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RELIGION AND SCIENCE. 13

Keeping guard against the bias of education and shutting out
the whisperings of sectarian feeling, let us consider what are
the a priori probabilities in favour of each party.

§ 4. When duly realized, the general principle above
illustrated must lead us to anticipate that the diverse forms
of religious belief which have existed and which still exist,
have all a basis in some ultimate fact. Judging by analogy
the implication is, not that any one of them is altogether
right; but that in each there is something right more or less
disguised by other things wrong. It may be that the soul of
truth contained in erroneous creeds is very unlike most, if not
all, of its several embodiments ; and indeed, if, as we have good
reason to expect, it is much more abstract than any of them,
its unlikeness necessarily follows. But however different
from its concrete expressions, some essential verity must be
looked for. To suppose that these multiform conceptions
should be one and all absolufely groundless, discredits too
profoundly that average human intelligence from which all
our individual intelligences are inherited.

This most general reason we shall find enforced by other
more special ones. To the presumption that a number of
diverse beliefs of the same class have some common founda-
tion in fact, must in this case be added a further presumption
derived from the omnipresence of the beliefs. Religious 1deas
of one kind or other are almost if not quite universal. Even
should it be true, as alleged, that there exist tribes of men
who have nothing approaching to a theory of creation—even
should it be true that only when a certain phase of intelligence
is reached do the most rudimentary of such theories make their
appearance; the implication is practically the same. Grant that
among all races who have passed a certain stage of intellectual
development there are found vague notions concerning the
origin and hidden nature of surrounding things; and there
arises the inference that such notions are necessary products
of progressing intelligence. Their endless variety serves but


















RELIGION AND SCIENCE. 19

common observation to serve for the guidance of conduct ; so,
too, is the guidance of conduct the office of the most recondite
and abstract inquiries of Science. Through the countless in-
dustrial processes and the various modes of locomotion which
it has given to us, Physics regulates more completely our social
life than does. his acquaintance with the properties of sur-
rounding bodies regulate the life of the savage. Anatomy
and Physiology, through their effects on the practice of medi-
cine and hygiene, modify our actions almost as much as does
our acquaintance with the evils and benefits which common
environing agencies may produce on our bodies, All Science
is prevision ; and all prevision ultimately aids us in greater or
less degree to achieve the good and avoid the bad. As
certainly as the perception of an object lying in our path
warns us against stumbling over it ; so certainly do those
more complicated and subtle perceptions which constitute
Secience, warn us against stumbling over intervening obstacles
in the pursuit of our distant ends. Thus being one in origin
and function, the simplest forms of cognition and the most
complex must be dealt with alike. We are bound in con-
sistency to receive the widest knowledge which our faculties
can reach, or o reject along with it that narrow knowledge
possessed by all. There is no logical alternative between
accepting our'intelligence in its entirety, or repudiating even
that lowest intelligence which we possess in common with
brutes. J

To ask the question which more immediately concerns our
argument—whether Science is substantially true P—is much
like asking whether the sun gives light. And it is because
they are conscious how undeniably valid are most of its proposi-
tions, that the theological party regard Science with so much
secret alarm. They know that during the two thousand
years of its growth, some of its larger divisions—mathe-
matics, physics, astronomy—have been subject to the ri-
gorous criticism of successive generations ; and have notwith-
standing become ever more firmly established. They know
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RELIGION AND SCIENCE. 23

Religion and Science coalesce, we must know in what di-
rection to look for it, and what kind of truth it is likely
to be.

§ 7. We have found @ priori reason for believing that in
all religions, even the rudest, there lies hidden a fundamental
verity. We have inferred that this fundamental verity is
that element common to all religions, which remains after
their discordant peculiarities have been mutually cancelled.
And we have further inferred that this element is almost
certain to be more abstract than any current religious
doctrine. Now it is manifest that only in some highly
abstract proposition, can Religion and Science find a common
ground. Neither such dogmas as those of the frinitarian and
unitarian, nor any such idea as that of propitiation, common
though it may be to all religions, can serve as the desired
basis of agreement ; for Science cannot recognize beliefs like
these : they lie beyond its sphere. Hence we see not only
that, judging by analogy, the essential truth contained in
Religion is that most abstract element pervading all its forms;
but also that this most abstract element is the only one in
which Religion is likely to agree with Science.

Similarly if we begin at the other end, and inquire what
scientific truth can unite Science and Religion. It is at once
manifest that Religion can take no cognizance of special
scientific doetrines; any more than Science can take cogni-
zance of special rehgmua doctrines. The truth which Science
asserts and Religion indorses cannot be one furnished by
mathematics ; nor can it be a physical truth ; nor can it be a
truth in chemistry: it cannot be a truth helﬂnging to any
particular sciénce. No generalization of the phenomena of
space, of time, of matter, or of force, can become a Religious
conception. Such a conception, if it anywhere exists in
Science, must be more general than any of these—must be
one underlying all of them. If there be a fact which
Science recogmizes in common with Religion, it must be that












ULTIMATE RELIGIOUS 1DEAS. 27

of it, and remembering that these could be indefinitely mul-
tiplied. Supposing the subject of which something is predi-
cated be Englishmen, the answering state of consciousness is
a still more inadequate representative of the reality. Yet
more remote is the likeness of the thought to the thing, if
reference be made to Europeans or to human beings. And
when we come to propositions concerning the mammalia, or
concerning the whole of the vertebrata, or concerning animals
in general, or concerning all organic beings, the unlikeness of
our conceptions to the objects named reaches its extreme.
Throughout which series of instances we see, that as the
number of objects grouped together in thought increases, the
concept, formed of a few typical samples joined with the
notion of multiplicity, becomes more and more a mere symbol;
not only because it gradually ceases to represent the size of
the group, but also because as the group grows more hetero-
geneous, the typical samples thought of are less like the
average objects which the group contains.

This formation of symbolic conceptions, which inevitably
arises as we pass from small and concrete objects to large and
to discrete ones, is mostly a very useful, and indeed necessary,
process. When, instead of things whose attributes can be
tolerably well united in a single state of consciousness, we
have to deal with things whose attributes are too vast or
numerous to be so united, we must either drop in thought
part of their attributes, or else not think of them at all—
either form a more or less symbolie conception, or no concep-
tion. We must predicate nothing of objects too great or too
multitudinous to be mentally represented ; or we must make
our predications by the help of extremely inadequate repre-
sentations of such objects—mere symbols of them.

But while by this process alone we are enabled to form
general propositions, and so fo reach general conclusions, we are
by this process perpetually led into danger, and very often
into error. We habitually mistake our symbolic conceptions
for real ones ; and so are betrayed into countless false infer-






















































ULTIMATE RELIGIOUS IDEAS. 45

disguises as unmysterious as possible. The Polytheistic ¢on-
ceptions in their advanced phases, represent the presiding
personalities in greatly idealized shapes, existing in a remote
region, working in subtle ways, and communicating with men
by omens or through inspired persons; that is, the ultimate
causes of things are regarded as less familiar and compre-
hensible. The growth of a Monotheistic faith, accompanied
as 1t 18 by a denial of those beliefs in which the divine nature
is assimilated to the human in all its lower propensities, shows
us a further step in the same direction ; and however imper-
fectly this higher faith is at first realized, we yet see in altars
“ to the unknown and unknowable God,” and in the worship
of a God that cannot by any searching be found out, that
there is a clearer recognition of the inscrutableness of creation.
Further developments of theology, ending in such assertions
as that “ a God understood would be no God at all,” and “ to
think that God is, as we can think him to be, is blasphemy,”
exhibit this recognition still more distinctly ; and it pervades
all the cultivated theology of the present day. Thus while
other constituents of religious creeds one by one drop away,
this remains and grows even more manifest ; and so is shown
to be the essential constituent.

Nor does the evidence end here. Not only is the omni-
presence of something which passes comprehension, that most
abstract belief which is common to all religions, which be-
comes the more distinet in proportion as they develope, and
which remains after their discordant elements have been
mutually cancelled ; but it is that belief which the most un-
sparing criticism of each leaves unquestionable—or rather
makes ever clearer. It has nothing to fear from the most
inexorable logic ; but on the contrary is a belief which the
most inexorable logic shows to be more profoundly true than
any religion supposes. For every religion, setting out though
it does with the tacit assertion of a mystery, forthwith pro-
ceeds to give some solution of this mystery; and so asserts
that it is not a mystery passing human comprehension. But












ULTIMATE SCIENTIFIC IDEAS. 49

Shall we then take refuge in the Kantian doctrine ? shall
we say that Space and Time are forms of the intellect,—*“ a
priori laws or conditions of the consciousmind” ? To do this
is to escape from great difficulties by rushing into greater.
The proposition with which Kant’s philosophy sets out,
verbally intelligible though it is, cannot by any effort be
rendered into thought—cannot be interpreted into an idea
properly so called, but stands merely for a pseud-idea. In
the first place, to assert that Space and Time, as we are con-
scious of them, are subjective conditions, is by implication
to assert that they are not objective realities: if the Space
and Time present to our minds belong to the ego, then of
neccessity they do not belong to the non-ego. Now it is abso-
lutely impossible to think this. The very fact on which
Kant bases his hypothesis—namely that our consciousness of
Space and Time cannot be suppressed—testifies as much ; for
that consciousness of Space and Time which we cannot rid
ourselves of, is the consciousness of them as existing ob-
jectively. It is useless to reply that such an inability must
inevitably result if they are subjective forms. The question
here is—What does consciousness directly testify 7 And the
direct testimony of consciousness is, that Time and Space are
not within but without the mind ; and so absolutely independ-
ent of it that they cannot be conceived to become non-existent
even were the mind to become non-existent. Besides
being positively unthinkable in what it tacitly denies,
the theory of Kant is equally unthinkable in what it openly
affirms. It is not simply that we cannot combine the thought
of Space with the thought of our own personality, and con-
template the one as a property of the other—though our
inability to do this would prove the inconceivableness of the
hypothesis—but it is that the hypothesis carries in itself the
proof of its own inconceivableness. For if Space and Time
are forms of thought, they can never be thought of; since it
is impossible for anything to be at once the form of thought

and the matter of thought. That Space and Time are ob-
4
















































ULTIMATE SCIENTIFIC IDEAS. 65

it is, not only by the assent of mankind at large, endorsed by
divers philosophers, but by the suicide of the sceptical argu-
ment—it is yet a belief admitting of no justification by reason :
nay, indeed, it is a belief which reason, when pressed for a
distinet answer, rejects. One of the most recent writers who
has touched upon this question—Mr Mansel—does indeed
contend that in the consciousness of self, we have a piece of
real knowledge. The validity of immediate intuition he
holds in this case unquestionable : remarking that “let
system-makers say what they will, the unsophisticated sense
of mankind refuses to acknowledge that mind is but a bundle
of states of consciousness, as matter is (possibly) a bundle of
sensible qualities.” On which position the obvious comment
is, that it does not seem altogether a consistent one for a
Kantist, who pays but small respect to *the unsophisticated
sense of mankind” when it testifies to the objectivity of space.
Passing over this, however, it may readily be shown that a
cognition of self, properly so called, is absolutely negatived
by the laws of thought. The fundamental condition to all
consciousness, emphatically insisted upon by Mr Mansel in
common with Sir William Hamilton and others, is the anti-
thesis of subject and object. And on this « primitive dualism
of consciousness,” “ from which the explanations of philosophy
must take their start,” Mr Mansel founds his refutation of the
German absolutists. But now, what is the corollary from this
doctrine, as bearing on the consciousness of self? The mental
act in which self is known, implies, like every other mental
act, a perceiving subject and a perceived object. If, then, the
object perceived is self, what is the subject that perceives P or
if it is the true self which thinks, what other self can it be
that is thought of 7 Clearly, a true cognition of self implies
a state in which the knowing and the known are one—in
which subject and object are identified ; and this Mr Mansel
rightly holds to be the annihilation of both.

So that the personality of which each is conscious, and of
which the existence is to each a fact beyond all others the most
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TuE RELATIVITY OF ALL KNOWLEDGE 69

so the entire field of speculation has been gradually exhausted
without positive rfes_mlt: the only result arrived at heﬁlg
the negative one above stated — that the reality existing
behind all appearances is, and must ever be, unknown. To
this conclusion almost every thinker of note has subscribed.
“ With the exception,” says Sir William Hamilton, “ of a few
late Absolutist theorisers in Germany, this is, perhaps, the
truth of all others most harmoniously re-echoed by every
philosopher of every school.” And among these he names—
Protagoras, Aristotle, St. Augustin, Boethius, Averroes,
Albertus Magnus, Gerson, Leo Hebraus, Melancthon, Sca-
liger, Franeis Piccolomini, Giordano Bruno, Campanella,
Bacon, Spinoza, Newton, Kant,

It yet remains to point out how this belief may be estab-
lished rationally, as well as empirically. Not only is it that,
as in the earlier thinkers above named, a vague perception of
the inscrutableness of things in themselves results from dis-
covering the illusiveness of sense-impressions; and not only
is it that, as shown in the foregoing chapters, definite experi-
ments evolve alternative impossibilities of thought out of
every ultimate conception we can frame; but it is that the
relativity of our knowledge is demonstrable analytically.
The induction drawn from general and special experiences,
may be confirmed by a deduction from the nature of our
intelligence. Two ways of reaching such a deduction exist.
Proof that our cognitions are not, and never can be, absolute,
is obtainable by analyzing either the produet of thought, or
the process of thought. Let us analyze each.

§ 23. If, when walking through the fields some day in
September, you hear a rustle a few yards in advance, and
on observing the ditch-side where it oceurs, see the herbage
agitated, you will probably turn towards the spot to learn by
what this sound and motion are produced. As you approach
there flutters into the ditch, a partridge; on seeing which
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THE RELATIVITY OF ALL KNOWLEDGE, 81

with anything else, it must be absolutely beyond the bounds
of knowledge.

Observe the corollary which here concerns us. A cogni-
tion of the Real, as distinguished from the Phenomenal, must,
if it exists, conform to this law of cognition in general. The
First Cause, The Infinite, the Absolute, to be known at all,
must be classed. To be positively thought of, it must be
thought of as such or such—as of this or that kind. Can it
be like in kind to anything of which we have sensible
experience P Obviously not. Between the creating and the
created, there must be a distinction transcending any of the
distinctions existing between different divisions of the created.
That which is uncaused cannot be assimilated to that which
18 caused : the two being, in the very naming, antithetically
opposed. The Infinite cannot be grouped along with some-
thing that is finite ; since, in being so grouped, it must be
regarded as not-infinite. It is impossible to put the Abso-
lute in the same category with anything relative, so long as
the Absolute is defined as that of which no necessary relation
can be predicated. Is it then that the Actual, though un-
thinkable by classification with the Apparent, is thinkable by
classification with itself ? This supposition is equally absurd
with the other. It implies the plurality of the First Cause,
the Infinite, the Absolute ; and this implication is self-contra-
dictory. There cannot be more than one First Cause ; seeing
that the existence of more than one would involve the existence
of something necessitating more than one, which something
would be the true First Cause. How self-destructive is the
assumption of two or more Infinites, is manifest on remember-
ing that such Infinites, by limiting each other, would become
finite. And similarly, an Absolute which existed not alone
but along with other Absolutes, would no longer be an abso-
lute but a relative. The Unconditioned therefore, as classable
neither with any form of the conditioned nor with any other
Unconditioned, cannot be classed at all. And to admit that
it cannot be known as of such or such kind, is to admit that

it 18 unknowable. 8






THE RELATIVITY OF ALL KNOWLEDGE. 83

becomes greater or less, the production must become greater or
less. And similarly throughout the organic actions in general.
When we contemplate the lower kinds of life, we see that
the correspondences thus maintained are direct and simple ;
as in a plant, the vitality of which mainly consists in osmotie
and chemical actions responding to the co-existence of light,
heat, water, and carbonic acid around it. Butin animals, and
especially in the higher orders of them, the correspondences
become extremely complex. Materials for growth and
repair not being, like those which plants require, everywhere
present, but being widely dispersed and under special forms,
have to be found, to be secured, and to be reduced to a fit state
for assimilation. Hence the need forlocomotion; hence the need
for the senses ; hence the need for prehensile and destructive
appliances; hence the need for an elaborate digestive appa-
ratus. Observe, however, that these successive complications
are essentially nothing but aids to the maintenance of the
organic balance in its integrity, in opposition to those physieal,
chemieal, and other agencies which tend to overturn it. And
observe, moreover, that while these successive ecomplications
subserve this fundamental adaptation of inner to outer actions,
they are themselves nothing else but farther adaptations of
inner to outer actions. For what are those movements by
which a predatory creature pursues its prey, or by which its
prey seeks to escape, but certain changes in the organism
fitted to meet certain changes in its environment? What is
that compound operation which constitutes the perception of
a piece of food, but a particular correlation of nervous modifi-
cations, answering to a particular correlation of physical pro-
perties P What is that process by which food when swallowed
is reduced to a fit form for assimilation, but a set of mechanical
and chemical actions responding to the mechanical and
chemical actions which distinguish the food? Whence
it becomes manifest, that while Life in its simplest form is the

~ correspondence of certain inner physico-chemical actions with
certain outer physico-chemical nctions, each advance to a higher
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those visual impressions answering to a certain distance in
space, and the range of his gun; and he has learned, too,
by frequent observation, what relations of position the
sights must bear to a point somewhat in advance of the fly-
ing bird, before he can fire with success. Similarly if we
go back to the manufacture of the gun. By relations of co-
existence between colour, density, and place in the earth, a
particular mineral is known as one which yields iron; and
the obtainment of iron from it, results when certain correlated
acts of ours, are adjusted to certain correlated affinities dis-
played by ironstone, coal, and lime, at a high temperature. If
we descend yet a step further, and ask a chemist to explain the
explosion of gunpowder, or apply to a mathematician for a
theory of projectiles, we still find that special or general rela-
tions of co-existence. and sequence between properties, mo-
tions, spaces &e., are all they can teach us. And lastly, let it be
noted that what we call fruth, guiding us to successful action
and the consequent maintenance of life, is simply the accurate
correspondence of subjective to objective relations ; while error,
leading to failure and therefore towards death, is the absence
of such accurate correspondence.

