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the heavenly Lodies, Its basis is precisoly of the samo charactor,
tho coincidence of tho obsorved facts with theoretical require:
ments."”

Toaving these authoritics on the doctrine of ovolution, I will
now givo you u sketch of LaPlace's (1780) nebular theory, epit-
omized from Sponcor’s ¢ Progress ; Its Lav and Causo :” * If this
bypothesis bo true,” says Mr. Sponcer, “Tho Genesis of the solar
systom supplics ono illustiation of this law. Lot us assuwme that
the matter of which tho sun and planets consist onco oxisted in &
diffused form, and that from the gravitation of its atoms thore ro-
sulted a grodual concentration. By this hypothesis tho solar sys-
tor in its nascont state oxisted as an indefinitely extonded and
nearly homogencous medium—a medium nearly homogeneous in
density, in tomperoture, and in othor physical attributes. The
first advanco towards coasolidation resulted in a differentiation
botween the occupied space which tho nebulous mass still filled,
and the unoccupied spaco which it previously filled. There arose
in this state or condition a contrast in density aud n contrast in
temporature, botween the inside and the outside of this mass, and
08 a constant proporty of mattor is wmotion, thero arose through-
out the velumo rotary movemonts, whoso velocities varied accord-
ing to their distances from its conter. Thoso differentiations in-
croased in number and degreo until there was evolved the organ-
izod group of sun, planets, and satelites which we now know. A
group which presents numeorous contrasty of structure and action
among its mombers, There are the immenss contrasts between
the sun and the planets in bulk and in weight, as well as the sub-
ordinate contrasts belween one planet and another, and between
tho planets and their satellites. Thero is the similarly marked
contrast between the sun as almost stutionary and tho planets
ag moving round him with great velocity, while there are the soc-
ondary velocities and poriods of the severai planets, and between
their simplo revolutions and the double ones of their satellites,
which have to move round their primaries whilst moving round
tho sun, There is yet the further strong contrast between the
sun and the planets in vespect of temnorature; and there is reason
to supposo that the plancts and satellites differ from each other in
their proper beat ag well ag in the heat they recoive from the
sun,”  Now, how is this heat gonorated, and how i8 it kept up?
There is the theory known as the meteoric theory of the sun’s
heat. Tyndall says: “ Knowledge suck a3 we now possess has
cauged philosophors, in speculating on the mode in which the sun
is nourished and bhis supply of light and heat kept up, to supposo
the heat and light to be caused by the showering down of meteoric
matter on tho sun's surface.” This is Moyer's hypothesis, worked
out in 1848,

What foundation is there for this bypothesis? That heat is
generated by motion, friction, compression, and percussion Tyn-
dall givea an oxperiment in one of hw lectures. Ho cools a razor
by contact with ice, rubs it on a hono without oil, as if to sharpen
it; ho places the razor against tho fice of & senritive pile with a
needlo attached which marks slightor variations of temperuture
than tho ordinary thormometer. The audienco sees a puwerful
doflection of tho needle, which declaves the razor to be hot. To
provo heat by compression he places a picce of deal wood
betwoen thoe plates of & small hydraulic press and squeezes it
forcibly ; aftor comprossion ho brings the wood in contact with
the pile, which declaves caz has been generated by compression.
To produce heat from percussion Lo takes a cold lead bullet, places
it on a cold anvil, and strikes it with a cold sledgo hammer; ex-
amine tho lead and it is heated ; and says: *¢ If we could gather
tp all tho hoat genorated by the stroke of tho sledge and apply it
without loss mochanically wo should be able by means of it to
lift tho hammor to the hoight from which it fell.” Now, what
jroof havo we for tha!,? Dr. Moeyor, of Heilbronn, in Germany,
tnunciated tho exact relation which subsists between heat and
vork, giving tho number which i8 now known as tho mechanical
tquivalent of heat. Mr. Joule, of Manchestor, independontly of
Moyer, oxperimentod to prove the invariability of the relation
which subsists betweon heat and ordinary mechanical forco. He
placed water in vessels, agitatod that water by paddles driven by

measurabls foveces, und dotermined botk the amotnt of heat devel-
oped by stirving tho liquid and the amouni of labor expended in
the process. Mo did tho same with morcury and with sporm oil,
Ho also caused disks of cast iron to rub against ecach other, and
monsured tho heat produced by thoir friction and the force cx-
pended in overcoming it. Ie urged water through capillary
tubes and detormined the amount of heat genorated by the fric-
tion of the liquid against the sides of the tubes. This is a deli-
cato experiment.

