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BRIDGEWATER TREATISES.

CAREY, LEA & BLANCHARD

HAVE PUBLISHED,

ASTRONOMY AND GENERAL PHYSICS, con-
sidered with reference to Natural Theology, by the
Rev. WirLiam WaeweLL, M. A., Fellow and Tutor of
Trinity College, Cambridge; being the Third Part of
the Bridgewater Treatises on the Power, Wisdom, and
Goodness of God, as manifested in the Creation.

The series of Treatises, of which the present is one, is publish-
ed under the following circumstances:—

The Right Honourable and Rev. Fraxcis Hexny, Earl of Bridge-
water, died in the month of February, 1825; he directed certain
trustees therein named, to invest in the public funds, the sum of
eight thousand pounds sterling; this sum, with the accruing divi-
dends thereon, to be held at the disposal of the President, for
the time being, of the Royal Society of London, to be paid to
the person or persons nominated by him. The Testator farther
directed, that the person or persons selected by the said Presi-
dent, should be appointed to write, print and publish one thou-
sand copies of a work, on the Power, Wisdom, and Goodness of
God, as manifested in the Creation; illustrating such work, by all
reasonable arguments, as, for instance, the variety and formation
of God’s creatures in the Animal, Vegetable, and Mineral King-
doms; the effect of digestion, and, thereby, of conversion; the
construction of the hand of man, and an infinite variety of other
arguments; as also by discoveries, ancient and modern, in arts,
sciences, and the whole extent of literature.

He desired, moreover, that the profits arising from the sale cf
the works so published, should be paid to the authors of the
works.

The late President of the Royal Society, Davizs Giurert, Esq.,
requested the assistance of his Grace, the Archbishop of Canter-
bury, and of the Bishop of London, in determining upon the best
mode of carrying into effect, the intentions of the Testator,
Acting with their advice, and with the concurrence of a noble-
man immediately connected with the deceased, Mr. Davies Gil-
bert appointed the following eight gentlemen to write separate
Treatises in the different branches of the subjects here stated:—

I. The Adaptation of External Nature to the Moral and Intel-
lectual Constitution of Man, by the Rev. Tuomas Cuazmens. D.D.,
Professor of Divinity in the University of Edinburgh,

1I. The Adaptation of External Nature to the Physical Condi-
tion of Man, by Joux Kion, M. D., F. R. §., Regius Professor of
Medicine in the University of Oxford,









information three times as extensive as that supplied by
the generality of Quarfo Atlases. ) :

This beautiful and most useful little volume, says the Literary
Gazette, is a perfect picture of elegance, containing a vast sum
of geographical information. A more instructive little present, or
a gift better calculated to be long preserved and often referred
to, could not be offered to favoured youth of either sex. Its
cheapness, we mustadd, is another recommendation; fqr, although
this elegant publication contains one hundred beautiful engrav-
ings, it is issued at a price that can be no obstacle to its being
procured by every parent and friend to youth. ;

This Atlas far surpasses any thing of the kind which we have
seen, and is made to suit the popular libraries which Dr. Lardner
and Mr, Murray are now sending into every family in the em-
pire.—~Monthly Review.

Its very ingenious method of arrangement secures to the geo-

hical student the information for which hitherto he has been
obliged to resort to works of the largest dimensions.—./theneum.

THE RECTORY OF VALEHEAD. By the Rev.
RoserT WirLson Evans, M. A.

Universally and cordially do we recommend this delightful vo-
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all within its sphere. We believe no person could read this work,
and not be better for its pious touching lessons.——Literary Gaxz.

We fearlessly pronounce this delightful little volume to be not
only one of the most faultless, but every way valuable works it

has ever fallen to our lot to recommend to public perusal.—Stam-
ford Herald.

The Rectory of Valehead is a beautiful model of domestic life
in the Christian home of a well-regulated family, and combines
literary amusement with the most refined and intellectual im.
provement.—Scotsman.
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intosH, M. P. In 8vo.
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14 INTRODUCTION.

government, which are suggested by one stage of
our knowledge of natural objects and operations,
may become manifestly imperfect or incongruous,
if adhered to and applied at a later period, when our
acquaintance with the immediate causes of natural
events has been greatly extended. On this account
it may be interesting, after such an advance, to show
how the views of the creation, preservation, and go-
vernment of the universe, which natural science
opens to us, harmonize with our belief in a Creator,
Governor, and Preserver of the world. To do this
with respect to certain departments of Natural Phi-
losophy 1s the object of the following pages; and the
author will deem himself fortunate, 1f he succeeds in
removing any of the difficulties and obscurities which
prevail in men’s minds, from the want of a clear mu-
tual understanding between the religious and the
scientific speculator. It is needless here to remark
the necessarily imperfect and scanty character of
Natural Religion; for most persons will allow that,
however imperfect may be the knowledge of a
Supreme Intelligence which we gather from the con-
templation of the natural world, it is still of most es-
sential use and value. And our purpose on this oc-
casion is, not to show that Natural Theology is a

erfect and satisfactory scheme, but to bring up our

atural Theology to the point of view in which it
may be contemplated by the aid of our Natural
Philosophy.

Now the peculiar point of view which at present
belongs to Natural Philosophy, and especially to the
departments of it which have been most successfully
cultivated, is, that nature, so far as it is an object of
scientific research, is a collection of facts governed
by laws : our knowledge of nature is our knowledge
of laws ; of laws of operation and connexion, of laws
of succession and co-existence, among the various
elements and appearances around us. And it must
therefore here be our aim to show how this view of
the universe falls in with our conception of the Di-
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vine Auther, by whom we hold the universe to be
made and governed.

Nature acts by general laws; that is, the occur-
rences of the world in which we find ourselves, re-
sult from causes which operate according to fixed
and constant rules. The succession of days, and
seasons, and years, is produced by the motions of
the earth; and these again are governed by the at-
“ traction of the sun, a force which acts with unde-
viating steadiness and regularity. The changes of
winds and skies, seemingly so capricious and casual,
are produced by the operation of the sun’s heat upon
air and moisture, land and sea ; and though in this
case we cannot trace the particular events to their
general causes, as we can trace the motions of the
sun and moon, no philosophical mind will doubt the
- generality and fixity of the rules by which these
causes act. The variety of the effects takes place,
because the circumstances in different cases vary;
and not because the action of material causes leaves
anything to chance in the result. And again, though
the vital movements which go on in the frame of ve-

etables and animals depend on agencies still less
own, and probably slill more complex, than those
which rule the weather, each of the powers on
which such movements depend has its peculiar laws
of action, and these are as universal and as invaria-
ble as the law by which a stone falls to the earth
when not supported.

The world then is governed by general laws; and
in order to collect from the world itself a judgment
concerning the nature and character of its govern-
ment, we must consider the import and tendency of
such laws, so far as they come under our knowledge.
If there be, in the administration of the universe, in-
telligence and benevolence, superintendence and
foresight, grounds for love and hope, such qualities
may be expected to appear in the constitution and
combination of those fundamental regulations by
which the course of nature is brought about, and
made to be what it is.
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CHAPTER IL
On Laws of Nature.

Waer we speak of material nature as being go-
verned by laws, it is sufficiently evident that we use
the term in a manner somewhat metaphorical. The
laws to which man’s attention is primarily directed
are moral laws; rules laid down for his actions; rules
for the conscious actions of a person; rules which,
as a matter of possibility, he may obey or may trans-

ess; the latter event being combined, not with an
impossibility, but with a penalty. But the Laws of
Nature are something different from this; they are
rules for that which things are to do and suffer; and
this by no consciousness or will of theirs. They are
rules describing the mode in which things do act;
they are invariably obeyed; their transgression is
not punished, it is excluded. The language of a mo-
ral law is, man shall not kill ; the language of a Law
of Nature is, a stone will fall to the eartﬁ.

These two kinds of laws direct the actions of per-
sons and of things, by the sort of control of which
persons and things are respectively susceptible; so
that the metaphor is very simple ; but it is proper for
us to recollect that it is a metaphor, in order that we
may clearly apprehend what is implied in speaking
of the Laws of Nature.

In this phrase are included all properties of the
portions of the material world; all modes of action
and rules of causation, according to which they
operate on each other. The whole course of the visi-
ble universe therefore is but the collective result of
such laws; its movements are only the aggregate of
their working. All natural occurrences, in the skies
and on the earth,in the organic and in the inorganic
world, are determined by the relations of the ele-

B2
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ments and the actions of the forces of which the
rules are thus prescribed.

The relations and rules by which these occurrences
are thus determined necessarily depend on measures
of time and space, motion and force; on quantities
which are subject to numerical measurement, and
capable of being connected by mathematical proper-
ties. And thus all things are ordered by number and
weight and measure. “ God,” as was said by the
ancients, “works by geometry:” the legislation of
the material universe is necessarily delivered in the
language of mathematics; the stars in their courses
are regulated by the properties of conic sections,
and the winds depend on arithmetical and geometri-
cal progressions of elasticity and pressure.