If, then, Life in all its manifestations, inclusive of Intelli-
gence in its highest forms, consists in the continuous adjust-
ment of internal relations to external relations, the necessarily
relative character of our knowledge becomes obvious. The
simplest cognition being the establishment of some connexion
between subjective states, answering to some connexion be-
tween objective agencies; and each successively more complex
cognition being the establishment of some more involved con-
nexion of such states, answering to some more involved con-
nexion of such agencies ; it is clear that the process, no matter
how far it be carried, can never bring within the reach of Intel-
ligence, either the states themselves or the agencies themselves.
Ascertaining which things occur along with which, and what
things follow. what, supposing it to be pursued exhaustively,
must still leave us with co-existences and sequences only. If
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§ 26. There still remains the final question—What must
we say concerning that which transcends knowledge # Are
we to rest wholly in the consciousness of phenemena ?—is the
result of inquiry to exclude utterly from our minds everything
but the relative P or must we also believe in something beyond
the relative ?

The answer of pure logic is held to be, that by the limits
of our intelligence we are rigorously confined within the re-
lative ; and that anything transcending the relative can be
thought of only as a pure negation, or as a non-existence.
“ The absolute is conceived merely by a negation of conceiva-
bility,” writes Sir William Hamilton. “The Absolute and
the Infinite,” says Mr Mansel, “ are thus, like the JTnconceiv-
able and the Imperceptible, names indicating, not an .object of
thought or of eonsciousness at all, but the mere absence of the
eonditions under which consciousness is possible.” From each
of which extracts may be deduced the conclusion, that since
reason cannot warrant us in affirming the positive existence
of what is cognizable only as a negation, we cannot rationally
affirm the positive existence of anything beyond phenomena.

Unavoidable as this conclusion seems, it involves, I think,
a grave error. If the premiss be granted, the inference must
doubtless be admitted ; but the premiss, in the form presented
by Sir William Hamilton and Mr Mansel, is not strictly true.
Though, in the foregoing pages, the arguments used by these
writers to show that the Absolute is unknowable, have been
approvingly quoted ; and though these arguments have been
enforced by others equally thoroughgoing ; yet there remains
to be stated a qualification, which saves us from that scepti-
cism otherwise necessitated. It is not to be denied that so
long as we confine ourselves to the purely logical aspeect of the
question, the propositions quoted above must be accepted in
their entirety ; but when we contemplate its more general, or
psychologieal, aspect, we find that these propositions are im-
perfect statements of the truth : omitting, or rather excluding,
a3 they do, an all-important fact. To speak specifically :—
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they give the form ; the abstraction of these conditions and

limits, is, by the hypothesis, the abstraction of them only ; con-

sequently there must be a residuary consciousness of some-

thing which filled up their outlines ; and this indefinite some-

thing constitutes our consciousness of the Non-relative or-
Absolute, Impossible though it is to give to this eonseious-

ness any qualitative or quantitative expression whatever, it is
not the less certain that it remains with us as a positive and
indestructible element of thought.

Still more manifest will this truth become when it is ob-
served that our conception of the Relative itself disappears, if
our conception of the Absolute is a pure negation. It is ad-
mitted, or rather it is contended, by the writers I have quoted
above, that contradictories can be known only in relation to
each other—that Equality, for instance, is unthinkable apart
from its correlative Inequality ; and that thus the Relative can
itself be conceived only by opposition to the Non-relative. Tt
is also admitted, or rather contended, that the consciousness of
a relation implies a consciousness of both the related members.
If we are required to conceive the relation between the Re-
lative and Non-relative without being conscious of both, “ we
are in fact” (to quote the words of Mr Mansel differently
applied) “ required to compare that of which we are conscious
with that of which we are not conscious; the comparison
itself being an act of consciousness, and only possible through
the consciousness of both its objects.”” What then becomes
of the assertion that “the Absolute is conceived merely by a
negation of conceivability,” or as “ the mere absence of the
conditions underwhich consciousness is possible ? ”* If the Non-
relative or Absolute, is present in thought only as a mere
negation, then the relation between it and the Relative be-
comes unthinkable, because one of the terms of the relation is
absent from consciousness. And if this relation is unthink-
able, then is the Relative itself unthinkable, for want of its
antithesis : whence results the disappearance of all thought
whatever.












THE RELATIVITY OF ALL KNOWLEDGE, 95

distinguished from the conditions, and independent of them.
The sense of a something that is conditioned in every thought,
cannot be got rid of, because the something cannot be got rid of.
How then must the sense of this something be constituted P
Evidently by combining successive concepts deprived of their
limits and conditions. We form this indefinite thought, as
we form many of eur definite thoughts, by the coalescence of
a series of thoughts. Let me illustrate this. A large
complex object, having attributes too numerous to be repre-
sented at once, is yet tolerably well conceived by the union of
several representations, each standing for part of its attributes.
On thinking of a piano, there first rises in imagination its
visual appearance, to which are instantly added (though by
separate mental acts) the ideas of its remote side and of its
solid substance. A complete conception, however, involves the
strings, the hammers, the dampers, the pedals; and while
successively adding these to the conception, the attributes first
thought of lapse more or less completely out of consciousness.
Nevertheless, the whole group constitutes a representation of
the piano. Now as in this case we form a definite concept of
a special existence, by imposing limits and conditions in sue-
cessive acts; so, in the converse case, by taking away the
limits and conditions in successive acts, we form an indefinite
notion of general existence. By fusing a series of states of
consciousness, in each of which, as it arises, the limitations
and conditions are abolished, there is produced a consciousness
of something unconditioned. To speak more rigor-
ously :—this consciousness is not the abstract of any one
group of thoughts, ideas, or conceptions ; but it is the abstract
of all thoughts, ideas, or conceptions. That which is common
to them all, and cannot be got rid of, is what we predicate by
the word existence. Dissociated as this becomes from each of
its modes by the perpetual change of those modes, it remains
as an indefinite consciousness of something constant under
all modes—of being apart from its appearances. The dis-
tinction we feel between special and general existence, is the
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190 THE PERSISTENCR OF FORCE.

knowable as the necessary correlative of the Knowable. Once
commenced, the analysis of the truths taken for granted in
scientific inquiries, inevitably brings us down to this deepest
truth, in which Common Sense and Philosophy are re-
conciled.

The arguments and conclusion contained in this and the
foregoing three chapters, supply, indeed, the complement to
the arguments and conclusion set forth in the preceding part
of this work. It was there first sifown, by an examination of
our ultimate religious ideas, that knowledge of Absolute Being
is impossible; and the impossibility of knowing Absolute
Being, was also shown by an examination of our ultimate
scientific ideas. In a succeeding chapter a subjective analysis
proved, that while, by the very conditions of thought, we are
prevented from knowing anything beyond relative being ; yet
that by these very same conditions of thought, an indefinite
consciousness of Absolute Being is necessitated. And here,
by objective analysis, we similarly find that the axiomatic
truths of physical science, unavoidably postulate Absolute
Being as their common basis,

Thus there is even a more profound agreement between
Religion and Science than was before shown. Not only are
they wholly at one on the negative proposition that the Non-
relative cannot be known ; but they are wholly at one on the
positive proposition that the Non-relative is an actual existence.
Both are obliged by the demonstrated untenability of their
supposed cognitions, fo confess that the Ultimate Reality is in-
cognizable; and yet both are obliged to assert the existence of
an Ultimate Reality. Without this, Religion has no subject-
matter ; and without this, Science, subjective and objective,
lacks its indispensable datum. We cannot construct a theory
of internal phenomena without postulating Absolute Being;
and unless we postulate Absolute Being, or being which per-
sists, we cannot construct a theory of external phenomena.

§ 61. A few words must be added respecting the nature
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198 THE TRANSFORMATION AND EQUIVALENCE OF FORCES,

raising the limb to the position whence it fell. In this case,
as in the case of an inanimate body descending to the Earth,
the force accumulated by the downward motion is just equal
to the force previously expended in the act of eleva-
tion. Conversely, Motion that is arrested produces,
under different circumstances, heat, electricity, magnetism,
light. From the warming of the hands by rubbing them
together, up to the ignition of a railway-brake by intense
friction—from the lighting of detonating powder by percus-
sion, up to the setting on fire a block of wood by a few blows
from a steam-hammer; we have abundant instances in which
heat arises as Motion ceases. It is uniformly found, that the
heat generated is great in proportion as the Motion lost is
great ; and that to diminish the arrest of motion, by di-
minishing the friction, is to diminish the quantity of heat
evolved. The production of electricity by Motion is illus-
trated equally in the boy’s experiment with rubbed sealing-
wax, in the common electrical machine, and in the apparatus
for exciting electricity by the escape of steam. Wherever
there is friction between heterogeneous bodies, electrical dis-
turbance is one of the consequences. Magnetism may result
from Motion either immediately, as through percussion on
iron, or mediately as through electric currents previously
generated by Motion. And similarly, Motion may create
light ; either directly, as in the minute incandescent frag-
ments struck off by wviolent collisions, or indirectly, as
through the electric spark. * Lastly, Motion may be again
reproduced by the forces which have emanated from Motion ;
thus, the divergence of the electrometer, the revolution of
the electrical wheel, the deflection of the magnetic needle,
are, when resulting from frictional electricity, palpable move-
ments reproduced by the intermediate modes of force, which
have themselves been originated by motion.”

That mode of force which, we distinguish as Heat, is now
generally regarded by physicists as molecular motion—not
motion as displayed in the changed relations of sensible
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further becoming manifest that the physical forces stand not
| simply in qualitative correlations with each other, but also in
quantitative correlations. Besides proving that one mode of
force may be transformed into another mode, experiments
illustrate the truth that from a definite amount of one, defi-
nite amounts of others always arise. Ordinarily it is in-
deed difficult to show this; since it mostly happens that the
transformation of any force is not into some one of the rest
but into several of them: the proportions being determined
by the ever-varying conditions. But in certain cases, posi-
tive results have been reached.- Mr. Joule has ascertained
that the fall of 772 Ibs. through one foot, will raise the
temperature of a pound of water one degree of Fahrenheit.
The investigations of Dulong, Petit and Neumann, have
proved a relation in amount between the affinities of combin-
ing bodies and the heat evolved during their combination. Be-
tween chemical action and voltaic electricity, a quantitative
- connexion has also been established : Faraday’s experiments
~ implying that a specific measure of electricity is disengaged
by a given measure of chemical action. The well-determined
relations between the quantities of heat generated and water
turned into steam, or still better the known expansion pro-
duced in steam by each additional degree of heat, may be
cited in further evidence. Whence it is no longer doubted
that among the several forms which force assimes, the
-quantitative relations are fixed. The conclusion tacitly
agreed on by physicists, is, not only that the physical forces
undergo metamorphoses, but that a certain amount of each is
the constant equivalent of certain amounts of the others.

§ 67. Everywhere throughout the Cosmos this truth must
invariably hold. Bvery successive change, or group of
changes, going on in it, must be due to forces affiliable on
the like or unlike forces previously existing ; while from the
forces exhibited in such change or changes must be derived
others more or less transformed. And besides recognizing
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able may be the details of M. Elie de Beaumont’s theory,
there is good reason to accept the general proposition that
the disruptions and variations of level which take place at
intervals on the terrestrial surface, are due to the progressive
collapse of the Earth’s solid envelope upon its cooling and
contracting nucleus. Even supposing that volcanic erup-
tions, extrusions of igneous rock, and upheaved mountain-
chains, could be otherwise satisfactorily accounted for, which
they cannot ; it would be impossible otherwise to account for
those wide-spread elevations and depressions whence conti-
nents and oceans result. The conclusion to be drawn is,
then, that the forces displayed in these so-called igneous
changes, are derived positively or negatively from the unex-
pended heat of the Earth’s interior. Such phenomena as the
fusion or agglutination of sedimentary deposits, the warming
of springs, the sublimation of metals into the fissures where
we find them as ores, may be regarded as positive results of
this residuary heat ; while fractures of strata and alterations
of level are its negative results, since they ensue on its escape.
The original cause of all these effects is still, however, as it
has been from the first, the gravitating movement of the
Earth’s matter towards the Earth’s centre ; seeing that to
this is due both the internal heat itself and the collapse
which takes place as it is radiated into space.

- When we inquire under what forms previously existed the
force which works out the geological changes classed as
aqueous, the answer is less obvious. The effects of rain, of
rivers, of winds, of waves, of marine currents, do not mani-
festly proceed from one general source. Analysis, neverthe-
less, proves to us that they have a common genesis. If we
ask,—Whence comes the power of the river-current, bearing
sediment down to the sea P the reply is,—The gravitation of
water throughout the tract which this river drains. If we
ask,—How came the water to be dispersed over this tract? the
reply is,—It fell in the shape of rain. If we ask,—How came
the rain to be in that position whence it fell 7 the reply 1s,
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- Thus the inference forced on us by the doctrine of trans-
formation, that the forces which have moulded and re-
moulded the Earth’s crust must have pre-existed under some
other shape, presents no difficulty if mebular genesis be
granted ; since this pre-supposes certain forces that are both
adequate to the results, and cannot be expended without pro-
ducing the results. We see that while the geological changes
classed as igneous, arise from the still-progressing motion of
the Earth’s substance to its centre of gravity; the antagonistie
changes classed as aqueous, arise from the still-progressing
motion of the Sun’s substance towards its centre of gravity—
a motion which, transformed into heat and radiated to us, is
here re-transformed, directly into motions of the gaseous and
liquid matters on the Earth’s surface, and indirectly into
motions of the solid matters.

§ 70. That the forces exhibited in vital actions, vegetal
and animal, are similarly derived, is so obvious a deduction
from the facts of organic chemistry, that it will meet with
ready acceptance from readers acquainted with these facts.
Let us note first the physiological generalizations; and then
the generalizations which they necessitate.

Plant-life is all directly or indirectly dependant on the
heat and light of the sun—directly dependant in the im-
mense majority of plants, and indirectly dependant in plants
which, as the fungi, flourish in the dark : since these, growing
as they do at the expense of decaying organic matter, medi-
ately draw their forces from the same original source. Each
plant owes the carbon and hydrogen of which it mainly con-
sists, to the carbonic acid and water contained in the surround-
ing air and earth. The carbonic acid and water must, how-
ever, be decomposed before their carbon and hydrogen can
be assimilated. To overcome the powerful affinities which
hold their elements together, requires the expenditure of
force; and this force is supplied by the Sun. In what
manner the decomposition is effected we do not know. DBut
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brows, and the setting of the tecth, that the bodily actions
developed are as great, though less obtrusive in their re-
sults, If we take emotions instead of sensations, we
find the correlation and equivalence equally manifest. Not
only are the modes of consciousness directly produced in us
by physical forces, re-transformable into physical forces under
the form of muscular motions and the changes they initiate ;
but the like is true of those modes of consciousness which are
not directly produced inus by the physical forces. Emotions
of moderate intensity, like sensations of moderate intensity,
generate little beyond excitement of the heart and vascular
system, joined sometimes with increased action of glandular
organs. DBut as the emotions rise in strength, the muscles of
the face, body, and limbs, begin to move. Of examples may
be mentioned the frowns, dilated nostrils, and stampings of
anger ; the contracted brows, and wrung hands, of grief; the
smiles and leaps of joy ; and the frantic struggles of terror or
despair. Passing over certain apparent, but only apparent,
exceptions, we see that whatever be the kind of emotion,
there is a manifest relation between its amount, and the
amount of muscular action induced: alike from the erect
carriage and elastic step of exhilaration, up to the dancings
of immense delight, and from the fidgettiness of impatience
up to the almost convulsive movements accompanying great
mental agony. To these several orders of evidence
must be joined the further one, that between our feelings and
those voluntary motions into which they are transformed,
there comes the sensation of muscular tension, standing in
manifest correlation with both — a correlation that is dis-
tinctly quantitative: the semse of strain varying, other
things equal, directly as the quantity of momentum
generated.

“ But how,” it may be asked, “can we interpret by the
law of correlation the genesis of those thoughts and feelings
which, instead of following external stimuli, arise spontaneous-
ly? Between the indignation caused by an insult, and the
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They are not more completely beyond our comprehension
than the natures of Mind and Matter. They have simply the
same insolubility as all other ultimate questions. We can
learn nothing more than that here is one of the uniformities
in the order of phenomena.

§ 72, If the general law of transformation and equivalence
holds of the forces we class as vital and mental, it must hold
also of those which we class as social. Whatever tekes place
in a society is due to organic or inorganic agencies, or to
a combination of the two—results either from the undirected
physical forces around, from these physical forces as directed
by men, or from the forces of the men themselves. No
change can occur in its organization, its modes of activity, or
the effects it produces on the face of the Earth, but what
proceeds, mediately or immediately, from these. Let us con-
sider first the correlation between the phenomena which
societies display, and the vital phenomena.