“The results of his oxperiments,” says Tyndall, ¢ leave no
shadow of donbt upon the mind that, undor all circumstances,
the quantity of heat generated by the samo amount of forco is fixed
and invarinble.” Aguin, Count Rumford, whilo boving a cannon
at Munich in 1798, was so forcibly struck by tho amount of heat
doveloped in tho process of boring thut ho contrived an apparntus
for measuring tho amount of heat generated by friction. Ho
constructed a hollow cylinder of iron, filled the cylinder with 15}
pounds of water at 60°, caused the bottom of the cylinder o ho
pressed sgninst the part of the cannon whero friction was great-
est. An hour efter tho friction was commenced the temperaturo
of tho water was 107°; the second hour it was 1429 at two
hours and thirty minutes aftor the commencement the water
aotually boiled. By theso and numberless other experiments it
was found that the quantity of heat which would raisz ono pound
of water ono dogreo in tompornture is exactly equal to what
would bo generated if a pound weight, aftor having fallen througl
a hoight of 772 feet, has its moving forco destroyed by collision
with the ecarth. Conversely, tho amount of leat necessary to
raist ono pound of water ono degree in temporaturo would, if ail
wera applied mecanically, bo competeat to raise a pound weight
772 feot high, or it would mise 772 pounds ono foot high. Thus
the quantity of heat nccessary to raise the temperaturo of a pound
of water one degreo being takon as a standand, 772 foot pounds
constituto what is called the mechanic.d cquivalent of heat, ‘T
cstablish thiso statements Mr. Tyndall performs many expori-
ments,  Ho drops a leaden ball from the top of the lecturo roam ;
measures the heat genorated in the descent and concussion. Fires
a rifle bullet at a target; measures the heat generated by the
known velocity. ** But a riflo bullet, if formed of lead, mnoving
at 2 veloeity of 223 feot in a socond, would gencrate, on striking
n target, an amount of heat whicl, if comcentrated in the bulict,
would raise its temperature 30°; with six times this velocity it
will gonorate thirty-six times this amount of heat. Ience, 36
times 30, or 1,080 would represent th. augmentation of tem-
porature of a riflo bull on striking a target with a velocity of
1,338 feot @ gecond.  This s more than sufficient motion to fuse
tho lead.” From these and other considerationn ho concludes
that it is manifest that if wo kno x the velocity and weight of any
projectile wo can calculato with 2ase the amount of heat developed
by the destruction of its moving force.” TFor example: * Kuow-
ing as we do the woight of the earth and the velocity with which
it moves through spaco, a simple calculation would enable us to
determino the exact amount of heat which would be developed,
supposing the earth tn bo stopped in hor orbit.” Moyer and
Helmboltz have made this calculation, and found that the quan-
tity of heat gencrated by this solossal shock would bo quite suffi-
cient not only to fuso the entiro varth, but to reduco it in great
part to vapor.” ¢ Thus,” says Mr. Tyndall, “by the simple stop-
pago of the carth in its orbit, tho clements might be causcd to
¢ melt with fervent heat.' The amount of heat taus doveloped would
ba equal to that derived from the combustion of fourteen globes
of coal, cach cqual to the carth in magnitude. Aund if, after the
stoppago of its motion, the earth should fall into tho sun, as it
assuredly would, the amount of heat generated by the blow would
ba equal to that doveloped by tho combustion of 5,000 worlds of
solid carbon.”

Heat can prottuce mechanical force, and mechanical forco :an
produco heat. Somo common quality must thercfore unite this
agont and tho ordinary forms of mochanical powor. This is proved
to bo motion.

Thero aro two theories of heat—tho material and the dynamical