The constitution of the universe, so far as it can
be clearly apprehended by our intellect, thus assumes
a shape involving an assemblage of mathematical
propositions: certain algebraical formule, and. the
knowledge when and how to apply them, constitute
the last step of the physical science to which we can
attain. The labour and the endowments of ages
have been employed in bringing such science into
the condition in which it now exists; and an exact
and extensive discipline in mathematics, followed by
a practical and ll)jmfﬂund study of the researches of
natural philosophers, can alone put any one in pos-
session of the knowledge concerning the course of
the material world, which is at present open to man.
The general impression, however, which arises from
the view thus obtained of the universe, the results
which we collect from the most careful scrutiny of
its administration, may, we trust, be rendered intelli-
gible without this technical and laborious study, and
to do this is our present object.

It will be our business to show that the laws which
really prevail in nature are, by their form, that is,
by the nature of the connexion which they establish
among the quantities and properties which they re-
gulate, remarkably adapted to the office which is as-
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signed them; and thus offer evidence of selection,
design, and goodness, in the power by which they
were established. But these characters of the legis-
lation of the universe may also be seen, in many in-
stances, in a manner somewhat different from the
selection of the law. The nature of the connexion re-
maining the same, the quantities which it regulates
may also in their magnitude bear marks of selection
and purpose. For the law may be the same while
the quantities to which it applies are different. The
law of the ﬁravity which acts to the earth and to
Jupiter, is the same; but the intensity of the force at
the surfaces of the two planets is different. The law
which regulates the density of the air at any point,
with reference to the height from the earth’s surface,
would be the same, if the atmosphere were ten times
as large, or only one-tenth as large as it is; if the baro-
meter at the earth’s surface stood at three inches only,
or if it showed a pressure of thirty feet of mercury.

Now this being understood, the adaptation of a law
to its purpose, or to other laws, may appear in two
ways:—either in the form of the law, or in the amount
of the magnitudes which it regulates, which are
sometimes galled arbitrary magnitudes.

If the attraction of the sun upon the planets did
not vary inversely as the square of the distance, the

form of the law of gravitation would be changed; if

this attraction were, at the earth’s orbit, of a differ-
ent value from its present one, the arbitrary magni-
tude would be changed; and it will appear, in a sub-
sequent part of this work, that either change would,
so far as we can trace its consequences, be detrimen-
tal. The form of the law determines in what manner
the facts shall take place; the arbitrary magnitude
determines how fast, how far, how soon; the one
gives a model, the other a measure of the phenome-
non; the one draws the plan, the other gives the
scale on which it is to be executed; the one gives the
rule, the other the rate. If either were wrongly
taken, the result would be wrong too.
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So far, therefore, as our knowledge goes, astro-
nomy and meteorology are parts of natural philoso-
phy in which we may study the order of nature with
such views as we have suggested ; in which we may
hope to make out the adaptations and aims which exist
in the laws of nature; and thus to obtain some light
on the tendency of this part of the legislation of the
universe, and on the character and disposition of the
Legislator.

he number and variety of the laws which we
find established in the universe is so great, that it
would be idle to endeavour to enumerate them. In
their operation they are combined and intermixed in
incalculable and endless perplexity, influencing: and
modifying each other’s effects in every direction. If
we attempt to comprehend at once the whole of this
complex system, we find ourselves utterly baffled
and overwhelmed by its extent and multiplicity. Yet,
in so far as we consider the bearing of one part upon
another, we receive an impression of adaptation, of
mutual fitness, of conspiring means, of preparation
and completion, of purpose and provision. This im-
pression is suggested by the contemplation of every
part of nature; but the grounds of it, from the very
circumstances of the case, cannot be conveyed in a
few words. It can only be fully educed by leading
the reader through several views and details, and
must grow out of the combined influence of these
on a sober and reflecting’ frame of mind. How-
ever strong and solemn be the conviction which may
be derived from a contemplation of nature, concern-
ing the existence, the power, the wisdom, the good-
ness of our Divine Governor, we cannot expect that
this conviction, as resulting from the extremely com-
lex spectacle of the material world, should be capa-
le of being irresistibly conveyed by a few steps of
reasoning, like the conclusion of a geometrical pro-
position, or the result of an arithmetical calculation.

We shall, therefore, endeavour to point out cases
and circumstances in which the different parts of the
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CHAPTER 1V.
Division of the Subject.

Ix making a survey of the universe, for the pur-
pose of pointing out such correspondencies and adap-
tations as we have mentioned, we shall suppose the

eneral leading facts of the course of nature to be

nown, and the explanations of their causes now
generally established among astronomers and natu-
ral philosophers to be conceded. We shall assume
therefore that the earth is a solid globe of ascertain-
ed magnitude, which travels round the sun, in an
orbit nearly circular, in a period of about three hun-
dred and sixty five days and a quarter, and in the
mean time revolves, in an inclined position, upon its
own axis in about twenty-four hours, thus producing
the succession of appearances and effects which con-
stitute seasons and climates, day and night ;—that
this globe has its surface furrowed and ridged with
various inequalities, the waters of the ocean occu-
pying the depressed fg]:-:mts:——’th:a,t it is surrounded by
an atmosphere, or spherical covering of air; and that
various other physical agents, moisture, electricity,
magnetism, light, operate at the surface of the earth,
according to their peculiar laws. This surface is, as
we know, clothed with a covering of plants, and in-
habited by the various tribes of animals, with all their
variety of sensations, wants, and enjoyments. The
relations and connexions of the larger portions of
the world, the sun, the planets, and the stars, the cos-
mical arrangements of the system, as they are some-
times called, determine the course of events amon
these bodies ; and the more remarkable features of

‘these arrangements are therefore some of the sub-

jects for our consideration. These cosmical arrange-
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the succeeding chapters; and when the coincidence
here spoken of is distinctly brought before the reader,
it will, we trust, be found to convey the conviction
of a wise and benevolent design, which has been ex-
ercised in producing such an agreement between
the internal constitution and the external circum-
stances of organized beings. We shall adduce cases
where there is an apparent relation between the
course of operation of the elements and the course
of vital functions; between some fixed measure of
time or space, traced in the lifeless and in the living
world; where creatures are constructed on a certain
plan, or a certain scale, and this plan or this scale is
exactly the single one which is suited to their place
on the earth; where it was necessary for the g‘rea-
tor (if we may use such a mode of speaking) to take
account of the weight of the earth, or the density of
the air, or the measure of the ocean, and where
these quantities are rightly taken account of in the
arrangements of creation. In such cases we con-
ceive that we trace a Creator, who, in producing
one part of his work, was not forgetful or careless of
another part; who did not cast his living creatures
into the world to prosper or perish as they might
find it suited to them or not; but fitted together, with
the nicest skill, the world and the constitution which
he gave to its inhabitants; so fashioning it and them,
that light and darkness, sun and air, moist and dry,
should become their ministers and benefactors, the
unwearied and unfailing causes of their well being.
We have spoken of the mutual adaptation of the
organic and the inorganic world. If we were to
conceive the contrivance of the world as taking
place in an order of time in the contriving mind, we
might also have to conceive this adaﬁtatinn as taking
place in one of two ways: we might either suppose
the laws of inert nature to be accommodated to the
foreseen wants of living things, or the organization
of life to be accommodated to the previously estab-
lished laws of nature, But we are not forced upon
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considerable portion. The vegetable clock-work is
so set as to go for a year. .

The length of the year or interval of recurrence
of the seasons is determined by the time which the
earth employs in performing its revolution round the
sun: and we can very easily conceive the solar sys-
tem so adjusted that the year should be longer or
shorter than it actually is. We can imagine the
earth to revolve round the sun at a distance greater
or less than that which it at present has, all the
forces of the system remaining unaltered. If the
earth were removed towards the centre by about
one-eighth of its distance, the year would be di-
minished by about a month ; and in the same man-
ner it would be increased by a month on increasing
the distance by one-eighth. We can suppose the
earth at a distance of eighty-four or a hundred and
eight millions of miles, just as easily as at its present
distance of ninety-six millions: we can suppose the
earth with its present stock of animals and vegetables
placed where Mars or where Venus is, and revolving
in an orbit like one of theirs: on the former supposi-
tion our year would become twenty-three, on the
latter seven of our present months. Or we can con-
ceive the present distances of the parts of the system
to continue what they are, and the size, or the den-
sity of the central mass, the sun, to be increased or
diminished in any proportion; and in this way the
time of the earth’s revolution might have been in-
creased or diminished in any degree; a greater ve-
locity, and consequently a diminished period, being
requisite in order to balance an augmented central
attraction. In any of these ways the length of the
earth’s natural year might have been different from
what it now is: in the last way without any neces-
sary alteration, so far as we can see, of tempera-
ture.

