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PREFACE.

THE three following essays, though somewhat
connected in subject, are yet each distinet and com-
plete in themselves, having been originally composed
at different times and with separate objects. Hence
there will probably be found in some parts repetitions :
but on the whole it appeared preferable to allow
these to remain, rather than by omissions and altera-
tions to render less complete and continunous the
argument of each essay in itself And the few
topics which belong to them in common will, in most
cases, be found treated under somewhat different
aspects, according as the particular argument in
cach instance required.

The First Essay consists mainly of an amplification
of a few paragraphs in m@ paper “on Necessary
and Contingent Truth” in the Oxford Ashmolean

Memoirs, 1849, in reference to which I felt it
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iv PREFACE.

desirable to explain and illustrate some points there
but imperfectly treated, as well as some other topics
related to them, and which have of late years been
the subject of considerable discussion; some of
which were also considered in my work on “the
Connexion of Natural and Divine Truth,” 1838.
More precisely, the subjects of the primary grounds
of inductive reasoning, and the theory of Causation,
have long since appeared to me to be commonly in-
volved in much confusion of thought, which has, as I
think, been rather increased than diminished by
some recent discussions from which we might have
hoped for greater enlightenment ; — and which ap-
pears to me to be the source of many unhappy
difficulties and objections connected with the so-
called doctrine of ¢ final causes,” and the evidences
of natural theology generally.

To the object of clearing up some of these diffi-
culties, and inculcating better views, some parts of
my former work last referred to were devoted: And
to the argument there pursued (so far as I am aware)
no substantial objectionsgiave been alleged. Yet the
frequent reproduction of the same original confusion

of language and thought, in otherwise able and
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valuable writings at the present day, renders it not
useless to recall attention to some of those considera-
tions by which, I believe, the whole subject is put on
a more satisfactory and unobjectionable basis.

Many of these topics, it will be evident at first
sight, are coextensive with those so elaborately and
profoundly treated in Dr. Whewell’s Philosophy of the
Inductive Sciences and in Mr. Mill’s Logic. If I
have made very few specific references to either of
those treatises, it has arisen from no want of respect
and consideration for either of the distinguished
authors ; but rather from an opposite feeling of high
general esteem for the ability with which they have
treated the subject, I entertained an unwillingness
to appear to enter into direct controversy, in some
material questions on which I have been constrained
to hold opinions somewhat differing from those of both
writers.

If the grounds on which I maintain my views
shall be found sufficiently indicated and explained, I
trust the candid reader will be as well prepa;red to
come to an unbiassed opinion on the points in ques-
tion as if they were urged with a greater degree of

critical detail; and the opinions which I controvert
A3
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will be equally marked out, without more minute
reference to the particular authors.

The Second Essay was called forth by a perusal of
the two able and interesting works on the question
of the Plurality of Worlds, which have of late at-
tracted such an unexpected degree of public atten-
tion; an interest which, even up to the moment of
bringing out this volume, does not appear to have
abated, if we may judge from the several other pub-
lications since announced on the same question.

With respect to the author of the ¢ Essay on the
Plurality of Worlds,” while it would be absurd to pre-
tend ignorance of his real eminence, I have through-
out felt it would at the same time be improper to refer
to his opinions, otherwise than as those sustained by
the masked character under which, doubtless for the
greater freedom of such discussion, he has thought
fit to veil academical dignity.

The controversy itself, as to the question of inha-~
bited worlds, appears to me of comparatively little
momeht: it is rather for the sake of more general
considerations involved, that I have been led to
enter into the discussion, and, in some measure, to

hold the balance between the two disputants. Those
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broader principles are closely connected with the
subject of the First Essay.

The collateral questions introduced into the Second
Essay have also an immediate bearing on the sub-
ject of the Third. The inquiry into the present con-
dition of planetary worlds is closely connected with
that of their ];ast state and probable origin; and
this with the general question of the history of cre-
ation, so far as it can be traced on physical grounds.
But this subject, again, is one which has of late years
extensively occupied the public attention ; especially
from the extraordinary popularity attained by the
“Vestiges of the Natural History of Creation,”
and the controversies to which that work has given
rise. In those controversial discussions, it cannot but
be matter of regret that so acrimonious a tone, little
suited to eliciting the truth, should have been adopted
by some of the writers. Hence it seemed to me
that a more calm and philosophical analysis of the
whole question was much needed; and in some mea-~
sure to supply such a review of the general principles
and grounds on which all speculations of the kind
should be conducted, as well as to examine dispassion-

ately into the alleged religious bearings of any the-
A4
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ories by which some part of the steps and processes
of creation might be explained, has been the aim of
the Third Essay.

It should perhaps be expressly observed that if, in
those passages where I have spoken of the evidences
of natural theology, I have professedly restricted my
remarks to the physical portion of the argument,—it is
not from at all disparaging or overlooking the moral
and metaphysical portions, that I have not adverted to
them, but solely because they are not immediately
connected with the more direct object of these Essays,
already extended, perhaps, to too great a length.

A similar remark ought, also, to be made with
respect to the very brief and inadequate mention
made of some other points of deeper import to the
belief in revelation; to which I could willingly have
devoted a more extended discussion than it was pos-

sible within my present limits to give them.
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§ 1. —THE INDUCTIVE PRINCIPLE.

=
GALILEO, 1500.

* Opinionum commenta delet dies,

Nature judicia confirmat.”—Cic.

THE characteristic nature, genius, and grounds of Introduc.
the inductive philosophy have been much discussed f'z:\gk:e
of late years, and under considerable varieties of
view, by different parties. Whilst some have carried
out their view of its principles into metaphysical
abstractions often hardly intelligible, others have

sought to narrow them to the results of mere sen-

B 2
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4 INDUCTIVE PRINCIPLE. [Essav I § r.

sible experience; and whilst the one would connect
its aims with a higher intellectual philosophy, even
verging on the mystical, the other school would
lower its objects to the mere empire over matter,
and the attainment of utilitarian ends.

More precisely, an inquiry into the essential
grounds and principles of induction involves the
more general question of what has been termed “the
fundamental antithesis”* of sensations and ideas,
facts and theories; in a word, of two essentially
distinet and independent sources of all knowledge,
the external and the internal — observation by the
senses, and ideas originating in the mind itself;
while it is only by the application of the latter to
reduce to system the materials supplied by the
former, that any real philosophical theory can be
constructed, the crude results of observation be
converted into an inductive theory, or sense elabo-
rated into science.

Thus ideal conceptions, the pure offspring of
mind, the mere creatures of intellect, seem to

exercise a sort of plastic power over the mass of

* See Dr. Whewell’s two able memoirs “ On the Fundamental An-
tithesis of Philosophy.” Cambridge Phil. Society Transactions, 1848.
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material results, giving them a fresh character and
* scientific significance ; and thus we are enabled to
make that ascent from facts to laws, from laws
to causes, which is the aim and boast of the in-
ductive philosophy. Such views, carried out in some
instances to speculations of a kind still more re-
mote and hardly comprehensible, have been adopted
by many at the present day: while, on the other
hand, the  positive philosophy” is characterised by
a tendency to the contrary. extreme of discarding
all reference to those higher intellectual principles,
reducing all science to the naked results of obser-
vation and calculation, and all idea of causation to
that of mere invariable sequence of phenomena.

In looking more precisely to the meaning of the
term experience, if we understand it literally as the
mere collection of facts, such as sense and observation
directly furnish, and the rejection of everything which
is not, in this restricted sense, properly learnt by it,
then, indeed, there is an end put to all really scien-
tific or philosophical investigation; and beyond the
narrow circle of those facts we can never enlarge our
conceptions or raise our contemplations,

The slightest consideration, however, will show

B 3
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6 INDUCTIVE PRINCIPLE. [Essay L. § 1.

that the term ezperience, even in the simplest case,
must be understood in a wider sense: whilst the
logical analysis* of induction exhibits a syllogism
in which a large assumption is necessarily implied,
beyond and independent of any accumulation of
facts. Thus every induction is seen essentially to
involve a certain amount of hypothesis,—a certain
agsumption of more than the bare facts themselves
seem strictly to warrant. We form intellectual
conceptions of a nature more general than the
mere enumeration of a number of instances, how-
ever many ; and thus supply ¢ the string on which”
(as Dr. Whewell happily expresses it) ¢ the pearls

are hung ;”

and perceive, according to the illus-
tration of another able writerf, how ¢ philosophy
proceeds upon a system of credit, and that, if she
never advanced beyond her tangible capital, her
wealth would not be so enormous as it is.”