Social power and life varies, other things equal, with the
population. Though different races, differing widely in their
fitness for combination, show us that the forces manifested in
a society are not neeessarily proportionate to the number of
people; yet we see that under given conditions, the forces
manifested are confined within the limits which the number
of people imposes. A small society, no matter how superior

‘the character of its members, cannot exhibit the same

quantity of social action as a large one. The production and
distribution of commodities must be on a comparatively small
scale. A multitudinous press, a prolific literature, or a
massive political agitation, is not possible. And there can
be but a small total of results in the shape of art-products
and scientific discoveries. The correlation of the
social with the physical forces through the intermediation of
the vital ones, is, however, most clearly shown in the different
amounts of activity displayed by the same society according
as its members are supplied with different amounts of force
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made more certain by accumulating illustrations. The truth as
arrived at deductively, cannot be inductively confirmed. For
every one of such facts as those above detailed, is established
only through the indirect assumption of that persistence of
force, from which it really follows as a direct consequence.
The most exact proof of correlation and equivalence which it
is possible to reach by experimental inquiry, is that based on
measurement of the forces expended and the forces produced.
But, as was shown in the last chapter, any such process of
measurement implies the use of some unit of force which is
assumed to remain constant; and for this assumption there
can be no warrant but that it is a corollary from the persist-
ence of force. How then can any reasoning based on this
corollary, prove the equally direct corollary that when a given
quantity of force ceases to exist under one form, an equal
quantity must come into existence under some other form or
forms? Clearly the @ priori truth expressed in this last
corollary, cannot be more firmly established by any a pos-
teriori proofs which the first corollary helps us to.

“ What then,” it may be asked, ‘‘is the use of these investi-
gations by which transformation and equivalence of forces is
sought to be established as an inductive truth? Surely it
will not be alleged that they are useless. Yet if the corre-
lation cannot be made more certain by them than itis already,
does not their uselessness necessarily follow 7"’ No. They are
of value as disclosing the many particular implications which
the general truth does not specify. They are of value as
teaching us how much of one mode of force is the equivalent
of so much of another mode. They are of value as determin-
ing under what conditions each metamorphosis occurs. And
they are of value as leading us to inquire in what shape
the remnant of force has escaped, when the apparent results
are not equivalent to the cause.
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hypothesis, both forces are everywhere in action. But
very frequently the one kind of force is so immensely in
excess that the effect of the other kind may be left out of
consideration. Practically we may say that a body falling
to the Earth, follows the line of greatest traction ; since,
though the resistance of the air must, if the body be irregular,
cause some divergence from this line, (quite perceptible with
feathers and leaves,) yet ordinarily the divergence is so slight
that we may omit it. In the same manner, though the course
taken by the steam from an exploding boiler, differs somewhat
from that which it would take were gravitation out of the ques-
tion; yet, as gravitation affects itscourse infinitesimally, we are
justified in asserting that the escaping steam follows the line of
least resistance. Motion then, we may say, always follows the
line of greatest traction, or the line of least resistance, or the
resultant of the two : bearing in mind that though the last is
alone strictly true, the others are in many cases sufficiently
near the truth for practical purposes.

Movement set up in any direction is itself a cause of further
movement in that direction, since it is the embodiment of a
surplus force in that direction. This holds equally with the
transit of matter through space, the transit of matter through
matter, and the transit through matter of any kind of vibra-
tion. In the case of matter moving through space, this prin-
ciple is expressed in the law of inertia—a law on which the
calculations of physical astronomy are wholly based. In the
case of matter moving through matter, we trace the same
truth under the familiar experience that any breach made by
one solid through another, or any channel formed by a fluid
through a solid, becomes a route along which, other things
equal, subsequent movements of like nature take place. And
in the case of motion passing through matter under the form
of an impulse communicated from part to part, the facts of
magnetization go to show that the establishment of undula-
tions along certain lines, determines their continuance along
those lines.
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234 THE DIRECTION OF MOTION.

that the formula is scarcely complete without them. The
shapes of plants are manifestly modified by gravitation:
the direction of each branch is not what it would have been
were the tractive force of the Earth absent; and every flower
and leaf is somewhat altered in the course of development by
the weight of its parts. Though in animals such effects are
less conspicuous, yet the instances in which flexible organs
have their directions in great measure determined by gravity,
justify the assertion that throughout the whole organism the
forms of parts must be affected by this force.

The organic movements which constitute growth, are not,
however, the only organic movements to be interpreted.
There are also those which constitute function. And through-
out these the same general principles are discernible. That
the vessels along which blood, lymph, bile, and all the
secretions, find their ways, are channels of least resistance,
is a fact almost too conspicuous to be named as an illustration.
Less conspicuous, however, is the truth, that the currents set-
ting along these vessels are affected by the tractive force of
the Earth: witness varicose veins; witness the relief to an
inflamed part obtained by raising it; witness the cbngeatian
of head and face produced by stooping. And in the fact that
dropsy in the legs gets greater by day and decreases at night,
while, conversely, that cedematous fullness under the eyes
common in debility, grows worse during the hours of reclin-
ing and decreases after getting up, shows us how the trans-
adation of fluid through the walls of the capillaries, varies ac-
sording as change of position changes the effect of gravity in
different parts of the body.

It may be well in passing just to note the bearing of the
principle on the development of species. From a dynamic
point of view,  natural selection *’ implies structural changes
along lines of least resistance. The multiplication of any kind
of plant or animal in localities that are favourable toit, is a
growth where the antagonistic forces are less than elsewhere.
And the preservation of varieties that succeed better than their -
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small and rapid to be seen by the unaided eye as the velocity
diminishes. However smooth the rails, and however per-
fectly built the carriages, a railway-train inevitably gets into
oscillations, both lateral and vertical. Even where moving
matter is suddenly arrested by collision, the law is still illus-
trated ; for both the body striking and the body struck are
made to tremble; and trembling is rhythmical movement.
Little as we habitually observe it, it is yet certain that the
impulses our actions impress from moment to moment on
surrounding objects, are propagated through them in vibra-
tions. It needs but to look through a telescope of high
power, to be convinced that each pulsation of the heart gives
a jar to the whole room. If we pass to motions of
another order—those namely which take placein the etherial
medium—we still find the same thing. Every fresh dis-
covery confirms the hypothesis that light consists of undula-
tions. The rays of heat, too, are now found to have a like
fundamental nature : their undulations differing from those
of light only in their comparative lengths. Nor do the move-
ments of electricity fail to furnish us with an illustration ;
though one of a different order. The northern aurora may
often be observed to pulsate with waves of greater brightness ;
and the electric discharge through a vacuum shows us by its
stratified appearance that the current is not uniform, but
comes in gushes of greater and lesser intensity. Should
it be said that at any rate there are some motions, as those of
projectiles, which are not rhythmical, the reply is, that the
exception is apparent only ; and that these motions would be
rhythmical if they were not interrupted. It is common to
assert that the trajectory of a cannon ball is a parabola ; and
it is true that (omitting atmospheric resistance) the curve de-
seribed differs so slightly from a parabola that it may practi-
cally be regarded as one. But, strictly speaking, it 1s § por-
tion of an extremely eccentric ellipse, having the Earth’s
centre of gravity for its remoter focus ; and but for its arrest
by the substance of the Earth, the cannon ball would travel
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of our siderial system. And another fact which, though of a
different order, has a like general significance, is furnished by
variable stars—stars which alternately brighten and fade.
The periodicities of the planets, satellities, and comets, are
so familiar that it would be inexcusable to name them, were
it not needful here to point out that they are so many grand
illustrations of this general law of movement. But besides
the revolutions of these bodies in their orbits (all more or less
excentric) and their rotations on their axes, the Solar System
presents us with various rhythms of a less manifest and more
complex kind. In each planetand satellite there is the revo-
lution of the nodes—a slow change in the position of the
orbit-plane, which after completing itself commences afresh.
There is the gradual alteration in the length of the axis
major of the orbit; and also of its excentricity: both of
which are rhythmical alike in the sense that they alternate
between maxima and minima, and in the sense that the pro-
gress from one extreme to the other is not uniform, but is
made with fluctuating velocity. Then, too, there is the revo-
lution of the line of apsides, which in course of time moves
round the heavens—not regularly, but through complex
oscillations. And further we have variations in the directions
of the planetary axes—that known as nutation, and that
larger gyration which, in the case of the Earth, causes the
precession of the equinoxes. These rhythms, already
more or less compound, are compounded with each other.
Such an instance as the secular acceleration and retardation
of the moon, consequent on the varying excentricity of the
Earth’s orbit, is one of the simplest. Another, having more
important consequences, results from the changing direction
of the axes of rotation in planets whose orbits are decidedly
excentric. Every planet, during a certain long period, pre-
sents more of its northern than of its southern hemisphere to
the sun at the time of its nearest approach to him ; and then
again, during a like period, presents more of its southern
hemisphere than of its northern—a recurring coincidence
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far as the data enable us to judge, have a certain average
rate of recurrence; which rate of recurrence is complicated
by rising into epochs of greater activity and falling into
epochs of comparative quiescence. So too is it with earth

quakes and the elevations or depressions caused by them. At
the mouth of the Mississippi, the alternation of strata gives
decisive proof of successive sinkings of the surface, that
have taken place at tolerably equal intervals. Everywhere,
in the extensive groups of conformable strata that imply
small subsidences recurring with a certain average frequency,
we see a rhythm in the action and reaction between the
Earth’s crust and its melten contents—a rhythm compounded
with those slower ones shown in the termination of groups of
strata, and the commencement of other groups not con-
formable to them. There is even reason for suspect-
ing a geological periodicity that is immensely slower and far
wider in its effects ; namely, an alternation of those vast up-
heavals and submergencies by which continents are produced
where there were oceans, and oceans where there were conti-
nents. For supposing, as we may fairly do, that the Earth’s
crust is throughout of tolerably equal thickness, it is manifest
that such portions of it as become most depressed below the
average level, must have their inner surfaces most exposed
to the currents of molten matter cireulating within, and will
therefore undergo a larger amount of what may be called
igneous denudation ; while, conversely, the withdrawal of the
inner surfaces from these currents where the Earth’s crust is
most elevated, will cause a thickening more or less compens-
ating the aqueous denudation going on externally. Hence
those depressed areas over which the deepest oceans lie, being
gradually thinned beneath and mnot covered by much sedi-
mentary deposit above, will become areas of least resistance,
and will then begin to yield to the upward pressure of the
Earth’s contents ; whence will result, throughout such areas,
long continued elevations, ceasing only when the reverse state
of things has been brought about. Whether this speculation
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vast cycles of elevation and subsidence that produce continents
and oceans,) it is sufficiently clear that Life on the Earth has
not progressed uniformly, but in immense undulations.

§ 86. It is not manifest that the changes of consciousness
are in any sense rhythmical. Yet here, too, analysis proves
both that the mental state existing at any moment is not
uniform, but is decomposable into rapid oscillations ; and also
that mental states pass through longer intervals of increasing
and decreasing intensity.

Though while attending to any single sensation, or any
group of related sensations constituting the consciousness of
an object, we seem to remain for the time in a persistent and
homogeneous condition of mind, a careful self-examination
shows that this apparently unbroken mental state is in truth
traversed by a number of minor states, in which various other
sensations and perceptions are rapidly presented and disappear.
From the admitted fact that thinking consistsin the establish-
ment of relations, it is a necessary corollary that the main-
tenance of consciousness in any one state to the entire exclu-
sion of other states, would be a cessation of thought, that is, of
consciousness. So that any seemingly continuous feeling, say
of pressure, really consists of portions of that feeling perpetu-
ally recurring after the momentary intrusion of other feelings
and ideas—quick thoughts concerning the place where it is
felt, the external object producing it, its consequences, and
other things suggested by association. Thus there is going
on an extremely rapid departure from, and return to, that par-
ticular mental state which we regard as persistent. Besides
the evidence of rhythm in consciousness which direct analysis
thus affords, we may gather further evidence from the corre-
lation between feeling and movement. Sensationsand emotions
expend themselves in producing muscular contractions. If a
sensation or emotion were strictly continuous, there would bea
continuous discharge along those motor nerves acted upon. But
so far as experiments with artificial stimuli enable us to judge,
a continuous discharge along the nerve leading to a muscle,
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pleasure or extreme pain. Note, in the first place,, that pain
having its origin in bodily disorder, is nearly always percep-
tibly rhythmical. During hours in which it never actually
ceases, it has its variations of intensity—fits or paroxysms; and
then after these hours of suffering there usually come hours
of comparative ease. Moral pain has the like smaller and
larger waves. One possessed by intense grief does not utter
continuous moans, or shed tears with an equable rapidity ;
but these signs of passion come in recurring bursts. Then
after a time during which such stronger and weaker waves
of emotion alternate, there comes a calm—a time of compara-
tive deadness; to which again succeeds another interval,
when dull sorrow rises afresh into acute anguish, with its
series of paroxysms. Similarly in great delight, especially as
manifested by children who have its display less under control,
there are visible variations in the intensity of feeling shown—
fits of laughter and dancing about, separated by pauses in
which smiles, and other slight manifestations of pleasure,
suffice to discharge the lessened excitement. Nor are
there wanting evidences of mental undulations greater in
length than any of these—undulations which take weeks, or
months, or years, to complete themselves. We continually
hear of moods which recur at intervals. Very many persons
have their epochs of vivacity and depression. There are periods
of industry following periods of idleness ; and times at which
particular subjects or tastes are cultivated with zeal, alternat-
ing with times at which they are neglected. Respecting
which slow oscillations, the only qualification to be made is,
that being affected by numerous influences, they are com-

paratively irregular.

§ 87. In nomadic societies the changes of place, deter
mined as they usually are by exhaustion or failure of the
supply of food, are periodic; and in many cases show a
recurrence answering to the seasons. Each tribe that has
vecome in some degree fixed in its locality, goes on increasing,
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The balancing of supplies between different districts, too,
entails analogous oscillations. A place at which some neces-
sary of life is scarce, becomes a place to which currents of it
are set up from other places where it is relatively abundant ;
and these currents from all sides lead to a wave of accumula-
tion where they meet—a glut: whence follows a recoil—a
partial return of the currents. But the undulatory
character of these actions is perhaps best seen in the rises and
falls of prices. These, given in numerical measures which
may be tabulated and reduced to diagrams, show us in the
clearest manner how commercial movements are compounded
of oscillations of various magnitudes. The price of consols or
the price of wheat, as thus represented, is seen to undergo
vast ascents and descents whose highest and lowest points are
reached only in the course of years. These largest waves of
variation are broken by others extending over periods of
perhaps many months. On these again come others having
a week or two’s duration. And were the changes marked in
greater detail, we should have the smaller undulations that
take place each day, and the still smaller ones which brokers
telegraph from hour to hour. The whole outline would show
a complication like that of a vast ocean-swell, on whose sur-
face there rise large billows, which themselves bear waves of
moderate size, covered by wavelets, that are roughened by a
minute ripple. Similar diagramatic representations of births,
marriages, and deaths, of disease, of crime, of pauperism,
exhibit involved conflicts of rhythmical motions throughout
society under these several aspects.

There are like characteristics in social changes of a more
complex kind. Both in England and among continental
nations, the action and reaction of political progress have
come to be generally recognized. Religion, besides its occa-
sional revivals of smaller magnitude, has its long periods of
exaltation and depression—generations of belief and self-mor-
tification, following generations of indifference and laxity.
There are poetical epochs, and epochs in which the sense of the
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to that used in deflecting it. When, therefore, the prong
reaches its original position, the force impressed on it during
its recoil, has generated in it a corresponding amount of mo-
mentum—an amount of momentum nearly equivalent, that
is, to the force originally impressea (nearly, we must say,
because a certain portion has gone in communicating motion
to the air, and a certain other portion has been transformed
into heat). This momentum carries the prong beyond the
position of rest, nearly as far as it was originally drawn in
the reverse direction; until at length, being gradually used
up in producing an opposing tension among the particles, it
is all lost. The opposing tension into which the expended
momentum has been transformed, then generates a second re-
coil ; and so on continually—the vibration eventually ceasing
only because at each movement a certain amount of force
goes in creating atmospheric and etherial undulations.
Now it needs but to contemplate this repeated action and re-
action, to see that it is, like every action and reaction, a
consequence of the persistence of force. The force exerted
by the finger in bending the prong cannot disappear.
Under what form then does it exist ? It exists under the
form of that cohesive tension which it has generated among
the partieles. This cohesive tension cannot cease without an
equivalent result. What is its equivalent result? The
momentum generated in the prong while being carried back
to its position of rest. This momentum: too—what becomes
of it? It must either continue as momentum, or produce
some correlative force of equal amount. It cannot continue
as momentum, since change of place is resisted by the cohe-
sion of the parts; and thus it gradually disappears by being
transformed into tension among these parts. This is re-
transformed into the equivalent momentum ; and so on con-
tinuously. If instead of motion that is directly anta-
gonized by the cohesion of matter, we consider motion through
space, the same truth presents itself under another form.
Though here no opposing force seems at work, and therefore
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the soil. And inquiring whence came the stratum of stone
that was quarried to build the house, it finds that this was
once a loose sediment deposited in an estuary or on the sea
bottom, rl

If, then, the past and the future of each object, is a
sphere of possible knowledge ; and if intellectual progress
consists largely, if not mainly, in widening our acquaint-
ance with this past and this future; it is obvious that we
have not acquired all the information within the grasp of
our intelligence until we can, in some way or other, express
the whole past and the whole future of each object and the
aggregate of objects. Usnally able, as we are, to say of any
visible tangible thing how it came to have its present shape
and consistence ; we are fully possessed with the conviction
that, setting out abruptly as we do with some substance
which already had a concrete form, our history is incom-
plete: the thing had a history preceding the state with
which we started. Hence our Theory of Things, considered
individually or in their totality, is confessedly imperfect so
long as any past or future portions of their sensible exist-
ences are unaccounted for.