Now, if any change of this kind were to take
place, the working of the botanical world would be
thrown into utter disorder, the functions of plants

: c2
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in April; the oak and ash, which are always the
latest among trees, in the beginning or towards the
middle of May. In the same manner the flowering
has its regular time: the mezereon and snowdrop
push forth their flowers in February; the primrose
in the month of March; the cowsl)': in April; the
§reat mass of plants in May and fune; many in
uly, August, and September; some, not till the
month of October, as the meadow saffron; and some
not till the approach and arrival of winter, as the
laurustinus and arbutus.
__ The fact which we have here to notice, is the re-
currence of these stages in the developement of
plants, at intervals precisely or very nearly of twelve
months. Undoubtedly, this result is in part occa-
sioned by the action of external stimulants upon the
plant, especially heat, and by the recurrence of the
intensity of such agents. Accordingly, there are
slight differences in the times of such occurrences,
according to the backwardness or forwardness of
the season, and according as the climate is genial or
otherwise. Gardeners use artifices which will, to a
certain extent, accelerate or retard the time of de-
velopement of a plant. But there are various cir-
cumstances which show that this recurrence of the
same events and equal intervals is not entirely owing
to external causes, and that it depends also upon
something in the internal structure of vegetables.
Alpine plants do not wait for the stimulus of the
sun’s heat, but exert such a struggle to blossom, that
their flowers are seen among the yet unmelted snow.
And this is still more remarkable in the naturaliza-
tion of plants from one hemisphere to the other.
When we transplant our fruit trees to the temperate
regions south of the equator, theK continue for some
years to flourish at the period which corresponds to
our spring. The reverse of this obtains, with cer-
tain trees of the southern hemisphere. Plants from
the Cape of Good Hope, and from Australia, coun-
tries whose summer is simultaneous with our winter,
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- to change, the processes of vegetable life would be
- interrupted, deranged, distempered. What, for in-
- stance, would become of our calendar of Flora, if
- the year were lengthened or shortened by six months?
Some of the dates would never arrive in the one
case, and the vegetable processes which mark them
would be superseded; some seasons would be with-
out dates in the other case, and these periods would
be employed in a way harmful to the plants, and no
doubt speedily destructive. We should have not
only a year of confusion, but, if it were repeated and
continued, a year of death.

But in the existing state of things, the duration of
the earth’s revolution round the sun, and the dura-
tion of the revolution of the vegetable functions of
most plants are equal. These two periods are ad-
. Justed to each other. The stimulants which the ele-
ments apply come at such intervals and continue for
such times, that the plant is supported in health and
vigour, and enabled to reproduce its kind. Just such
a portion of time is measured out for the vegetable
powers to execute their task, as enables them to do
so in the best manner.

Now such an adjustment must surely be accepted
as a proof of design, exercised in the formation of
the world. Why should the solar year be so long
and no longer! or, this being of such a length, why
should the vegetable cycle be exactly of the same
length? Can this be cﬁan{:ﬂ?' And this occurs, it
is to be observed, not in one, or in a few species of
plants, but in thousands. Take a small portion only
of known species, as the most obviously endowed
with this adjustment, and say ten thousand. How
should all these organized bodies be constructed for
the same period of a year! How should all these
machines be wound up so as to go for the same time’
Even allowing that they could bear a year of a month
longer or shorter, how do they all come within such
limits? No chance could produce such a result.
And if not by chance, how otherwise could such a
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coincidence occur, than by an intentional adjustment
of these two things to one another? by a selection
of such an organization in plants, as would fit them
to the earth on which they were to grow; by an
adaptation of construction to conditions ; of the scale
of the construction to the scale of the conditions.
It cannot he accepted as an explanation of this

fact in the economy of plants, that it is necessary to
their existence; that no plants could possibly have
subsisted, and come down to us, except those which
were thus suited to their place on earth. This is true;
but this does not at all remove the necessity of re-
curring to design as the origin of the construction

which the existence and continuance of plants is
made possible. A watch could not go, except there
were the most exact adjustment in the forms and
positions of its wheels ; yet no one would accept it
as an explanation of the origin of such forms and
positions, that the watch would not go if these were
other than they are. If the objector were to suppose
that plants were originally fitted to years of various
lengths, and that such only have survived to the pre-
sent time, as had a cycle of a length equal to our
present year, or one which could be accommodated
to it; we should reply, that the assumption is too gra-
tuitous and extravagant to require much considera-
tion; but that, moreover, it does not remove the dif-
ficulty. How came the functions of plants io be
periodical at all? Here is, in the first instance, an
agreement in the form of the laws that prevail in
the organic and in the inorganic world, which ap-
pears to us a clear evidence of design in their Au-
thor. And the same kind of reply might be made to
any similar objection to our argument. Any suppo-
sition that the universe has gradually approximated
to that state of harmony among the operations of its
different parts, of which we have one instance in the
coincidence now under consideration, would make it
necessary for the objector to assume a previous state

of things preparatory to this perfect correspondence.
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And in this preparatory condition we should still be
able to trace the rudiments of that harmony, for
- which it was proposed to account: so that even the
- most unbounded license of hypothesis would not en-
able the opponent to obliterate the traces of an in-
- tentional adaptation of one part of nature to another.
Nor would it at all affect the argument, if these
periodical occurrences could be traced to some
proximate cause : if for instance it could be shown,
~ that the budding or flowering of plants is brought
about at particular intervals, E}r the nutriment accu-
- mulated in their vessels during the preceding months.
- For the question would still remain, how their func-
- tions were so adjusted, that the accumulation of the
nutriment necessary for budding and flowering, to-
gether with the operation itself, comes to occupy ex-
actly a year, instead of a month only, or ten years.
There must be in their structure some reference to
- time : how did such a reference occur? how was it
determined to the particular time of the earth’s revo-
- lution round the sun? This could be no otherwise,
as we conceive, than by design and appointment.
We are left therefore with this manifest adjust-
ment before us, of two parts of the universe, at first
sight so remote ; the dimensions of the solar system
and the powers of vegetable life. These two things
are so related, that one has been made to fit the
other. The relation is as clear as that of a watch to
a sundial. If a person were to compare the watch
with the dial, hour after hour, and day after day, it
would be impossible for him not to believe that the
watch had been contrived to accommodate itself to
the solar day. We have at least ten thousand kinds
of vegetable watches of the most various forms,
which are all accommodated to the solar year; and
the evidence of contrivance seems to be no more
capable of being eluded in this case than in the other.
he same kind of argument might be applied to
the animal creation. The pairing, nesting, hatching,
fledging, and flight of birds, for instance, occupy
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birds, and others, take their food during the night.
Those animals which are nocturnal feeders are diur-
nal sleepers, while those which are crepuscular,
sleep partly in the night and partly in the day; but
in all, the complete period of these functions is
twenty-four hours. Man, in like manner, in all na-
tions and ages, takes his principal rest once in
twenty-four hours; and the regularity of this prae-
tice seems most suitable to his health, though the
duration of the time allotted to repose is extremely
different in different cases. So far as we can judge,
this period is of a length beneficial to the human
frame, independently of the effect of external agents.
In the voyages recently made into high northern la-
titudes, where the sun did not rise for three months,
the crews of the ships were made to adhere, with
the utmost punctuality, to the habit of retiring to
rest at mine, and rising a quarter before six; and
they enjoyed, under circumstances apparently the
most trying, a state of salubrity quite remarkable.
This shows, that according to the common constitu-
tion of such men, the cycle of twenty-four hours is
very commodious, though not imposed on them by
external circumstances.

The hours of food and repose are capable of such
wide modifications in animals, and above all in man,
by the influence of external stimulants and internal
emotions, that it is not easy to distinguish what por-
tion of the tendency to such alternations depends on
original constitution. Yet no one can doubt that the
inc%inatiﬂn to food and sleep is periodical, or can
maintain, with any plausibility, that the period may
be lengthened or shortened without limit. We may
be tolerably certain that a constantly recurring pe-
riod of forty-eight hours would be too long for one
day of employment and one period of sleep, with
our present faculties; and all, whose bodies and
minds are tolerably active, will probably agree that,
independently of Kabit, a perpetual alternation of
eight hours up and four 1;1 bed would employ the
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gravity of the vegetable juices would accelerate the
rising of the sap, and would, probably, hurry and
overload the leaves and other organs, so as to inter-
fere with their due operation. Some injurious change,
at least, would take place.

