideratioîas of fair déal-
iaig. the authorities of the Association fa-lt houid ta ilasesaigafe
whiettier or net the addition of silicates, Rrouud sltag, and otiier
iiiateriial-, hua an injurions effect on Portlanad cesinsn, and
they tierefore caîised enquiry te be iaad. as follovs -- (a)>
Cotàceriiieg the Influence on1 Uic quality cf tlio cenlient of %nit
additions beiîîg miade during or afrer tlio bniging; anal (b)
Tite discoveiy of seule simple tests te iiidicate uis certaitity
the existenîceocf inipurities ii tlie cenielit. Vaionas îieîibera
of the Ai.secîation conducteti experingents bearitig up)oii tlieq
poings, issat bornea tf tie resuits laid lefore the niettiiig scere (f
ngundi imiportance. Mr. l)yrkeraof' undertook th., follewiiig
tests ta ,erove the influence of varions nanitaires alpuli the qua-
lîtv of sitel cetaiett:-(a) Ait examntioel of ti-e iticigtil of
pure teillenti, aiid et .eiîieiit naixed wvitfi p)owderetl shig. lignje-
stale, lime nuitl fie( said. (b) 0f iiiixturtesef sl:ackerd lune .uad
sana, ta whli 1îo'deled slusg, tins., assît Ililir.sarsile 'scias
aaiaie.i. (c> 0f miixtures of ceiniit 'sali irass anda ultrlnarine.
(d) 0f cernenît lîîîîe.nîortar, wlie tlîe cernenit is fire or miàxte
with 1anwîered àlaag. Tables arc givsua cf the breaknzg weiglits
of ttst briquettes of sansples of these aiffient inixtures. ii var-
ions lîrolortiauis; tie tests 'sere mnîy in:îde iafter teîy
eiglit dçi3ye, but sottie snngples wçeîa kept for baîf a vear befiure
beiiig brokpn. Tite genatral rti-sulîs pîroved thot, %çitli the sole
exception of uttrasiurîîîe, ail sucli additiont te Portland cernent
iijiayired its stren.-tli.

Otiier iiive...igatioiîs of a suiiilar niature' 'ers uidertaken by
Dis. l}tu.zig aîîd Dtlbrtitek, sudMaessrs. Beriioully anal Ile3 si,
la,-. lluizog îiiaae ttirce àeria-s et a.xlrrilieiats ; Ille f'ist iln-
tesidtd te dviisoiiFtraîe tlie .-lfert ùf va, titt% pîroportionîs of po's-
dered slsg, site secArid thea inifluenice of plasier if Paris ipoî
mixtures of cernent and gruuiI slaag. aiid tic hliiil the-.ail
relations wlaich exist betweeîi the grouina bl.ag aîid thei 1)1..%t. r.
Front tlie first seneps of experimsents hie arrived at aiiailar coni-
clusionîs go those cf Dyckerhoil; naguely, that ail additionis cf
grusud sl8,g are itajuriois to the stretigth of the ceinent, alla
tîmat the relluctionl in stretigtli is dira-ctly îaroportionate ini tîte
anicount cf alag ena1 loyed. 'l'i, restait et thte second taries cf
tests pioveul tlîat the ;dditioti of plasbter cf Paris iiuprovcal the
qaiv of ctelit inixed withb lag, but tîtat UIl anbetîuitw'liichi
conlîl be.50 used with "afety varicd 'sitl encli partictilar mix-
tugre, and tlîat a unaxignin lirnit w-s eotin reaclied. Tites
tliird set of P'xperiiii.-ils iiidicaî.'d tlaat iii eider te obtain te
belit remiîts, tîe alzicuit of plaster ued must a- Pîroportioni-
ately increased iin accordauice, witîi thse qnliîtity cf greuaad ss

t e xeiet unalertnkeii by Dr. Delbrsieck pruved tlîat
rheasults cf utac adunixturte cf f oreigit iiigredceits dependcd

tnaitily aoi the fissent ss with whlich tîte ceinti 'sas gronîid, or
the extesit ta whiclî tîîe added. maturiad lent itself Iii ioprovos
the nacre phlysical qualitirs of the mîixture, in point of isaîhe-
gsin d colacsion. If to a Celaient, wlaich is a îîîixanre, in cer-
tain proportionas, cf fane and coarste particla-s, a foreigus niatcrial
in a ver fine ,tate cf subdivisien Pa sdded, the reisif t niay be,
owing ta the mrre conuplete filliuag np o'f the interstices brtwrea
tic cenent paitîcics, tîzat a dcutscr, aud tliereforil a stronger,

mortar is foransed. Tiiis points to the filct that normal sand,
or one front whIicli ail thlssaer grainla]lave licou remoeod, is
likcly to give iaireliable resa.lts 'sheu enspîeyed wvitli adulttr.
stied cen-sts. Pions a atestai set ai testî Dr. DeLbrneck isreveil
tîtat a tmixtureocf finely.îaawdered slsg liad ai corresponding
e1ffet oaa the cernent esortsr ta tlaat wlaicli wanld result from tie
addition te tua- iortar of ait iiacreased ameenait of sand ; and
the saine lield igoci 'sith other materials ubed fur degrading tlae
celaient. Mr. l3otiraolly arrived ait identical conclusionis fraie
a set cf iiideppnadeîit tests, andl ho fona alsa that jalaster cf
lPanis liait a lîciefacial effect. lie noticed tiat the ceient te
'sIicla greaigtl slag liait heurn added requireal mort, than the
standard volumet of 10 lier cent, cf 'sater on niaking fromt it
tîte nornial test- brîqtte ttes. b1r. Ileyn's exiberianents 'sere
îîartly faveairable, jîaraly adverse ta tue additiont cf 8lag; tlîey
tetidad ta prove tiat particular qatalities cf gratia slag liaid,
iii soîaae case.4, a belieficial effect on certain kinds cf Cernent.
Mr. Blasakeîastein uîcintel cîtt tlaat nmixtures cf cesent and
îîowdereul sîag gave bail ra-sulta ien usea for stttcco. lis addi-
tien te the facts adverse te adulteratioti, the. instances in favor
of tiais pracedure are iiotica.d. oe tirais have, tiaey state, for
yeirs bleîîded tlîair ceaiait 'sith certain qaaantities cf seleu.ed
silicate of lignte sud otîter nainerais, wiah tIti effect of consider.
ably imapraving its strengtii.

