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ductility and teneile strength. The facte mentioned afford an
excellent examiple ai the importance ai the physical effecte pro-
duoed b y repeated changes ai temperature. The change effected
by ane heating and cooling 1.5 so simall that a cumulative test is
the only xnethod by which a really ueefnil meeult cmn heoabtained.
If a wrought-iron bar is heated expansion takes place ; if the
'bar 1.e then suddenly cooled in water it contracte, and the
aniount ai the contraction exceeds that ai the previotie expan-
sion, 80 that the bar in now smiller than it was beforo being
heited. If these aponations are ropeated, the contraction in-
croises during many successive apemations. Thus a bar 1* in.
square by 30-05 in. long, heated ta a duli rod and cooled in'
wator, cantractod aiter firet cooling -04 in.-after l5th cooling
'68 in. or a porcentage ai 2.26 in fifteen operatiaus. That was
caxnmon iran ; the beet gave the saine degree ai contraction for
the fi-st two or three aponations, but on the l5th coing wus
found ta, have contracted only 56 in. or 1-86 per cent. aflite
length.

Simil>- bars heated to redness and allawed ta, cool in air do
flot oxhibait any change in dimensions, but if they are rîieed ta a
white heat a elight contraction doos occur. Sanie wrought-iran
hoops welded up imom bars ai the samne section as the iran eni-
ployed in the previaus experimontq yielded almost identical re-
sulte-the contraction progressing stoadily during twenty-fivo
coalings. Pieces ai wrought plate planed up into a nearly ac-
curîte ectangular formn, were thon tested, with the result that
after caoling in water a reduction of specific gravity was dis-
cavered amaunting ta 1 per cent. aiter 50 coolinge, aid 1-57 per
cent. afLer 100 ; futher heatinge and coohings not appearing ta
offect any change. A neductian ai the surface takes place alLer
omch heatlng and cooling, due ta two causes, viz., scaiing, which
amaunts ta -00057 in. reduction ai thickness miter each immer-
Rion in wîter ; an-d a persistent contraction, which. takes place
vigarously aiter each immersion up ta fifty, sud probahly ta a
Inuch greator nimber. Bulging 1.8 naticed in the case ai plates,
which thickon towards the centre, while the edges are thinned.
Professar Stokes hie explained the huigings, the scaling is weli
understood, but the contraction can ho sccounted for only on the
supposition that a molecular change in the iran occurs when the
rod-hot i-notai i suddenly coaled. Cast-iran bars, on the con-
trary, whether caoled suddenly in water or gradnally in air, ex-
pand slightly, while ciat-copper rode exhibit no change wherî
caaled iniair, but expînd slightly afLer being several tumes sud-
denl1Y cooled in wator. Sanie ai the most valibie and interest-
ing ai Mn. Wrightson's experinients wore made upon bars and
rings pamtiy immemeed only when being coaled. Froni the me-
suite recorded above, iL would ho imagined that il a thick haop,
or portion ai a hoop, were cooled hy partial immersion, the por-
tionl in the water would contrict, while that allowed ta cool in
the air would exhibit no change. Sucli a conclusion, however,
is entimeîy orraneous, for when a hoop 18 in. in diarneter, forged
ont ai iran 31 in. hi-ad by ý in. thick, was hall immersed in
water, it showed, mter twonty successive hoatinge and coalinge,
thît the watem-cooled edge had increasod 1-24 in. or 2-14 per
cent. in length, while tho mi-cooled hall hmd contracted 7-9 in.,
or 13*65 per cent., so that the hoap hmd hecome a section ai a
canle. To ascertain whether the foi-m had înything ta do with
thie curions resuit, s wrought-imon bar 3j in. deep, by ýý in. thick
by 28-4 in. long, was troated in a simili- niaineri, when the
diPPed edge was found ta elongate, while the upper edge cooled
~i air contrcted-so nauch s0 that the originaily straight bar
becamo cii-yod, the water-caolod edge bec-îming c suvex, while
that in the air became concave. Aftor the tweiith immersion
the lawer edge wme found ta, have expanded 44 in>., while the

upper had contracted P96 in. An expemiment was misa miade ta
testethe effect ai reversing the bar. A simil>- ban ta that pi-
fla(Usiy described aiter five coolinge was eurved sa that the ne-
loreed side ai iLs air-cooled edge measured 1ý in. The concave
edge was thon placed in the water, and five immersions hrought
the bar within an j in. ai the etraight, and the eleventh coaling
threw the cancavity on the ather side ai the bar.