Here, then, we have the forces of the minutest
parts of vegetables adjusted to the magnitude of the
whole mass of the earth on which they exist. There
is no apparent connexion between the quantity of
matter of the earth, and the force of imbibition of
the roots of a vine, or the force of propulsion of the
vessels of its branches. Yet, these things have such
a proportion as the well being of the vine requires.
How is this to be accounted for, but by supposing
that the circumstances under which the vine was to
grow, were attended to in devising its structure ?

We have not here pretended to decide whether
this force of propulsion of vegetables is mechanical
or not, because the argument is the same for our
purpose on either supposition. Some very curious
experiments have recently been made, (by M. Du-
trochet,) which are supposed to show that the force
is mechanical; that when two different fluids are se-
parated by a thin membrane, a force which M. Du-
trochet calls endosmose urges one fluid through the
membrane : and that the roots of plants are provided
with small vesicles which act the part uf such a
membrane. M. Poisson has further attempted to
show that this force of endosmose may be considered
as a particular modification of capillary action. If
these views be true, we have here two mechanical
forces, capillary action and gravity, which are ad-
justed to each other in the manner precisely suited
to the welfare of vegetables.

2. As another instance of adaptation between the
force of gravity and forces which exist in the veget-
able world, we may take the positions of flowers.
Some flowers grow with the hollow of their cup up-
wards: others “ hang the pensive head,” and turn
the opening downwards. Now of these nodding
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flowers,” as Linnzus calls them, he observes that
they are such as have their pistil longer than the
stamens; and, in consequence of this position, the
dust from the anthers which are at the ends of the
stamens can fall upon the stigma or extremity of the
pistil; which process is requisite for making the
flower fertile. He gives as instances the flowers
campanula, lewcotum, galanthus, fritillaria. Other
botanists have remarked that the position changes at
different periods of the flower’s progress. The pistil
of the Euphorbia (which is a little globe or germen
on a slendar stalk) grows upright at first, and is taller
than the stamens: at the period suited to its fecun-
dation, the stalk bends under the weight of the ball
at its extremity, so as to depress the germen below
the stamens; after this it again becomes erect, the
globe being now a fruit filled with fertile seeds.

The positions in all these cases depend upon the
length and flexibility of the stalk which supports the
flower, or in the case of the Euphorbia, the germen.
It is clear that a very slight alteration in the force of
gravity, or in the stiffness of the stalk, would entirely
alter the position of the flower cup, and thus make
the continuation of the species impossible. We have
therefore here a little mechanical contrivance, which
would have been frustrated if the proper intensity of
gravity had not been assumed in the reckoning. An
earth greater or smaller, denser or rarer than the
one on which we live, would require a change in the
structure and strength of the footstalks of all the lit-
tle flowers that hang their heads under our hedges.
There is something curious in thus considering the
whole mass of the earth from pole to pole, and from
circumference to centre, as employed in keeping a
snowdrop in the position most suited to the promo-
tion of its vegetable health.

It would be easy to mention many other parts of
the economy of vegetable life, which depend for
their use on their adaptation to the force of gravity.
Such are the forces and conditions which determine
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the same, and the whole surface might be covered
with life, without the necessity of there being an
difference in the kind of inhabitants belonging to dif-
ferent parts.

Again, it is possible to conceive arrangements ac-
cording to which no part of our planet should have
any steady climate. This may probably be the case
with a comet. If we suppose such a body, revolvin
round the sun in a very oblong ellipse, to be of smaﬁ
size and of a very higg temperature, and therefore
to cool rapidly; and if we suppose it also to be sur-
rounded by a.{arge atmosphere, composed of various
gases; there would, on the surface of such a body,
be no average climate or seasons for each place.
The years, if we give this name to the intervals of
time occupied by its successive revolutions, would be
entirely unlike one another. The greatest heat of
one year might be cool compared with the greatest
cold of a preceding one. The greatest heats and
colds might succeed each other at intervals per-
petually unequal. The atmosphere might be per-
petually changing its composition by the condensa-
tion of some of its constituent gases. In the opera-
tions of the elements, all would be incessant and
rapid change, without recurrence or compensation.
We cannot say that organized beings could not be
fitted for such a habitation; but if they were, the
adaptation must be made by means of a constitution
quite different from that of almost all organized be-
ings known to us.

he state of things upon the earth, in its present
condition, is very different from both these supposi-
tions. The climate of the same place, notwithstand-
ing perpetual and apparently irregular change, pos-
sesses a remarkable steadiness. And, though in
different places the annual succession of appear-
ances -in the earth and heavens, is, in some of its
main characters, the same, the result of these influ-
ences in the average climate is very different.

Now, to this remarkable constitution of the earth
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of those regions. Vegetable life seems there far more
vigorous and active, the circumstances under which
it goes on, far more favourable than in our latitudes.
Now if we conceive an inhabitant of those regions,
knowing, from the circumstances of the earth’s form
and motion, the difference of climates which must

revail upon it, to guess, from what he saw about

im, the condition of other parts of the globe as to
vegetable wealth, is not likely that he would suppose
that the extratropical climates must be almost devoid
of plants? We know that the ancients, living in the
temperate zone, came to the conclusion that both the
torrid and the frigid zones must be uninhabitable. In
like manner the equatorial reasoner would probably
conceive that vegetation must cease, or gradually
die away, as he should proceed to places further and
further removed from the genial influence of the sun.
The mean temperature of his year being about 80
degrees, he would hardly suppose that any plants
could subsist through a year, where the mean tem-
perature was only 50, where the temperature of the
summer quarter was only 64, and where the mean
temperature of a whole quarter of the year was a
very few degrees removed from that at which water
becomes solid. He would suppose that scarcely any
tree, shrub, or flower could exist in such a state of
things, and so far as the plants of his own country
are concerned, he would judge rightly.

But the countries further removed from the equa-
tor are not left thus unprovided. Instead of being
scantily occupied by such of the tropical plants as
could support a stunted and precarious life in un
nial climes, they are abundantly stocked with a mul-
titude of vegetables which appear to be constructed
expressly for them, inasmuch as these species can no
more flourish at the equator than the equatorial spe-
cies can in these temperate regions. And such new
supplies thus adapted to new conditions, recur per-
petually as we advance towards the a parently frozen
and untenantable regions in the neigh]])murhuod of the
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pole. Every zone has its peculiar vegetables; and as
we miss some, we find others make their appearance,
as if to replace those which are absent.

If we look at the indigenous plants of Asia and
Europe, we find such a succession as we have here
spoken of. At the equator we find the natives of the
Spice Islands, the clove and nutmeg trees, pepper
and mace. Cinnamon bushes clothe the surface of
Ceylon; the odoriferous sandal wood, the ebony tree,
the teak tree, the banyan, grow in the East Indies.
In the same latitudes in Arabia the Happy we find
balm, frankincense and myrrh, the coffee tree, and
the tamarind. But in these countries, at least in the
plains, the trees and shrubs which decorate our more
northerly climes are wanting. And as we go north-
wards, at every step we change the vegetable group,
both by addition and by subtraction. In the thickets
to the west of the Caspian Sea we have the apricot,
citron, peach, walnut. In the same latitude in Spain,
Sicily, and Italy, we find the dwarf palm, the cy-

ress, the chestnut, the cork tree: the orange and
emon tree perfume the air with their blossoms; the
myrtle and pomegranate grow wild among the rocks.

e cross the Alps, and we find the vegetation which
belongs to northern Europe, of which England is an
instance. The oak, the beech, and the elm are na-
tives of Great Britain: the elm tree seen in Scotland,
and in the north of England, is the wych elm. As
we travel still further to the north the forests again
change their character. In the northern provinces
of the Russian empire are found forests of the vari-
ous species of firs: the Scotch and spruce fir, and
the larch. In the Orkney Islands no tree is found
but the hazel, which occurs again on the northern
shores of the Baltic. As we proceed into colder re-
gions we still find species which appear to have been
made for these situations. The hoary or cold elder
makes its appearance north of Stockholm: the syca-
more and mountain ash accompany us to the head
of the gulf of Bothnia: and as we leave this and tra-
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class fails, another appears in its place. Thus corn,
wine, and oil, have each its boumfaries. Wheat ex-
tends through the old Continent, from England to
Thibet: but it stops soon in going northwards, and
is not found to succeed in the west of Scotland. Nor
does it thrive better in the torrid zone than in the
polar regions: within the tropics, wheat, barley and
oats are not cultivated, excepting in situations con-
siderably above the level of the sea: the inhabitants
of those countries have other species of grain, or
other food. The cultivation of the vine succeeds
only in countries where the annual temperature is
between 50 and 63 degrees. In both hemispheres,
the profitable culture of this plant ceases within 30
degrees of the equator, unless in elevated situations,
or in islands, as Teneriffe. The limits of the culti-
vation of maize and of olives in France are parallel
to those which bound the vine and corn in succes-
sion to the north. In the north of Italy, west of
Milan, we first meet with the cultivation of rice;
which extends over all the southern part of Asia,
wherever the land can be at pleasure covered with
water. In great part of Africa millet is one of the
principal kinds of grain.

