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tw carry on mîning operations, and rejecting al
scams of lee than two feet in tbickness, the entire
quantity of -available ceai existing in these islande
bas been oalcnlated to amount to about 80,000
millions of tons, which, at the present rate of con-
sumption, would be exbausted in 930 years, but,
with a con tinued yearlY increase of 2t millions of
tons, would oniy last 212 years. It ie clear that
long before complets exhau8tion takes place, Eng-
land will have ceased te be a coal.producing country
on anextensive scale. Other nations, and especially
the United States of Ainerica, which possse
coal-flelde thirty-seven tiînes more extensive than
ours, wiil then be werking more accessible beds at
a smaller ceet, and wil bie able to displace the
English coal froin every market. The question je,
net how long or icoal wvill endure bef'ore absolute
exhaustion. je effected, but how long will those par-
ticular coal-eeams last 'which yield coal of a quality
and at a price te enabie this country to maintain
bier present supremacy in manufacturing industry.
Se far as.this particular district je concerned, it is
generally admitted that, 200 years wilI bie eufficient
tw exbaust the principal seanes even at the present
ratecf working. If the production should continue
te increase, as it je ncw doing, the duration cf
those seame wili net reac bhalf that period. How
the case may stand in other coal.mining districts
I have .not the means of ascertaininfi; but as tbe
beat and most accessible ceai will'always be worked
in preference te any other, I fear the saine rapid
exhaustion cf our meet valuable seame je every-
where taking place. Were we reaping the full
advantage of all the coai we burnt, no objection
could be made te the largenees cf the quantity, bot
wre are using it wrastefully and extravagantly in al
its applications. It le prebable that fully one.fourth
cf the entire quantity cf ceai raised frein our mines
is used in the preduction cf boat for motiv e.power;
but, mach as we are in the habit cf admiring the
powers cf the steane-engine, or present knowledge
cf the mechanical energy cf boat shows that. we
realize in that engine oniy a email part of the
thermic effect cf the fuel. Tbat a peund cf ceal
shouid, in Or beat engines, preduce an effect equal
te raising a weight cf a million pounds a foot bigh,
is a res.>lt, which bears the character cf the marvel-
loue, nd seeme te defy aIl further imprevement.
Yet the investigations cf recent years have demon-
8trated the fact that the mechanicai energy resident

an épound cf ceai, and liberated by its combusti n,
is capable cf raisîng te the saine height 10 turnes
that weight. But altbcugh the power cf or muet
economical steam-engines bas reached, or perhaps
somewbatexceeded, the limit cf a million pounds
raieed a foet bigh per lb. cf ceai, yet, if we take
the average~ effect cbtained frene steam-engins cf
the various constructions now in use, we shali not
be justifled in assuming it at more than one-third
Of that amount. It fclcws, therefore, that the
average quantity cf coal which we expend on
realiing a given effect by iens of the steam-
elâgino, is about 30 tuînes greater than 'would be
requisite with an absolutely perfect heat-engine.

The causes which. render the application cf beat
80 uneconoinie in the steane-engine have been
hrougt te light by the discovery cf the dynamical
theory cf heat; and it ncw romnaine fer mechanici-
0,08, guided by the light they have thus received,

te devise imnproved practical method8 cf converting
the hoat cf combustion inte available pcwer.

Engines in whicls the motive power is excited by
tbe communication cf heat te fluide already exist,-
ing in the aëriform condition, sein these cf Stirling,
Ericsson and Siemens, promise te afford resuits
greatly superior te those cbtained froin the steani-
engine. Tbey are ail based upon the principle cf
employing fuel te generate sensible beat, te the
exclusion ofilatentheoat, which is only another name
fer beat which bas taken the formn cf unprofltable
motion amionget the particles cf the fluid te wbich
it is applied. Tbey aIse embrace what je called the
regenerative principle-a terni which bus, with
reation, been ebjected te, as implyiig a restoration
cf expended beat. The so-cailed 1'regenerater " is
a con trivance for arresting unutilized heat rejected
by the engine, and causing it te eperate in aid and
censequent reduction cf fuel.

It je* a common observation that befere coal ie
exhitueted saine other motive agent will be dis.
covered te take its place, and electricity je generally
cited as the coming power. Eleotricîty, like heat,
may be converted inte motion, and bath theory and
practice bave demonstrated that ite mechanical
application doce net in1volve se much waste cf power
as takes place in a steami-engine ; but whether we
use boat or electricity as a motive power, we muet
equally depend upon chemical affinity as the source
of eupply. The. act cf uniting te fori. a chemical
product liberates an energy whieh assumes the formn
of boat or electricity, frein either of wbieh states it
ie convertible into mechanical elflect. In conteni-
plating, therefore, the application cf electricity as
a.mutive power, *e muet bear in mind that we shahl
still require to effeot chemical combinations, and
in s0 doing te consume materials. But where are
we te fid materiais so economical for this purpose
as the coai wre derive from the eartb and the exygen
we obtain freintbe air? The latter coste absolu tely
nothing; and every pound cf coai, which in the act
of combustion entera ino chemical coffibination,
renders more th an two-and a-balt pounde cf oxygen
available for power. We cannet look te water as
a practical source of exygen, for there it existe in
the combined state, requiring expenditure cf chein-
ical encrgy for it8 separatien from, hydrogen. It
je in the atinosphere atone that it can be fonnd in
that free state in which we require it, and there
dose net appear to me te be the remeteet chance, in
an economnic point of view, cf being able te dispense
witb the oxygen cf the air as a source oithet cf
thermo-dynamie or electro-dynamie effect. But te
use thi8 oxygren we muet consume saine oxidizable
substance, nnd coal je the cheapest we eau procure.

.There je another source cf motive power te which
1 uam induced te refer, as exbibiting a further
instance in which solar influence afforde the means
cf cbtaining mechanical effecte frone inanimate
agente. 1 allude te the power of waterdescending
frein beigbte te which, it bias been lifted by the
evapiorative action cf the sun. To illustrate the
great advantage cf collectin g water for power in
elevated situations, I may refer te the waterworke
cf Grecnock, wbere the collecting-reservoirs are
situatcd at an cievation cf 512 feet above tbe river
Clyde. Tbe daily yicld cf these reservoirs ie said
te be neaiy 100,000 tons cf water, wbich. je derived
frein the rainfaîl on an area cf 5,000 acres. The