It is certainly not the mere number of instances
which constitutes the strength of an inductive con-

clusion; but it is the Zind and quality of them, as

* See Archbishop Whately’s Logic, book iv. ch. i. §§ 1. 2.

t Outlines of the Laws of Thought (p. 812.), by Rev. W. Thomson,
M.A.: London, 1849.
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bearing on the manifestation of the existence of
certain relations among them, connecting them
together by analogy. If the individual facts be
thus connected, or of the right sort, avcomparatiVely
small number of them will be convincing, when in
other cases the most laborious accumulation will
be fruitless and unsatisfactory, as wanting in a real
connection of analogy. When, however, that essen-
tial condition is secured, it then infallibly happens
(as has been well said) that a * vague and local
idea . . . . passes through the mint of a very few
decisive experiments into the treasury of accepted
truths.”*

In arriving at any general inductive conclusion,
then, something is clearly superadded to the mere
mass of facts; the question is, what is it? In the
simplest case, that of knowledge acquired by the
senses, something more than mere sensation is
implied : besides sensations conveyed to the mind,
there must be corresponding ideas excited or formed
in it. All observation which involves mind involves

theory : the facts of sense must be idealised. Of

* Rev. W. V. Harcourt’s Letter, &c., Phil. Mag. 1846, p. 76.
B 4
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8 INDUCTIVE PRINCIPLE. [Essav L §r

the truth of this no reflecting person entertains a
doubt: the sole question is, how it is effected, and
whence these ideas are formed.

According to one school, these phenomena are
referred to a peculiar principle, supposed to be
implanted in the mind, not to be further analysed :
a special faculty, producing a distinct mode of
conviction; a kind of assurance, prior to and in-
dependent of external sense, and derived from the
interior resources of reason; an inherent intel-
lectual element, which warrants us in extending
our conclusions beyond the mere limits of obser-
vation, and in inferring intuitively and certainly
the future or unknown from the past or known.
Or, more precisely, certain fundamental concep-
tions are supposed primarily and originally formed
within the mind itself, derived somehow from its
interior resources, without any reference to external
sensation ; and the introduction of these conceptions
(differently modified according to the nature of the
respective subjects) impresses the proper form on
the collected facts. And it is from the fundamental
ideas thus entering into combination that the attri-

butes of universality and necessity are acquired
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by our conclusions and belief, and a certainty attained
on & priori grounds which no mere observation could
furnish.

Another school, discarding all reference to any
intuitive or internally created ideas, analyses the
intellectual process into its elements, and shows
that through successive steps of abstraction, from
the simple collection of facts, we advance to theories,
which are true just in proportion as we are guided
by the right perception of analogy and the im-
portant rule of correcting one generalisation by
another, and thus, that all knowledge is ultimately
derived from observation.

The theory of intuitive or internal principles
undoubtedly appeals powerfully to the imaginatioln.
Nothing seems more natural or plausible than to
refer everything to ultimate principles originating
in the niind: it saves the labour of further analysis,
and supplies a specious explanation of intellectual
phenomena, which seems to gratify at once the
desire of penetrating the secrets of our nature and
the love of the mysterious, in appealing to great
but hidden causes within us: a species of occult

philosophy, which seems eminently to harmonise

Another
view.
Gradual
process of
abstraction
and gene-
ralisation,

Idea of in-
tuitive
principles
natural,
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10 INDUCTIVE PRINCIPLE. [Essar L §1

with the mysticising tendencies of the age; but
which, nevertheless, appears to be conceived in a
spirit very opposite to that of the simple and
positive character of the inductive method, and,
though sanctioned by great names, seems rather to
be a retrograde movement, and to evince a lingering
attachment to the scholastic mysticism, or to be in
some sense a revival of it.

That we are naturally prome to entertain such
notions may be very true; yet it may happen in
this, as in many other instances of what we are
prone to do, that we do wrong. DBut the more
strict metaphysical inquirer will acknowledge that
it is unphilosophical to imagine peculiar and unknown
mental principles, if processes carried on through
already acknowledged intellectual powers can be
shown to suffice for explaining the facts.

In the present instance, indeed, as in other in-
quiries, it may be perfectly allowable in the first
instance to set down any outstanding class of phe-
nomena as provisionally something sui generis, and
of an elementary character, just as in chemistry
we may regard any new substance as elementary

while it is as yet undecomposed ; but still it is the
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aim of the chemist to decompose it if he can. In
the same way there may be a multitude of ideas,
Aimpressions, intellectual sensations, and the like,
which may at first seem like elementary principles;
but which, nevertheless, it should be the aim of
the metaphysical analyst to reduce into their com-
ponent simpler elements if possible.

In such cases the powers of imagination may be
appealed to; and doubtless those powers are suffi-
ciently prolific in suggesting theories. The minds
of the ancient philosophers teemed with speculative
schemes of nature before any study of facts had
furnished them with substantial materials. Hum-
boldt has well observed, that ““long before the dis-
covery of the New World it was thought land could
be seen in the west from the Canaries and the
Azores. They were phantasms not produced by any
extraordinary refraction of the rays of light, but
merely by a longing for the distant, for that which
lies beyond the present. The natural philosophy of

Power of
imagina-~
tion,

the Greeks, and the physics of the middle ages and

even of much later centuries, presented swarms of
such fantastic forms to the imagination. The mental

eye still essays to pass the horizon of limited know-
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ledge even as the material eye endeavours to pierce
the natural horizon from an island height or shore.
Faith in the unusual and wonderful gives definite
outlines to every product of imagination; and the
realm of fancy, a strange land of cosmological,
geognostial, and imaginative dreams, is incessantly
blended with the world of reality.”*

Yet mere imagination, however powerful and
prolific, will avail little for creating any theories
which will stand the test of observation, or which
have any real application in nature.

But, from considering tlfe nature of our gene-
ralisations, it is argued, that we must necessarily
obtain ideas from some other source than sense, or
that the mind possesses a peculiar power or faculty
of acquiring a higher degree of certainty from
within than experience can give from without. Or,
again, it is said, in such cases as mathematical
theorems, the mind attains certainty quite inde-
pendently of experience; whilst in other cases,
such as limited inductions in subjects little known,
it has no certainty beyond the mere facts which are

directly presented to it. 'Why, then, is the mind

* Cosmos, p. 84., 1st trans.
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so confident in one case and so cautious in the other,
unless there be a real difference in the faculties
brought into play in the two respective cases ?

When we analyse the process logically, it is
manifest that, in induction, what is superadded to
a mere collection of facts consists precisely in the
assumption  that all phenomena of the kind in ques-
tion are similar to the few actually examined.”

The question, then, is reduced to this, How does
the mind come to make this universal assumption,
and to be so firmly convinced of its truth?

In the first place, I think it will be allowed, on
reflection, that general conceptions of this kind,
however apparently abstract in their nature, may
be created in our minds by very simple causes,
of whose operation we may yet be quite un-
conscious. There is nothing of which we are less
conscious than the acquisition of the commonest
ideas by dail'y experience, and the successive and
gradual generalisation of that experience by the pro-
cess of abstraction ; and in this way we constantly
obtain (without being aware of it) numberless pre-
possessions and convictions far stronger than any

systematic demonstrations can supply.

Logical
analysis of
induction.

Origin of
this as-
sumption.

Mental pro-
cesses car-
ried on
uncon-
sciously.
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The primary assumption involved in all in-
duction is the presumed wniformity of phenomena,
or the conformity of other facts of the same class
with that under examination to the same law or
type.

It is, then, perfectly true that no inductive pro-
cess can advance without the assumption of this
generalising principle, which is, nevertheless, ante-
cedent to the particular class of experimental testi-
monies IN THAT INSTANCE appealed to. But what
I would particularly dwell upon is, that it #s not
antecedent to ALL experience ; it i3 some principle
already established in the mind by previous abs-
tractions, remotely derived from previous expe-
rience, and specially extended by ANALOGY beyond
the precise limits of actual observation in this in-
stance.

It is true that there exists in the human mind a
strong natural propensity to draw hasty inferences,
to generalise too rapidly, and to deceive ourselves
by erecting conclusions on very unsubstantial and
insufficient data; and this is closely associated with
the fondness for tracing resemblances; being pleased

with uniformity and the contemplation of analogy,
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real or imagined, where there are often but slight
indications of it, or even where the appearances of
it are in reality altogether fallacious.

These propensities are evinced more or less strongly
in different minds in the earliest exercise of their
powers: and though in matters of common life and
every-day occurrence they are soon and effectually
subjected to the corrective process of enlarging ex-
perience and reflection, which the pressing necessities
of daily existence force upon us; yet in other sub-
jects, such as those of abstract speculation or philo-
sophical inquiry, it may be long before they receive
so salutary a check, or at least before they come
to be really well regulated by rational principles.

Our FIRST inductions are ALWAYS IMPERFECT
AND INCONCLUSIVE; we a,dvénce towards real evi-
dence by successive approximations; and accordingly
we find false generalisation the besetting error of
most first attempts at scientific research. The
faculty to generalise accurately and philosophically
requires large caution and long training; and is not
fully attained, especially in reference to more general
views, even by some who may properly claim the

title of very accurate scientific observers in a more
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perience.
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limited field. It is an intellectual habit which
acquires immense and accumulating force from the
contemplation of wider analogies; and in any one
case our conviction of inductive truth is largely
built up on past trial of its soundness in other cases;
and from the perpetual multiplication of such cases
it obtains a perpetually progressive character of
greater certainty, increasing in a rapidly accelerated
ratio as experience enlarges.

By trial of theoretical suggestions in succession,
and only after repeated failure, we learn their erro-
neous nature. But thus by acquiring more caution
and confidence and adopting better conjectures, we
revise and amend our attempts, and learn to proceed
on more sound principles, until we gain a habit of
generalisation worthy the name of inductive power.