Cotton is cultivated to latitude 40 in the new world,
but extends to Astrachan in latitude 46 in the old.
The sugar cane, the plantain, the mulberry, the betel
nut, the indigo tree, the tea tree, repay the labours
-of the cultivator in India and China; and several of
these plants have been transferred, with success, to
. America and the West Indies. In equinoctial Ame-
rica a great number of inhabitants find abundant
nourishment on a narrow space cultivated with plan-
tain, cassava yams, and maize. The bread fruit tree
begins to be cultivated in the Manillas, and extends
through the Pacific ; the sago palm in the Moluccas,
the cabbage tree in the Pelew islands.

In this manner the various tribes of men are pro-
vided with vegetable food. Some however live on
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probably be allowed that such intercourse has a
reat influence upon the comforts, the prosperity,
the arts, the literature, the power, of the nations
which thus communicate. Now the variety of the
productions of different lands supplies both the sti-
mulus to this intercourse, and the instruments by
which it produces its effects. The desire to possess
the objects or the knowledge which foreign countries
alone can supply, urges the trader, the traveller, the
discoverer to compass land and sea; and the pro-
gress of the arts and advantages of civilization con-
sists almost entirely in the cultivation, the use, the
improvement of that which has been received from
other countries.

This is the case to a much greater extent than
might at first sight be supposed. Where man is
active as a cultivator, he scarcely ever bestows
much of his care on those vegetables which the
Jand would produce in a state of nature. He does
not select some of the plants of the soil and improve
them by careful culture, but, for the most part, he
expels Lﬁe native possessors of the land, and intro-
duces colonies of strangers.

Thus, to take the condition of our own part of the
globe as an example; scarcely one of the plants
which occupy our fields and gardens is indigenous
to the country. The walnut and the peach come to
us from Persia; the apricot from Armenia: from
Asia Minor, and Syria, we have the cherry tree,
the fig, the pear, the pomegranate, the olive, the
plum, and the mulberry. e vine which is now
cultivated is not a native of Europe ; it is found wild
on the shores of the Caspian, in Armenia and Cara-
mania. The most useful species of plants, the cereal
vegetables, are certainly strangers, though their
birth place seems to be an impenetrable secret.
Some have fancied that barley is found wild on the
banks of the Semara, in Tartary, rye in Crete, wheat
at Baschkiros, in Asia; but this is held by the best
botanists to be very doubtful. The potatoe, which
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the earth’s form and motion from which the different
climates of different places arises, is connected with
the social and moral welfare and advancement of
man.

We conceive that this connexion, though there
must be to our apprehension much that is indefinite
and uncertain in tracing its details, is yet a point
where we may perceive the profound and-compre-
hensive relations established by the counsel and fore-
sight of a wise and good Creator of the world and of
man, by whom the progress and elevation of the hu-
;nan species was neither uncontemplated nor uncared

or.

4. We have traced, in the variety of organized
beings, an adaptation to the variety of climates, a
provision for the sustentation of man all over the
globe, and an instrument for the promotion of civil-
ization and many attendant benefits. We have not
considered this variety as itself a purpose which we
can perceive or understand without reference to
some ulterior end. Many persons, however, and
especially thosc who are already in the habit of re-
ferring the world to its Creator, will probably see
something admirable in itself in this vast variety of
created things. There is indeed something well
fitted to produce and confirm a reverential wonder,
in these apparently inexhaustible stores of new forms
of being and muXes of existence ; the fixity of the
laws of each class, its distinctness from all others, its
relations to many. Structures and habits and cha-
racters are exhibited, which are connected and dis-
tinguished according to every conceivable degree of
subordination and analogy, in their resemblances
and in their differences. Every new country we ex-
plore presents us with new combinations, where the
possible cases seem to be exhausted; and with new
resemblances and differences, constructed as if to
elude what conjecture might have hit upon, by pro-
ceeding from the old ones. Most of those who have
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The principal constituents of climate are the fol-
lowing :—the temperature of the earth, of the water,
of the air:—the distribution of the aqueous vapour
contained in the atmosphere :—the winds and rains
by which the equilibrium of the atmosphere is re-
stored when it is in any degree disturbed. The
effects of light, of electricity, probably of other
causes also, are no doubt important in the economy
of the vegetable world, but these agencies have not
been reduced by scientific inquirers to such laws as
to admit of their being treated with the same exact-
ness and certainty which we can obtain in the case
of those first mentioned.

We shall proceed to trace some of the peculiari-
ties in the laws of the different physical agents which
are in action at.the earth’s surface, and the manner
in wlhich these peculiarities bear upon the general
result.

The Laws of Heat with respect to the Earth.

One of the main causes which determine the tem-
perature of each climate is the effect of the sun’s
rays on the solid mass of the earth. The laws of
this operation have been recently made out with
considerable exactness, experimentally by Leslie,
theoretically by Fourrier, and by other inquirers.
The theoretical inquiries have required the applica-
tion of very complex and abstruse mathematical in-
vestigations; but the general character of the opera-
tion may, perhaps, be made easily intelligible.

The earth, like all solid bodies, transmits into its
interior the impressions of heat which it receives at
the surface; and throws off the superfluous heat from
its surface into the surrounding space. These pro-
cesses are called conduction and radiation, and have
each their ascertained mathematical laws.

By the laws of conduction, the daily impressions
of heat which the earth receives, follow each other
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would increase, but the mean temperature of the
globe would dimininish.

There is nothing which, so far as we can perceive,
determines necessarily, either the conducting or the
radiating power of the earth to its present value.
The measures of such powers, in different substances,
differ very widely. If the earth were a globe of pure
iron, it would conduct heat, probably, twenty times
as well as it does; if its surface were polished iron,
it would only radiate one-sixth as much as it does.
Changes in the amount of the conduction and radia-
tion far less than these, would, probably, subvert the
whole thermal constitution of the earth, and make it
uninhabitable by any of its present vegetable, or ani-
mal tenants.

One of the results of the laws of heat, as they exist
in the globe, is, that, by their action, the thermal
state tends to a limiting condition, which, once
reached, remains constant and steady, as it now Is.
The oscillations or excursions from the mean condi-
tion, produced by any temporary cause, are rapidly
suppressed ; the deviations of seasons from their
usual standard produce only a small and transient
effect. The impression of an extremely hot day
upon the ground melts almost immediately into the
average internal heat. The effect of a hot summer,
in like manner, is soon lost in its progress through
the globe. If this were otherwise, if the inequalities
and oscillations of heat went on, through the interior
of the earth, retaining the same value, or becoming
Jarger and larger, we might have the extreme heats
or colds of one place making their appearance at
another place after a long interval; like a conflagra-
tion which creeps along a street and bursts out at a
point remote from its origin. ‘

It appears, therefore, that both the present differ-
ences of climate, and the steadiness of the average
at each place, depend upon the form of the present
laws of heat, and on the arbitrary magnitudes which
determine the rate of conduction and radiation. The
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as day and night, summer and winter, produce in
water, inequalities of temperature much smaller than
those which occur in a solid body. The heat com-
municated is less, for transparent fluids imbibe heat -
very slowly; and the cold impressed on the surface
is soon difiYused through the mass by internal circu-
lation. :

Hence it follows that the ocean, which covers so
large a portion of the earth, and affects the tempera-
ture of the whole surface by its influence, produces
the effect of making the alternations of heat and
cold much less violent than they would be if it were
absent. The different temperatures of its upper and
lower parts produce a current which draws the seas,
~and by means of the seas, the air, towards the mean
temperature. And this kind of circulation is pro-
duced, not only between the upper and lower parts,
but also between distant tracts of the ocean. The

reat Gulf Stream which rushes out of the Gulf of

exico, and runs across the Atlantic to the western
shores of Europe, carries with it a portion of the
tropical heat into northern regions: and the return-
ing current which descends along the coast of Africa,
tends to cool the parts nearer the equator. Great as
the difference of temperature is in different climates,
it would be still greater if there were not this equal-
Jizing and moderatinwﬂwer exerted constantly over
the whole surface. ithout this influence, it is pro-
bable that the two polar portions of the earth, which
are locked in perpetual ice and snow, and almost des-
titute of life, would be much increased.

We find an illustration of this effect of the ocean
on temperature, in the peculiarities of the climates of
maritime tracts and islands. The climate of such
portions of the earth, corrected in some measure by
the temperature of the neighbouring sea, is more
equable than that of places in the same latitudes dif-
ferently situated. London is cooler in summer and
warmer in winter than Paris.