wita respect te tlae ilavestigation cf muethods for detectiîîg -teuste of nsdlteratiiag inaterials, l>r. Sclauwanun states that th.
speciiic gravity of gensiie, pure Portland cernenit never sînks
blaehs 3-11 wfaereas,, oat cf ses'enteeli adnulterated cements ex-
aigned by laina, îlot oua, attatiîed ta titis ainontat. assny plans
wvere lareseaitea te tîte satlarities fer ascerteiîîig the presence
of grouaad biath qunatitati%,iiv aud qnalitiatively, tant they
aleanied it expeaaieîit t0 seita :iolat tlacir putb.licationi, as if simple
îinanqîi %er- poiti !*ý-r iiidtenîiig the existence cf titis clats
cf aalilterints, f:.andulênt: aufacturers would îîierely be ils.
duceaf te -ik for etîter niaterials for sophlisticationi. It camse
ta t)zý kiiewla-alga.of te meeting tîtat rilalacration was notonly
sanala'rtacesa ly the buaafa'ares at tfaat tIte nitddlemen andl
dealers 'sero aise anqwerable ter tbis practice. aiad titat in
sorto cases samsples cf cenien;- liad been met 'sith which con-
taîned:, lie Icas than 5(s pier cent. of fareign inigredients. As
tbe result af tha' debate, the follesving six articles 'sere adopteai
by the meeting :

1. Portland cernent is a nîsterial. resnlting front an intimnato
admixtnre cf line and dlay, as its eseiatial. coinsaents, cal-
cini ta inicipient vitrificationt and reduceal te a fane powder.

1). Every prednct formeal in a diîfférent 'say, or te wlaicb fer-
cigîl iuîgredieîîts are adalea during or aftcr the calcination, is
not to bie coaasadered as Portland cernent. This is uiet, hew-
ever te excînde the addlitian cf net miore thuan 2 pier cent., cf
plaster cf Paris.

3. Tite sale of cenients, cantainiîg ne admixture of foreigs
fureige misterisîs, uîîdcr the de.ignation cf Portland cernent is
tlierefora ta lie censidereal as a frauda an tlae consumser.

4. Goed Portlanîd cemcîît is net inàproveal by thse adansixture
of foreige iusgredients ; asq, for instansce, silicates cf lime (jVew-
dereal blast furnece slag, c.,trama, greund cfay.slîalcs, lime.
atonesQ, kc.

But even if, iui certain cases, it 'sere passible ta adduce re-
sult-a 'shoiviaag tlîat as ipravelieîat coulal lie cfrected by sncb
mixtures, tIse maanufacturer ia stat tau ba allowed ta adapt thes,
bt-cause tîte coiisuaiaer liaî uie misn cf se far clacckigig thse
amenait anad te qîsality cf sucit additionis as ta be able ta pros.
tect himselfangaiîîst abuqes.

5. Evcry addition ta tîte ceoenît is te bis regardcd as the
comminencemeint cf its emaployainît for mertar, anad can therefore
tiever be cansialereal ta lac tîte businecss cf tlac manufacturer, but
rnnst ba undrtaken by the consumer.

6. As Il nîormîal test, lit tlae period %çlheii it 'sas adoptcd,
%vas intradsîced for tme we-tiaag of Portland cesejî, unimixcd
'sitît foreîgu ingreuficats, .and, as tlîc specufie ctaaracter cf Port-
land celsient is claaîigett by snch muixtures, tlîe normal tests
c.sîiîit bc emîls-ytal for the comîtargsen cf adulterated 'sith
neiaixeal or paure ccuaîets-2r. lIas, C. E. R

THE COLOURED CURTAIN INi TEE ETE.
ity WILIAM à%CKI10YD.

Thisn rii<g lîke ctirtaiai iaî tlîe eyp, c grcy, green, bluish.grees,
brw. n ther celonne, ia eue anion gtIse very miany re-

marl,-lle- ceiitrivsinces af the organic werfl. Tite eye canne?
lacîir too nimîcl liglît eaareriiîg imito il, end. tlae colourtil curtain1
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tio regalaites its nwiî ruiverneaits that. tue rnuch liglit cannat
enter the oye. The dark circulear aperture in the centre, known
lis the paipil, is consequontly for ever riltering its si.e ; on a
brighit suîîsbitjy day, out in the opena, it rnay he only the size
of a pîni's bîad, but at night, wlîeî there is no liglit stronger
titan starlight, it in eveii bigger than a peu.

This colotired ring curtalin i fixed at its outer edge, and ia
luer edge expaîîds or contracts so reudily îand, apparoîitly, se
ca.siI.,, îîreerviiig its circular outiue ail the while, tuait it as
ijute provking ta the inventer, wlîo bas been trying ta iuvent

ioaie "stops" or "diaphragus " for ycars, and after al
lis labour cannot eveia approtach it in perfection, and bis des-
pair in comapleo wl'en hie leatres that; the mavements of tii
ey e- urt&i arc autoutatie ami quite iiadeîs.r.dent, of the wviil.

It is unlike the oprdinary window.blinal, vwbich, is generaliy
af a rectangialar shape, and is drawn Up) or let clown according

1ta tuoeaniouuît of light enteriiig the maont. The eye.curtain
ior iris is of ring.ahapc, and î'ossesscs a wonrlerfui power of ex-
, ialiding itself so as ta dimiiiisli the tires of the pupil, and of
jslîraîking i, 80 as te enlarge the ares ai the pupil. Its move.
ments aaaay be watcbed in a variety af ways, soute of whicbi we
shial describe.