Again, the tendency to make the primary induc-
tive assumption, and the extent to which it reaches,
admit of many degrees. It is found in its higher
perfection in those comprehensive views which con-
stitute the discoveries of the greatest philosophers,
and in varied inferior degrees in other instances.

In the order of time, also, it is always evinced

with far less effect in the earlier stages of scientific
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development, and with more full and perfect force in
its later progress; whether in the infancy of science,
or of the experience of an individual.

But as the cultivation of inquiry advances, the
inductive process by habitual exercise derives force
so naturally and insensibly, that the mind is utterly
unconscious of its acquirement; and hence it is that
we readily give way to the very natural, but mis-
taken persuasion, that the generalised idea is some-
thing inherent, or created out of the intrinsic powers
of reason itself. -

And in any case even of the most limited induc-
tion, there is one argument on which, more than any
other, we always fall back with perfect confidence,
and which really constitutes the main force of the
evidence, viz. the assurance that if there be any fatal
exception to the law or truth supposed to be esta-
blished, &t will soon be sure to manifest iiself. The
non-occurrence of such an exception against a sup-
posed law is a far stronger argument than the
occurrence of hundreds of instances in its favour:
and this consideration probably operates far more
strongly with most minds than any abstract prin-

ciple of conviction.
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If there be any force in what has been advanced,
then, instead of any primary or inherent principle,—
any original element of the mind, enabling it to see
the outward world blindfold,—any intuitive internal
power to create external facts, any authority derived
solely from the interior resources of pure reason to
show us physical and material things without re-
ference to the senses, or the like,—the simple
analysis of the case would lead us to the more
sober belief that the source of inductive cer-
tainty, that certainty beyond the mere limits of
sense, that superstructure larger than any found-
ation of facts, is accounted for by natural and ac-
knowledged processes.

It arises in the first instance out of the power of
abstraction, acting with unconscious force and power-
ful rapidity, by whose aid the mind creates what are
indeed new conceptions, yet formed only out of
materials already furnished, and this not by addition,
but by subtraction of properties and particulars.

Above all, the process derives its whole force from
the discovery and acceptance of sound and well-

framed analogies, or, as I have elsewhere said, THE
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SouL or INpUCTION Is ANALOGY; and higher,
more efficacious, and more enduring, as the analogies
adopted are more strictly accordant with the real
harmonies of nature.

The application of a higher reasoning to the mere
facts of observation which essentially constitutes
science throughout a large extent of physical re-
search, is mainly effected by the application of those
systems of abstract and necessary mathematical truth
which have been independently deduced from ab-
stractions respecting quantity in its several species
(themselves derived not less originally from ex-
periences of sensible extension, division, and nume-
ration), whence spring quantitative laws and mathe-
matical theories, which confer on the inductive
results, whenever they can be appliea, a character
of increasing certainty and power arising from the

higher capacity for generalisation. Thus the two

systems react on each other, and we are often en--

abled to carry on our views, and predict results to
which no mere extension of observation could have
conducted us.

The process of inductive generalisation indeed

c2
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becomes infinitely more rapid, decisive, and well-
founded, when pursued in connection with the de-
ductive method. The application of mathematical
formulas, if found to apply to the subject, not only
leads with greater readiness to genmeral laws, but
carries with it a powerful presumption in many
cases that it is really the exponent of some actual
and higher natural analogy which we could never
have collected from any mere observation of facts.

Such instances are, indeed, constantly occurring
in various degrees; but, in some particularly striking
cases, have evinced, to a singular extent, the cor-
respondence between the real, but as yet unknown,
laws of nature, and the abstract creations of mathe-
matical conception: as in the well-known instances
of the change in polarisation predicted by Fresnel
from the mere interpretation of an algebraic symbol,
and the fact of eonical and cylindrical refraction anti-
cipated from the mathematical theory by Sir William
Hamilton.

But this assertion of & priori evidence is some-
times made with reference to the primary princi-
ples of all natural philosophy—fhe laws of motion

and of equilibrium—whether in solids or fluids. It
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is alleged, that what is announced as the first law of
motion, though it may be attested by constant ex-
perience, has yet in itself evidence arising out of the
nature of the case beyond all experiencé.

Now, in the first place, I would observe, that
the very notions of a body in uniform rectilinear
motion, or of forces acting on it, are essentially
ideas of experience, and certainly could have no
application without reference to the real existence of
matter and force.

It may be maintained that the law of inertia —
that a body will retain motion communicated to it
after the direct impulse has ceased-—is at least
deducible as a consequence from higher first prin-
ciples; but still those principles are themselves no-
thing else than mere simple facts, or properties of
matter, derived from experience.

It is sometimes alleged that, to assert that a body,
left to itself, will go on in uniform rectilinear mo-
tion for ever, is presumptuously to assert what no
experience can ever justify ; and, therefore, if ad-
mitted at all, can only be received as an intellectual
truth derived from a& prior: principles. But such

perplexity would be removed if we only put the
c3
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proposition thus: a body in motion, &e., must
EITHER go on for ever, OR its motion must be
changed or stopped; but whatever changes, stops,
or retards it, is a new force acting upon it, and the
question is then reduced to an examination of the
action of that force. :

Again, it has been sometimes asserted, that the
first principle of equilibrium —the foundation of the
doctrine of the lever — is aziomatic or self-evident.

Yet, without going further, it is obvious that the
very idea must imply at least the existence of
matter, capable of being acted upon by such a force
as gravity through the intervention of something
material corresponding to the inflexible straight line
of theory;—ideas which can only have been ob-
tained ultimately from experience. 'When some
such principles have been adopted, we can then,
and then only, by strict deductive reasoning from
them, arrive at the theorem of the lever, which
we find confirmed by experiment.*

In like manner, it has been maintained that the

* See my “Essay on the Laws of Motion,” and “ Essay on Necessary
and Contingent Truth ;” Ashmolean Memoirs: Oxford, 1837, 1849.
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first principle of all hydrostatics, the equal pressure
of fluids, is not derived from experience, but that
the mind can pronounce on its & priori certainty.
Undoubtedly the mind can infer deductively this
great law of fluids, as a necessary consequence from
certain other assumptions, that is, when certain, yet
more elementary properties of fluids are known,
and taken as the basis of the science, but not other-
wise.

The ulterior principles to which the nature of
fluids may be reduced, may have been differently
viewed and traced upwards to more or less simple
elements by different philosophers, but all have
adopted, and must adopt, at the outset, some primary
physical fact or property to start from. The more
simple and general the property referred to, the
more satisfactory and complete is the reasoning;
and it is the main point in such an enquiry to
determine what are the fewest and simplest principles
Wwe can assume, in proving these first properties and
laws. Still, the ultimate principle, however simple,
and however far back it may be traced, can of
necessity be nothing else than some physical fact

the result of universal observation; such as must
c4
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be even the very existence of fluids, and without
which 1o reasoning of the kind could be appli-
cable.

It is, indeed, quite conceivable that a reasoning
being, who had never seen a fluid, might imagine
and create theoretically the conception of such a
substance, and might reason mathematically on its
properties, such as would follow by strict deduction
from the conmstitution thus assigned to it; but this
would not apply to anything in nature until it were
shown by experience that these properties were
really manifested in some substance to which the
theoretical notion might be referred.

This is no imaginary case: it actually occurs in
the speculations pursued by so many philosophers
on an imagined wxthereal medium. From the assumed
nature of such a purely hypothetical medium, a
supposed assemblage of imaginary molecules, acted
on by attractive and repulsive forces and liable to
agitations from without, by mathematical reasoning
the whole of the refined and complicated theory of
undulations has been deduced ; which, so far, might
for ever remain a barren but most beautiful mathe-

matical creation. Independent observation gives us
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no evidence of the existence of such a medium, and
the theory is in no way founded on experience.

‘When, however, by the aid of the eye, the pheno-
mena of optics present themselves, we find a vast
range of such phenomena which admit of a complete
explanation on the assumption of this hypothesis:
here, for the first time in the inquiry, a reference
to anything experimental or sensible comes in.
That it must come in somewhere is clear; yet it
would be absurd and untrue to say that such theo-
retical reasoning alone can give any & priori certainty
to the optical facts or laws to which it is applied,
which must after all have been first founded on
some small basis of observation. Nevertheless, such
applications of mathematics confer the highest pre-
sumption, little or at all short of certainty, for
generalising conclusions actually observed to be
true only in one or two instances.

To take, perhaps, the strongest instance which
has been adduced. The law of force or intensity
varying as the inverse square of the distances, it is
alleged, and doubtless with truth, is a conception of
pure reason (so far as any mathematical conception is

so) from abstract geometrical considerations, which
g 3
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must hold good in any kind of supposed emanation,
radiating equally in all directions from a centre, and
undergoing no change of condition, excepting that
due to distance only.

But though these geometrical ideas throughout
may be pure creations of the mind, yet the idea of
any such emanation of actual force, however abs-
tract, must have been derived from some ideas of
experience, and certainly can apply to nothing in
nature without reference to such sensible ideas.

Again: to take what is almost an equally striking
instance,—the law of equal areas.