2. Water expands by heat and contracts by cold,
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as has been already said ; and in consequence of this
property, the coldest portions of the fluid genefglg
occupy the lower parts. The continued progress o
cold produces congelation. If, therefore, the law just
mentioned had been strictly true, the lower parts of
water would have been first frozen; and being once
frozen, hardly any heat applied at the surface could
have melted them, for the warm fluid coulq not hﬂ.‘i"ﬂ
descended through the colder parts. This is so far
the case, that in a vessel containing ice at the bot
tom and water at the top, Rumford made the u

fluid boil without thawing the congealed cake below.

Now, a law of water with respect to heat operat-
ing in this manner, would have been very inconve-
nient if it had obtained in our lakes and seas. The
would all have had a bed of ice, increasing with
every occasion, till the whole was frozen. We could
have had no bodies of water, except such pools on
the surfaces of these icy reservoirs as the summer
sun could thaw, to be again frozen to the bottom
with the first frosty night. The law of the regular
contraction of water by cold till it became ice, would,
therefore, be destructive of all the utility of our seas
and lakes. How is this inconvenience obviated!

It is obvitated by a modification of the law which
takes place when the temperature approaches this
limit. Water contracts by the increase of cold,
till we come near the freezing temperature; but then,
by a further increase of cold, it contracts no more,
but expands till the point at which it becomes ice. It
contracts in cooling down to 40 degrees of Fahren-
heit’s thermometer ; in cooling further it expands,
and when cooled to 32 degrees, it freezes. Hence,
the greatest density of the fluid is at 40 degrees, and
water of this temperature, or near it, will lie at the
bottom with cooler water or with ice floating above
it. However much the surface be cooled, water
colder than 40 cannot descend to displace water
warmer than itself. Hence we can never have ice
formed at the bottom of deep water. In approaching
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but at present we have to observe the exceeding
utility of water in this shape. We remark how suit-
able and indispensable to the well-being of the crea-
tion it is, that the fluid should possess the property
of assuming such a form under such circumstances.
The moisture which floats in the atmosphere is of
most essential use to vegetable life.* ¢ The leaves
of living plants appear to act upon this vapour in its
elastic form, and to absorb it. Some vegetables in-
crease in weight from this cause when suspended in
the atmosphere and unconnected with the soil, as the
house-leek and the aloe. In very intense heats, and
when the soil is dry, the life of plants seems to be
reserved by the absorbent power of their leaves.”
t follows from what has already been said, that, with
an increasing heat of the atmosphere, an increasing
quantity of vapour will rise into it, if supplied from
any quarter. Hence it appears that aqueous vapour
is most abundant in the atmosphere when it is most
needed for the purposes of life ; and that when other
sources of moisture are cut off, this is most copious.
4. Clouds are produced by aqueous vapour when
it returns to the state of water. This process is con-
densation, the reverse of evaporation. PWhen vapour
exists in the atmosphere, if in any manner the tem-
perature becomes lower than the constituent tempera-
ture, requisite for the maintenance of the vapnur{
state, some of the steam will be condensed and will
become water. It is in this manner that the curl of
steam from the spout of a boiling tea-kettle becomes
visible, being cooled down as it rushes to the air.
The steam condenses into a fine watery powder,
which is carried about by the little aerial currents.
Clouds are of the same nature with such curls, the
condensation being generally produced when air,
charged with aqueous vapour, is mixed with a colder
current, or has its temperature diminished in any
other manner.

* Loudon, 1219.
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and ice : snow being apparently frozen vapour, ag-
gregated by a confused action of crystalline laws;
and ice being water in its fluid state, solidified by the
same crystalline forces. The impression of these
agents on the animal feelings is generally unpleasant,
and we are in the habit of considering them as symp-
toms of the power of winter to interrupt that state
of the elements in which they are subservient to life.
Yet, even in this form, they are not without their
uses.* “ Snow and ice are bad conductors of cold;
and when the ground is covered with snow, or the
surface of the soil or of water is frozen, the roots
or bulbs of plants beneath are protected by the con-
gl?aled water from the influence of the atmosphere,

e temperature of which, in northern winters, is
usually very much below the freezing point; and
this water becomes the first nourishment of the plant
in early spring. The expansion of water during its
congelation, at which time its volume increases one-
twelfth, and its contraction in bulk during a thaw,
tend to pulverize the soil, to separate its parts from
each other, and to make it more permeable to the
influence of the air.” In consequence of the same
slowness in the conduction of heat which snow thus
possesses, the arctic traveller finds his bed of snow
of no intolerable coldness; the Esquimaux is shel-
tered from the inclemency of the season in his snow
hut, and travels rapidly and agreeably over the
frozen surface of the sea. The uses of those ar-
rangements, which at first appear productive only
of pain and inconvenience, are well suited to give
confidence and hope to our researches for such use-
fulness in every part of the creation. They have
thus a peculiar value in addingb connexion and uni-
versality to our perception of beneficial design.

7. There is a peculiar circumstance still to be
noticed in the changes from ice to water and from
water to steam. These changes take place at a

* Loudon, 1214.
G 2
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tofp, or the floating of ice, the moderation of the rate
of these changes seems to be the result of a violation
of a law: that is, the simple rule regarding the effects
of change of temperature, which at first sight appears
to be the law, and which, from its simplicity, would
seem to us the most obvious laws for these as well
as other cases, is modified at certain critical points,
so as to produce these advantageous effects:—why
may we not say in order to produce such effects?

8. Another office of water which it discharges by
means of its relations to heat, is that of supplying
our springs. There can be no doubt that the old hy-
potheses which represent springs as drawing their
supplies from large subterranean reservoirs of wa-
ter, or from the sea by a process of subterraneous
filtration, are erroneous and untenable. The quantity
of evaporation from water and from wet ground is
found to be amply sufficient to supply the requisite
drain. Mr. Dalton calculated* that the quantity of
rain which falls in England is thirty-six inches a year.
Of this he reckoned that thirteen inches flow off to
the sea by the rivers, and that the remaining twenty-
three inches are raised again from the ground by
evaporation. The thirteen inches of water are of
course supplied by evaporation from the sea, and
are carried back to the land through the atmo-
sphere. Vapour is perpetually rising from the ocean,
and is condensed in the hills and high lands, and
through their pores and crevices descends, till itis
deflected, collected, and conducted out to the bay,
by some stratum or channel which is watertight.

he condensation which takes place in the higher
parts of the country, may easily be recognised in the
mists and rains which are the frequent occupants of

such regions. The coldness of the atmosphere and

other causes precipitate the moisture in clouds and
showers, and in the former as well as in the latter
shape, it is condensed and absorbed by the cool

* Manchester Memoirs, v. 357.
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Besides our atmosphere of aqueous vapour, we
have another and farsfarger atmosphere of common
air; a permanently elastic fluid, that is, one which is
not condensed into a liquid form by pressure or cold,
such as it is exposed to in the order of natural events.
The pressure of the dry air is about twenty-nine and
a half inches of mercury ; that of the watery vapour,
perhaps, half an inch. Now if we had the earth
quite dry, and covered with an atmosphere of dry
air, we can frace in a great measure what would be
the results, supposing still the equatorial zone to be
hot, and the temperature of. the surface to decrease

erpetually as we advance into higher latitudes.

he air at the equator would be rarefied by the heat,
and would be perpetually displaced below by the
denser portions which belonged to cooler latitudes.
We should have a current of air from the equator to
the poles in the higher regions of the atmosphere,
and at the surface a returning current setting to-
wards the equator to fill up ﬁue void so created.
Such aerial currents, combined with the rotatory
motion of the earth, would produce oblique winds;
and we have in fact instances of winds so produced,
in the trade winds, which between the tropics blow
constantly from the quarters between east and north,
and are, we know, balanced by opposite currents in
higher regions. The effect of a heated surface of
land would be the same as that of the heated zone of
the equator, and would attract to it a sea breeze
during the day time, a phenomenon, as we also
know, of perpetual occurrence.

Now a mass of dry air of such a character as this,
is by far the dominant part of our atmosphere; and
hence carries with it in its motions the thinner and
smaller eddies of aqueous vapour. The latter fluid
may be considered as permeating and moving in the
interstices of the former, as a spring of water flows
through a sand rock.* The lower current of air is,

* Daniell. p. 129,
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the currents of fluid on the distribution of its own
pressure, and the dynamical conditions of its motion,
arc in a high degree abstruse in their principles and
complex in their results. It need not be wondered,
therefore, if the study of this subject is very difficult
and entangled, and our knowledge, after all, very

imferfect.

n the middle of all this apparent confusion, how-
ever, we can see much that we can understand.
And, among other things, we may notice some of
the consequences of the difference of the laws of
temperature followed by steam and by air in going
upwards. One important result is that the atmo-
sphere is much drier, near the surface, than it would
have been if the laws of density and temperature
had been the same for both gases. If this had been
so, the air would always have been saturated with
vapour. It would have contained as much as the
existing temperature could support, and the slightest
cooling of any object would Ea ve covered it with a
watery film ﬁke dew. As it is, the air contains
much less than its full quantity of vapour: we may
often cool an object ten, twenty, or thirty degrees
without obtaining a deposition of water upon it, or
reaching the dew-point, as it is called. To have had
such a dripping state of the atmosphere as the for-
mer arrangement would have produced, would have
been inconvenient, and so far as we can judge, un-
suited to vegetables as well as animals. No evapo-
ration from the surface of either could have taken
place under such conditions.