Tite commun way af watclîîng the mavenients of the iris is ta
regard it closily in a lookin ls while theo anionut of iight
eîîîeriug the eye is variî'd. Place yourself before a lookîng.
glass and witlî ycaar face ta thia wîa'dow. Probaby the iriq will
be expaudad, .aud therv wvill ouiy bc a vvry sui openn.îg or

1 uî in the centre. lNo% b4ut acie cye saiddeimy, while nar-
,.,,,Y watciiig the other iin the glass ail the tinte. At the
mîoment the liîgli is cut ail' raîn anc eye, the iris oi the ather
contracts or is drawm it su ss ta enlaîrge the pupil. This hoaws
thiat tîmere is a reînarkable indepeîîdenca betweeu the curtain
af the twa eyes, as vieli as iliat tlmey lire silfectcd by vari.îtioîîs
in the quautîty of lighit i.îllîug au1 thena.

Ilerlialîs aîe ai the naast iîîteae.,ting ways ai watcbin. the
nioveiîaetsL of tlîese syipatlietie eye.curtaîiis is c.ne wbicli inay
ha falloved while you are ont wvalkitng on the streets tliese dark
wiîîter niglit>. A gas lamp soen at a distance is coipar.îtively
speakiîîg, a point of ligbe, withi bars of liffht éianating fraint
it in iany dircelions. Tîjase bars, wlîîchm give the peculiar
spoked aiuîpearnuce ta a star, aire roably ioriiied by opuicali
defects of the )ans wiuai thie eye, or lby tuie tear.lluid aot the
exterior surlace ai Ille oye, or'by a couibiîîation oi ail these
causes. Buo that as it îîaay, tie ieîmgthi of the blîakes ai ligbt
re limited by the iiimîer inargin of tlao eye curtaîîî ; il the cur.

tain bu drawv up, theon tie 8pokes arc long ; if the curtain be
let dastia, or, in atmar wards, if the pupil bie very amali anî!
contrac:ed, tben anc caîmnat sen any spokes at ail." lice, as
1 look ait a distant gas.light, with its radiatiîîg galdeiî aîî>kes,
1 ana looking at saînethlîig wbich will give nie il sure indication
aifsimy Iliovaînauts ai theo eye-ciirtaiiis. 1 strike a maatch,
itnd elle%%- its liglit ta fall juta thîe tyes ; the spokes ai the dis.
utant gas-lanil. bitve raîreated itato the point of flaine as il by
masgiec; as 1 take the buruiîîg away front belare rny eyes, the
spokes i the gas.lanip veniture forth again. Vie exîerîaneî.t
aîîay be utilized ta sec how nauchli ,bt in required ta niave tbeiwliîîdaw.curtalins ai the eveâ. Supposa Yen are woalking tow.uds
à couple ofigs.lamps, A and B ; 8 about fiity yards belimmd A.
Tlit.ii, il you steadfustly look ait B and at the goldea i pokes

liwîc soluitue light of A içil i lîjve yuur tres. As yan graluiîlly
Iappiaci A you cole ut last ta à& leo!itioîî wbere ira iigbt ia
stîung enaugli tui niake ii spukes ai B begini ta slaortvii ; a
little asearer sti11 aud tlîoy -itisti 7.îtogether. 1 bave fouîîd
t1îit abaut a thiard ai tie lîgmît wbicti as coaipetent ta con-
tract the pupai very nîaîkaed.y wilservu tacouiiîîerîce its Maove-

A Nmtw Pmato'»imTi.-Sir Johnî Conroy bas devisaed an
1iînpraveiaeut an Rtiacliîu*i plîntoineter. The wlitaned. sercenai
1arc e alanger pilacd se as ta itiîeet an a line anîd fori a cla'cil

1 angle. Oiî o jepcts beyoiad the otiaur, anîd thme eyc secs tho
1 iiasde of the îlroiectung part, aînd the ounsde ai uhe part ai the
;otlîcr scrceîî wlîîcl in iucliîîed ta iu. The~ liglît ai twa sonrces
iplaced on eîtlîar f1do ai the 8crocaîs iiluitiaatos balla animaes
ta an equal îhrgree, wlîich as toid hîy tlic to. A blackeîîod box
encloses bath secilcs. Tho results wonld serai ta show that
Ibis; way of arranging the bcrccns ts prcttrsble ta the oad plan.

FACULTY 0F APPLTED SCIENCE, McC*!LL
UNIVERSITY.

SEFSSION 1883-84.
The Matriculation examitiations in Applied Science

hava rcsulted in the admiesion af an uiaustiaally largo
atunîher of student8 La Engiiering and 1'ractical
Chéinistry. 0f the 63 studeuts now in tho IFaculty, a
considorable proportion are fraun various parts of On-
tario and tao Maritimne Provinces, a gratifyiug proof
that titis F.îittv is in no danger aif losing its reputa-
tiun as the leading Engineering S3chool of Canada.

Tho $50 Exhibition for Applied Mâechanica 'vas
awarded tai C. B3. Smnitha, fourth year. The uaathîma.
tical prizes for students af tho second, third, and
fourth yoars were auwarded respectively to J. G. G.
lCerry, H. V. Thompson, and C. B. Smith. In the
exauninations fur second aui foturth year pzizes A. W.
Strong, and David Ogilvy deserve particular mention
as having- obtained marks -.vtih %vere but littie below
those of the iineni of thme prizes. The competitian
for the Scott Exhibition af $66 also very closa and
the decision of the exanainars wvili be madeu known ini
a fcwv da3 an. Thte Jetiroy Burland Elihibiton will also
be awatrded slmortly.

Te Dm-rnMiN TUE 11EATINO POWERa OF~ COAL.-In de-
terminiag the beating pawer of citai and athar caombustibles,
sai apparatuls is naw eanplayad, consisting ai a cyiidricai ves-
sel ai copper, pnnctnred. belaw with nurnarons siil bales exil
ta the top aif wbicb is attached a hoilaw tube of thme aine
mnsterial, ciased with a stop cock ; a saii vessai ai the saine
formi ta cautsin the aterials, andl a basal piece iu whicb ta
fit it. ii, practicea sweighed portion ai the finaly îowderd
combustible, is înitimately muxel in the anortar with a certain
quantity ai nitrate sud chîlorate ai Potasse, andl this nMixtura is
next placeal in the sanali coppar cylinder, andl ignitad with a
fuse ai known dinmensionas. Bafare the combustion place,
the outer cylinder as slid dawn aver it, baing helal tisera by

piagatfaclîad, ta the basai piace, the whoie cantrivance

bei.n, than piuaged into avessai cantaining aqusntityoaiwater
ai uawn temperature. TVie combustion soon sets in, cin-

rtiuini with vigar until tise materiai bas burned completaiy
ont. The instsant the combustion bas ceasad, the st01> cock in
the tuba is turneal, sud the water aliawad te enter the air
cbamaber, ta cool clown the heated interior; the temperature ai
the water is now observed. Froan thase data it iii easy ta cal-
cualata the resiits, making allowance for tbo siiglst losa occa-
sioraed by the impossibiliry of bringing the appîrtas back t0
ils fîrst teinpFPrature.-owing totha increasedltamperatnre of the
water-and the ver smail lossasq by raiation andl conductian.