It is undeniably a pure result of reason that a me-
taphysical point revolving about another metaphysical
point by virtue of an impulse conspiring with a cen-
tripetal force tending to that point, varying according
to any law whatsoever, must describe areas propor-
tional to the times.

But how do we get the idea of a centripetal, or of
an impulsive force, unless, at least in the first in-
stance, by abstraction from observed facts? Where-
ever these forces exist in nature, we reason deduc-
tively to the conclusion of a description of equal

areas, and we find it confirmed by observation.
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But this is a very different thing from gaining
independent & priori evidence for physical facts.

From expressions sometimes used, it would even
seem that additional force is supposed to be given
to the argument for abstract conception as the ground
of physical truth, by the allegation, that some of
those primary abstract physical principles to which
we have referred are even opposed to what mere
sense and experience would naturally expect, and
must therefore be ascribed to a higher faculty of
internal reason; and this, it is also alleged, is prac-
tically evinced by the circumstance that such truths
are appropriately termed paradozes; as, e g., the
primary property of fluids has led to what is called
the * hydrostatic paradox.” But this is not owing
to anything in the abstract nature of the reasoning.

What does a paradox really imply? Any new
truth, even a mere matter of observation, is a paradox
in popular estimation, if it contradict a received pre-
judice. The existence of Jﬁpiter’s satellites, and
the fall of unequal weights in the same time, were

paradoxes when announced by Galileo* to the Ari-

* Vignette at the beginning,
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stotelians of his day. Yet these were facts of o0b-
servation.

The Aristotelians had held that motion can only
be. caused by something in confact with the body
moved; hence the law of inertia was a paradoz
when first asserted ; and so, indeed, it continued to
be long afterwards even to the Copernicans, as
appears from the difficulty they felt in accounting
for the continual keeping up of the planetary motions.
The application of abstract reasoning in such cases
tends, in fact, to remove and explain the paradox, not
to create it. The startling nature of the assertion,
therefore, is no proof of its being derived from any
intuition superior to sense.

The question between the inductive and the de-
ductive process is merely a question of degree : in
some cases the abstract part of the process may be
longer, and its origin more remote from material
facts —in others less so. The very same conclusion
may often be arrived at by several distinct trains of
reasoning, setting out from principles of lower or
of higher degrees of abstraction; but there must
always be, somewhere in the process, a recurrence

to sensible experience.
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For instance, without any knowledge of mathe-
matical theories, we might discover ezperimentally
and empirically the laws of the motion of the pen-
dulum ; and so might regard them as mere facts of
observation. .

But, again: if we knew in the first instance, by
experimental trial, the law of falling bodies, we could
deduce mathematically what must be the law of the
pendulum, —that is, it is a necessary consequence in
reason from a simpler mechanical truth, provided that
reason be first furnished with that simpler truth.

But, once more: the law of falling bodies itself is
a necessary consequence of still simpler principles :
if we knew, experimentally, the nature of terrestrial
gravitation, we might deduce, by pure reasoning, the
law, that the spaces described under its influence by
bodies falling near the surface of the earth must be
proportional to the squares of the times; and thence
deduce the laws of the pendulum.

But even, still further: if we investigated, on pure
theory, the effects of a constant force, we should
deduce the same law for bodies moving from a state
of rest under its influence, and this would apply
directly to the deduction of the laws of a body

Example.
Theory of
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constituted as a pendulum under its influence; and
hence the laws of the pendulum, as actually moving
under the influence of terrestrial gravitation, might
be said to be deduced from pure theory and the
abstract idea of a constant force.

But the real application of such reasoning essen-
tially involves the actual existence in nature of such
a force as that of gravity, which can only be derived
from observation.

If the deviation of Foucault’s pendulum had been
originally a mere matter of observation, it would
have been long before experiment would have ar-
rived at the solution. Many would have been the
hypotheses of peculiar magnetic, electric, or other

causes, for the observed deviation.

FoucauLT’s PENDULUM AND GYROSCOPE.
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It was only from a just mathematical conception
of the resolution of the rotatory motion of any point of
the earth’s surface into two,—one round that point, the
other at right angles to the former, and which would
not affect the plane of the pendulum’s vibration,
while the former would, — that M. Foucault foresaw
the result. But this was not & priori reasoning dis~
closing a physical fact; it was simply reasoning de-
ductively from a known fact to a consequence ; when
the reasoning being logical, that consequence could
not but be true and be confirmed by observation.

Yet more astonishingly paradoxical are the effects
exhibited by means of the gyroscope, which seem to
subvert all the acknowledged principles of equili-
brium. To mention one only: a wheel loaded round
its circumference, in rapid rotation at one end of a
herizontal axis, having the other end merely resting
on a pivot, is supported on that pivot alone against
gravity, the whole at the same time revolving round
the pivot.

Scarcely less remarkable is the application of this
instrument by M. Foucault to another manifestation
of the earth’s rotation:— the wheel retaining its
original plane of rotation, which therefore apparently
deviates with the rotation of the earth.

Paradoxes
of the gy-
roscope.
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It is probable that any person, even of con-
siderable mechanical and experimental knowledge,
seeing the action of the gyroscope for the first
time, would be much puzzled to account for it,
as, in fact, several persons have been; and if he set
about investigating it experimentally and inductively,
might' be long before he traced any law or connected
it with any principle, so as to reconcile it with the
established doctrine of equilibrium.

If, however, he set out with a mathematical know-
ledge of the principle of the * composition of rotatory
motion,” and proceeded deductively, the explanation
is easy, and its relation to a number of other im-
portant cases readily manifest. Yet the application
of this mathematical theory requires the idea of a
material body in rotation.

The ancients, notwithstanding all their refined
geometry and spirit of abstract speculation, were
unable to advance to the solution of the case of
oblique equilibrium, or the inclined plane ; and this
is clearly a case where, if anywhere, & priori prin-
ciples would have availed. But it was not until
Stevin reasoned, not upon any abstruse axioms, but
on simple mechanical considerations, that the demon-

stration was discovered. The solution was effected
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by reasoning deductively ; but it was deduction from
principles obtained on a primary physical or experi-
mental property of matter.

A highly instructive instance of the application
of an abstract principle to physical discovery may be
found in the way in which Faraday reasoned to the
discovery of magneto-electricity, which I cannot de-
scribe better or more briefly than in the words of
Mr. Grove*: —

 The discovery of (Ersted, by which electricity
was made a source of magnetism, soon led philo-
sophers to seek a converse effect; that is, to educe
electricity from a permanent magnet. Had these
experimentalists succeeded in their expectations of
making a stationary magnet a means of electric cur-
rents, they would have realised the ancient dreams
of perpetual motion — they would have converted
statics into dynamics — they would have produced
power without expenditure; in other words, they
would have become creators. They failed, and
Faraday saw their error: he proved that to obtain

electricity from magnetism, it was necessary to super-

* Lecture on Progress of Science; London Institution, 1842, p. 20.
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add. to this latter, motion; that magnets, while in
motion, induced electricity in contiguous conductors ;
and that the direction of such electric currents was
tangential to the polar direction of the magnet—
that as dynamic electricity may be made the source of
magnetism and motion, so magnetism conjoined with
motion may be made the source of electricity.
Hence originates the science of magneto-electricity,
the true converse of electro-magnetism.”

~ The application of mathematical reasoning to
physical inquiries may sometimes, at every step, ex-
hibit something corresponding to an actual step in the
mechanical process, and thus capable of a physical
interpretation: such is often the case in the older
geometrical investigations. But in the prevalent
applications of the modern analysis there is no cor-
respondence of this kind; the original conditions
being once put into an equation, we resign ourselves
to mere symbolical operations, which have individu-
ally no reference to any physical ideas, till we find
ourselves landed as it were on the platform of a
conclusion which marvellously harmonises with ex-
perimental results.

Yet these and the like instances are not at all
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.

cases of an @ priori discovery of physical truth ; they

. are instances of a train of logical reasoning proceed-

ing from some first principle derived from remote
physical abstractions till it arrives at a conclusion
which coincides with some other observed law having
no other perceptible connexion with the first prin-
ciple; or leads ‘the philosopher to expect such a
result; which, on trial, is found to be the fact.

Thus a simple analysis of the actual train of argu-
ment tends to dispel the mystification and confu-
sion which have sometimes arisen on the subject
of abstract reasoning applied to physical subjects.
Pure reason out of its own resources may, in-
deed, create theories apart from all observation of
nature; but to make them applicable to anything in

nature, such creations of the mind must necessarily

“and universally involve some small assumption of

material properties or mechanical conditions; which
can only be in some form or another ultimately
derived from observation: what is borrowed may be
very little, but it must be something ; and it is a point
of interesting rescarch to the philosopher to endea
vour to ascend to the fewest and simplest possible

of such first principles.

Conclusion.
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"y

A confusion of ideas is sometimes introduced by
the use of the term ¢ necessary” dependence or
“ mechanical necessity ;” as if it were a blind or fated
necessity ; but what we mean is, a necessity of reason
or logical sequence. Tt is evinced by the dependence
of a series of ideas deductively followed out; which
are also found to accord in their result with natural
facts and more comprehensive laws.