The sizes and forms of clouds appear to depend
on the same circumstance, of the air not being satu-
rated with moisture. And it is seemingly much
better that clouds should be comparatively small and
well defined, as they are, than that they should fill
vast depths of the atmosphere with a thin mist, which
would have been the consequence of the imaginary
condition of things just mentioned.

Here then we have another remarkable exhibition
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average condition belonging to each place. All
these oscillations are limited and transient; the storm

ends its fury, the inundation passes off, the sky
clears, the calmer course of nature succeeds. In
the forces which produce this derangement, there is
a provision for making it short and moderate. The
oscillation stops of itself, like the rolling of a ship,
when no longer impelled by the wind. Now, why
should this be so? Why should the oscillations, pro-
duced by the conflict of so many laws, seemingly
quite unconnected with each other, be of this con-
ve:'iging and subsiding character? Would it be so
under all arrangements? Is it a matter of mecha-
nical necessity that disturbance must end in the re-
storation of the medium condition? By no means.
There may be an utter subversion of the equilibrium.
The ship may roll too far, and may capsize. The
oscillations may go on, becoming larger and larger,
till all trace of the original condition is lost ; till new
forces of inequality and disturbance are brought into
play; and disorder and irregularity may succeed,
without apparent limit or check in its own nature,
like the spread of a conflagration in a city. This is
a possibility in any combination of mechanical
forces ; why does it not happen in the one now be-
fore us? By what good fortune are the powers of
heat, of water, of steam, of air, the effects of the
earth’s annual and diurnal motions, and probably
other causes, so adjusted, that through all their
struggles the elemental world goes on, upon the
whole, so quietly and steadily? Why is the whole
fabric of the weather never utterly deranged, its
balance lost irrecoverably? Why is there not an
eternal conflict, such as the poets imagine to take
place in their chaos’

¢ For Hot, Cold, Moist, and Dry, four champions fierce,
Strive here for mastery, and to battle bring
Their embryon atoms :—
to whom these most adhere,
He rules @ moment : Chaos umpire sits,
And by decision more embroils the fray.”—Par. Lost. b. ii.
H2
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though this must be done briefly. Light appears to
be as necessary to the health of plants as air o+’ mois-
ture. A plant may, indeed, grow without it, but it
does not appear that a species could be so continued.
Under 3ucﬂ a privation, the parts which are usuall
green, assume a white colour, as is the case wit
vegetables grown in a cellar, or lEn'q::rtnectf:cl by a cover-
ing for the sake of producing this very effect; thus,
celery, is in this manner blanched, or etiolated.

The part of the process of vegetable life for which
light is especially essential, appears to be the func-
tions of the leaves; these are affected by this agent
in a very remarkable manner. The moisture which
plants imbibe is, by their vital energies, carried to
their leaves; and is then brought in contact with the
atmosphere, which, besides other ingredients, con-
tains, in general, a portion of carbonic acid. So long
as light is present, the leaf decomposes the carbonic
acid, appropriates the carbon to the formation of its
own proper juices, and returns the disengaged oxy-
gen into the atmasshere; thus restoring the atmos-
pheric air to a condition in which it is more fitted
than it was before for the support of animal life. The
plant thus prepares the support of life for other crea-
tures at the same time that it absorbs its own. The
greenness of those members which affect that colour,
and the disengagement of oxygen, are the indica-
tions that its vital powers are in healthful action: ak
soon as we remove light from the plant, these indica-
tions cease: it has noﬁangcr power to imbibe carbon
and disengage oxygen, but on the contrary, it gives
back some of the carbon already obtained, and robs
the atmosphere of oxygen for the purpose of recon-
verting this into carbonic acid.

It cannot well be conceived that such effects of
light on vegetables, as we have described, should
oceur, if that agent, of whatever nature it is, and
those organs, had not been adapted to each other.
But the subject is here introduced that the reader
may the more readily receive the conviction of com-
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ether. The former opinion has, till lately, been most

enerally entertained in this country, having been
the hypothesis on which Newton made his calcula-
tions; the latter is the one to which most of those
persons have been led, who, in recent times, have
endeavoured to deduce general conclusions from the
newly discovered phenomena of light. Among these
persons, the theory of undulations 1s conceived to be
established in nearly the same manner, and almost as
certainly, as the doctrine of universal gravitation:
namely, by a series of laws inferred from numerous
facts, which, proceeding from different sets of phe-
nomena, are found to converge to one common view ;
and by calculations founded upon the theory, which,
indicating new and untried facts, are found to agree
exactly with experiment.

We cannot here introduce a sketch of the progress
by which the phenomena have thus led to the accept-
ance of the theory of undulations. But this theory
appears to have such claims to our assent, that the
views which we have to offer with regard to the de-
sign exercised in the adaptation, of light to its pur-
poses, will depend on the undulatory theory, so far
as they depend on theory at all.*

2. The impressions of sight, like those of hearing,
differ in intensity and in kind. Brightness and Colour
are the principal differences among visible things, as
loudness and pitch are among sounds. But there is
a singular distinction between these senses in one
respect: every object and part of an object seen, 1s
necessarily and inevitably referred to some position
in the space before us; and hence visible things have
place, magnitude, form, as well as light, shade, and
colour. There is nothing analogous to this in the
sense of hearing ; for though we can, in some ap-

* The reader who is acquainted with the two theories of
light, will perceive that though we have adopted the doetrine of
the ether, the greater part of the argumenis adduced would be
equally forcible, if expressed in the language of the theory of
emission,
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have this effect for its main object. And this me-
chanism necessarily sup%oses certain corresponding
properties in light itself, by means of which such an
effect becomes possible.

The main properties of light which are concerned
in this arrangement, are reflexion and refraction : re-
flexion by which light is reflected and scattered by
all objects, and thus comes to the eye from all : and
refraction, by which its course is bent, when it passes
obliquely out of one transparent medium into another;
and by which, consequently, convex transparent sub-
stances, such as the cornea and humours of the eye,
possess the power of making the light converge to a
focus or point; an assemblage of such points forming
the images on the retina, which we have mentioned.

Reflexion and refraction are therefore the essential
and indispensable properties of light; and so far as
we can understand, it appears that it was necessary
that light should possess such properties, in order that
it might form a medium of communication between
man and the external world. We may consider its
power of passing through transparent media (as air)
to be given in order that it may enlighten the earth ;
its affection of reflexion, for the purpose of making
colours visible ; and its refraction to be bestowed,
that it may enable us to discriminate figure and po-
sition, by means of the lenses of the eye.

In this manner light may be considered as consti-
tuted with a peculiar reference to the eyes of ani-
mals, and its leading properties may be looked upon
as contrivances or adaptations to fit it for its visual
office. And in such a point of view the perfection of
the contrivance or adaptation must be aﬂnwed to be
very remarkable.