These experiments were suhsequently mepeated in a more elaho-
'rate Manne- with steel aid wmonght-inan hoaps sctîally tumned
aid barod, and immemsed ta varying depths. The explanation
was fimnished by Col. Clark, R.E., sanie years mo, miter simili-
experimaent.s made at Wooiwich. Th, imene portion, being
quîickest cooled, is the stronger nietal, and tonds ta pull in the
UPPer part, which, hesides, contracts as iL slowly coals, 50 thît
the kxcessaofcontraction reste with the air-cooled portion. Col.
cak e(l n appean ta have noticed the expansion of the water-
aidlel edge These expeniments are unquestionahiy oi value,
honcte iL o1w»lege gsined hy them nîay ho utîiised iii the ai-te

hene itw0ul beadvisahle ta issue the tables and the diagmame,

togethier with the descriptive ruatter, in a separate form. lu
making the experiments above noticed, Mr. Wrightean's atten-
tion was naturally drawn ta the changes occurring in cet-iron
when passing from the solid ta the malten condition, and vie
versa. It je well-known that a piece of cold ciat-iran will float
upon a bath af melten cast-iron, and much hie been written ta,
account for the apparent anomaly that cant-iron which has in
cooling cantracted about 1 per cent. from the original size of the
mould in which it was cout, should, with a presumably highor
spociflo gravity than the malten metal, fiat mn the saine. The
ordinary way in which the experiment je performed is ta, take a
email piece of cald iran and throw it into a ladie of molton
metal . It einks at first, and then rises buoyantly ta, the eurface.
The aseumptian ie made that the asinking ie due only ta the
mamentuni acquirod in falling ; but the fact ie, the cold iran
sinke bocause it i.n heavier, and risee te, the surface as it becames
heated and expands-the deneity being thas diminished. Mvr.
Wrightson had spheros cast, 1 in., 2 in., 8 in., 4 in., and 5 in. in
diameter, which were lawereýd, not thrawn, into, the malten
nietal, and hie devised an instrument which registered the
arnount of sinking and af fiatation, below and aboya a lino of
equilibrium. The diagrame obtained with thie instrument
show that in every case the bail sinks when firet Iowered inoa the
metal, the duration of the sinking period boing, as a rul,
longest with the smaller balle. The autside surfaces of a bal
expanding anly to a email degree affects the volume mare in pro-
portion as its diametor is largor (the surface varying as the
square sud the volume as the cube af the diameter). Hence, as
a mule, five or six seconds nniy bo sufficient ta expand a five-incli
bail to the fioating point, while a two-inch 1>all would require a
much longer time before it would float. Thus the index, at the
moment the ball enters the metal, crasses the line af equilihrium
and sinks below it; then it mises gradually until it attains its
maximum above the line, and thon fille again as the bail nielLe
until iL reaches the lino, the foi-k and spring holding the bal
being adjusted ta remain in equilibiun. IL may be reasonahly
assumed that the diagrame read hackwards convey a correct in-
pression af the changes going on when malten iran is caoling ta
the solid. The îuould is usually made about 1 iper cent. larger
than the casting is requircd to, bo, and the metai when poured in
is always supposed ta expand ; hence the sharpness of the ini-
pressions. This expansion is marked ou the diagranis by the
quick mise ai the line between the niolten point and the point af
greatest volume. Mr-. Wrightson says that in careiuliy ob;serving
the cooling af a casting iL wiil be noticed a considerabie contrac-
tion takes place some minutes miter the iran ie pamtialiy set. A
few minutes aiter the " git " is closed and congealed there is a
sudden breaking apen af the sanie, and a sponging out of the hot
liquid froni the interiar, as thaugh the internai part had suffered
a eudden squeeze. This phenaînenon is indicated by the sudden
faîl of the line on the diagrani, and indicates in this case the
passage fi-rn the playtic ta the solid state.

WORCESTIR'8 GREAT SEWRR.
The fallowing, froni the Worcester Gazette of the 22nd af

November, gives an interestiug account of a vemy large sewer,
which has been huilt in that city at a heavy oxpense. It in in
miany respects amemarbahie engineering work. its extraordinary
fanm appears ta he due ta the tacet that it hie a large amaunt of
stanm water ta carry off in addition ta the sewerage and water af
the brook mentioned :

The section ai sewem now s0 noir completion consi8s of a
covered arch of.18 foot cpmn aud 13 feot high in the centre ; the
structure really consiste ai two walle and two arches, one of tbem
inverted, substantimlly as shawn by the above diagrani.

The side ivalîs have an inside face of 5 foot and are 5 foot in
thickness. The upper mrch spritigs fran> a beveied face noir the
top ai the wall, and hie a mise of 4 feet and a epan ai 18 foot. It
is of mough ashlar wark laid in cernent. The b7ottoni of the sewer
consiste ai an inverto 1 arch of stane and cancrote, with the siame
spant ad radius.

As there hie been caneidt'rable carrespondence of lite in rela-
tion ta the beet foi-m ai eewers, we give the above with illus-
tration, which mnay help ta elucidate the question.

TESTING CELLARS FOR DAMPNEss.-Pravide yourself with a
thernioneten, a glass tumblor filled with wator; and a piece ai
ice ; thon notice how low your thenmometer, when placed in the
tumbler, bas ta sink hefore any maigture hegine ta show itsoîf on
the outeide ai the vessel ai coid water. The lower the tempera-
ture ta which the therniameter hae ta sink before any maisture
is precipitated, the lens there is aof it in the maisture ai the collar.
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