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which the pin on the crank enters. To get i-76th of a
division, the pin inust evidently inove ovcr i0 spaces in
the i9-liole circle. By continuing to mnove over 10
spaces you finally divide the circle. The sectors shown
arc adjustable, and forin a guide to the space xuovcd
over, obviating the necessity of counting at every divi-
sion. Althoughi the calcillations required arc not vcry
intricrate, the tables supplieti are, I may safely say,
always uscd.

This niethod, wlien the wormn and wvheel are accuir-
attly cut, furnisies excellent results, far excclling in
speed and accuracy the ordinary stepping off process.
But if it is wvislied to gradtuate circles for astronoinical
purposes, as near accuracy as possible is requireti.
The divisions are made by a wvorm wlîcel and worm, as
before, but in this case, in the most approved form, the
worm wheel is nearlY 4 ft. ini diamctcr, and lias 4,320
tceth around the circumference, eacli tooth, tîxerefore,
rcpresenting a division of five minutes of arc. This
wheel is in the first place divided by hand and requires
the most ext.reme care, delicacy of touch, and micro-
scopical exactness.

One method of di%.iduîîg it, (lue tu Johnî Trougli-
ton, is a method o! bisection. The wlieel is very care-
fullly turned and polislied (no s&:ratches> on its edge aîîd
face, and along a fine circle draw.n on the face near the
Periphcry the divisions are laid out. Tlie radius laid
out front zero gives 6o". This arc bk.ccted andi the haîf
laid off front 6o0 gi',cs go'. The arc between 6&l and
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900 bisecteti, gives 75', and bctwceen 750 andi 900 gives
820 30', while the arc between 820 30' and g00 bîsected,
gives 86' 15'. Further, the arc betw.ecii 8-z' 30' and
860 15', trisecteti, gives 85-', whîle the arc betw.een 85O
and 860> 15', trisected, -ives 850 25'. Lastly, tlîe arc
between 850> anti 85' 25', quinquisecteti, gives 85' 20',
andti s equals 5' X 2", andi so, can be finally divideti
by continuai bisection. A very fine dot, visible anly ta
the microscope, is made at each point o! division, and the
cîrors of tliese dots are deterrninied andi tabulateti by the
aid of rcading microscopes, mnounitet on radial arms.
Finally, the teeth are rut exac'tlv nppoqitc tîe, corrected
positions o! tlîe dots by a cutter. Fig. 8 shows the
compîcteti machine. Tlîe plate A. 15 46 inclies in

diameter, and has tw.o sets of divisions, one faint on a
silver inlaid ring, andi the otlîer stronger on the gun-
nîctal. The rest of thc machiniery is for nîaking thc
scratch and turning the plate autoinatically.

Aniotiier andi very appropriate example o! Uic use
of mathenîiatics arises froml the Clitting of the teeth on1
sucli %orm Mhecls. Givcn a whicel o! giveL dianieter,
%.'itlî a given number o! tecth, finti the pitch of the
wormn, and tlie converse, given the pitchi o! the worm,
finti the diamieter of the whicel for any given number of
tcetlî. Again, given tlic pitclî and the diaineter of the
w<orni, find the angle at %wliich thîe cutter must be set iii
crdcr tlîat dtlî tccthi andi wormn na> cxactly fit. Finally,
given tlc shape o! tlîe w.orm tlîrcad, deternune tlîe fon
o! thec cutter, that tlîc whecel andi wovrm inay work
sinootlîly anît uniformly together. To salve these
problinswill *rcquire,besides arithmctic, a fairly thorougli
l<nowlcdge of geonietry and elemcntary trigonometry,
ard also a know.ledgè o! the properties of, and an ability
tu trace two plane curves, tlîe involute and the epicycloiti.

Suchi problenis are continuatly arismng in machine
work, andi altlîouglh rules aîîd tables cati bc obtained for
thîe guidance o! workmen in standard cases, other cases
are vcry likel) to arise ini %0cli original calculations
%%.illlhave to bei mate. \Vhcen sucli is tlic case, liow. much
bettcr it is tlîat tlîe w.orknian shlît be able to, under-
take tie calculations lîimself. H-e tlien lias the satisfac-
tion1 tîat always follows a problein solveti, andi more-
nvcr stands a intich, bcttcr chance o! ad&ancement than
if lie were a niere machine, able only to follow miles,
aîîd dependuîîg on tîte gutidance of tables.

It follows, froin the exaiwples that have been given,
tlhat the inatlîcnatics reqîîired in the actual performance
o! ordinary operatioîis, if the calculation is to be done
by tlîe nîcchanic, are a thoroughi know.ledge of, andi
ci.pability of applying the principles of arithmetic, a
klnowledge o! geoinctry, iîîcluding descriptive geonmctry
andc inchaical dra%'.ing, and i dknowledge o! tic ele-
niL ais o! plane trigononietry, particularly the solution
o! triangles. These seein to me to be necessary ta the
conîpreliension and intelligent performance of many
comnon operations.

I cari only, in conclusion, state my belief that>
aâhlougli nîeclianics manage ta perform, their work toler-
ably satisfactorily w.ith thleir preserit very deficient
niatlîcîiatical training, if even such a course of mathe-
mnatics as 1 have outlined coulti be imparteti ta every
artisan, both Uice quality andi quantity o! tie work proý
duced would bc considerably enlianced, aîîd also tliere
%vould restilt to tic workinan lîinisel! a very decided
aL.vaîîtage.

-The Enginecrs' Club of Torontô, at its meeting
Dec. 5th, lîcard a very intcresting paper on the Trigono-
metrical Survey of thc Dominion, by O. J. Klotz, Astrono.
nier to the Department o! the Interior, Ottaw.a. The club
then discusseti the sewage disposaI report of C. H. Rust,
city engineer, Toronto, and at tîte close o! the discussion
Prof. J. Galbraithi moveti andi E. B. Temple secondeti a
resolution w.hîich calîs for tlîe disposaI of Toronto's sewage
otherwise than in the liarbor, by building intercepting
sewers andi by «Itreating the sewage by the most approveti
modern inethotis." This seems easy enoughi .n a resolution
and the Engineers' Club doubtless felt that the sanitary
condition of the city wvas being vastly improved, but it
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