low ro ItE.caG;N.zp GooD Waaon.-taukine says that there
are certain appearsauces ciaracteristic ai g00d sraod, ta what

class soever it belongs. lu the saine species ai waod that
Speciniený NNili in geaicral he the sttongest sud Moast durable
wýhicb lias gaawn the sloweaît, as shown by the narrawness oi
the anaîniar rings. The cellular tissne, es sean in the niedul-
iary eays (when visible), shoulal bit bard andî compact. The
vascular or fibrous tissue shau]d alliera h'rmiy tagather, anmd
sîmoulal show nmo waoiacss nt a fresmiy cut surface ; nor sbauld
it clog the tcath ai tha saw with ioose libers. If tha waooi is
colareal, darleness ai coior ia iin gelicrai a sigil of streaagth sud
dorability. Tite fleslily cut surface ai the woad slaaald. bu firmn
and slîiîing, and, saboula hmave soaaîovbat of a transincant ap*

îaric.in wood ai a given species the heavy sibecimuens are
in genra the stwnger sud the Inore lastilig. 'Asnang tha
resualans woads, those bsviug tho ieast resima in their pores,
and anîang nobn-reinous woods Iianse which have laast saki or
guru mn thera, are ina geuicral, the strongeit aud rnast listing.
Tituber shoulîl be irea front, snch blentishes as «I'clefts," or
cracks radiatiug front the cecatar; -cuit shakes," on cracks
which partialiy, separate ane layer front another. '«upsets,"
where the libers bavo beau crir.pled by compression; 'hvwind
gails," or wounds an a layer of woo1, wvhiclah ave beeu covcrcd
sud coneaIed. by thme growth of subscqaacnt layers over them,
and holas' or spongy places in the centre or clseavberc, indi-
catimag the commencement ai decay.
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A SCALE FOR H1ARDNESS FOR METALS.
The Autlior describes a -seule ai barduesg ini use lii ile labar.

atory of tliq Tceclîîjcal iligli Sclîool at Prague, composoed ai
tlîe folloiving eîglîteen inetallie substances, srraîîged in ascend.
in- arder front t.îîe soiteet ta the leardeet.

1. Pure aoft lead.
2. Pure tin.
3. Pure liard land.
4. Pure anîîealed capper.
6. Cast fille capuier.
6. Soit beariîîg majtai (cosiper, 85 ; tin, 10; zinc, 5).
7. CaRt iron (antîealed)."
8. Fibrosîs wvrouglit iran.
9. Fine.graitîed liglît grey eaat iran.

10. Strongtlîeied cast iran (înelted with 10 pýer ceut. ai
wrought turniuîgi).

Il. Soit itîgat iran, with 0-15 per cent. carban (will nat
bardait).

1'2. Steel, wjth 0*45 per cenît. carban (not lîardenedl).
13. Steel, wjth ('96 per cenît. carban <nat liardonedt.
14. Crueibla ceet steel, harîleaed sud temipered, blue.
15. Crucible steel bardeued sud tempered, violet ta orange

yellow.
16. Crueible steel, lîardeued and terupered, straw yellow.
17. Ilard beariuîg-tuetal, copper, 83 ; zince, 17.1
18. Crubible steel, glas liard.
The test je made by drswing a cylindrical piece wjtli a coni-

cal point alaug a poljsbed surface oi the inetal ta be tested.
lu thse case described, that oi a bronze used for tlîe cross.liead
guide ai a locùmotive, the point, Miîen loaded witlî five kilo-

guais, iras îlrawu six tintas tlîrougls a distance aiS3 ceutinietre.
liîder these conditions tlîe points of the numiber belaw 5 ia

the scalle were blunted without marking the surface ; witlî
Nos. 5 and 5 nejîher point lier burftîce was nbraded ; but No. -J
wbile being sligbtly worîî ou tlîe point, bogaai ta scratch tlîe
surface. The hiardiies ws thareiore that of pure capper or
soit bronze. The absalute teusile resistauce was foutid ta bie
2051*7 kilograms lper square centimetre, wirhle tlîat ai copper
ic 1920 kîlo,,rame per square cautimetre sud tîxat ai the bronze,
No. 6, is 2300 per square centinietre, tlîuï slîowing su inti.
imate relation betweeu the strength and barduece af similar
metallie compnraida.

TiuE VALvE 0F MîcrAL. -FallaWing are the tnmes ai those
metasls valîîed at over $1,000 an avoirdupois pound, the fi-
gures given representiîig tbe value per potîud:

Vaiiadium-A white matai discovered in 1830, $10,000.
Etibdium-Ati alkaîjue mataI, so.called iroin exhibiting

dark rcd Unes iii the spectrum analysis. $9,070.
Zirconium-A mataI obtained front the nîluerals zircon and

byacinth, in tîjo forr o as black powder, $7,200.
Litliium-Au alkanine matal, the lîgitscet matai kuown,

$7,000.
Glucinum-A metal in the fan ai a grayish black pawder,

$5,400.
Çalcium-Te metallie base ai lime, $4,500.
Strontium-A maieable nietal of a yelloîvieh color. $4.200.
Terbium-Obtsined irom the minerai gadolinite, fouud in

Sweden, $4,080.
Yttrium-Discovercd in 1828, is ai a grayish black color,

sud its lustre periectly metallie, S4,0S0.
Erbiurn-A matai fonnd associatcd îvjtb yttrium, '3400.
Cerium-A mnetal af bigli specifla gravity, s gra.yish whîite

color, sud a lameilar texture, $3,400.
Didymium.-A metal fouîîd associated with cericum, 83,-

200.
lluthenions-Of a gray color. very hard sud brjttle ; extract-

dl front tlîe ores ai platiii, 82,400.
libodiuxu-of a white culer nîîd metallic lustre, sud extre-

mely liard aud britile. 1It retu ires tlîe strougeet hîat thaut eau
bc produceti hy a simd furnace for its fusion, $2,300.