May it not be inferred that Philosophy has to formmlate
this passage from the imperceptible into the perceptible, and
again from the perceptible into the imperceptible ? Is it not
clear that this general law of the redistribution of matter
and motion, which we lately saw is required to unify the
various kinds of changes, must also be one that unifies the
successive changes which sensible existences, separately and
together, pass through ?  Only by some formula combining
these characters can knowledge be reduced to a coherent
whole.

§ 94. Already in the foregoing paragraphs the outline of
such a formula is foreshadowed. Already in recognizing the
fact that Science, tracing back the genealogies of various
objects, finds their components were once in diffused states,
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fact, that every change undergone by every sensible exist-
ence, 18 a change in one or other of these two opposite
directions. Apparently an aggregate which has passed out
of some originally discrete state into a concrete state, there-
after remains for an indefinite period without undergoing
further integration, and without beginning to disintegrate.
But this is untrue. All things are growing or decaying,
- accumulating matter or wearing away, integrating or disin-
tegrating. All things are varying in their temperatures,
contracting or expanding, integrating or disintegrating.
Both the quantity of matter contained in an aggregate, and
the quantity of motion contained in it, increase or decrease;
and increase or decrease of either is an advance towards
greater diffusion or greater concentration. Continued losses
or gains of substance, however slow, imply ultimate disap-
pearance or indefinite enlargement ; and losses or gains of
the insensible motion we call heat, will, if continued, pro-
duce complete integration or complete disintegration. The
sun’s rays falling on a cold mass, augmenting the molecunlar
motions throughout it, and eausing it to occupy more space,
are beginning a process which if carried far will disintegrate
the mass into liquid, and if carried farther will disintegrate
the liquid into gas; and the diminution of bulk which a
volume of gas undergoes as it parts with some of its mole=
cular motion, is a diminution which, if the loss of molecular
motion proceeds, will presently be followed by liquefaction
and eventually by solidification. And since there is no such
thing as an absolutely constant temperature, the necessary
inference is that every aggregate is at every moment pro-
gressing towards either greater concentration or greater
diffusion.

Not only does all change consisting in the addition or sub-
traction of matter come under this head; and not only does
this head include all change called thermal expansion or
contraction; but it is also, in a general way, comprehensive
of all change distinguished as transposition. Every internal
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floating bodies of vapour expands and dissipates, if the
amount of molecular motion it receives from the Sun and
Earth, exceeds that whichitloses by radiation into space and
towards adjacent surfaces; while, contrariwise, if, drifting
over cold mountain tops, it radiates to them much more
heat than 1t receives, the loss of molecular motion 1s followed
by increasing integration of the vapour, ending in the
aggregation of it into liquid and the fall of rain. Here, as
elsewhere, the integration or the disintegration is a differ-
ential result,

In living aggregates, and more especially those classed as
animals, these conflicting processes go on with great activity
under several forms. There is not merely what we may call
the passive integration of matter, that results in inanimate
objects from simple molecular attractions ; but there is an
active integration of it under the form of food. In addition to
that passive superficial disintegration which inanimate ob-
jects suffer from external agents, animals produce in them-
selves active internal disintegration, by absorbing such
agents into their substance. While, ike inorganic aggre-
gates, they passively give off and receive motion, they are
also active absorbers of motion latent in food, and active ex-
penders of that motion. But notwithstanding this compli-
cation of the two processes, and the immense exaltation of
the confliet between them, it remains true that there is
always a differential progress towards either integration or
disintegration. During the earlier part of the cycle of
changes, the integration predominates—there goes on what
we call growth. The middle part of the eycle is usunally
characterized, not by equilibriumm between the integrating
and disintegrating processes, but by alternate excesses of
them. And the eycle closes with a period in which the dis-
integration, beginning to predominate, eventually puts a
stop to integration, and undoes what integration had origi-
nally done. At no moment are assimilation and waste so
balanced that no increase or decrease of mass is going on.
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tion of matter which constitutes simple chemical decompo-
sition, is easy in proportion as the quantity of contained
motion is great. The like holds with double de-
compositions. Two compounds, A B and C D, mingled
together and kept at a low temperature, may severally
remain unchanged—the cross affinities between their com-
ponents may fail to cause re-distribution. Increase the heat
of the mixture, or add to the molecular motion throughout
1t, and re-distribution takes place; ending in the formation
of the compounds, A C and B D.

Another chemical truth having a like implication, is
that chemical elements which, as they ordinarily exist,
contain much motion, have combinations less stable than
those of which the elements, as they ordinarily exist, contain
little motion. The gaseous form of matter implies a rela-
tively large amount of molecular motion; while the solid
form implies a relatively small amount of molecular motion.
What are the characters of their respective compounds?
The compounds which the permanent gases form with one
another, cannot resist high temperatures: most of them are
easily decomposed by heat; and at a red heat, even the
stronger ones yield up their components. On the other
hand, the chemical unions between elements that are solid
except at very high temperatures, are extremely stable. In
many, if not indeed in most, cases, such combined elements
are not separable by any heat we can produce.

There is, again, the relation, which appears to have a
kindred meaning, between instability and amount of com-
position. ¢ In general, the molecular heat of a compound
increases with the degree of complexity.” With increase of
complexity there also goes increased facility of decomposi-
tion. Whence it follows that molecules which contain
much motion in virtne of their complexity, are those of
which the components are most readily re-distributed. This
holds not only of the complexity resulting from the union of
several unlike elements ; but it holds also of the complexity
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the African rivers which it inhabits are dried up, the Lepido-
stren. remains torpid in the hardened mud, until the return
of the rainy season brings water. Humboldt states that
during the summer drought, the alligators of the Pampas
lie buried in a state of suspended animation beneath the
parched surface, and struggle up out of the earth as soon as
it becomes humid. The history of each organism
teaches us the same thing. The young plant, just putting
its head above the soil, is far more succulent than the adult
plant; and the amount of tramsformation going on in it is
relatively much greater. In that portion of an egg which
displays the formative processes during the early stages of
incubation, the changes of arrangement are more rapid than
those which an equal portion of the body of a hatched chick
undergoes, Asmay be inferred from their respective powers
to acquire habits and aptitudes, the structural modifiability
of a child is greater than that of an adult man; and the
structural modifiability of an adult man is greater than that
of an old man: contrasts which are accompanied by corre-
sponding contrasts in the densities of the tissues; since the
ratio of water to solid matter diminishes with advancing
age. And then we have this relation repeated in
the contrasts between parts of the same organism. In a
tree, rapid structural changes go on at the ends of shoots,
where the ratio of water to solid matter is very great; while
the changes are very slow in the dense and almost dry sub-
stance of the trunk. Similarly in animals, we have the con-
trast between the high rate of change going on in a soft
tissue like the brain, and the low rate of change going on
in dry non-vascular tissues, such as those which form hairs,
nails, horns, &ec.

Other groups of facts prove, in an equally unmistake-
able way, that the quantity of secondary re-distribution m an
organism varies, eeeferis paribus, according to the contained
quantity of the motion we call heat. The contrasts between
different organisms, and different states of the same organism,
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it is to be observed that the lower annulose animals, in com-
mon with the larvae of the higher, are severally characterized
by a double chain of ganglia running from end to end of
the body ; while in the more perfectly-formed annulose
animals, this double chain becomes united into a single
chain., Mr. Newport has described the course of this con-
centration as exhibited in insects ; and by Rathke it has been
traced in crustaceans. During the early stages of the
Astacus fluviatilis, or common cray-fish, there is a pair of
separate ganglia to each ring. Of the fourteen pairs be-
longing to the head and thorax, the three pairs in advance
of the mouth consolidate into one mass to form the brain, or
cephalic ganglion. Meanwhile, out of the remainder, the
first six pairs severally unite in the median line, while the
rest remain more or less separate. Of these six double
ganglia thus formed, the anterior four coalesce into one
mass; the remaining two coalesce into another mass; and then
these two masses coalesce into one. Here we see longitudi-
nal and transverse integration going on simultaneously; and
in the highest crustaceans they are both carried still fur-
ther. The Vertebrata clearly exhibit transverse integration
in the development of the generative system. The lowest
mammals—the Monotremata—in common with birds, to which
they are in many respects allied, have oviducts which to-
wards their lower extremities are dilated into cavities, sever-
ally performing in an imperfect way the function of a uterus.
“ In the Marsupialia there is a closer approximation of the
two lateral sets of organs on the median line ; for the ovi-
ducts converge towards one another and meet (without
coalescing) on the median line; so that their nterine dilata.
tions are in contact with each other, forming a true ¢ double
uterus.” . . . As we ascend the series of ‘placental’ mam-
mals, we find the lateral coalescence becoming more and
more complete. . . . In many of the Rodentia the uterus
still remains completely divided into two lateral halves;
whilst in others these coalesce at their lower portions, form-
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go far integrated that many of its species die out if placed
amid the plants and animals of another habitat. And it
is to be remarked that this integration, too, increases as
organic evolution progresses.

§ 111, The phenomena set down in the foregoing para-
graph are introductory to others of a higher order, with
which they ought, perhaps, in strictness, to be grouped—
phenomena which, for want of a better word, we may term
super-organic. Inorganic bodies present us with certain
facts. Certain other facts, mostly of a more involved kind,
are presented by organic bodies. There remain yet further
facts, not presented by any organic body taken singly ; but
which result from the actions of aggregated organic bodies
on one another and on inorganic bodies. Though pheno-
mena of this order are, as we see, foreshadowed among in-
ferior organisms, they become so extremely conspicuous in
mankind as socially united, that practically we may consider
them to commence here.

In the social organism integrative changes are clearly and
abundantly exemplified. Uncivilized societies display them
when wandering families, such as we see among Bushmen,
join into tribes of considerable numbers. A further pro-
gress of like nature is everywhere manifested in the subju-
gation of weaker tribes by stronger ones; and in the sub-
ordination of their respective chiefs to the conquering chief.
The combinations thus resulting, which, among aboriginal
races, are being continually formed and continually broken
up, become, among superior races, relatively permanent. If
we trace the stages throngh which our own society, or any
adjacent one, has passed, we see this unification from time
to time repeated on a larger scale and gaining in stability.
The aggregation of juniors and the children of juniors under
elders and the children of elders; the consequent establish-
ment of groups of vassals bound te their respective nobles ;
the subsequent subordination of groups of inferior nobles
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are not merely of this indirect kind, but they are also direct
—they show us physical approach. We have integrations
consequent on the simple growth of adjacent parts perform-
- ing like functions; as, for instance, the junction of Man-
chester with its calico-weaving suburbs. We have other
integrations that arise when, out of several places producing
a particular commodity, one monopolizing more and more of
the business, draws to it masters and workers, and leaves
the other places to dwindle; as witness the growth of the
Yorkshire cloth-districts at the expense of those in the West
of England ; or the absorption by Staffordshire of the pot-
tery-manufacture, and the consequent decay of the esta-
blishments that once flourished at Derby and elsewhere.
We have those more special integrations that arise within
the same city ; whence result the concentration of publishers
in Paternoster Row, of corn-merchants about Mark Lane, of
civil engineers in Great George Street, of bankers in the centre
of the city. Industrial combinations that consist, not in the
approximation or fusion of parts, but in the establishment
of common centres of connexion, are exhibited in the Bank
clearing-house and the Railway clearing-house. While of
yet another species are those unions which bring into rela-
tion, the more or less dispersed citizens who are occupied in
like ways; as traders are brought by the Exchange, and as
are professional men by institutes like those of Civil Engi-
neers, Architects, &ec. .

At first sight these seem to be the last of our instances.
Having followed up the general law to social aggregates,
there apparently remain no other aggregates to which it can
apply. This however is not true. Among what we have
above distingnished as super-organic phenomena, we shall
find sundry groups of very remarkable and interesting
illustrations. Though evolution of the various products of
human activities cannot be said directly to exemplify the
integration of matter and dissipation of motion, yet they
exemplify it indirectly. For the progress of Language, of
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the eyes are respectively ikshoeree and keereckoo ; for day the
term is shakoorooeeshairet, and for devil itis tsaheckshkaloo-
ratwah ;- while the numerals are composed of from two syl-
lables up to five, and in Ricaree up to seven. That
the great length of these familiar words implies a low degree
of development, and that in the formation of higher lan-
guages out of lower there is a progressive integration, which
reduces the polysyllables to dissyllables and monosyllables,
is an inference confirmed by the history of our own language.-
Anglo-Saxon steorra has been in course of time consolidated
into English star, mona into moon, and nama into name.
The transition through the intermediate semi-Saxon is clearly
traceable. Sunu became in semi-Saxon sumne, and in Eng-
lish son : the final ® of sune being an evanescent form of the
original . The change from the Anglo-Saxon plural, formed
bythe distinct syllable as, to our pluralformed by the appended
consonant s, shows us the same thing: smithas in becom-
ing smiths, and endas in becoming ends, illustrate pro-
gressive coalescence. So, too, does the disappearance of the
terminal an in the infinitive mood of verbs; as shown in the
transition from the Anglo-Saxon cwman to the semi-Saxon
cumme, and to the English come. Moreover the process has
been slowly going on, even since what we distingunish as Eng-
lish was formed. In Elizabeth’s time, verbs were still very
frequently pluralized by the addition of en—we tell was we
tellen; and in some rural districts this form of speech may
even now be heard. In like manner the terminal ed of the
past tense, has united with the word it modifies. Burn-ed
has in pronunciation become burnt; and even in writing the
terminal ¢ has in some cases taken the place of the ed. Only
where antique forms in general are adhered to, as in the
church-service, is the distinctness of this inflection still
maintained. Further, we see that the compound vowels have
been in many cases fused into single vowels. That in bread
the e and a were originally both sounded, is proved by the
fact that they are still so sounded in parts where old habits
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be traced. Strongly corroborative of this inference
is the unquestionable fact, that by such a process there have
grown out of the amalgamate languages, the *“anaptotic”
languages ; of which our own is the most perfect example
—languages in which, by further consolidation, inflexions
have almost disappeared, while, to express the verbal rela-
tions, certain new kinds of words have been developed.
‘When we see the Anglo-Saxon inflexions gradually lost by
contraction during the development of English, and, though
to a less degree, the Latin inflexions dwindling away during
the development of French, we cannot deny that grammati-
cal structure is modified by integration; and seeing how
clearly the earlier stages of grammatical structure are ex-
plained by it, we can scarcely doubt that it has been going
on from the first,

In proportion to the degree of this integration, is the
extent to which integration of another order is carried.
Aptotic languages are, as already pointed out, necessarily
incoherent—the elements of a proposition cannot be com-
pletely tied into a whole. But as fast as coalescence pro-
duces inflected words, 1t becomes possible to unite them
into sentences of which the parts are so mutually dependent
that no considerable change can be made without destroying
the meaning. Yet a further stage in this process may be
noted. After the development of those grammatical forms
which make definite statements possible, we do not at first
find them used to express anything beyond statements of a
simple kind. A single subject with a single predicate, ac-
companied by but few qualifying terms, are usually all. If
we compare, for instance, the Hebrew scriptures with writ-
ings of modern times, a marked difference of aggregation
among the groups of words, is visible. In the number of
subordinate propositions which accompany the principal
one; in the various complements to subjects and predicates;
and in the numerous qualifying clauses—all of them united
into one complex whole—many sentences in modern com-
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strengthening, gradually bring the seemingly unallied
orders under a common bond. When, for example,
Humboldt quotes the saying of the Swiss—“it is going to
rain becanse we hear the murmur of the torrents nearer,”—
when he remarks the relation between this and an observa-
tion of his own, that the cataracts of the Orinoco are heard
at a greater distance by night than by day—when he notes
the essential parallelism existing between these facts and
the fact that the unusual visibility of remote objects
is also an indication of coming rain—and when he
peints out that the common cause of these variations is the
smaller hindrance offered to the passage of hoth light and
sound, by media which are comparatively homogeneous,
either in temperature or hygrometric state; he helps in
bringing under one generalization the phenomena of light
and those of sound. Experiment having shown that these
conform to like laws of reflection and refraction, the conclu-
sion that they afe both produced by undulations gains pro-
bability: there is an incipient integration of two great orders
of phenomena, between which no connexion was suspected in
times past. A still more decided integration has been of late
taking place between the once independent sub-sciences of
Electricity, Magnetism, and Light.

The process will manifestly be carried much farther. Such
propositions as those set forth in preceding chapters, on
“The Persistence of Force,” “The Transformation and
Equivalence of Forces,” “The Direction of Motion,” and
“The Rhythm of Motion,” unite within single bonds phe-
nomena belonging to all orders of existences. And if there
is such a thing as that which we here understand by
Philosophy, there must eventually be reached a universal

integration.

§ 114. Nor do the industrial and wsthetic Arts fail to
supply us with equally conclusive evidence. The progress
from rude, small, and simple tools, to perfect, complex, and






326 THE LAW OF EVOLUTION.

mostly with no apparent consciousness of each other’s proxi-
mity. But in the paintings since produced, faulty as many
of them are in this respect, there is always a more or less
distinet co-ordination of parts—an arrangement of atti-
tudes, expressions, lights, and colours, such as to combine
the picture into an organic whole; and the success with
which unity of effect is educed from variety of components,
is a chief test of merit. .