The subject here discussed, is beautifully illus-
trated by the philosophical views broached in a
posthumous work*, which has so fitly and honour-
ably crowned the labours of the great (Ersted, and
added a new claim to our admiration of his genius,
In those essays he maintains repeatedly the propo-
sition that “ the laws of nature are the same as the
thoughts within us;” “ the laws of motion are such
as are required by our understanding;”t “the law
of the inverse square of the distance is a conception
of reason;” and several like instances: all which
I should fully admit, subject to the qualification

above suggested and understood in the sense

18;2“ The Soul in Nature,” translated by the Misses Horner. London,
+ See especially pp. 10. 86. 93.
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which it implies — that the connexion and depen-
dence of the facts in nature accords with the con-
nexion and dependence in our reason, provided we
set out from some more or less simple principle
originally derived from observation, whence we ad-
vance by abstract reasoning to a conclusion, which,
however remote from the physical point whence we
started, is found to accord with natural facts, and to
be a general law of nature. In this sense I have
above considered some of the cases just referred to ;
and others adduced by (Ersted are more obviously
of the same kind; such as the lesser planetary and
lunar perturbations, too small for observation alone
to detect, yet indicated by theory; the identity of
lightning and electricity ; the discovery of the metal-
lic bases of the earth: all anticipated by theory. To
which might be added (Ersted’s own grand dis-
covery of ELECTRO-MAGNETISM, and that of the
planet Neptune in our own day. But these cases
are, after all, not precisely in point to the. original
question, since here the starting-point was obviously
previous inductive knowledge.
These distinctions are important to the funda- Accordance

of reason
mental analysis of our reasonings on which we ad- and nature.

D3
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vance legitimately to those broader ulterior reflexions
on which (Ersted enlarges, and which are the same
to which the whole of the present inquiry points.
(Ersted has well remarked that it is a common
error to imagine matter something constant and
invariable. But the permanence and invariability
of nature are not found in its individual parts, which
are all undergoing perpetual changes. The invari-
able, he argues, is found only in the abstract nature
of things : “ nothing is invariable in nature but laws
which may be called the thoughts of nature.”*
Natural combinations ((Ersted observes) which
appear accidental are not really so. < All effects
obey natural laws; these laws stand in the same
necessary connexion as one axiom in reason to
another : that this combination is precisely a combi-
nation of reason we learn from this, that by reason
we are enabled to deduce one law of nature from the
other, and by the known laws to discover new and
unknown ones. Innumerable as are the effects de-
termined by natural laws in every object in nature,

however insignificant it may be, I deeply feel an

* The Soul in Nature, p. 23.
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unfathomable reason within them, of which I can
only comprehend by fragments an incalculably small
part. In short, nature is to me the revelation of an
endless living and acting reason.”

¢ If the laws of reason did not exist in nature, we
should vainly attempt to force them upon her: if
the laws of nature did not exist in our reason, we
should not be able to comprehend them.” *

And on the whole, “ we find an agreement between
our reason and works which our reason did not pro-
duce.”. . . “ All existence is a dominion of reason.”
“ The laws of nature are laws of reason,” and ¢ alto-
gether form an endless unity of reason,” . . . “one

and the same throughout the universe.”t

* The Soul in Nature, p. 18. + Ib. 12. 16. 87, 92. 877.
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§ IL—_THE UNITY OF SCIENCES.

Tendency ALL branches of inductive science continually tend

of sciences
towards  more and more towards a grand unity of principle.

principles.  We perceive this to a partial and limited extent in
every lesser advance of discovery: in proportion as
new facts accumulate and become embarrassing from
their multiplicity, sooner or later some happy
advance in generalisation is always found to occur

by which they are simplified and reduced to some
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single ‘principle, connecting them at the same time
with other classes of phenomena.

In the science of the ancients (exact as it was in
some limited departments, each within itself) all
branches were isolated and disconnected: and all
physical principles and causes were supposed of
separate and even conflicting kinds.

All the first great modern advances were directed
towards combining and wuniting branches hitherto
distinet, and tended to evince a unity of idea and
principle pervading them. The first discoveries
pointed to the identification of the celestial motions
with terrestrial ; of astronomy with mechanics; of
the fall of an apple with the motion of the moon;
of the horror of a vacuum with the laws of equili-
brium: as later discoveries have identified mag-
netic and electric currents, and connected sound,
heat, and light with the mechanism of waves; and,
again, the resulting effects of heat with dynamical
force.

Of the tendency and progress of discovery towards
a coalition and combination of different trains of
research, perhaps we can nowhere find more

striking instances than in the multitudinous re-
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searches—and every research terminates in a dis-
covery—of FarapAaY. The peculiar character
of high generalisation which results out of an ap-
parently immensely complicated mass of small de-
tails, is perhaps one of the most striking features
of this wonderful series of investigations. It is
impossible here to do more than select one or two
instances.

Few generalisations of a more striking character
have ever been announced than that of the magnetic
properties of all matter, evinced iu the classification
of all substances under two species, magnetic and
diamagnetic, and these characterised respectively
by the properties of attraction and repulsion.

But in this wunion of relation between magnetic
and all other matter, there was to be disclosed a
yet more striking instance of bringing together re-
motely separated kinds of physical action under a
common- law, in the action of magnetism on light.

What could be a more singular and striking
identification of properties in cases apparently the
most remote from each other than the production of
rotatory polarisation in light passing through quartz

and some other substances, and in passing through
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ordinary transparent media when placed in the line of
% P b

intense magnetic force ?

Or to go back to an earlier discovery:

Grand indeed was the conception of the principle
of the relations of chemical to electric action, partially

illustrated in theories of Fabroni and Wollaston,

but first announced in all its generality by Davy:

thus bringing into close relation and unity two such
great modifications of physical power. Equally
important, though apparently remote from either
of the last was the principle of definite proportions
in atomic combinations disclosed by Dalton.

These two comprehensive generalisations, each
equally wonderful in itself, yet seemingly uncon-
nected, it was reserved for the penetrating genius
of Faraday to place in intimate connection and to
unite in a still higher bond of generality. No single
discovery perhaps could be cited of higher intrinsic
value than the disclosure of the great principle of
DEFINITE ELECTROLYSIS: but the high philoso-
phical character of this discovery is enhanced the
more speeially in that it combines in a principle of
unity the mathematical law of definite proportions

in chemical combinations with the preservation of the
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same identical numerical relations in electrolytic action:
and thus uniting both in intimate relation with the
fundamental conception of atomic composition.

As we look to the larger divisions of the sciences,
and the successive wider generalisations which they
imply, the same tendency to unity is continually
though more slowly manifested. And thus, even
where it does not yet appear, we cannot doubt that
this is the legitimate and ultimate direction and
tendency, however remote, of all scientific progress.
But in treating of the sciences systematically, it is
necessary to adopt some principles of classification
and arrangement. Here some division is rendered
necessary for this particular object; but it ought to
be carefully borne in mind that it should in no way
really interfere with the increasing conviction of a
real unity of principle pervading all branches.

It is a reversal of the order of inductive advance
to endeavour to isolate each department of science, .
and to place it on a separate base, by a theory
which would assign to each branch certain real
differences of prineciple and peculiar fundamental
ideas essentially characterising it. If such a dis-

tinetion were made out, it could be but a tem-
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porary and provisional ground of classification, in
time to be superseded by a reduction to a higher
common principle.

It is no doubt true, that the highest, the most
perfect, and satisfactory assignment of physical
causes is effected when the phenomena can be
analysed into mechanical laws. DBut the reason of
this lies in no mysterious connection of mechanics,
as such, with the idea of causation, but merely in
this, that the conditions of purely mechanical reason-
ing are so perfectly elementary in their nature, and
so entirely free from all admixture of ambiguous or
doubtful conditions, that we can directly investigate
them with a simplicity differing in nothing from
that of primary geometry, and thus attain the most
perfectly satisfactory explanation, when everything
is reduced to simple consequences of mechanical
equilibrium or the composition of forces. :

In other branches it is clear that just in proportion
as we can succeed in reducing the phenomena from
obscure and apparently mysterious modes of action
to these simple and intelligible cases of force and
motion, in the same proportion we bring those

branches into the domain of exact science, and break
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down the line of demarcation which hitherto seemed
to separate them.

The sciences of statics and dynamies, of equilibrium
and motion, have been represented by some writers
as based on inherently distinet principles: but it is
at once a more satisfactory, and as I believe a more
true, view which connects them by the consideration
that the simplest cases of equilibrium or rest cannot
fully be demonstrated without an explicit or tacit

reference to the idea of motion * : which thus far

_helps the more general consideration of the ultimate

unity of all sciences.