Niobiuuu-Prcviously nanied columiumnn, tiret discovered in
au ore fouuid et New Londau, Coln., $2,300.

Baruni-The metallie base afibsiytù, $1.800.
Palladium-A motal discavered in 1803, and fonnd in

ver emaîl -rains, ai a steel gray calar and fibrous structure,
$1,400.

Osmuim-.ii brittie, gray-calored metal, iouud with plsti-
unim, $1,300.

Iridiuiin-Found native as an alloy îvitlî osmium in lead
gzray sales, aaîd je the bearjeet ai kuowu substances, $1,090.
-Arnerican Inv)cnWr.

IIow CELTULoîn BI1LLIARD BALLa ARE blANUrACTttllRD.
-Trhe ianUitictUre af billiard balls iroul CellUlOid and bonsi.
bite is a pecualiar iudustry, and iq, according to ant American
eonitenîporary, confined to the city oi Albany, N. Y. A large
proportion of the balls now made are of celluloid, but only for
the reason that the mnelîiuery je nat as %vell adapted to the
manufacture oi bousilate balle. Trhe time will coume, hawever,
wlsen ail balle VniIL* bo made of the latter niaterial. The cellu-
laid. which je received in large, white shooets, je firet cut inta
simai equare pleces about five..eiglithï of an iii inch in cize.
Tîxese are placcd in moulde, previotesly hieatcd by eteani ta
the proper temperature. Tliay îîre then placed iii the Ijydrau-
lic presses, aud witlî a pressure of froin 1,FOO Il). ta 2,000 Ilb.
to thiesquare inch, are rotughly nsaubled, lient being applied at
tlie qauat timo. The varions positio is oi the blocke in the
inoubi give tbe baIl the peculiar nîottled appearance wvben
fini8lied. Experimaute have beeau made by griiîdiîig the cellu-
loaid ta a powder, and using it ini that forîn, but notbing bas
auccee.ded sa well as tlîe prescrit -method. Aiter being taken
front the moulda, the balls are turned absolutely ephericai by
ail ingenious device. The praceses in the manufacture of
boneilate balle are quite difforeîît in mîuy respects. The ma-
terial je placed in the moulds in powder, and the balle, after
beiiîg rougbly pressed til, considerably larger than the requjred
eîze. are cavered with rubber and tinfoil, ta preveut tlîe mate-
rial front beiîîg injured by vrater, aîîd are thon placed under
water pressure. By means oi tbie, the balle are placed under
a pressure of fromý 3,000 lb. ta 4,000 lb. ta the equare inch.
Tho water touching the ball ut every point, aud the pressure
being eqnally transmitted, the result is a perfectly preesed
ephere, aijs the saine specifio gravty ini one epat as in an-
oller. wîitl.tit this apparatue tue aucce,,sfl manufacture of
biliards balle fromt boncîlate would bave beau imposaible. A
simple but ingeniaue coutrivance is aiea employed ta scertain
wvbeu the balle are perfectly pojsed or balanced. Tlîey are firet
weighed, aud are thoen placed in a flat disb af mercury. Thîis
subtie fluid detecte tlîe eliglîte8t shade of inaccuracy, and the
balle are put in tlîe lathe aud carrected until they are absa-
lutely true. Not auly billiard, put pool aînd bagatelle balle are
alsa tlîne made.

FFLT Ilousas.-AuI aficer in the German cavalry lins in-
ventcd a fori af traixportable dwelling, wlîîch hie considers
wiîll do mucli ta obviate the incanvenienceq af bivouacs and
the dangers ta bealcli often resulting broi tictm. Tliese baos
area made oi faIt, inipre 'gnated with substances whieb render
tlient imuierviaus ta water. Tho idea je inteudeil ta appiy spe-
cially ta bospitîl. tente sud the larger kindit ai sncb dwelliuge3.j
lu addition ta being watertight, tliese tente are cool iu bat
weathcr, and, ta samne ertent, are able ta mnoderate a severely
eold temperature. Tbey cen be packed juta a fow comîpara.
tively emaîl boxes, and ventiation is dnly pravided for. Tbey
resiet hurricanes4 better then linon tente. Tlîeir erection and
removal je very simple, and their cost je said ta be emali in
eamparieou witlî that ai linoen tente. Thev have beeu pera-
uently iîîtroduced inta the Danieli ariny. The VossisslU Zei-
Mirng sys that leadiug niedical autborities have approycd ai

Tii nîÂNî Tu.%;anE. -Le Moniteur Industriel adyjees
the parotection ai the Chianniel Tunniel by maas ai water, ce a
precaution ta be adopted at the Frtnch end, equally witlî the
Englicb, and wbich, onglît ta sectire bath nations frant any fear
afijuvasion. The systein proposed je :-A emaîl iuîteruucdiary
basin, aamewbat inland, wl i commîîuicatiau which eau be
opeued and closed betwaen the sea ou the one band snd the
tunnel on the other; a stena angine, rotary poînp, pul"Ome-
ter, etc.. for pumping the watcr iu and out. The admission
ai 176,000 gallons af water would rendier the tunnel impass-
able, without destraying tbe apparatus for illumination, taie-
graphy, etc., which it would catîtain, and could be extracted
wien the danger was aver, witlîout excessive expenditure af
time aud mouey.