In music, progressive integration is displayed in still
more numerous ways. The simple cadence embracing but
a few notes, which in the chants of savages is monotonously
repeated, becomes, among civilized races, a long series of
different musical phrases combined into one whole; and so
complete is the integration, that the melody cannot be
broken off in the middle, nor shorn of its final note, without
giving us a painful sense of incompleteness. When to the
air, a bass, a tenor, and an alto are added ; and when to the
harmony of different voice-parts there is added an accom-
paniment; we see exemplified integrations of another order,
which grow gradually more elaborate. And the process is
carried a stage higher when these complex solos, concerted
pieces, choruses, and orchestral effects, are combined into
the vast ensemble of a musical drama ; of which, be it re-
membered, the artistic perfection largely consists in the
subordination of the particular effects to the total effect.

Once more the Arts of literary delineation, narrative and
dramatic, furnish us with parallel illustrations. The tales
of primitive times, like those with which the story-tellers of
the East still daily amuse their listeners, are made up of
successive occurrences that are not only in themselves un-
natural, but have no natural connexion: they are but sc
many separate adventures put together without necessary
sequence. But in a good modern work of imagination, the
events are the proper products of the characters working
under given conditions; and cannot at will be ‘changed in
their order or kind, without injuring or destroying the
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tion which is unaccompanied by secondary re-distributions,
it has been tacitly asserted that where secondary re-distri-
butions occur, complexity arises. Obviounsly if, while there
has gone on a transformation of the incoherent into the co-
herent, there have gone on other transformations, the mass,
instead of remaining uniform, must have become multiform.
The proposition is an identical ome. To say that the
primary re-distribution is accompanied by secondary re-dis-
tributions, is to say that along with the change from a
diffused to a concentrated state, there goes on a change from
a homogeneous state to a heterogeneous state. The com-
ponents of the mass while they become integrated also
become differentiated.*

This, then, is the second aspect under Whmh we have to
study Evuluinnn. As, in the last chapter, we contemplated
existences of all orders as displaying progressive integration;
80, in this chapter, we have to contemplate them as display-
ing progressive differentiation.

§ 117. A growing variety of structure throughout our
Sidereal System, is implied by the contrasts that indicate an
aggregative process throughout it. We have nebula that
are diffused and irregular, and others that are spiral,

annular, spherical, &e. We have groups of stars the mem-
bers of which are scattered, and groups concentrated in all
degrees down to closely-packed globular clusters. We have
these groups differing in the numbers of their members,
from those containing several thousand stars to those con-

* The terms here used must be understood in relative senses. Since
we know of no such thing as absoute diffusion or absolute concentration,
the change can never be anything but a change from a more diffused
to a less diffused state—from smaller coherence to greater coherence;
and, similarly, as no concrete existences present us with absolute
simplicity — as nothing is perfectly uniform —as we nowhere find
complete homogeneity—the transformation 1s literally always towards
greater complexity, or increased multiformity, or further heterogeneity.
This qualification the reader must habitually bear in mind.
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It is now generally agreed among geologists that the Earth
was once a mass of molten matter ; and that its inner parts
are still fluid and incandescent. Originally, then, it was
comparatively homogeneous in consistence ; and, because ot
the circulation that takes place in heated fluids, must have
been comparatively homogeneous in temperature. It must,
too, have been suwrrounded by an atmosphere consisting
partly of the elements of air and water, and partly of those
various other elements which assume gaseous forms at high
temperatures. That cooling by radiation which, though ori-
ginally far more rapid than now, necessarily required an im-
mense time to produce decided change, must at length
- have resulted in differentiating the portion most able to part
with its heat ; namely, the surface. A farther cooling, lead-
ing to deposition of all solidifiable elements contained in the
atmosphere, and finally to precipitation of the water and
separation of it from the air, must thus have caused a second
marked differentiation ; and as the condensation must have
commenced on the coolest parts of the surface—namely,
about the poles—there must so have resulted the first geo-
graphical distinctions.

To these illustrations of growing heterogeneity, which,
though deduced from the known laws of matter, may be re-
garded as hypothetical, Geology adds an extensive series
that have been inductively established. The Earth’s struc-
ture has been age after age further involved by the multi-
plication of the strata which form its crust; and it has been
age after age further involved by the increasing composi-
tion of these strata, the more recent of which, formed
from the detritus of the more ancient, are many of them
rendered highly complex by the mixtures of materials they
contain. This heterogeneity has been vastly in-
creased by the action of the Barth’s still molten nucleus
on its envelope; whence have resulted not only a great
variety of igneous rocks, but the tilting up of sedi-
mentary strata at all angles, the formation of faults and






334 THE LAW OF EVOLUTION CONTINUED.

whose varied crust neither geographers, geologists, minera-
logists nor meteorologists have yet enumerated, and the
molten globe out of which it was evolved, the contrast in
heterogeneity is sufficiently striking.

§ 119. The clearest, most numerous, and most varied il-
lustrations of the advance in multiformity that accompanies
the advance in integration, are furnished by living organic
bodies. Distinguished as we found these to be by the great
quantity of their contained motion, they exhibit in an ex-
treme degree the secondary re-distributions which contained
motion facilitates. The history of every plant and every
animal, while it is a history of increasing bulk, is also a
history of simultaneously-increasing differences among the
parts. This transformation has several aspects.

The chemical composition which is almost uniform through-
out the substance of a germ, vegetal or animal, gradually
ceases to be uniform. The several compounds, nitrogenous
and non-nitrogenous, which were homogeneously mixed,
segregate by degrees, become diversely proportioned in
diverse places, and produce new compounds by transforma-
tion or modification. In plants the albuminous
and amylaceous matters which form the substance of the
embryo, give origin here to a preponderance of chlorophyll
and there to a preponderance of cellulose. Over the parts
that are becoming leaf-surfaces, certain of the materials are
metamorphosed into wax. In this place starch passes into
one of its isomeric equivalents, sugar; and in that place
into another of its isomeric equivalents, gum. By secondary
change some of the cellulose is modified into wood; while
some of it is modified into the allied substance which, in
large masses, we distinguish as cork. And the more numer-
ous compounds thus gradually arising, initiate further un-
likenesses by mingling in unlike ratios. An animal-
ovum, the components of which are at first evenly diffused
among one another, chemically transforms itself in like
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curring fission of the superficial cells, a resulting smaller
size of them, and subsequent union of them into an outer
layer, constitute the first differentiation ; and the middle
area of this layer is rendered unlike the rest by still more
active processes of like kind. By such modifications upon
modifications, too multitudinous to enumerate here, arise
the classes and sub-classes of tissues which, variously in-
volved one with another, compose organs.

Equally conforming to the law are the changes of general
shape and of the shapes of organs. All germs are at first
spheres and all organs are at first buds or mere rounded
lumps. From this primordial uniformity and simplicity,
there takes place divergence, both of the wholes and the
leading parts, towards multiformity of contour and towards
complexity of contour. Cut away the compactly-
folded young leaves that terminate every shoot, and the
nucleus is found to be a central knob bearing lateral knobs,
one of which may grow into either a leaf, a sepal, a petal,
a stamen, a carpel : all these eventually-unlike parts being at
first alike. The shoots themselves also depart from their
primitive unity of form; and while each branch becomes more
or less different from the rest, the whole exposed part of the
plant becomes different from the imbedded part. So,
too, is it with the organs of animals. One of the Articulata,
for instance, has limbs that are originally indistinguishable
from one another—compose a homogeneous series; but by
continuous divergences there arise among them unliknesses
of size and form, such as we see in the erab and the lobster.
Vertebrate creatures equally exemplify this truth. The
wings and legs of a bird are of similar shapes when they
bud-out from the sides of the embryo.

Thus in every plant and animal, conspicuous secon-
dary re-distributions accompany the primary re-distribu-
tion. A first difference between two parts; in. each
of these parts other differences that presently become as
marked as the first ; and a like multiplication of differences
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and whether the Earth’s present Flora and Fauna are more
heterogeneous than the Flora and Fauna of the past,—we find
the evidence so fragmentary, that every conclusion is open to
dispute. Two-thirds of the Earth’s surface being covered
by water; a great part of the exposed land being inaccessible
to, or untravelled by, the geologist; the greater part of the
remainder having been scarcely more than glanced at; and
even the most familiar portions, as England, having been so
imperfectly explored, that a new series of strata has been
added within these few years,—it is manifestly impossible for
us to say with any certainty what creatures have, and what
have not, existed at any particular period. Considering the
perishable nature of many of the lower organic forms, the
metamorphosis of many sedimentary strata, and the gaps that
occur among the rest, we shall see further reason for distrust-
ing our deductions. On the one hand, the repeated discovery
of vertebrate remains in strata previously supposed to contain
none,—of reptiles where only fish were thought to exist,—of
mammals where it was believed there were no creatures higher
than reptiles ; renders it daily more manifest how small is the
value of negative evidence. On the other hand, the worthless-
ness of the assumption that we have discovered the earliest,
or anything like the earliest, organic remains, is becoming
equally clear. That the oldest known aqueous formations have
been greatly changed by igneous action, and that still older
ones have been totally transformed by it, is becoming undeni-
able. And the fact that sedimentary strata earlier than any
we know, have been melted up, being admitted, it must also
be admitted that we cannot say how far back in time this
destruction of sedimentary strata has been going on. Thusit
is manifest that the title Pal@ozoic, as applied to the earliest
known fossiliferous strata, involves a petitio principit ; and
that, for aught we know to the contrary, only the last few
chapters of the Earth’s biological history may have come down
to us.

All inferences drawn from such scattered facts as we finds
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urges that among these some have continued from the
Silurian epoch to our own day with scarcely any change—
and if he infers that there is evidently a much greater average
resemblance between the living forms of the past and those of
the present, than consists with this hypothesis; there is still
a satisfactory reply, on which in fact Prof. Huxley insists;
namely, that we have evidence of a * pre-geologic era” of
unknown duration. And indeed, when it is remembered,
that the enormous subsidences of the Silurian. period show
the Earth’s crust to have been approximately as thick then as
it is now—when it is concluded that the time taken to form
so thick a crust, must have been immense as compared with
the time which has since elapsed—when it is assumed, as it
must be, that during this comparatively immense time the
geologic and biologic changes went on at their usual rates ;
it becomes manifest, not only that the paleontological
records which we find, do not negative the theory of
evolution, but that they are such as might rationally be
looked for.

Moreover, it must not be forgotten that though the evidence
suffices neither for proof nor disproof, yet some of its most
conspicuous facts support the belief, that the more heteroge-
neous organisms and groups of organisms, have been evolved
from the less heterogeneous ones. The average community
of type between the fossils of adjacent strata, and still more
the community that is found between the latest tertiary
fossils and creatures now existing, is one of these facts. The
discovery in some modern deposits of such forms as the
Palwotherium and Anaplotherium, which, if we may rely on
Prof. Owen, had a type of structure intermediate between
some of the types now existing, is another of these facts. And
the comparatively recent appearance of Man, is a third fact of
this kind, which possesses still greater significance. Hence
we may say, that though our knowledge of past life upon the
Earth, is too scanty to justify us in asserting an evolution of
the simple into the complex, either in individual forms or in






J42 TIIE LAW OF EVOLUTION CONTINUED.

ized man ; and indeed the fact is in part visible in the in-
creased ratio which his cerebrum bears to the subjacent
ganglia. If further elucidation be needed, we may find it in
every nursery. The infant European has sundry marked
points of resemblance to the lower human races; as in the
flatness of the ale of the nose, the depression of its bridge, the
divergence and forward opening of the nostrils, the form of
the lips, the absence of a frontal sinus, the width between the
eyes, the smallness of the legs. Now, as the developmental
process by which these traits are turned into those of the
adult European, is a continuation of that change from the
homogeneous to the heterogeneous displayed during the pre-
vious evolution of the embryo, which every physiologist will
admit ; it follows that the parallel developmental process by
which the like traits of the barbarous races have been turned
into those of the civilized races, has also been a continuation
of the change from the homogeneous to the heterogene-
ous. The truth of the second position—that Mankind,
as a whole, have become more heterogeneous—is so obvious as
scarcely to need illustration. Every work on Ethnology, by
its divisions and subdivisions of races, bears testimony to it.
Even were we to admit the hypothesis that Mankind origin-
ated from several separate stocks, it would still remain true
that as, from each of these stocks, there have sprung many
now widely different tribes, which are proved by philological
evidence to have had a common origin, the race as a whole
is far less homogeneous than it once was. Add to which,
that we have, in the Anglo-Americans, an example of a new
variety arising within these few generations ; and that, if we
may trust to the descriptions of observers, we are likely soon
to have another such example in Australia.

§122, On passing from Humanity under its individual form,
to Humanity as socially embodied, we find the general law still
more variously exemplified. The change from the homo-
geneous to the heterogeneous, is displayed equally in the
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cient of whom is the supreme god, and the rest subordinate
gods. For a long time these connate forms of government—
civil and religious—continue closely associated. For many
generations the king continues to be the chief priest, and the
priesthood to be members of the royal race. For many ages
religious law continues to contain more or less of civil regula-
tion, and civil law to possess more or less of religious sanc-
tion ; and even among the most advanced nations these two
controlling agencies are by no means completely differentiated
from each other. Having a common root with these,
and gradually diverging from them, we find yet another con-
trolling agency—that of Manners or ceremonial usages. All
titles of honour are originally the names of the god-king ;
afterwards of God and the king ; still later of persons of high
rank ; and finally come, some of them, to be used between
man and man. All forms of complimentary address were at
first the expressions of submission from prisoners to their
conqueror, or from subjects to their ruler, either human or
divine—expressions that were afterwards used to propitiate
subordinate authorities, and slowly descended into ordinary
intercourse. All modes of salutation were once obeisances
made before the monarch and used in worship of him after
his death. Presently others of the god-descended race were
similarly saluted; and by degrees some of the salutations
have become the due of all.* Thus, no sooner does the origin-
ally homogeneous social mass differentiate into the governed
and the governing parts, than this last exhibits an incipient
differentiation into religious and secular—Church and State ;
while at the same time there begins to be differentiated from
both, that less definite species of government which rules
our daily intercourse—a species of government which, as we
may see in heralds’ colleges, in books of the peerage, in masters
of ceremonies, is not without a certain embodiment of its
own. Each of these kinds of government is itself sub-
ject to successive differentiations. In the course of ages, there

® For detailed proof of these assertions see essay on Manners and Fashion.
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ends with a civilized community whose members severally
perform different actions for each other; and they have fur-
ther pointed out the changes through which the solitary pro-
ducer of any one commodity, is transformed into a combination
of producers who, united under a master, take separate parts
in the manufacture of such commodity. But there
are yet other and higher phases of this advance from the
homogeneous to the heterogeneous in the industrial organiz-
ation of society. Long after considerable progress has been
made in the division of labour among the different classes of
workers, there is still little or no division of labour among the
widely separated parts of the community : the nation continues
comparatively homogeneous in the respect that in each district
the same occupations are pursued. But when roads and other
means of transit become numerous and good, the different
districts begin to assume different funetions, and to become
mutually dependent. The calico-manufacture locates itself in
this county, the woollen-manufacture in that ; silks are pro-
duced here, lace there ; stockings in one place, shoes in an-
other ; pottery, hardware, cutlery, come to have their special
towns ; and ultimately every locality grows more or less dis-
tinguished from the rest by the leading occupation carried on
in it. Nay, more, this subdivision of functions shows itself
not only among the different parts of. the same nation, but
among different nations. That exchange of commodities
which free-trade promises so greatly to increase, will wulti-
mately have the effect of specializing, in a greater or less
degree, the industry of each people. So that begin-
ning with a barbarous tribe, almost if not quite homogeneous
in the functions of its members, the progress has been, and
still is, towards an economic aggregation of the whole human
race ; growing ever more heterogeneous in respect of the
separate functions assumed by separate nations, the separate
functions assumed by the local sections of each nation, the
separate functions assumed by the many kinds of makers
and traders in each town, and the separate functions as-
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from the primitive root, themselves become the parents of
other names still further modified. And by the aid of those
systematic modes which presently arise, of making derivatives
and forming compound terms expressing still smaller dis-
tinctions, there is finally developed a tribe of words so
heterogeneous in sound and meaning, that to the uninitiated
it seems incredible they should have had a common origin.
Meanwhile, from other roots there are being evolved other
such fribes, until there results a language of some sixty
thousand or more unlike words, signifying as many unlike
objects, qualities, acts. Yet another way in which
language in general advances from the homogeneous to the
heterogeneous, is in the multiplication of languages. Whe-
ther, as Max Miiller and Bunsen think, all languages have
grown from one stock, or whether, as some philologists say,
they have grown from two or more stocks, it is clear that
since large families of languages, as the Indo-European, are -
of one parentage, they have become distinet through a pro-
cess of continuous divergence. The same diffusion over the
Earth’s surface which has led to the differentiation of the
race, has simultaneously led to a differentiation of their
speech: a truth which we see further illustrated in each
nation by the peculiarities of dialect found in separate dis-
tricts. Thus the progress of Language conforms to the
general law, alike in the evolution of languages, in the
evolution of families of words, and in the evolution of parts
of speech.