The explanation of the precession of equinoxes
(the same in substance as that of Newton, more
circuitously followed out) by the direct application
of the composition of rotatory motion announced by
Frisi, and imitated by the rotatory apparatus of
Atkinson and Bonenberger, exhibits -5 peculiarly
striking exemplification of unity of principle in
passing from such phenomena, vast in their relations

both to space and time, to the identical cases pre-

* See my “Essay on Necessary and Contingent Truth,” Ashmolean
Memoirs: Oxford, 1837,
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sented in the deviations of rotz;tory projectiles *,
the cases of spinning tops in stable and in unstable
equilibrium, and the various paradoxical effects pro-
duced by the gyroscope: all, however diverse, direct
consequences of one simple law.}

The idea of “ polarity,” to which such mysterious
importance has been attached, has been sometimes
imagined to involve some essential peculiarity sup-
plying an appropriate characteristic conception to
mark a distinct class of physical phenomena. But
this once marvellous notion, in the instance of lLght,
has been reduced to a simple case of resolution of
motion ; and there can be as little doubt that the
progress of inductive generalisation, and the appli-
cation of mathematical principles, will, sooner or
later, reduce other instances, at present provisionally
designated by the same name, to equally simple
modes of action.

And with respect to the phenomena of optics
generally, how completely remote do they appear

* See a Memoir by Prof. Magnus, translated in Taylor’s Foreign
Mem., N.S. pt. iii. p. 210.

t The Vignette at. the head of this Section represents the apparatus
as constructed on a large scale for lecture illustration at the Royal
Polytechnic Institution.
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from all notions of mechanical force? yet, by the
mathematical labours of Fresnel, Cauchy, and others,
these seemingly remote appearances have been con-
nected with a recondite theory of pure dynamies;
which, followed out through a complicated train of
deduction, ends in reducing nearly all these pheno-
mena to the results of certain minute motions, sub-
sisting and excited among a system of molecules
acted on by attractive and repulsive forces, and
subject to external agitation.

So, again, when electric and magnetic action were
reduced to systems of currents by the researches of
the numerous and distinguished co-operators, in fol-
lowing out the great principle disclosed by (Ersted,
there was a direct approach to ideas of motions in
definite directions, which supply the abstract in-
dications of force; and though the subject has even
yet been but imperfectly followed out, we perceive
the direction it is taking, and must eventually take,
towards satisfactory explanation, in a reduction to
simple dynamical principles.

One of the most remarkable approaches (as yet
quite in obscurity) which has been made towards

a connexion in principle between two branches of
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science apparently remote, is that of a peculiar
action of a galvanic current exhibiting all the
marks of a case of INTERFERENCE, in the experi-
ments of Mr. Grove.* If this should be followed
out by a more close analysis, so as to show a real
action of the kind, the analogy of galvanic action
with a system of vibrations of afluid analogous to the
luminiferous w®ther as its cause, would open the way
to a generalisation of the highest and most valuable
kind. And further, it may not be altogether incon-~
ceivable that two sets of such vibrations, which, by
superposition, give rise to elliptic vibrations, may be
connected with the formation of currents running
round the wire, by which so many of the phenomena
are represented. ‘

Again: to insist on an essential scientific dis-
tinction between molecular forces and those acting on
matter in larger masses, as the characteristic basis of
a peculiar science, tends to isolate this branch from
ordinary dynamics, to which we should rather seek
to assimilate it.

In the same way the broader distinction between

* Phil. Trans, 1852. Part 1.
E
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mechanical and chemical action tends equally to
break up the idea of that essential and fundamental
unity which the philosopher is persuaded must really

" subsist between these invisible actions of atoms on

atoms, and those only more obvious, because on a
larger scale, of worlds on worlds.

The distinction of molecular forces, there can
be no doubt, marks merely a present line of de-
marcation from ordinary mechanical forces, which
will at some future time be effectually broken down,
and the two classes reduced to one higher genus.
Chemical action, again, we may be assured, differs
from mechanical only in our existing state of ig-
norance ; but they will doubtless at some period be
assimilated by the discovery of a common principle of
equilibrium and its disturbance. Even in the present
state of our knowledge, molecular forces have been
shown with great probability to be reducible to a
common theoretical expression with that of gravi-
tation in the speculations of Boscovich and Mossotti.

Again, the mode of aggregation of many of the
stellar clusters, as described by recent observation, is
regarded by some very eminent philosophers as

evincing the action of forces of a peculiar kind
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different from those of gravitation. Should this
prove to be the case, it would in no way derogate
from the universality of some law of aggregation of
matter, that a different species of law may prevail in
those vast distant portions of the universe, which,
when it shall have been investigated, may prove a
more comprehensive kind of force, of which gravi-
tation is but one form or modification.

But if any such apparently outstanding exceptional
case were fully made out rightly to claim the title of
involving an entirely new principle, still the inductive
method would only mark out that principle as a
legitimate subject of future analysis; and we might
be assured that in the successful course of such
analysis at some future period, either this new prin-
ciple must fall under some already recognised prin-
ciples, or those recognised principles must fall
under it.

There may no doubt be a practical convenience
in retaining some distinctions of this kind to preserve
arrangement in our subjects; but to attempt to fix
them as essential foundations of real philosophical
distinetions, seems to be reversing the proper order

of inductive inquiry. Provisional and temporary
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distinctions for classification, indeed, we may with
convenience and advantage often make between
different branches of science in regard to the modes
of reasoning and nature of the leading ideas appro-
priate to them; but it is essential to remember that
these distinctions are only provisional.

But in contemplating the unity of sciences, an
exception has been alleged in reference to GEOLOGY.
The entire relation in which it stands to other
branches of inductive science, and even its nductive
character altogether, has been sometimes disparaged.
Comte has most unaccountably denied it any place
whatever in the scheme of “ positive philosophy,”
and possibly some hypotheses which have continued

to be occasionally indulged in, in connection with

_ that science, might not unnaturally have influenced

Not real s
geology an
inductive
science.

him in entertaining a prejudice against it.

Yet this science, when rightly pursued, is emi-
nently inductive. From its very nature it combines
the resources of a variety of other sciences; dynami-
cal, hydrostatical, chemical, and especially physio-
logical, and being thus entirely dependent on these
other branches of inductive philosophy, itself acquires

a perfectly strict inductive character.
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When, at the present day, it exhibits to us, pre-
served in their stony sepulchres, the successive varie-
ties of organised structures, as they lived and moved
in the same world, subject to the same immutable
laws, mechanical, optical, and physical, uninterrupt-
edly in operation through all the incalculably vast
periods of past time, it is an entire departure from
all just appreciation of the unity of science and of
nature to imagine that any essentially different laws
of vitality then prevailed, or that the changes in
organised life thus brought to light were governed
by any totally different series of causes from those
now in operation of a peculiar and mysterious kind.

Yet some seem to have supposed that the reason-
ing of geology ought to rest on something distinct
from that of the experimental sciences,—inasmuch
as it refers to events which have so long since passed
away, and which we cannot recall for examination,
while the very terms “ pale@ozoic” and “ paletiology,”
might seem to insinuate that we are concerned with
an order of causes belonging to the past, different
from those now in action,—a distinction just as
unphilosophical as that of the peripatetics, who drew

a distinction between  natural and violent” motion,
E 3
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and ascribed the terrestrial motions and the celestial
to distinct causes.

Induction has no reference to distinetion of past
or present; if phenomena have been locked up for
ages, yet, when once thrown open to us, they become
objects of the same kind of investigation as those
occurring at the present day. The investigation
and restoration of the remains of a Saurian imbedded
millions of ages ago, is an operation of precisely the
same kind as the post-mortem examination of the
subject of yesterday.

The inductive philosopher is convinced that the
universal subordination of causes must hold good
equally in #me as in space; that as there is no
region, however distant, in which physical laws do
not apply, or in which, if as yet unknown, we are
not fully warranted in feeling an assurance that they
must apply ; so in ¢ime there is no period, however
remote, at which we can legitimately imagine the
chain of physical causation to be broken, and to give
place to disconnected influenees of a wholly different
kind.

More recently, the investigations of Mr. Hopkins

have tended to connect geology even with dynamics
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and mathematical laws, and thus to establish its
relation, not merely to the inductive, but even to the
ezact sciences : not that that name implies any real
difference in nature, but merely marks the degree
of perfection to which any branch of science has
attained. If, then, from the examination of pheno-
mena actually existing, and going on around us, we
turn to the past, the rules and principles of inductive
investigation will apply with equal force and pro-
priety to phenomena which teach us the successive
and gradual changes which the crust of the globe
has undergone, and lead us to trace them as far back
as we can towards its origin.

The great principle which forms the basis of all
inductive geology — the analogy of existing causes
in explaining past changes must, however, be dis-
tinctly understood, and, in fact, is so interpreted by
its best advocates, not merely as restricted literally
to those identical natural operations which we see
going on, AND COMPLETED, daily before our eyes
within the limited moment of time to which our
observation extends.

It would not fully vindicate its own power, if it

did not include in the general analogy the influence
E 4
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of some elements incapable, from their nature, of
direct verification from our own experience, such as
are due to the INFLUENCE OF TIME, especially of un-
limited periods of time; and in illustration of this
idea we are reminded of some changes even in more
limited periods, which, though in their nature and
results simply chemical, are yet such as cannot be, or
at least have not been, produced in our laboratories. We
may take as instances the formation of coal and of
diamond ; while on a grander scale we are under the
necessity of acknowledging the long series of changes
which must have accompanied the gradual cooling of
the earth, an unavoidable inference from the fact of

existing central heat.