SILYEIIG GLAss.-Praie.sar P.imicri lias devised al pracese
for eilveriug glass by meane ai the rcducing actijoni on the salts
ai ejîver, wlî iclî je said ta have the adIv.tutgo ai praduciug a
very brilliaut usetallic depasit. \%Vheu iuta a ammaniacal coln-
tion ai nitrate ai ejîver je poured, first a little caustie potasa,
sud then a lew draps ai glycerine, the reduction beg'n et
once; and thie action is accelerated if etbcr or aicoïai be
added ta tlîe mixture. A moderato lient sud daricuess are said
ta increase tlîe brilliaucy ai the precipitate, anad dsrkness ils.t
favours the adîsesion ta the mirrar cf the deposits.
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AN ELEGTRIC TUERMOMETEr.
M. Becquerel bas been engaged during tho %%inter ix experi.

mnt.s, the objeet Of Whichl WaS te ascertalîx -x'hetlxer sinew hand
the elfect of protectmgi tule ground froni frost. lIn c irryï.ng
ont tîxese experimenxts, lie e(l etectricity into bis service
in a uxost ingenieus rminner. Before describing his apîparatit,
%Ve May, however, stato that tho remuit of liiq experiflefti wCre
as foilows : That a covoring of snow does not proteet the oil
and seed froin freezing, but only hinders te a certain dcigree
the too extensive radiation of lieat frein the soil, aud is
coiivertc(1 irîto water at thirty.two degrees, which ilIks
jute thoe artîx and sonxiehat raises %ta temperature. Ae io,
that a henvy soit dors mote te protect the sniu aud raise
its temperature, than ever se tiiick a layer ef snow. The
experiments .vere carried ont in thp Jardin deq Planté,
Paris, and in the followîng uxalner. Two covercd wires of
unlike inetals-copper and iron-were soldered together at
baoth ends, w1hich were left uticnvered for this purpese ; other.
wiwe thcey were coveregi their wholo lengli, for the pxxrpose of
insulation, with, ptta percha and iilk. On the solder>1 onuds
of tiiese double wires bemng exposed to ditrererit tetaperatures,
a cnrrent le geuerated in Ilîsîn, anl the great>'r tlîe différente
iu temperaturcq, thse strongAr thse enrrent ; but thse cnrrent
cesses when boths are expoqed te tise saine temperature. This
olectri entrent was caused te net on a msgite ti eeî sui-
peuded se as te suave freely over a graduated circle. The
col!per wire, forîned a vertieal tramne around thse needie parallel
te lis normal direction. As lenst as bath endls of the double
wire are at the saine temperature, the ixeedie continues te
point te the uorth, beilng .iubject ouly te thse earîlx's magnat.
ismn; but as sooni as there is auy variation lu temperature, the
ucedle is aure te movo iustantly sud talcs auother position
which it will keep until seine other change of temuperature
takes place; Tise application of tiss apparatus te the mes-
sureineuteof soiI terriperaturcs %vas mnade as follows : One of
tise soldered joints was buried in the earth te a deptli at %vhicli
it was dosired te tae the teîaperature, and the otuer eud w«1s
put in a water bath at nny desircd di4tance freu the finIt. Tuie
temperature of the latter could be lucercast:d or diniiiiislied at

*lasure, snd was îîxemiired by a very sensitive thermomneter.
io ascertain the teuxperalure iîî the soit whore the other end

was butried, it xvas ouly uecessary te raise or lower the tern.
perature of the water bath antil the magnotir axeedle stood nt
zero, and then rend tise therînometer.-

NOTES ON TUlE CRIMINAL STATVISTICS
FOR THE YEAR 1880-1.

The accompanying tiblo of criminal etatisties is re-
printedl frein the blue-book recently issued by tho
Departuxont of Agriculture for the Dominion of Canada,
and seemes of suilicient importance to d.,sorve notice in
our columns, especially as tlîora are one or two points
of intoreet that its results su-gest. The qumn total of
convictions for offences, viz., 29,225, ie further sub-
divided into offences falling inti the followving
classes:

1. Off-3rnces against the porion, sucli as murdor, as.
sault, stabbing, etc., .. . .4,353.

2. Offences againet property with violence, .144

3. do. writhout violence, 2,094.
4. 'Malicious oftsnces against property, .. 499.
5. Fi.rgery and offancos against the currency, . 35.
6. Other offencos not incltzded, . . 22,100.

In clasa six, by far the larirlst count in the indict-
ment, the lîeadings are as follows

Breaches; of liquor laws,.
Vagrancy...........
Drunkennes.... .. .... .. .
Braahes of Municipal Acts and By.lav-i,
Riot and breaches of the Peace,...

1,747.
2,082.
9,575.
2,'563.
2,82L,.

It would his an interetiug point to diecover to what
extent the immoderate use of liquor is chargeable with
the offenceq regîetered, but upon this point the figures
gliven are unhappily ail but useless. It would have
been a valuable addition to the table if' tihe number of
crimes cemmitted under the tciiporciry influence of

TOT.b-.L CONVICTIONS..
RESsîFN*,CV-CitieS and TOxVns ..

F.ural Districts........
OCCCPATONS.-Aégnieultîîal ........

Commercial.........
Doiucstic...........
Industriel...........
Professionail.........
Labourers ..........

CoMMjrAî STÂT-Malzrried ........
Wictowed ...
Single .........

EDUCÂTIONAL STTUS-Illiterate..
Elemeitary.. ..
Supenior.

Usa oF Lîquoma.-Moderate ......
Inmoderate...

PL.%CE or Bla <Euglaud sud Wales
Britli s es ."1T Ireland ..........

t. Scotiand .........
Canada. ......
Uni ted States.
Foreign ...........
Otiier Brit. Possessions

IILGIoNs.-Bptists........

Churci ef England.
Mcthodists ..........
Presbyterians..........

Onîtario. 1 Quebc. Nova
Seotia.

lZew
]Bruns-
1wick.