On passing from spoken to written language, we come upon
several classes of facts, all having similar implications.
Written language is connate with Painting and Sculpture ;
and at first all three are appendages of Architecture, and
have a direct connexion with the primary form of all Govern-
ment—the theocratic. Merely noting by the way the fact
that sundry wild races, as for example the Australians and
the tribes of South Africa, are given to depicting personages
end events upon the walls of caves, which are probably re-
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ideographic ones, were the germs out of which alphabetic
writing grew. Once having become separate from hierogly-
phics, alphabetic writing itself underwent numerous differ-
entiations—multiplied alphabets were produced: between
most of which, however, more or less connexion can still be
traced. And in each civilized nation there has now grown
up, for the representation of one set of sounds, several sets of
written signs, used for distinet purposes. Finally, through a
yet more important differentiation came printing ; which, uni-
form in kind as it was at first, has since become multiform.

§124. While written language was passing through its
earlier stages of development, the mural decoration which
formed its root was being differentiated into Painting and
Sculpture. The gods, kings, men, and animals represented,
were originally marked by indented outlines and coloured.
In most cases these outlines were of such depth, and the
object they cireumscribed so far rounded and marked out in
its leading parts, as to form a species of work intermediate
between intaglio and bas-relief. In other cases we see an
advance upon this: the raised spaces between the figures
being chiselled off, and the figures themselves appropriately
tinted, a painted bas-relief was produced. The restored
Assyrian architecture at Sydenham, exhibits this style of art
carried to greater perfection—the persons and things repre-
sented, though still barbarously coloured, are carved out
with more truth and in greater detail; and in the winged
lions and bulls used for the angles of gateways, we may see
a considerable advance towards a completely sculptured
figure ; which, nevertheless, is still eoloured, and still forms
part of the building. But while in Assyria the production
of a statue proper, seems to have been little, if at all, at-
tempted, we may trace in Egyptian art the gradual separation
of the sculptured figure from the wall. A walk through the
collection in the British Museum will clearly show this;
while it will at the same time afford an opportuuity of ob
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decoration of palaces, and besides representing royal person-
ages, was almost wholly devoted to sacred legends. Only in
quite secent times have painting and sculpture become
entirely secular arts. Only within these few centuries has
painting been divided into historical, landscape, marine,
architectural, genre, animal, still-life, &c., and sculpture
grown heterogeneous in respect of the variety of real and
ideal subjects with which it occupies itself.

Strange as it seems then, we find it no less true, that all
forms of written language, of painting, and of sculpture, have
a common root in the politico-religious decorations of ancient
temples and palaces. Little resemblance as they now have,
the bust that stands on the console, the landscape that hangs
against the wall, and the copy of the Times lying upon the
table, are remotely akin ; not only in nature, but by extraction.
The brazen face of the knocker which the postman has just
lifted, is related not onlyto the woodcuts of the Zilustrated Lon-
don News which he is delivering, but to the characters of the
billet-dowr which accompanies it. Between the painted window,
the prayer-book on which its light falls, and the adjacent
monument, there is consanguinity. The effigies on our coins,
the signs over shops, the figures that fill every ledger, the coat
of arms outside the carriage-panel, and the placards inside the
omnibus, are,in common with dolls, blue-books and paper-hang-
ings, lineally descended from the rude sculpture-paintings in
which the Egyptians represented the triumphs and worship
of their god-kings. Perhaps no example can be given which
more vividly illustrates the multiplicity and heterogeneity
of the products that in course of time may arise by successive
differentiations from a common s'ock.

Before passing to other classes of facts, it should be obsery-
ed that the evolution of the homogeneous into the hetero-
geneous is displayed not only in the separation of Painting
and Sculpture from Architecture and from each other, and in
the greater variety of subjects they embody ; but it is further
shown in the structure of each work. A modern picture or
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by themselves to music of their own composition: thus
uniting the now separate offices of poet, composer, vocalist,
and instrumentalist. But, without further illustration, the
common origin and gradual differentiation of Dancing, Poetry,
and Music will be sufficiently manifest.

The advance from the homogeneous to the heterogenecus
is displayed not only in the separation of these arts from
each other and from religion, but also in the multiplied
differentiations which each of them afterwards undergoes.
Nat ,to dwell upon the numberless kinds of dancing that
have, in course of time, come into use; and not to occupy
space in detailing the progress of poetry, as seen in the de-
velopment of the various forms of metre, of rhyme, and of
general organization; let us confine our attention to music
as a type of the group. As argued by Dr Burney,
and as implied by the customs of still extant barbarous races,
the first musical instruments were, without doubt, percussive
—sticks, calabashes, tom-toms—and were used simply to
mark the time of the dance; and in this constant repeti-
tion of the same sound, we see music in its most homo-
geneous form. The Egyptians had a lyre with three
strings. The early lyre of the Greeks had four, constituting
their tetrachord. In course of some centuries lyres of seven
and eight strings were employed. And, by the expiration of
a thousand years, they had advanced to their “ great system ™
of the double octave. Through all which changes there of
course arose a greater heterogeneity of melody. Simulta-
neously there came into use the different modes—Dorian,
Tonian, Phrygian, Afolian, and Lydian—answering to our
keys : and of these there were ultimately fifteen. As yet,
powever, there was but little heterogeneity in the time of
their music. Instrumental music during this period being
merely the accompaniment of vocal music, and vocal music
being completely subordinated to words,—the singer being
also the poet, chanting his own compositions and making the
lengths of his notes agree with the feet of his verses; there
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notes of various lengths, from the multiplication of keys,
from the use of accidentals, from varieties of time, from mo-
dulations and so forth, it needs but to contrast music as it is,
with music as it was, to see how immense is the increase of
heterogeneity. We see this if, looking at music in its ensem-
ble, we enumerate its many different genera and species—if
we consider the divisions into vocal, instrumental, and mixed;
and their subdivisions into music for different voices and dif-
ferent instruments—if we observe the many forms of sacred
musie, from the simple hymn, the chant, the canon, motet,
anthem, &e., up to the oratorio; and the still more numerous
forms of secular musie, from the ballad up to the serenata,
from the instrumental solo up to the symphony. Again, the
same truth is seen on comparing any one sample of aboriginal
music with a sample of modern music—even an ordinary
song for the piano; which we find to be relatively highly
heterogeneous, not only in respect of the varieties in the pitch
and in the length of the notes, the number of different notes
sounding at the same instant in company with the voice, and
the variations of strength with which they are sounded and
sung, but in respect of the changes of key, the changes of
time, the changes of fimbre of the voice, and the many other
modifications of expression. While between the old mono-
tonous dance-chant and a grand opera of our own day, with
its endless orchestral complexities and vocal combinations,
the contrast in heterogeneity is so extreme that it seems
scarcely credible that the one should have been the ancestor of
the other.

§126. Were they needed, many farther illustrations might
be cited. Going back to the early time when the deeds of the
god-king, chanted and mimetically represented in dances
round his altar, were further narrated in picture-writings on
the walls of temples and palaces, and so constituted a rude
literature, we might trace the development of Laterature
through phases in which, as in the Hebrew Scriptures, it pre-
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degrees, has become more heterogeneous than it was.
Though greater homogeneity will be the eventual result, the
immediate result is the opposite. And yet this immediate
result is certainly not Evolution. Other instances
are furnished by social disorders and disasters. A rebellion,
which, while leaving some provinces undisturbed, develops
itself here in secret societies, there in public demonstrations,
and elsewhere in actual conflicts, necessarily renders the
society, as a whole, more heterogeneous. Or when a dearth
causes commercial derangement with its entailed bank-
rupteies, closed factories, discharged operatives, food-riots,
incendiarisms ; it is manifest that, as a large part of the
community retains its ordinary organization displaying the
usual phenomena, these new phenomena must be regarded
as adding to the complexity previously existing. But such
changes, so far from constituting further Evolution, are steps
towards Dissolution.

Clearly, then, the definition arrived at in the last chapter
is an imperfect one. The changes above instanced as coming
within the formula as it now stands, are so obviously unlike
the rest, that the inclusion of them implies some distinction
hitherto overlocked. Such further distinction we have now

to supply.

§ 129. At the same time that Evolution is a change from
the homogeneous to the heterogeneous, it is a change from
the indefinite to the definite. Along with an advance from
gimplicity to complexity, there is an advance from confusion
to order—from undetermined arrangement to determined
arrangement. Development, no matter of what kind,
exhibits not only a multiplication of unlike parts, but an
increase in the distinctness with which these parts are
marked off from one another. And this is the distinction
sought, For proof, it needs only to re-consider the
instances given above. The changes constituting disease,
have no such definiteness, either in locality, extent, or

-
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in so far as famines and pestilences cause changes from
order towards disorder, they cause changes from definite
arrangements to indefinite arrangements.

Thus, then, is that increase of heterogeneity which con-

stitutes Evolution, distinguished from that increase of -

heterogeneity which does not do so. Though in disease
and death, individual or social, the earliest modifications
are additions to the pre-existing heterogeneity, they are
not additions to the pre-existing definiteness. They begin
from the very outset to destroy this definiteness; and
gradually produce a heterogeneity that is indeterminate
instead of determinate. As a city, already multiform in its
variously-arranged structures of various architecture, may
be made more multiform by an earthquake, which leaves
part of it standing and overthrows other parts in different
ways and degrees, but is at the same time reduced from
orderly arrangement to disorderly arrangement; so may
organized bodies be made for a time more multiform by
changes which are nevertheless disorganizing changes.
And in the one case as in another, it is the absence of
definiteness which distinguishes the multiformity of regres-
sion from the multiformity of progression.

If advance from the indefinite to the definite is an
essential characteristic of Evolution, we shall of course find
it everywhere displayed; as in the last chapter we found
the advance from the homogeneous to the heterogeneous.
With a view of seeing whether it is so, let us now. re-con-
sider the same several classes of facts.

§ 130. Beginning, as before, with a hypothetical illustra-
tion, we have to note that each step in the evolution of the
Solar System, supposing it to have originated from diffused
matter, was an advance towards more definite structure.
At first irregular in shape and with indistinct margin, the
attenuated substance, as it concentrated and began to rotate,
must have assumed the form of an oblate spheroid, which,

PR S

P T —

B oo couiel o ool i el il






1l ' v
I L, .
. . ¥ . : :
J “ - : ! . :
] I
I '} “ - . . : :
: . i [ i
1 A1 nd . ! = :
NETE . - = | | E =10 Lk : i
e ] 112t b [ sl ek - T
A ) BYLETE f JLL : - i L1 s :
L [ ! | ; ! -
: ] | ' e :
atad when - T O e -







368 THE LAW OF EVOLUTION CONTINUED.

vaguely distingnished from the internal ones by their
minuter sub-division as well as by their greater complete-
ness, coalesce to form the blastoderm or germinal mem-
brane. Presently, one portion of this membrane is ren-
dered unlike the rest by the accumulation of cells still
more sub-divided, which, together, form an opaque
roundish spot. This area germinativa, as it is called,
shades off gradually into the surrounding parts of the
blastoderm ; and the area pellucida, subsequently formed
in the midst of it, is similarly without precise margin.
The  primitive trace,” which makes its appearance in the
centre of the area pellucida, and is the rudiment of that
vertebrate axis which is to be the fundamental character-
istic of the mature animal, is shown by its name to be
at first indefinite—a mere trace. Beginning as a shallow
groove, it becomes slowly more pronounced: its sides
grow higher; their summits overlap, and at last unite;
and so the indefinite groove passes into a definite tube,
forming the vertebral canal. In this vertebral canal the
leading divisions of the brain are at first discermible only
as slight bulgings ; while the vertebraa commence as
indistinet modifications of the tissue bounding the canal.
Simultaneously, the outer surface of the blastoderm has
been differentiating from the inmer surface: there has
arisen a division into the serous and mucous layers—a
division at the outset indistinct, and traceable only
about the germinal area, but which insensibly spreads
throughout nearly the whole germinal membrane, and
becomes definite. From the mucous layer, the develop-
ment of the alimentary canal proceeds as that of the
vertebral canal does from the serous layer. Originally a
simple channel along the under surface of the embryonic
mass, the intestine is rendered distinct by the bending
down, on each side, of ridges which finally jon to form a
tube—the permanent absorbing surface is by degrees cut off
from that temporary absorbing surface with which it was
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poses become more distinct and the modes of action more
restricted ; until at last decay follows a fixity which admits
of no adaptation to new conditions. Should it be objected
that among civilized nations there are examples of de-
creasing definiteness, (instance the breaking down of limits
between ranks,) the reply is, that such apparent exceptions
are the accompaniments of a social metamorphosis—a
change from the military or predatory type of social
structure, to the industrial or mercantile type, during which
the old lines of organization are disappearing and the new
ones becoming more marked.

§ 135. All organized results of social action—all super-
organic structures, pass through parallel phases. Being, as
they are, objective products of subjective processes, they
must display corresponding changes ; and that they do this,
the cases of Language, of Science, of Art, clearly prove.

Strike out from our sentences everything but nouns and
verbs, and there stands displayed the vagueness charac-
terizing undeveloped tongues. When we note how each
inflection of a verb, or addition by which the case of a noun
18 marked, serves to limit the conditions of action or of ex-
istence, we see that these constituents of speech enable men
to communicate their thoughts more precisely. That the
application of an adjective to a noun or an adverb to a verb,
narrows the class of things or changes indicated, implies
that the additional word serves to make the proposition
more distinct. And similarly with other parts of speech.

The like effect results from the multiplication of words of
each order. When the names for objects, and acts, and
qualities, are but few, the range of each is proportionately
wide, and its meaning therefore unspecific. The similes and
metaphors so much used by aboriginal races, indirectly
and imperfectly suggest ideas, which they cannot express
directly and perfectly from lack of words. Or to take a
case from ordinary life, if we compare the speech of the
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first 1solated, did not acquire the clearness which complete
“demonstration gives, until they were arranged by Euclid
into a series of dependent propositions. At a later period,
the same general truth was exemplified in the progress
from the “method of exhaustions” and the “method of
indivisibles” to the ‘““method of limits;?’ which is the
central idea of the infinitesimal calculus. In early
mechanics, too, may be traced a dim perception that action
and re-action are equal and opposite ; though, for ages after,
this truth remained unformulated. And similarly, the
property of inertia, though not distinctly comprehended
until Kepler lived, was vaguely recognized long previously.
““ The conception of statical force,” ‘“was never presented
in a distinct form till the works of Archimedes appeared ;”
and “the conception of accelerating force was confused, in
the mind of Kepler and his contemporaries, and did not
become clear enough for purposes of sound scientific reason-
ing before the sncceeding century.” To which specific asser-
tions may be added the general remark, that “terms which
originally, and before the laws of motion were fully known,
were used in a very vague and fluctuating sense, were
afterwards limited and rendered precise.” When
we turn from abstract scienfific conceptions to the con-
crete previsions of science, of which astronomy furnishes
numerous examples, a like contrast is wisible. The times
at which celestial phenomena will occur, have been predicted
with ever-increasing accuracy. Errors once amounting to
days are now diminished to seconds. The correspondence
between the real and supposed forms of orbits, has been
gradually rendered more precise. Originally thought cireular,
then epicyclical, then elliptical, orbits are now ascertained to
be curves which always deviate from perfect ellipses, and
are ever undergoing changes.

But the general advance of Science in definiteness, is best
shown by the contrast between its qualitative stage, and 1ts
quantitative stage. At first the facts ascertained were, that
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ness is not a primary but a secondary phenomenon—is a
result incidental on other changes. The transformation of
a whole that was originally diffused and uniform into a con-
centrated combination of multiform parts, implies progres-
sive separation both of the whole from its environment and
of the parts from one another. While thisis going on there
must be indistinctness. Only as the whole gains density,
does it become sharply marked off from the space or matter
lying outside of it; and only as each separated division
draws into its mass those peripheral portions which are at
first imperfectly disunited from the peripheral portions of
neighbouring divisions, can it acquire anything like a precise
outline. That is to say, the increasing definiteness is a conco-
mitant of the increasing consolidation, general and local.
While the secondary re-distributions are ever adding to the
heterogeneity, the primary re-distribution, while augmenting
the integration, is incidentally giving distinctness to the in-
creasingly-unlike parts as well as to the aggregate of them.

But though this universal trait of Evolution is a necessary
accompaniment of the traits set forth in preceding chapters,
it is not expressed in the words used to describe them. It
is therefore needful further to modify our formula. The
more specific idea of Evolution now reached is—a change
from an indefinite, incoherent homogeneity, to a definite
coherent heterogeneity, accompanying the dissipation of
motion and integration of matter.
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during Evolution, the escaping motion becomes, by perpe-
tually widening dispersion, more disintegrated, the motion
that is for a time retained, becomes more integrated ; and
80, considered dynamically, Evolution is a decrease in the
relative movements of parts and an increase in the relative
movements of wholes—using the words parts and wholes
in their most general senses. The advance is from the
motions of simple molecules to the motions of compound
molecules; from molecular motions to the motions of masses;
and from the motions of smaller masses to the motions of
larger masses. The accompanying change towards
greater multiformity among the retained motions, takes
place under the form of an increased variety of rhythms.
We have already seen that all motion is rhythmical, from
the infinitesimal wvibrations of infinitesimal molecules, up
to those vast oscillations between perihelion and aphelion
performed by vast celestial bodies. And as the contrast
between these extreme cases suggests, a mulfiplication of
rhythms must accompany a multiplication in the degrees
and modes of aggregation, and in the relations of the aggre-
gated masses to incident forces. The degree or mode of
aggregation will not, indeed, affect the rate or extent of
rhythm where the incident force increases as the aggregate
increases, which is the case with gravitation: here the only
cause of variation in rhythm, is difference of relation to the
incident forces; as we see in a pendulum, which, though
unaffected in its movements by a change in the weight of
the bob, alters its rate of oscillation when taken to the
equator. But in all cases where the incident forces do not
vary as the masses, every new order of aggregation initiates
a new order of rhythm : witness the conclusion drawn from
the recent researches into radiant heat and light, that the
molecules of different gases have different rates of undulation.
So that increased multiformity in the arrangement of
matter, necessarily generates increased multiformity of
rhythm ; both through increased variety in the sizes and
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severally become one and indivisible. Meanwhile,
there goes on that further integration by which the motions
of all the parts of the Solar System are rendered mutually
dependent. Locally in each planet and its satellites, and
generally in the Sun and the planets, we have a system of
simple and compound rhythms, with periodic and secular
variations, forming together an integrated set of movements.
The matter which, in its original diffused state, had
motions that were confused, indeterminate, or without
sharply-marked distinctions, has, during the evolution of
the Solar System, acquired definitely heterogeneous motions.
The periods of revolution of all the planets and satellites
are unlike ; as are also their times of rotation. Out of
these definitely heterogeneous motions of a simple kind,
arise others that are complex, but still definite ;—as those
produced by the revolutions of satellites compounded with
the revolutions of their primaries; as those of which pre-
cession is the result; and as those which are known as
perturbations. Bach additional complexity of structure has
cansed additional complexity of movements; but still, a de-
finite complexity, as is shown by having calculable results.