Real inductive principles thus tend to reduce to
order those phenomena which have appeared to some
to present so much more strongly marked vicissi-
tudes only because we are apt to crowd the events
together in the long perspective, and measure them
too much according to our confined ideas of dura-
tion.

In speculations on changes where, it is alleged,
all applications of known causes fail, it has been

the favourite resource with some to appeal to mys-
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terious revolutions and occult operations of a kind
ill-explained, and even supposed to be inscrutable
to our faculties, but thus the better calculated to
dazzle the many with their imposing pretensions.

But in the spirit of true induction we have no
right to imagine that any of the events or changes
of past epochs, however apparently inexplicable,
can be rationally set down as events of a different
kind and order from those now going on, or as in-
terruptions of the settled order of natural causes.

Difference of opinion indeed may subsist as to
the greater or less frequency or intensity of volcanic
action, of: fractures and dislocations, of variations
in climate, of changes of condition due to the
cooling of the terrestrial nucleus, or the like, in
past epochs. But these, while they are on all
hands allowed to be fair and legitimate topies of
philosophical debate and inductive inquiry, would
be most unduly exaggerated if supposed to mark
any such real or fundamental difference in principle
as to constitute two really distinct geological schools.
They are questions merely of degree, not of kind or
of principle.

Yet, in the language often used, the ¢ uniformi-
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tarian” view would seem to be represented as an
hypothesis to be fairly weighed against another
antagonistic “ catastrophic” theory. If the terms
are to be understood with any such difference of
sense as that thus mplied, I conceive it appears that
the two theories respectively occupy totally different
grounds,

The ¢ uniformity ” principle would mean simply
the proper extension of inductive analogy and the
law of continuity, even if not yet sufficiently sub-
stantiated in detail in each particular instance;
while the ¢ catastrophic” hypothesis seems of
an essentially uninductive nature, and appeals to
ideas remote from true analogies, confessedly re-
sorted to on the very plea of the failure of explana-
tion by natural causes.

But, in such cases, the evidence of a violation of
the uniformity of nature is purely negative: with
all analogy against the reality of the exceptions,
they can be such only to our present ignorance: the
apparent anomaly is but a part of a more com-
prehensive law, ill understood; —a modification of
its continuous action in reality equally regular,

though not as yet fully made out or reduced to
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law. Geology thus kept pure from the introduction
of fanciful and unphilosophical hypotheses eminently
conforms to the type of unity which binds together
the whole range of inductive science.

The unity of sciences is not impaired, but insured
and promoted, by those mutations which any of its
branches may seem to have undergone. All real
science is in a state of perpetual change. These
changes have now and then been fundamental and
revolutionary, and similar fluctuations are perpetually
going on in lesser details. But this in no way makes
science itself unstable or fluctuating. The change
is always of one character, and that no other than
the very nature of the inductive philosophy requires :
a change from anomaly to regularity, from hetero-
geneity to analogy, from confusion to order, from
interruption to continuity, from artificial dogmatism
to the simplicity of nature.

Every branch of science approaches perfection and
stability as it more fully approaches to and realises
the grand principle of wnity. It is the test of the
real advance of discovery to exhibit a progressively
increasing conformity to these great principles: an

advance which will not require a retreat,— the

Revolutions
in science
only pro-
gressive.

Discoveries
superseded
only by
greater im-
provements,



Advance
from mysti-
cism to
reason,

60 UNITY OF SCIENCES. [Essay I §in

erection of a structure which will not require re-
modelling.

Every philosophic research or conclusion, at pre-
sent of the highest importance, must expect to be
reduced to a subordinate place: every method now
most justly esteemed must look to be superseded
by greater improvements: but nothing will deprive
such really great discoveries of their place in the
page of history —their lustre will but be increased
by the brilliancy of newer results, to which they
were the necessary preliminaries.

Such mutations are sometimes made a topic of
reproach, but only by those who are hostile to
science from entire ignorance of its principles ; they
may learn to observe that these changes are all in
one direction : they are all steps in advance towards
a higher and more enduring system—all future pro-
gress must be in the same direction; we shall never
see a recession from the more natural towards the
more mysterious; from the recognition of regulated
causes, law and order, in a retrograde course towards
arbitrary or fortuitous influences.

Most sciences had their origin in the clouds of

mysticism, and thus occasionally long retain some
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tincture of it. Astronomy arose out of astrology,
chemistry out of alchemy, and geology out of a
theological cosmogony. Geology, indeed, being the
youngest of the inductive sciences, has naturally
in the course of its rapid growth, within a brief
period, exhibited more of those changes from mysti-
cism towards rationalism thanany other branch. It
is but a short time since the whole science consisted
of little better than a few detached general facts,
connected by arbitrary hypotheses, and conformed
to the language of dogmatic belief.

With an increasing recognition of true inductive
principles, we have witnessed progressive improve-
ments in the philosophic character of the theory and
candid retractations of opinions once warmly upheld,
chiefly on grounds alien from those of science. Yet
these concessions perhaps were made more from the
disclosure of a few contradictory facts in particular
instances, than from any perception of broader philo-
sophic principles as those which in the first instance
ought to have formed the basis of the whole science ;
and, perhaps, such principles are hardly yet uni-
versally recognised in their full force and extent.

Those who continue really to indulge in the visions
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which misled geology in its infancy, the dreams of
universal ‘cataclysms, and sudden creations, of a kind
wholly remote from physical analogies, and to which
it would be wrong to seek to apply physical ex-
planations, so far place themselves out of the pale
of the inductive philosophy.

But the influence of such artificial theories we
may be assured will in time entirely disappear, and
all true cultivators of science will come to regard
such distinction of schools in no other sense than as
we now speak of Ptolemaists and Copernicans,
Cartesians and Newtonians: these anticipations,
however, are far from being yet generally realised.
Many who smile at the fancies of a Whiston or a
Buffon are scarcely less under the dominion of ideas
of very kindred origin. Those who disown dogmatic
authority to teach the mode of formation of the
earth’s crust are yet often not exempt from prepos-
sessions equally narrow in speculating on the pro-
bable order of creation, the succession of species, or
the relations of our globe to other planetary and
stellar worlds.

But tominds duly impressed with the great principles

of analogy, law and order, all anomalous imaginations



Essay I. § 1] UNITY OF SCIENCES. 63

derived from sources extraneous to science will dis-
appear. The increasing tendency of all research
towards harmony, simplicity, and unity of character,
will be recognised as a pledge of its ultimate rea-
lisation : and even conjecturrgml hypotheses, confes-
sedly a mere indulgence in philosophical romance,
provided it de strictly philosophical, will be hailed
with satisfaction as helping out the general con-
ception and keeping alive the spirit of analogical
Inquiry.

But a yet more serious question, of the same kind
as that referring to geology, has been raised with
respect to the sciences of organisation and life : which
are sometimes supposed to involve altogether a new
class and order of ideas of so peculiar a kind that
they must stand out as entirely exceptional cases to
the general unity of the sciences.

Now it will on all hands be allowed that these
subjects are as yet but imperfectly understood, and
a large range of inquiry connected with them still
involved in obscurity. And if from external pheno-
mena we seek to advance to their causes and prinei-
ples, it is of course most fully admitted that of the

ultimate causes of organisation and life we cannot
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at present attain to any satisfactory explanation, or
even form any definite conception.

But hence we find many in treating the subject
commonly set it down as in its own nature something
essentially mysterious and inscrutable : as referring to
an order of causes altogether distinct, wholly dis-
connected with those of any branch of physical in-
vestigation; as involving functions and operations
wholly sui generis: and not only that we cannot
explain them on any merely physical principles, but
that we ought not to attempt to do so: that they
are of an order wholly transcending such inquiries ;
beyond the power of our faculties to apprehend;
and ought to be kept apart, as being indications
of a special and mysterious principle which it would
be presumptuous and immoral to attempt to inquire
into.

Everything doubtless is mysterious till it is made
known, but the inductive inquirer will never al-
low the apparent obscurity of a subject to oppose
any barrier to the endeavour to make it clear.
Nothing can be more mysterious than gravitation ;
but that does not hinder the philosopher from in-

vestigating its laws, or thence, as far as he can
te} 4 3 0]
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penetrating towards its principle. Electricity and
magnetism, thunder and lightning, were perfect
mysteries a century ago. Instead of allowing any
such prepossessions to paralyse his researches, the
inductive philosopher would simply seek in regular
order, first to determine the exterrnal conditions and
laws of life, themselves as yet far from being well
understood. Until these are known, he might reject
as premature, or at least regard as wholly conjectural,
all attempts to speculate on their higher laws or
physical causes: yet not less confidently would he
be assured that these more interior causes will
one day come to be known; just as surely as
the proximate laws will be accurately traced and
reduced to that determinate order which undoubtedly
in reality pervades them, but of which we have at
present only the most imperfect glimpses, yet which,
imperfect as they are, are the true openings to the
ultimate inductive knowledge of causes and prin-
ciples.