Prince
Edwir
lslad

Britisi' I N.rV. 1TOTAL
- ~ Tcri_- OFDa

I .......-........ l.-.........- I.-.....--.-...- i -- *1. -- I -- I -I
17,110

8,572
1.481

GG3
1,091
1,167
2,432

142
.1,124
4,694

579
5,442
1,558
8,'403

144
3,838
6,879
1,370
2,432

603
5,477

754
169

16
251

4,140
1,586
1,13-,
1,268

6,430
5,115

624
163

1,821
37 2

1,133
74

1,619
2,518

411
3,349
1,944
3,919

91
2,'405
2,905

345
828
163

4,486
157
193
29

5,335
226

34
72

1,59c0
1,374

130
37

307
110
305

4f,
3ý7
461

42
1,000

415
1,078

12
1,054

451
110
133
76

1,063
42
33
44
91

764
205
50o

106

1,859
1,497

916
341

96
350

19
684
493
72

1,202
310

1,455
il

339
1,433

65
251
23

1,328
51
44
il

182
990
218
12-1
129

1,054
757
263

79
102
82

101
24

370
337

8
671
255
650
16

283
709
56

135
ci

577
137

55

16
443
261
67

il8

204
3

200
3

12
6

12
14

128
28

161
il

168
8

141
49

Io

139
15
12

5
80
il
8

331

29,225
J 7,978
3,375
1,111
3,848
1,882
'J,460

320
7,700
8,710
1,132

12,492
4,862

16,228
288

8,179
13,073
2,031
3,870

940
13,685
1,195

551
109

'668
12,159
2,629
1,485
1,824

................... ..
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liquor had been incl'ided. Upnthis point, however,
it feaitent.

It lim often boën attemptefi to prove by atatistica
the influence of education upon crime, but here again
sny eonclusion muet be misleading. Thoae possessed
of merely etementary education-a very vague torm-
would naturslly be the greater proportion of the popu-
Idtion, and we have no statitics with which to compare
th. present ligures under this head. But besides thfs,
it is a notorfoua fact that a preponderating share of the
offenees committod by persons of cotnparatively high
oducationai statue, such s onbezztement, breacli of
trust, etc., neyer find a plaee among the total of con-
victions, as they are compromiaed, by lawyers, or trial
in evaded by fliglit. It ie more instructive to compare
the. présent atatistica with thé figures given by thé tata
cousus (1880.81). ]3y comparing theso together we
arrive at the fottowing resuita :

1. The proportion of criminat offences to population,
*xpreaed in porcentagée:

Ontario .

Nova Scotia
New Brunswick
Prince Edward Island
British Columbia.
Manitoba .

Territories
Dom. of Canada

.89
.47
.36
.58
.49
.91

1.51
.36
.67

W., In Quéec, ahould fel atronger grounds for con-
. tlaig ourselves on thé. comparatively low percen-

tqe o crime shown (.47) by these rosulta, if we could
ln aura that thé nimbera given ini thé canons of popu-
"aton ropreaonted thé autual nimber of résidents in
eur province, and were not awetled by absentées in
the States and otiier provinces.

2. Thé proportion of criminal offences to th. Reli-
gionçt .zpressed in porcontages :

Baptiste
]Roman Cathotica
Church of Engtand

Methodiats
Preabytoriana

0.19
0.67
0.48
0.20
0.21

3. Thé nimber of crimînal, offenees sa compared
wnt thé statistica given as to place of birth, oxpresad

in percentagea :
PLACES 0F BIRTH,

England t

Iréiani
scotland,
Cad

«United status

2.08
.81

The. total of convictions ulirougiiout the Dominion
for 1880-81 tsiz., 29,225 fa about one thouaand groater
than the. total for thé préeding year, viz., 28,209.

IR. W. B.

PiOO=DflfG8 OF 8001T1.
AMAmnrca80m or' CIvu ECXUeesMB, Le t.h. 18&-Thé

sdtmeAt8p.us,, Viée-Prosident Wm. H.Muno an the Chair,

The death of the fotiouinq easaod menahérs wus annuoed col.

sudEv.E.J. re~~i efToesi. assis.vh aiaiJul>' 213t, 1888

Milwaukee, Wie., Alexander Mitchell Mllwaaskee Wix. , . Welé;
Milwaukeo, Wis., Chas. là, Col p, ililwaukee, iVis.; E.P. Allao;
Milwaukee, Wis.;- F. dCe. larav, Vcxt'.

As ýMenhore: Aaadrow Bell. CJarillona, Canada; Heénry I. Blin,'
La Crosé, Wi.; Win. WV Card, Pittsbuargh, Pa.; Frank C. Dorée;
Rtichmondi, bad.; George Iowno, Ranwick, Sydneoy. New South Walosi
Auatrailia: iChristoisher L. ateilakc Wis., Wam. Il. Jeunlego,,
Colaînabtîs,,Objet Aihea 1). blan, jr.. St lans. e.; Daniel ticCéotl

Marutette.,NtMli.; WValusMllactParkersburg. W., Vat.; JohoL
P.O

5 
Ilanly Ottawa, ciaiait.; tUeo. IV. P'jik, San Antonio. Tex.;1

Watson WV. ltiash. St Pàtt,'.Min»t.:- l..ntrsi W. Runailett, St. Paui~
Ml»».: Eutsvîrd II. Williamsc, Phlîadeiétas Pet.
As Amuleittes: Joseîah Il. Card, St. Louis. Mo.: Geo. F. Swuis,

Bostoni, 3lnsa.
As ,Tuniors: Gcorge Bl. Francis, Portlandi, Oregon - Alfredi IV. Trot.

ter New York City. Fred. N. Walaori, Prinîceton, N. J.: -. Hrbert M.ý
Wilson, New York City.

A latter by James L. Raandotph, tooaor of flhc Society, andi Ch.
Eeg. Blt sud Ohijo IL. IL. pleu "'Vi'brattion. nr tlie Ettéot of Passing

Trains on Ironi Bridgea. 5laasoury ana otiier Structures" waa then
rend. Mr. Ranidoliah refera to thic fîtt that douhte-traaîk bridiges are
mnoved in thé diretion osf IsasouX traJii, anti airet couseily twistei
andi sarain are aroducéd a ot jsroviîted for. AtI tat cattie stops 4

opeon cailvorts whitré but of roitito work havxe thé walls shakea te
pièces by vibration.