§ 141. While the Earth’s surface was molten, the currents
in the voluminous atmosphere surrounding it, mainly of
ascending heated gases and of descending precipitated
liquids, must have been local, numerous, indefinite, and but
little distinguished from one another. But as fast as the
surface cooled, and solar radiation began to cause appre-
ciable differences of temperature between the equatorial
and polar regions, a decided atmospheric circulation from
poles to equator and from equator to poles, must have slowly
established itself : the vast moving masses of air becoming,
at last, trade-winds and other such permanent definite
currents, These integrated motions, once com-
paratively homogeneous, were rendered heterogeneous as
great islands and continents arose, to complicate them by
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development of functions. All active functions are either
sensible movements, as those produced by contractile
organs; or such insensible movements as those propagated
through the nerves; or such insensible movements as those
by which, in secreting organs, molecular re-arrangements
are effected, and new combinations of matter produced.
And what we have here to observe is, that during evolution,
functions, like structures, become more consolidated in-
dividually, as well as more combined with one another, at
the same time that they become more multiform and more
distinct.

The nutritive juices in animals of low types, move hither
and thither through the tissues quite irregularly, as local
strains and pressures determine: in the absence of a dis-
tinguishable blood and a developed vascular system, there
is no definite circulation. But along with the structural
evolution which establishes a finished apparatus for dis-
tributing blood, there goes on the functional evolution
which establishes large and rapid movements of blood,
definite in their courses and definitely distinguished as
efferent and afferent, and that are heterogeneous not simply
in their directions but in their characters—being here di-
vided into gushes and there continuous.

Instance, again, the way in which, accompanying the
structural differentiations and integrations of the aliment-
ary canal, there arise differentiations and integrations
both of its mechanical movements and its actions of a non-
mechanical kind. Along an alimentary canal of a primitive
type, there pass, almost uniformly from end to end, waves of
constriction. But in a well-organized alimentary canal,
the waves of constriction are widely unlike at different
parts, in their kinds, strengths, and rapidities. In the mouth
they become movements of prehension and mastication—
now occurring in quick succession and now ceasing for
hours. In the cesophagus these contractions, propulsive in
their office, and travelling with considerable speed, take
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complex groups. The subsequent advance to dissyllables
and polysyllables, and to involved combinations of words,
shows the still higher degree of integration and heterogeneity
eventually reached by these organic motions. The
acts of consciousness correlated with these nervo-mus-
cular acts, of course go through parallel phases; and the
advance from childhood to maturity yields daily proof that
the changes which, on their physical side are nervous pro-
cesses, and on their mental side are processesof thought,
become more various, more defined, more coherent. At
first the intellectual functions are very much alike in kind—
recognitions and classifications of simple impressions alone
go on; but in course of time these functions become multi-
form. Reasoning grows distinguishable, and eventually we
have conscious induction and deduction; deliberate recollec-
tion and deliberate imagination are added to simple un-
guided association of ideas; more special modes of mental
action, as those which result in mathematics, musie, poetry,
arise; and within each of these divisions the mental pro-
cesses are ever being further differentiated. In definiteness
it is the same. The infant makes its observations so inac-
curately that it fails to distinguish individuals. The child
errs continually in its spelling, its grammar, its arithmetic.
The youth forms incorrect judgments on the affairs of life.
Only with maturity comes that precise co-ordination in the
nervous processes that is implied by a good adjustment of
thoughts to things. Lastly, with the integration by which
simple mental acts are combined into complex mental acts,
it 18 so likewise. In the nursery you cannot obtain con-
tinuous attention—there is inability to form a coherent
series of impressions; and there is a parallel inability to
unite many co-existent impressions, even of the same order:
witness the way in which a child’s remarks on a picture,
show that it attends only to the individual objects repre-
gented, and never to the picture as a whole. But with
advancing years it becomes possible to understand an in-
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nothing like so heterogeneous in their kinds as those of the
civilized man, whose complex environment presents a multi-
plicity of new phenomena. His mental acts, too, are much
less involved—he has no words for abstract ideas, and is
found to be incapable of integrating the elements of such
ideas. And in all but simple matters there is none of that
precision in his thinking which, among civilized men, leads
to the exact conclusions of science. Nor do the emotions
fail to exhibit a parallel contrast,

§ 144. How in societies the movements or functions pro-
duced by the confluence of individual actions, increase in
their amounts, their multiformities, their precision, and
their combination, scarcely needs insisting upon after what
has been pointed out in foregoing chapters. For the sake
of symmetry of statement, however, a typical example or
two may be set down. . '

Take the actions devoted to defence or aggression. At
first the military function, undifferentiated from the rest (all
men in primitive societies being warriors) is relatively
homogeneous, is ill-combined, and is indefinite: savages
making a joint attack severally fight independently, in
similar ways, and without order. But as societies evolve
and the military function becomes separate, we see that
while its scale increases, it progresses in multiformity,
in definiteness, and in combination. The movements
of the thousands of soldiers that replace the tens of
warriors, are divided and re-divided in their kinds—here
are bodies that manceuvre and fire artillery; there are
battalions that fight on foot ; and elsewhere are troops that
charge on horseback. Within each of these differentiated
functions there come others: there are distinct duties dis-
charged by privates, sergeants, captains, colonels, generals,
as also by those who constitute the commissariat and those
who attend to the wounded. The actions that have thus
become comparatively heterogeneous in general and in de-
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System have for us a significance equal to that which the
sizes, forms, and relative distances of its members possess.
And of the phenomena presented by an organism, it
must be admitted that the combined sensible and in-
sensible actions we call its life, do not yield in interest to
its structural traits. Leaving out, however, all implied
reference to the way in which these two orders of facts con-
cern us, it is clear that with each re-distribution of matter
there necessarily goes a re-distribution of motion; and that
the unified knowledge constituting Philosophy, must com-
prehend both aspeets of the transformation.

‘While, then, we have to contemplate the matter of an
evolving aggregate as undergoing, not progressive integra-
tion simply, but as simultaneously undergoing various
secondary re-distributions ; we have also to contemplate the
motion of an evolving aggregate, not only as being gradually
dissipated, but as passing through many secondary re-distri-
butions on the way towards dissipation. As the structural
complexities that arise during compound evolution, are in-
cidental to the progress from the extreme of diffusion to the
extreme of concentration; so the functional complexities
accompanying them, are incidental to the progress from the
greatest quantity of contained motion to the least quantity
of contained motion. And we have to state these con-
comitants of both transformations, as well as their begin-
nings and ends,

Our formula, therefore, needs an additional clause. To
combine this satisfactorily with the clauses as they stand in
the last chapter, is scarcely practicable; and for convenience
of expression it will be best to change their order. Doing
this, and making the requisite addition, the formula finally
stands thus :—Fvolution is an integration of matter and con-
comitant dissipation of motion; during which the matter
passes from an indefinite, incoherent homogeneity to a de-

finite, coherent heterogeneity ; and during which the retained ,J

motion undergoes a parallel ﬁmmfarmmﬁinn.
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nexion between increasing definiteness and increasing hete-
rogeneity, or between both and increasing integration. Still
less evidence is there that these laws of the re-distribution
of matter and motion, are necessarily correlated with those
laws of the direction of motion and the rhythm of motion,
previously set forth. But until we see these now separate
truths to be implications of one truth, our knowledge re-
mains imperfectly coherent.

~ § 147. The task before us, then, is that of exhibiting the
phenomena of Evolution in synthetic order. Setting out
from an established ultimate principle, it has to be shown
that the course of transformation among all kinds of
existences, cannot but be that which we have seen it to be.
It has to be shown that the re-distribution of matter and
motion, must everywhere take place in those ways, and pro-
duce those traits, which celestial bodies, organisms, societies,
alike display. And it has to be shown that this universality
of process, results from the same necessity which determines
each simplest movement around us, down to the accelerated
fall of a stone or the recurrent beat of a harp-string.

In other words, the phenomena of Evolution have to be
deduced from the Persistence of Force. As before said—
“ to this an ultimate analysis brings us down; and on this
a rational synthesis must build up.” This being the
ultimate truth which transcends experience by underlying
it, 8o furnishing a common basis on which the widest gene-
ralizations stand, these widest generalizations are to be
unified by referring them to this common basis. Already
the truths manifested thronghout concrete phenomena of all
orders, that there is equivalence among transformed forces,
that motion follows the line of least resistance, and that it is
universally rhythmic, we have found to be severally deducible
from the persistence of force ; and this affiliation of them on
the persistence of force has reduced them to a coherent
whole. Here we have similarly to affiliate the universal
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subsisting ; and bring about a totally different arrangement.
Thus, a stick poised on its lower end is in unstable equili-
brium : however exactly it may be placed in a perpendicular
position, as soon as it is left to itself it begins, at first imper-
ceptibly, to lean on one side, and with increasing rapidity
falls into another attitude. Conversely, a stick suspended
from its upper end is in stable equilibrium : however much
disturbed, it will return to the same position. The proposi-
tion is, then, that the state of homogeneity, like the state of
the stick poised on its lower end, is one that cannot be main.
tained. Let us take a few illustrations.

Of mechanical ones the most familiar is that of the scales.
If they be accurately made, and not clogged by dirt or rust,
it is impossible to keep a pair of scales perfectly balanced :
eventually one scale will descend and the other ascend—they
will assume a heterogeneous relation. Again, if we sprinkle
over the surface of a fluid a number of equal-sized particles,
having an attraction for each other, they will, no matter how
uniformly distributed, by and by concentrate irregularly into
one or more groups. Were it possible to bring a mass of
water into a state of perfect homogeneity—a state of complete
quiescence, and exactly equal density throughout—yet the
radiation of heat from neighbouring bodies, by affecting
differently its different parts, would inevitably produce in-
equalities of density and consequent currents ; and would so
render it to that extent heterogeneous. Take a piece of red-
hot matter, and however evenly heated it may at first be, it
will quickly cease to be so: the exterior, cooling faster than
the interior, will become different in temperature from it.
And the lapse into heterogeneity of temperature, so obvious
in this extreme case, takes place more or less in all
cases. The action of chemical forces supplies other
illustrations. Expose a fragment of metal to air or water,
and in course of time it will be coated with a film of oxide,
carbonate, or other compound : that is—its outer parts will
become unlike its inner parts. Usually the heterogeneity
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the surface of the varnish will shortly become marked by
polygonal divisions, which, first appearing round the edge of
the mass, spread towards its centre. Under a lense these
irregular polygons of five or more sides, are seen to be sever-
ally bounded by dark lines, on each side of which there are
light-coloured borders. DBy the addition of matter to their
inner edges, the borders slowly broaden, and thus encroach
on the areas of the polygons; until at length there re-
mains nothing but a dark spot in the centre of each. At
the same time the boundaries of the polygons become curved ;
and they end by appearing like spherical sacs pressed toge-
ther ; strangely simulating (but only simulating) a group of
nucleated cells. Here a rapid loss of homogeneity is ex-
hibited in three ways :—First, in the formation of the film,
which is the seat of these changes; second, in the formation
of the polygonal sections into which this film divides; and
third, in the contrast that arises between the polygonal sec-
tions round the edge, where they are small and early formed,
and those in the centre which are larger and formed later.

The instability thus variously illustrated is obviously con-
sequent on the fact, that the several parts of any homoge-
neous aggregation are necessarily exposed to different forces
—forces that differ either in kind or amount ; and being ex-
posed to different forces they are of necessity differently
modified. The relations of outside and inside, and of com-
parative nearness to neighbouring sources of influence, imply
the reception of influences that are unlike in quantity or
quality, or both ; and it follows that unlike changes will be
produced in the parts thus dissimilarly acted upon.

For like reasons it is manifest that the process must re-
peat itself in each of the subordinate groups of units that are
differentiated by the modifying forces. Each of these sub-
ordinate groups, like the original group, must gradually, in
obedience to the influences acting upon it, lose its balance of
parts—must pass from a uniform into a multiform state.
And so on continuously. Whence indeed it is clear
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ant. Yet one more irregularity of like significance is pre-
sented by the nebules,—aggregations of matter which, what-
ever be their nature, most certainly belong to our sidereal
system. For the nebule are not dispersed with anything
like uniformity ; but are abundant around the poles of the
galactic circle and rare in the neighbourhood of its
plane. No one will expect that anything like a de-
finite interpretation of this structure can be given on the
hypothesis of Evolution, or any other hypothesis. The most
that can be looked for is some reason for thinking that irre-
gularities, not improbably of these kinds, would occur in the
course of Evolution, supposing it to have taken place. Any
one called on to assign such reason might argue, that if the
matter of which stars and all other celestial bodies consist, be
assumed to have originally existed in a diffused form through-
out a space far more vast even than that which our sidereal
system now occupies, the instability of the homogeneous
would negative its continuance in that state. In default of
an absolute balance among the forces with which the dis-
persed particles acted on each other (which could not exist in
any aggregation having limits) he might show that motion
and consequent changes of distribution would necessarily
result. The next step in the argument would be that in
matter of such extreme tenuity and feeble cohesion there
would be motion towards local centres of gravity, as well as
towards the general centre of gravity; just as, to use a
humble illustration, the particles of a precipitate aggregate
into flocculi at the same time that they sink towards the
earth. He might urge that in the one case as in the other,
these smallest and earliest local aggregations must gradually
divide into groups, each concentrating to its own centre of
gravity,—a process which must repeat itself on a larger and
larger scale. In conformity with the law that motion once
set up in any direction becomes itself a cause of subsequent
motion in that direction, he might further infer that the
heterogeneities thus set up would tend ever to become more
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by gradual concentration ; and assuming this concentration
to have advanced so far as to produce a rotating spheroid of
nebulous matter ; let us consider what further consequence
the instability of the homogeneous necessitates. Having'
become oblate in figure, unlike in the densities of its centre
and surface, unlike in their temperatures, and unlike in the
velocities with which ifs parts move round their common axis,
such a mass can no longer be called homogeneous; and
therefore any further changes exhibited by it as a whole, can
illustrate the general law, only as being changes from a
more homogeneous to a less homogeneous state. Changes of
this kind are to be found in the transformations of such of its
parts as are still homogeneous within themselves. If we
accept the conclusion of Laplace, that the equatorial portion
of this rotating and contracting spheroid will at successive
stages acquire a centrifugal force great enough to prevent
any nearer approach to the centre round which it rotates,
and will so be left behind by the inner parts of the spheroid
in its still-continued contraction ; we shall find, in the fate of
the detached ring, a fresh exemplification of the principle we
are following out. Consisting of gaseous matter, such a
ring, even if absolutely uniform at the time of its detach-
ment, cannot continue so. To maintain its equilibrium there
must be an almost perfect uniformity in the action of all
external forces upon it (almost, we must say, because the
cohesion, even of extremely attenuated matter, might suffice
to neutralize very minute disturbances); and against this the
probabilities are immense. In the absence of equality among
the forces, internal and external, acting on such a ring,
there must be a point or points at which the cohesion of
its parts is less than elsewhere—a point or points at which
rupture will therefore take place. Laplace assumed that
the ring would rupture at one place only; and would then
collapse on itself. But this is a more than questionable
assumption—such at least I know to be the opinion of an
authority second to none among those mow living. So
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centrically situated, they could not remain so: the homo-
geneous relation being unstable, would gravitate into a
heterogeneous one. And this fact serves to remind us of the
 allied one presented throughout the whole Solar System. Al
orbits, whether of planets or satellites, are more or less ex-
centric—none of them are perfect circles; and were they
perfect circles they would soon become ellipses. Mutual per-
turbations would inevitably generate excentricities. That is
to say, the homogenecus relations would lapse into hetero-
geneous ones.

§ 151. Already so many references have been made to the
gradual formation of a crust over the originally incandescent
Earth, that 1t may be thought superfluous again to name it.
It has not, however, been before considered in connexion with
the general principle under discussion. Here then it must
be noted as a necessary consequence of the instability of the
homogeneous. In this eooling down and solidification of
the Harth’s surface, we have one of the simplest, as well as
one of the most important, instances, of that change from
a uniform to a multiform state which occurs in any mass
through exposure of its different parts to different condi-
tions. To the differentiation of the Earth’s exterior
from its interior thus brought about, we must add one of the
most conspicuous differentiations which the exterior itself
afterwards undergoes, as being similarly brought about. Were
the conditions to which the surface of the Earth is exposed,
alike in all directions, there would be no obvious reason why
certain of its parts should become permanently unlike the rest.
But being unequally exposed to the chief external centre of
force—the Sun—its main divisions become unequally modified:
as the crust thickens and cools, there arises that contrast,
now so decided, between the polar and equatorial regions.

