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actly lit %viece two, surfaces izîtcrsect, as nt the juinc-
tion of the donie to the main sheli? The slicets are flot
very easily trinîniied iii this case. Figure 4 will illustratc
thic fornis, the uipper bcing the ordinary bolier and donie,
and the lover tic intersection of two circular cylinders
of cqual diameters at righit angles.

In the construction of machines, wvork has oftcn to
be laid out, hiolcs drillcd, and other operatians pcrfornîed
on picces wvIich have ta, contc togetiier exactly and fit
perfcctly, aiid whvli cannet be tr!cd and made ta, suit.
Geonietrical methods are adaptcd ta this purpose, and it
is marvellous lîow accuratcly sucli wvork cati be donc. A
siniilar example, and one perlîaps more familiar to yoti,
i3 in stonecutting. The stones are cut ta, shape and put
in place, and I iever renîmnher sceing one taken dowvn
and altered. Many examples of difficuit geomnetrical con-
struction iii stonework nîay be seen around the doorwvays
and arches iii Unîiversity College.

Fram these examples it will be seen lîaw univer-
sally geonietry is eniployed iii the nieclianical trades,
and liow necessary a knlowledge of its elcmentary prin-
ciples at lcast is ta ail artisans. Let it nat be understood,
lîowever, that it is alwvays preferable iii the practice of
the niechanic arts to eniploy theoretical geometrical
mrethods. Very often sucli is not the case, and mechani-
cal aids are ta be prcferred. Whoî ivould think, for in-
stance, of drawing a uine perpendicular to another line,.
or of finding ont if two plane surfaces wvere at right
angles by Euclid's inethod, wvlicn an accurate steel
square wvas obtainable? Wlîat wvould be tîxauglit of a
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BELL CBENTERING PUNCH.

maclîinist, %vlîo, wlien told to centre a circular shaft.
trîed ta do so by bisecting tlîe perpendicular throuigh
the mîiddlc point o! any cliord? As an example o!
inechanical nietlîods. I will describe tlîree vays in whilîi
this wvould usually be done. The bell centering punch
(Fig 5), consists of a hiollow cone wvith the punch con-
strained ta move along the axis. This answvers very %vell
if the shafting is small and noa great accuracy is required.
A second niethad is ta, make a 'mark by a centre put.jch,
as near the centre as possible, and then rotate the shîaft
b tween the lathe centres. Tt wvilI bc immediately seen
when it is accurately centrcd by thc pcriphery of *the
shaft revolving truly. If it does not run truly, the mark
is punched over to the rcquired side and again tested.
As soon as th; iaft us truly, a small hole is drilled
at the centre thus obtaincd, and this hale is couinter-
sink by a centre reanier graund ta the proper anîgle to
fit the centres. A thîird and perhaps comnioner inîeîlod
is to, place tlîe slîaft in the lathe, tlîe ordinary coitical
tail centre being replaced by wvhat is calied a square
cùntre. This lias the forin o! a square pyramid, tlîe
angle between the opposite edges being usually 600.
If tlîe slîaft is made to ratate against this square centre,
wliile its pcripliery rubs against a bar firmly fixed in thc
tool post, it is evident that, as the sharp edges of tic
centre cut intco the end of tlîe slîa!t, tlîey wiil formn a

conical liole. This ho]e wvill bc exactly in thc centre,
foi the outside of the shaft is constrained ta mnove truly.
The two, latter inethods depcnd of course on the geamet-
rical property of the invariability in length of radii of
thc saine circle.

Anothier problem continually arising is the division
of circles, or rathcr the circumfcrences of circles, into
any giveti number of equal parts. Euclid's method, by
inscribing reguilar figures, is never used in practice. It
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is too tedious, is only adapted for a feNv divisions, and
is wanting in accuracy. WMen thc division is made by
lîand, the circumference is always stepped off by trial
Nvith a pair of steel dividers wvitlî fine points. When tic
arc included by tlîe dividers becomes so, near the required
one tlîat tîte 'points catnat, be moved a small enough
distance by the adjusting screwv, the final adjustment is
made by rubbing down the proper sides of the points
on an oul stane. It is by this method that largq cast
gears, used in iii wvork, thrc or four feet in dianieter,
and six incli face, have the teetlî spaced aff regularly,
drawn to, the proper fortin, and then chipped and fiied
to suit.

As in the mcthod of centerimîg, dividing by machine
is decidedly more canvenient, accurate, and expeditiaus.
W'herever there is a nifling mac jîine, al! dividing or iii-
dexing, as it *is sometimes called, is performed by the
index lîead o! the machine. The liead of wvhicli you sec
twa views in the figure (Fig. 6), consists of a wormn
wvhcel, whlich is firmly attached to the work spindle,
whle gearing into this wormn ;heel is a worm attached
to, the spindie 0. The worm wheel lias usuallY 40
tcctlî, so0 that one revalution o! the wvorm spindle, which
lias tue crank j attached, gives i-4oth oi a revohîtion
o! the work spindle, or wvill divide a circle attached to
the Nvork spindle into 40 parts. Suppose it is wished
to divide a circle into, say, 76 parts. TMien the worma
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mxust turnl 40-76th's or lo-i9th's of a revolution.
Fastened to the side of the head (1, fig 6), concentric
with the wvormn spindie is an indexc plate (fig. 7), conL-
sisting of circles of concentric equally spaced hales into
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