3. But besides the properties of reflexion and re-
fraction, the most obvious laws of light, an extraor-
dinary variety of phenomena have lately been dis-
covered, regulated by other laws of the most curious
kind, uniting great complexity with great symmetry.
We refer to the phenomena of diffraction, polarisa-
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tion, and periodical colours, produced by erystals
and by thin plates. We have, in these facts, a vast
mass of properties and laws, offering a subject of
study which has been pursued with eminent skill and
intelligence. But these properties and laws, so far
as has yet been discovered, exert no agency what-
ever, and have no purpose, in the general econom
of nature. Beams of light polarised in contrary di-
rections exhibit the most remarkable differences
when they pass through certain erystals, but mani-
fest no discoverable difference in their immediate
impression on the eye. We have, therefore, here, a
snumber of laws of light, which we cannot perceive
to be established with any design which has a refer-
ence to the other parts of the universe. e
Undoubtedly it is exceedingly possible that these
differences of light may operate in some quarter,
and in some way, which we cannot detect; and that
these laws may have purposes and may answer ends
of which we have no suspicion. All the analogy of
nature teaches us a lesson of humility, with regard o
the reliance we are to place on our discernment and
judgment as to such matters. But with our present
knowledge, we may observe, that this curious system
of phenomena appears to be a collateral result of the
mechanism by which the effects of light are pre
duced ; and therefore a necessary consequence of the
existence of that element of which the offices are so
numerous and so beneficent. il
The new properties of light, and the speculations
founded upon them, have led many persons to the
belief of the undulatory theory; which, as we have
said, is considered by some ﬁilﬂﬁﬂphers as demon-
strated. If we adopt this tEec}ry, we consider the
luminiferous ether to have no local motion; and to
produce refraction and reflexion by the operation of
its elasticity alone. We must necessari y suppose
the tenuity of the ether to be extreme; and i we
moreover suppose its tension to be very great, which
the vast velocity of light requires us to suppose, the
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there is a certain unalterable quantity in the uni-
verse ; when combined, their compounds exhibit new
chemical affinities, new mechanical laws. Who gave
these different laws to the different substances? who
proportioned the quantity of each? But suppose this
done. Suppose these substances in existence ; in con-
tact,in due proportion to each other. Is this a world,
or at least our world?” No more than the mine and
the forest are the ship of war and the factory. These
elements, with their constitution perfect, and their
proportion suitable, are still a mere chaos. They
must be put in their places. They must not be where
their own properties would place them. They must
be made to assume a particular arrangement, or we
can have no regular and permanent course of na-
ture. This arrangement must again have additional
peculiarities, or we can have no organic portion of
the world. The millions of millions of particles which
the world contains, must be finished up in as com-
plete a manner, and fitted into their places with as
much nicety, as the most delicate wheel or spring in
a piece of human machinery. What are the haiits
of thought to which it can appear possible that this
could take place without design, intention, intelli-
gence, Eur ose, knowledge ?

In what has just been said, we have spoken only of
the constitution of the inorganic part of the universe.
The mechanism, if we may so call it, of vegetable
and animal life, is so far beyond our comprehension,
that though some of the same observations might be
applied to it, we do not dwell upon the subject. We
know that in these processes also, the mechanical
and chemical properties of matter are necessary, but
we know too that these alone will not account for
the phenomena of life. There is something more than
these. The lowest stage of vitality and irritabilit
appears to carry us beyond mechanism, beyond af-

ity. All that has been said with regard to the
gﬂctness of the adjustments, the combination of va-
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Mercury in the proportion of two to three. The last
mentioned case is a considerable deviation, and two
of the small planets which lie between Mars and Ju-
piter, namely Juno and Pallas, exhibit an inequality
somewhat greater still; but the smallness of these
bodies, and other circumstances, make it probable
that there may be particular causes for the exception
in their case. The orbits of the satellites of the
Eatrth, of Jupiter and of Saturn, are also nearly cir-
cular.

Taking the solar system altogether, the regularity
of its structure is very remarkable. The diagram
which represents the orbits of the planets might have
consisted of a number of ovals, narrow and wide in
all degrees, intersecting and interfering with each
other in all directions. The diagram does consist,
as all who have opened a book of astronomy know,
of a set of figures which appear at first sight con-
centric circles, and which are very nearly so; no
- where approaching to any crossing or interfering,
except in the case of the small planets, already no-
ticed as irregular. No one, looking at this common
diagram, can believe that the orbits were made to
be so nearly circles by chance; any more than he
can believe that a target, such as archers are accus-
tomed to shoot at, was painted in concentric circles
by the accidental dashes of a brush in the hands of a
blind man.

The regularity, then, of the solar system excludes
the notion of accident in the arrangement of the or-
bits of the planets. There must have been an ex-
press adjustment to produce this circular character
of the orbits. The velocity and direction of the mo-
tion of each planet must have been subject to some
original regu&tion; or, as it is often expressed, the
projectile force must have been accommndat_ed to
the centripetal force. This once done, the motion of
each planet, taken by itself, would go on for ever,
still retaining its circular character, by the laws of
motion. e

L2












STABILITY OF THE SYSTEM. 129

qual length, and seasons of capricious temperature,
planets and moons of portentous size and aspect,
glaring and disappearing at uncertain intervals;”
tides like deluges, sweeping over whole continents;
and, perhaps, the collision of two of the planets, and
the consequent destruction of all organization on
both of them.

Nor is it, on a common examination of the history
of the solar system, at all clear that there is no ten-
dency to indefinite derangement. The fact really is,
that changes are taking %ace in the motions of the
heavenly bodies, which Eave gone on progressively
from the first dawn of science. The eccentricity of
the earth’s orbit has been diminishing from the ear-
liest observations to our times. The moon has been
moving quicker and quicker from the time of the
first recorded eclipses, and is now in advance, by
about four times her own breadth, of what her place
would have been if it had not been affected by this
acceleration. The obliquity of the ecliptic also is in
a state of diminution, and is now about two-fifths of
a degree less than it was in the time of Aristotle.
Will these changes go on without limit or reaction?
If so, we tend by natural causes to a termination of
the present system of things: If not, by what adjust-
ment or combination are we secured from such a
tendency ! Is the system stable, and if so, what is the
condition on which its stability depends?

To answer these questions is far from easy. The
mechanical problem which they involve is no less
than this ;—Having given the directions and veloci-
ties with which aguut thirty bodies are moving at
one time, to find their places and motions after any
number of ages; each of the bodies, all the while,
attracting all the others, and being attracted by
them all.

It may readily be imagined that this is a problem
of extreme complexity, when it is considered that
‘every new configuration or arrangement of t_Ifle bo-
dies will give rise to a new amount of action on
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monstrating,” says Laplace, “ that whatever be the
masses of the planets, in consequence of the fact that
they all move in the same direction, in orbits of
small eccentricity, and slightly inclined to each other
—their secular inequalities are periodical and includ-
ed within narrow limits; so that the planetary system
will only oscillate about a mean state, and will never
deviate from it except by a very small quantity. The
ellipses of the planets have been, and always will be,
nearly circular. The ecliptic will never coincide with
the equator, and the entire extent of the variation in
its inclination cannot exceed three degrees.”

There exists, therefore, it appears, in the solar sys-
tem, a provision for the permanent regularity of ‘its
motions; and this provision is found in the fact that
the orbits of the planets are nealy circular, and near-
ly in the same plane, and the motions all in the same

irection, namely, from west to east.*

Now is it probable that the occurrence of these
conditions of stability in the disposition of the solar
system is the work of chance? Such a supposition
appears to be quite inadmissible. Any one of the or-

* In this statement of Laplace, however, one remarkable pro-
vision for the stability of the system is not noticed. The planets
Mercury and Mars, which have much the largest eccentricities
among the old planets, are those of which the masses are much
the smallest. e mass of Jupiter is more than two thousand
times that of either of these planets. If the orbit of Jupiter were
as eccentric as that of Mercury is, all the security for the stability
of the system, which analysis has yet pointed out, would disap-
pear. The earth and the smaller planets mightin that case change
their approximately circular orbits into very long ellipses, and
thus might fall into the sun, and fly off into remote space.

It is further remarkable that in the newly discovered planets,
of which the orbits are still more eccentric than that of Mer-
cury, the masses are still smaller, so that the same provision is
established in this case also. It does not appear that any mathe-
matician has even attempted to point out a necessary connexion
between the mass of a planet and the eccentricity of its orbit
on any hypothesis. May we not then consider this combination
of small masses with large eccentricities, so important to the
purposes of the world, as a mark of provident care in the
Creator?
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:L;K;tem. This could hardly have occurred by an

ing which we can call chance. Let it be granted,
that the law of gravitation is established, and that
we have a large mass, with others much smaller in
its comparative vicinity. The small bodies may then
move round the larger, but this will do nothing to-
wards making it a sun to them. Their motions might
take place, the whole system remaining still utterly
dark and cold, without day or summer. In order that
we may have something more than this blank and
dead assemblage of moving clods, the machine must
be lighted up and warmed. %ome of the advantages of
placing the lighting and warming apparatus in the
centre are obvious to us. It is in this way only that
we could have those regular periodical returns of
solar influence, which, as we have seen, are adapted
to the constitution of the living creation. And we
can easily conceive, that there may be other incon-
gruities in a system with a travelling sun, of which
we can only conjecture the nature. No one probably
will doubt that the existing system, with the sun in
the centre, is better than any one of a difierent kind
‘would be.

Now this lighting and warming by a central sun
are something superadded to the mere mechanical
arrangements of the universe. There is no apparent
reason why the largest mass of gravitating matter
should diﬂ'ﬁse inexhaustible supplies of light and heat
in all directions, while the other masses are merely
passive, with respect to such influences. There is no
obvious connexion between mass and luminousness,
or temperature. No one, probably, will contend that
the materials of our system are necessarily luminous
or hot. According to the conjectures of astronomers,
the heat and light of the sun do not reside in its mass,
but in a coating which lies on its surface. If such a
coating were fixed there by the force of universal
gravitation, how could we avoid having a similar
coating on the surface of the earth, and of all the
other globes of the system. If light consist in the
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tendants: the Earth has one. Mars, indee