There have not been wanting, indeed, attempts at
theorising on the subject: various hypotheses have
been started as to the nature of the “vital principle,”

b
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and the question discussed whether life is the result
of organisation, or organisation of life. Some have
referred to more particular modes of action, such as
electric currents flowing through the nervous system,
or the like ; and have represented animated beings as
in fact nothing more than walking galvanic batteries:
all these, and many similar theories, may be utterly
fallacious and erroneous; and the opponents may
triumph and revel in the real or supposed refutation
of them. But all this in no way affects the con-
viction of the existence of some physical principle,
the cause of the vital functions, as yet, indeed,
unknown, but which nevertheless will, at some
time, become as well determined as the principle of
respiration or the circulation of the blood are at
present.

Again, though chemical analysis has reduced or-
ganised products to determinate elements, yet it is
made a matter of no small boast by some, that no
chemistry can reproduce an organic substance, or
invest that organised substance with life: and eager
and loud was the triumph of those who conceived
they had refuted the alleged results of Messrs.
Crosse and Weekes, and bitter the abuse and ridi-
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cule heaped upon them for believing that they had
evolved insect-life by galvanism.

All such experiments may indeed be fallacious and
premature ; and we may be as far as possible from
at present penetrating the secret of vitality, or the
precise mode of its connexion with the bodily struc-
ture and the chemical changes elaborated by the
various organs. But the truly inductive inquirer
can never doubt that there really exists as complete
and continuous a relation and connexion of some kind
between the manifestations of life and the simplest
mechanical or chemical laws evinced in the varied
actions of the body in which it resides, as there is
between the action of any machine and the laws of
motion and equilibrium,—the weaving of cloth by
a power-loom and the principle of latent heat: and
that this connexion and dependence is but one com-
ponent portion of the vast chain of physical causa-
tion whose essential strength lies in its universal
continuity, which extends, without interruption,
through the entire world of order, and in which a
real disruption of one link would be the destruction

of the whole.

The principles of inductive science apply to all
F2

But some
physical
cause of
life,



All nature
subject to
law and
order.

68 UNITY OF SCIENCES. [Essavl § i

physical truth and the investigation of all physical
causés. The laws of order, uniformity, and con-
tinuity belong to all parts of the material world:
and in this order and continuity animal life is in-
cluded. From the lowest mechanical or chemical
influences on inorganic matter, there is an unbroken
series to the first manifestation of organic changes ;
and from these again—from the lowest vegetable
or zoophyte up to the highest mammalia—there is
entirely one continuous progression, its connexion
from one term to another being carried on through
absolutely insensible degrees and shades of diffe-
rence.

Humboldt observes,— ¢ All myths about impon-
derable matters and special vital forces inherent in
organised beings, only render views of nature per-
plexed and indistinct.”* It is the unbroken preser-
vation of this continuity which assures us that the
nature of the vital principle must be sought for by
no occult or mysterious process, but only by the
patient application of the same inductive processes

by which other physical principles have been and

* Cosmos, 69. transl. 1845.
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always continue to be gradually cleared up and
elicited; and by the operation of which, we may be
assured, this hidden spring of life will, at some time,
be disclosed, and brought out to occupy its place in
harmony with all the other great principles of the
universal cosmos.

But there is another plea on which the phy-
siological sciences have been sometimes supposed
to stand apart from other branches. It is alleged
they are characterised by involving the peculiar and
distinctive idea of organisation, that is, an idea essen-
tially involving the conception of design or intention,
and have hence been referred to a separate principle
called teleology.

This, however, appears to me a distinction un-
founded in itself, or rather founded on an ‘ncidental
and not on an essential distinction, and referring
rather to the narrower view of this class of investi-
gations as followed by an older and less advanced
school ; whereas in their more modern extension,
they imply a more enlarged principle, and one
closely accordant with the extension of analogy
and the unity of science.

It is of course obvious that throughout these
F3
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sciences, perpetual instances of such adaptation of
structure to the ends and purposes of life are
abundantly manifested; and it is 1o less evident
that they force themselves on the mind with that
peculiar, immediate, and irresistible kind of effect
which is justly dwelt upon by most writers on the
subject, and admitted by all inquirers in such mul-
titudes of convincing examples. On these, however,
it is not my object to enlarge here; the present
question is as to the precise philosophic analysis
of the case with reference to the classification of
sciences.

So rapid is the mental operation by which the
inference of design in these cases flashes upon us,
and so ¢mmediate is the impression, that it may seem
almost to precede, or at least to go hand in hand with
observation, without waiting for formal deduction :
so that we may not unnaturally deceive ourselves,
and may sometimes mistake it for an intuitive notion,
acquired antecedently to the actual examination of
organised structures, and may even imagine (as some
have even maintained on philosophical grounds) the
idea of a purpose, and end and means, is an integral

part of our very idea of an organised being. Yet
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when we analyse our conceptions more strictly, it
must be apparent that our very notion of the exist-
ence of organised beings must be acquired in the first
instance from observation—including the observation
of ourselves: and this constitutes so constant and
universal a case of experience, that it may well seem

an idea whose origin we may set down as con-

temporary with our earliest exercise of consciousness -

and thought.

It is, however, in strictness, not merely from
observation, but by a considerable exercise of in-
ference and deduction, that we can legitimately
arrive at the notion that an animal “is intended to
live ; ” it is derived from the study of its organisation ;
whence we are led to look to the subserviency of its
parts to the purposes of life and enjoyment.

The idea which we form in general of an organised
body, no doubt practically involves that of parts mu-
tually dependent and adapted to each other ; but this
is an inference, and the relation which it establishes is
one in no way essentially differing, in this respect,
from that existing among the component portions of
a moving machine, or even of a stationary arch;

though certainly differing in the degree of compli-

F 4
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cation, as in the higher and more varied and multi-
plied design and object evinced in their structure.
There is no essential distinction ¢n kind between our
conception of the one or the other. It is true we
soon come practically and habitually to include these
effects in the complex current idea of an organised
being, and are unconsciously and involuntarily led as
it were to connect these conditions with the idea of
plan and intention, and to assume the relation of these
as that of ends and means. DBut we are here con-
cerned only with the analysis of our ideas.

That a combination of arrangements, perhaps
even complicated ones, which answer a purpose
whose practical importance is obvious, and where the
relation of one to the other as end and means almost
forces itself on the mind the moment we contemplate
them, must produce a high conviction of design, is as
indisputable as it is invaluable in the high argument
of which it forms a part. But such instances arising
in the contemplation of organised structures do not
stand in any way peculiarly distinguished in their
nature from other cases of the like adaptation of
means to an end in the wider arrangements of un-

organised matter.
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It may readily be granted as the fact, that several
remarkable physiological discoveries have been
made in consequence of the habit of looking at final
causes in animal structures. But what does this
prove? Reduced to its proper place in the philoso-
phical system, the case is simply this: most disco-
veries in physical science are originally prompted and
suggested by some previous conjecture. Nothing can
be more fruitful in furnishing such conjectures than
the habitual recourse to instances of adaptation to
an end in organisation already known, whence the
enlightened physiologist often receives the most
valuable hints, and frames the most probable con-
jectures as to those which are as yet unknown. The
value and force of such conjectures in general depends
on the happy preservation of analogy ; and that ana-
logy is in these cases most likely to be traced in the
connected series of means and ends.

The object is not in this place to enter on the

” and in re-

general argument of ¢ final causes:
ference to the present subject I will only remark,
that the wider extension of physiology by the intro-
duction of the more enlarged and modern principle

of “ unity of composition,” besides its proper claims
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as the basis of all great and scientific conceptions
of such subjects is also remarkable in this respect,
that it leads us more directly to recognise the proper
place of physiology among the sciences as exhibiting
it more clearly in its relations to that wnity of prin-
ciple which pervades them all. There is nothing
exclusive or peculiar in the study of organised
bodies; it involves no essentially characteristic idea
distinct from other branches of physical investiga-
tion, but, like them, tends to the grand conclusion
of a reference to common and high principles of
unity and harmony of plan and design throughout
nature.

But the most difficult, and at the same time the
most important question in any theory of this kind,
has been raised on the ground of its relation to the
nature of MAN.

It will, however, hardly be denied that man, con-
sidered in his animal nature alone, is very little supe-
rior to brutes, and in some respects inferior. In
the scale of mere animal organisation, the difference
between the lowest human form and the highest
monkey is not greater than between one class of

monkey and another, Whatever difference of opi-
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nion may have arisen on this subject of a moral and
metaphysieal kind, yet it is on all hands allowed that
man has to a certain extent a nature in common with
brutes: and we may avoid all cavil if we simply
assert that man, in so far as he partakes in a nature
common to brutes, is along with them, in #hat respect,
a part of the same scale and system of organised life.
In so far as his animal nature, functions, and in-
stincts are concerned, they are linked in the same
chain of continuity with the order of other material
existences.

To what extent mind and volition, especially in
their lower functions, in man are different from the
corresponding manifestations in inferior animals, is
doubtless a very important question of psychology.
To draw the line may be difficult or impracticable.
Without pretending to determine such a point, we
may safely say that, in so far as they belong to the
animal part of man’s constitution, the question as to
the nature of such manifestations of intelligence may
be a question of degree, and may be philosophically
treated as connected with other questions of man’s
physical development, as part of the great scale of

natural existence, governed by natural laws as yet
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