Tue rcnaedy lie lias Suîppti for these caltis an.ad stopas bas keos

tiail, thîn btridgo laiera atual aehatnaeats osa wlaic irsa lîrid»a's rest bave
tbéir stoaae eu nttoie disarraageal iay vibratien as te ausito it aieéesssry

te accore thcau wita tiasuber aud trou Straits. it»n bridges re3ting eia
aone pédesqtals.vibrato in titis assanaier, anti reueivé a réCura hulow
froua thé vibration off thé isedestial, 1artîinlariy if the pedéstat té a
liglit strucéture, hait asq thé iron sud ethé émne dIo net vibratté iu thé
sanie lîcrioda lie msatit hu imes when thé recuit ta a movieet la-
tho directiona cf thé forca. The effect, cf liais vibaration ban bée par.
ticuairly aioticeale ntt thé Ilarîiér's Ferry bridge ywtcro thére was a
méveaneo four inchios in four yen"r. After tuéingertionof piseka

hetween thé atone sud trou, this moveanut ceaseat. Wboe the miaman;
ry tif piers bia a platferm tif tituber hetacéen ils feainîation aud.sellai
Teck, ce diîpiiceatofatoasé hais heni nasicei. Mr. Rondolpheai.
tenads Chat a meîîaalith wetild hé thé be8t support, foîr structures oubjeet
te v'ibratton catusee hy étreins, bot that a mnolîitth cf tht, spécifie,
gravity cf granite would gave a dainagaug réturu htew. Tiosherwouit

asswèr tée puiorsae hait i~ rs atl. The anaterial whica te bis
opinion la nsost servaceahle is aai artificial e;tosso which ié shoot 1 thé
wü.,ief, cf granite, ta comaaasct, durable,tt.nt iviith vcry. littié eltttéty.,

Tle pausér was discuaseîl V~ MesErs. 1heedore Couper, Chas. IL,
Eméry, Y . luiden, and 1% ni. Il. Patiné.

Sept. 10ua, 1883.-Thé Society suet at 8 p.ra. Vicé-Presidént Wm:,
A. Fe lu iao li Chair, Joiogart, Secretarv

A dîscLiîssioîa bk 1Er. Dogsio ,afLnon, Correayn 1
Member cf the be:cicty " Oaa Chuc Increascae Efficicncy cf Esailays
wait renai hv thé Sécretary.

Mfr. Fox refcrred te tlic faut Chat Engliqh ratlway! managera a&M
ongiaséérs have long realizeal tisé importanés asuai cconoasy et a tises'.

oaaýglîly, su'hstaitiial rosai hai. Thé formatton w.iiths of thoir chiéE
rail Ïava are nv cmadeé 30 feet bcth iii cuttingatii absailenta for
tisé dole litis, anda very grtat catte us taf k c Cethoro!iehllr dral
Chia formnation li cuttaag b(le.thes takén éeéi orthe a
gare drain V .e nten td11 in w tis éache aide vit oth dry
material. ft alsciuasisting cf brokeai stonc, alan grav@a
coarnu sanai. burut dlay oer usités, lacnet aliovcd te hé lés Chas oe
foot ia thickne e ow thé hottes» of thé tié. Fcar linos ofet énu

aid hcavy tratl'ic. Clao buil-heaul gratté, dloohic.héadéd rail, havig
liaige Cois ncebér for wear. atsd a vcry amail httont méehber tn oui
té hé thé béat section for qtéel rails. The weetght cf thèse rails la 86
ponsis per yard. Thé chairs aire frot .1te 46 ponais eaéh sud thàé
rails are seaùurcil iu thons hy kcys of cuuaprossid pâtit. Thé -tendoné
oftflac Engtish comaslnaies las te expédite trais heth pasoenger a=t
goods notty hisar rates cf apetd but by redeoiag thé eumber of

stoppstsp. Thé traffi linos arc grsetualiy.equatdraplieinq their,
Crack, ast sensé cases thrtaaghcut, tn othero sidinseveral maies ta,
Ient. There Cs v r X e sea ling t» .ngisnd. in faveur ef ides-
tifyseg thé driver vii biséesiesfl, aud holding hlm rospoassiblé for
ils workiug. On acmée lices thé naine cf thé driver in cesspicéaesIj
attached tothe angineé. Mr. Fox forwardéd. aIse thé raivat régal..
taon cf thsé Euaiash Boara of-Tradé, whsch givcvory msinueéireétiné
in référencé te thé construction sud ruamies of railwsy.

A paper hy Mr. Wni fleward White, M. Ame. Sec 0.L1 vwums
rosai upon thé aubjéot of- iataîosai Bridgéeloa' Mr.' White ad.,
vouâtes tusidé gasard rails for- thé purusoé of prevéutiiig, tu far sà
possible, seob ersultas frète thé derailmet of vheéls.

Bis ressorts for advocatiog-Che inoidé guarairail are that he éeaastdei
thena more efficient for thé sanie height sheve thé Cie thoe thé outits.
guaird; Chat thé>' eau hé ilaeéd se as.te held thé vhet nearrthé
ral, particularîy, whéss thea use et thé ueow plougli lu condord:,

thst they ose hé nacre stréeg>' socored est the ouais f ,or the=sret,
drawiug doraiied, vheolé tevarda the railàoosto sécuro thé ite'«o
a car w hbhu geno tee far te hé satoly àrawa bacoî; Chat thé? at
more economical. Hio consialors thst thé tien should, have lv. taci"
cf oloar distance bctween thons.

Thé papors wére discussea hy Mors. Wm H. Péamo,. Coopésï
hludén sud Bégarl.

Octobér 3rd, 18M Thé Sociel> met ust 8 P.m. Dirclr Gé.. g.
Grootie jr. le thé chiair. John Borurt, Seéroteary.

Thé eiýoilegn candates were eltQ~O menahérs: - Cliaru E. IL.
CampilCeniBifa. George A. Mater, St. Psaul, MIm0L.ý

IChar ès Y~. A. Morris, St. Paul, Mien. ; Androor Leseator Owaha
Neh.:- Fissik S. Stovene, Albn W iY -,e Ry. TowméSIafori

ICons.; Frodorvice W. W&Wkus>'ow York City
The death on Sept. 2led, i, vas annuusca ef Mr. G.. D. .Aà

loy, Menabor cf thé Soclet>, City' Serveoer Montreuil Canada.
ý Chiot heinéér dealai Pétaicé
Wifrni wu&lë, tauuncd, ârémarkowvse onmde hy Mfr. ILL

a inéférencen te the epeuig emicér of 3fr. Mmtagué

UN