Along with these most marked physical differentiations of
the Farth, which are manifestly consequent on the instability
of the homogeneous, there have been going on numerous
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oxygen are united with one atom of metal or other base.
Still less able to resist heat, are the salts ; which present us
with compound atoms each made up of five, six, seven, eight,
ten, twelve, or more atoms, of three, if not more, kinds.
Then there are the hydrated salts, of a yet greater hetero-
geneity, which undergo partial decomposition at much lower
temperatures.  After them come the further-complicated
supersalts and double salts, having a stability again decreased ;
and so throughout. After making a few unimportant quali-
fications demanded by peculiar affinities, T believe no chemist
will deny it to be a general law of these inorganic combina-
tions that, other things equal, the stability decreases as the
complexity increases. And then when we pass to the com-
pounds. that make up organic bodies, we find this general law
still further exemplified: we find much greater complexity
and much less stability. An atom of albumen, for instance,
consists of 482 ultimate atoms of five different kinds. Fibrine,
still more intricate in constitution, contains in each atom, 298
atoms of carbon, 49 of nitrogen, 2 of sulphur, 228 of hydrogen,
and 92 of oxygen—in all, 660 atoms; or, more strictly
speaking—equivalents. And these two substances are so un-

stable as to decompose at quite moderate temperatures; as

that to which the outside of a joint of roast meat is
exposed. Possibly it will be objected that some inorganic
compounds, as phosphuretted hydrogen and chloride of nitro-
gen, are more decomposable than most organic compounds.
This is true. But the admission may be made without damage
to the argument. The proposition is not that al/ simple com-
binations are more fixed than all complex ones. To establish
our inference it is necessary only to show that, as an average
fact, the simple combinations can exist at a higher tempera-
ture than the complex ones. And this is wholly beyond
question. Thus it is manifest that the present chemi-
cal heterogeneity of the Earth’s surface has arisen by degrees
as the decrease of heat has permitted ; and that it has shown
itself in three forms—first, in the multiplication of chemicai
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with great difficulty. In the Rhizopods, the substance of the
jelly-like body remains throughout life unorganized, even to
the extent of having no limiting membrane ; as is proved by
the fact that the thread-like processes protruded by the mass
coalesce on touching each other, Whether or not the nearly
allied Ameba, of which the less numerous and more bulky
processes do not coalesce, has, as lately alleged, something
like a cell-wall and a nucleus, it is clear that the distinetion
of partsis very slight; since particles of food pass bodily inte
the inside through any part of the periphery, and since when
the creature is crushed to pieces, each piece behaves as the
whole did. Now these cases,in which there is either no contrast
of structure between exterior and interior or very little, though
seemingly opposed to the above inference, are really very
significant evidences of its truth. For what is the peculiarity
of this division of the Profozoa ? Its members undergo per-
petual and irregular changes of form—they show no per-
sistent relation of parts. What lately formed a portion of
the interior is now protruded, and, as a temporary limb, is
attached to some object it happens to touch. What is now a
part of the surface will presently be drawn, along with the
atom of nutriment sticking to it, into the centre of the mass.
Either the relations of inner and outer have no permanent
existence, or they are very slightly marked. But by the
hypothesis, it is only because of their unlike positions with
respect to modifying forces, that the originally like units of a
living mass become unlike. We must therefore expect no
established differentiation of parts in creatures which exhibit
no established differences of position in their parts; and we
must expect extremely little differentiation of parts where the
differences of position are but little determined—which is
just what we find. This negative evidence 1s borne
out by positive evidence. When we turn from these pro-
teiform specks of living jelly to organisms having an un-
changing distribution of substance, we find differences of tis-
sue corresponding to differences of relative position. In all
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that are either fixed, or while moving preserve definite atti-
tudes, we no longer find uniformity of surface. The most
general fact which can be asserted with respect to the struc-
tures of plants and animals, is, that however much alike in
shape and texture the various parts of the exterior may at
first be, they acquire unlikenesses corresponding to the un-
likenesses of their relations to surrounding agencies. The cili-
ated germ of a Zoophyte, which, during its locomotive stage,
is distinguishable only into outer and inner tissues, no sooner
becomes fixed, than its upper end begins to assume a different
structure from its lower. The disc-shaped gemme of the
Marchantia, originally alike on both surfaces, and falling at
random. with either side uppermost, immediately begin to
develop rootlets on the under side, and sfomafa on the upper
side : a fact proving beyond question, that this primary differ-
entiation is determined by this fundamental contrast of con-
ditions,

Of course in the germs of higher organisms, the metamor-
phoses immediately due to the instability of the homogeneous,
are soon masked by those due to the assumption of the hered-
itary type. Such early changes, however, as are common to
all classes of organisms, and so cannot be ascribed to heredity,
entirely conform to the hypothesis. A germ which has un-
dergone no developmental modifications, consists of a spher-
oidal group of homogeneous cells, Universally, the first step
in its evolution is the establishment of a difference between
some of the peripheral cells and the cells which form the in-
terior—some of the peripheral cells, after repeated sponta-
neous fissions, coalesce into a membrane ; and by continuance
of the process this membrane spreads until it speedily invests
the entire mass, as in mammals, or, as in birds, stops short of
that for some time. Iere we have two significant facts.
The first is, that the primary unlikeness arises between the
exterior and the interior., The second is, that the change
which thus initiates development, does not take place simul-
taneously over the whole exterior; but commences at one






418 THE INSTABILITY OF THE HOMOGENEOUS.

into a complex adult, which repeats ancestral traits in the
minutest details, and that even when it has been placed in
conditions unlike those of its ancestors, isa capacity we cannot
at present understand. That a microscopic portion of seem-
ingly structureless matter should embody an influence of such
kind, that the resulting man will in fifty years after become
gouty or insane, is a truth which would be incredible were it
not daily illustrated. Should it however turn out, as
weshall hereafter find reason for suspecting, that these complex
differentiations which adults exhibit, are themselves the
slowly accumulated and transmitted results of a process like
that seen in the first changes of the germ ; it will follow that
even those embryonic changes due to hereditary influence,
are remote consequences of the alleged law. Should it be
shown that the slight modifications wrought during life on
each adult, and bequeathed to offspring along with all like
preceding modifications, are themselves unlikenesses of parts
that are produced by unlikenesses of conditions; then it will
follow that the modifications displayed in the course of em-
bryonic development, are partly direct consequences of the
instability of the homogeneous, and partly indirect conse-
quences of it. To give reasons for entertaining this
hypothesis, however, is not needful for the justification of the
position here taken. It is enough that the most conspicuous
differentiations which incipient organisms universally display,
correspond to the most marked differences of conditions to
which their parts are subject. It is enough that the habitual
contrast between outside and inside, which we know is pro-
duced in inorganic masses by unlikeness of exposure to inci-
dent forces, is strictly paralleled by the first contrast that
makes its appearance in all organic masses.

It remains to point out that in the assemblage of organisms
constituting a species, the principle enunciated is equally
traceable. 'We have abundant materials for the induction
that each species will not remain uniform, but is ever becom-
ing to some extent multiform ; and there is ground for the
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eommon with the meanings of prolong, or draw out. In the

Church of England liturgy, an odd effect results from the

occurrence of prevent in its original sense—to come before,
instead of its modern specialized sense—to come before with the
effect of arresting. DBut the most conclusive cases are those
in which the contrasted words consist of the same parts differ-
ently combined ; as in go under and undergo. We go under
a tree, and we undergo a pain. But though, if analytically
considered, the meanings of these expressions would be the
same were the words transposed, habit has so far modified
their meanings that we could not without absurdity speak of
undergoing a tree and going under a pain. Countless
such instances might be brought to show that between two
words which are originally of like force, an equilibrium can-
not be maintained. Unless they are daily used in exactly
equal degrees, in exactly similar relations (against which
there are infinite probabilities), there necessarily arises a habit
of associating one rather than the other with particular acts,
or objects. Such a habit, once commenced, becomes confirm-
ed ; and gradually their homogeneity of meaning disappears.
In each individual we may see the tendency which inevitably
leads to this result. A certain vocabulary and a certain set
of phrases, distinguish the speech of each person: each per-
son habitually uses certain words in places where other words
are habitually used by other persons; and there is a con-
tinual recurrence of favourite expressions. This inability to
maintain a balance in the use of verbal symbols, which cha-
racterizes every man, characterizes, by consequence, aggre-
gates of men ; and the desynonymization of words is the ulti-
mate effect.

Should any difficulty be felt in understanding how these
mental changes exemplify a law of physical transformations
that are wrought by physical forces, it will disappear on con-
templating acts of mind as nervous functions. It will be
seen that each loss of equilibrium above instanced, is a loss of
functional equality between some two elements of the nervous
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stroyed, the uniform must gravitate with inereasing rapidity
into the multiform. And so supremacy and subordination
must establish themselves, as we see they do, throughout the
whole structure of a society, from the great class-divisions
pervading its entire body, down to village cliques, and even
down to every posse of school-boys, Probably it will
be objected that such changes result, not from the homoge-
neity of the original aggregations, but from their non-homo-
geneity—from certain slight differences existing among their
units at the outset. This is doubtless the proximate cause.
In strictness, such changes must be regarded as transforma-
tions of the relatively homogeneous into the relatively hetero-
geneous. DBut it is abundantly clear that an aggregation of
men, absolutely alike in their endowments, would eventually
undergo a similar transformation. For in the absence of
perfect uniformity in the lives severally led by.them—in
their occupations, physical conditions, domestic relations, and
trains of thought and feeling—there must arise differences
among them ; and these must finally initiate social differen-
tiations. Even inequalities of health caused by accidents,
must, by entailing inequalities of physical and mental power,
disturb the exact balance of mutual influences among the
units; and the balance once disturbed, must inevitably be
lost. Whence, indeed, besides seeing that a body of men
absolutely homogeneous in their governmental relations, must,
like all other homogeneous bodies, become heterogeneous,
we also see that it must do this from the same ultimate cause
—unequal exposure of its parts to incident forces.

The first industrial divisions of societies are much more
obviously due to unlikenesses of external circumstances.
Such divisions are absent until such unlikenesses are estab-
lished. Nomadic tribes do not permanently expose any
groups of their members to special local conditions ; nor does
a stationary tribe, when occupying only a small area, main-
tain from generation to generation marked contrasts in the
local conditions of its members; and in such tribes there are
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of least resistance, is the distribution of the forces to be over-
come; and hence unlikenesses of distribution in separate
localities, entails unlikenesses in the course of human action
in those localities—entails industrial differentiations.

§ 155, It has still to be shown that this general truth is
demonstrable @ priori. We have to prove specifically that
the instability of the homogeneous is a corollary from the
persistence of force. Already this has been tacitly implied
by assigning unlikeness in the exposure of its parts to
surrounding agencies, as the reason why a uniform mass loses
its uniformity. DBut here it will be proper to expand this
tacit implication into definite proof.

On striking a mass of matter with such force as either to
indent it or make it fly to pieces, we see both that the blow
affects differently its different parts, and that the differences
are consequent on the unlike relations of its parts to the
force impressed. The part with which the striking body
comes in contact, receiving the whole of the communicated
momentum, is driven in towards the centre of the mass.
It thus compresses and tends to displace the more centrally
situated portions of the mass. These, however, cannot be
compressed or thrust out of their places without pressing on

all surrounding portions. And when the blow is violent.

enough to fracture the mass, we see, in the radial dispersion
of its fragments, that the original momentum, in being dis-
tributed throughout it, has been divided into numerous minor
momenta, unlike in their directions. We see that these di-
rections are determined by the positions of the parts with re-
spect to each other, and with respect to the point of impact,
We see that the parts are differently affected by the disrup-
tive force, because they are differently related to it 1n their
directions and attachments—that the effects being the joint
products of the cause and the conditions, cannot be alike in
parts which are differently conditioned. A body on
which radiant heat is falling, exemplifies this truth still more

.
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alone exposed to chemical actions; and not only are their
inner parts shielded from the affinities of external elements,
but such affinities are brought to bear unequally on their
surfaces ; since chemical action sets up currents through the
medium in which it takes place, and so brings to the various
parts of the surface unequal quantities of the active agent.
Again, the amounts of any external radiant force which the
different parts of an aggregate receive, are widely contrasted :
we have the contrast between the quantity falling on the
side next the radiating centre, and the quantity, or rather no
quantity, falling on the opposite side ; we have contrasts in
the quantities received by differently-placed areas on the
exposed side; and we have endless contrasts between the
quantities received by the various parts of the interior. Simi-
larly when mechanical force is expended on any aggregate,
either by collision, continued pressure, or tension, the amounts
of strain distributed throughout the mass are manifestly
unlike for unlike positions. But to say the different parts of
an aggregate receive different quantities of any incident force,
is to say that their states are modified by it in different
degrees—is to say that if they were before homogeneous in
their relations they must be rendered to a proportionate
extent heterogeneous ; since, force being persistent, the
different quantities of it falling on the different parts,
must work in them different quantities of effect—different
changes. Yet one more kindred deduction is required
to complete the argument. We may, by parallel reasoning,
reach the conclusion that, even apart from the action of any ex-
ternal force, the equilibrium of a homogeneous aggregate must
be destroyed by the unequal actions of its parts on each other.
That mutual influence which produces aggregation (not to
mention other mutual influences) must work different effects
on the different parts; since they are severally exposed to it
in unlike amounts and directions. This will be clearly seen
on remembering that the portions of which the whole is made
up, may be severally regarded as minor wholes; that on each of
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434 THE MULTIPLICATION OF EFFECTS.

by this multiplication of effects. An incident force decom-
posed by the reactions of a body into a group of unlike forces
—a uniform force thus reduced to a multiform force—be-
comes the cause of a secondary imerease of multiformity in
the body which decomposes it. In the last chapter we saw
that the several parts of an aggregate are differently modi-
fied by any incident force. It has just been shown that by the
reactions of the differently modified parts, the incident force
itself must be divided into differently modified parts. Here
it remains to point out that each differentiated division of
the aggregate, thus becomes a centre from which a differen-
tiated division of the original force is again diffused. And
since unlike forces must produce unlike results, each of these
differentiated forces must produce, throughout the aggregate,
a further series of differentiations. This secondary
cause of the change from homogeneity to heterogeneity,
obviously becomes more potent in proportion as the hetero-
geneity increases. When the parts into which any evolving
whole has segregated itself, have diverged widely in nature,
they will necessarily react very diversely on any incident
force—they will divide an incident force into so many
strongly contrasted groups of forces. And each of them be-
coming the centre of a quite distinet set of influences, must
add to the number of distinet secondary changes wrought
throughout the aggregate. Yet another corollary
must be added. The number of unlike parts of which an
aggregate consists, as well as the degree of their unlikeness,
is an important factor in the process. Every additional
specialized division is an additional centre of specialized
forces. If a uniform whole, in being itself made multiform
by an incident force, makes the incident force multiform ; if
a whole consisting of two unlike sections, divides an incident
force into two unlike groups of multiform forces; it 1s clear
that each new unlike section must be a further source of com-
plication among the forces at work throughout the mass—a
further source of heterogeneity. The multiplication of
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cation in the resulting aggregate, must have initiated further
subdivisions of this force—a further multiplication of effects,
increasing the previous heterogeneity.

This section of the argument may however be adequately
sustained, without having recourse to any such hypothetical
illustrations as the foregoing. The astronomical attributes
of the Earth, will even alone suffice our purpose. Consider
first the effects of its momentum round its axis. There is the
oblateness of its form; there is the alternation of day and
night; there are certain constant marine currents; and
there are certain constant aérial currents. Consider next
the secondary series of consequences due to the divergence
of the Earth’s plane of rotation from the plane of its orbit.
The many differences of the seasons, both simultaneous
and successive, which pervade its surface, are thus caused.
External attraction acting on this rotating oblate spheroid
with inclined axis, produces the motion called nutation, and
that slower and larger one from which follows the precession of
the equinoxes, with its several sequences. And then by this
same force are generated the tides, aqueous and atmospheric.

Perhaps, however, the simplest way of showing the multi-
plication of effects among phenomena of this order, will be to
set down the influences of any member of the Solar System on
the rest. A planet directly produces in neighbouring planets
certain appreciable perturbations, complicating those other-
wise produced in them ; and in the remoter planets it directly
produces certain less visible perturbations. Here is a first
series of effects. But each of the perturbed planets is itself a
source of perturbations—each directly affects all the others.
Hence, planet A having drawn planet B out of the position
it would have occupied in A’s absence, the perturbations
which B causes are different from what they would else
have been ; and similarly with C, D, B, &. Here then is a
secondary series of effects: far more numerous though far
smaller in their amounts. As these indirect perturbations
must to some extent modify the movements of each planet,
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ous and atmospheric agencies have been absent. But
we have yet to notice another kind of heterogeneity of
surface, similarly and simultaneously caused. While the
Earth’s crust was still thin, the ridges produced by its con-
traction must not only have been small, but the tracts between
them must have rested with comparative smoothness on the
subjacent liquid spheroid ; and the water in those arctic and
antarctic regions where it first condensed, must have been
evenly distributed. But as fast as the crust grew thicker
and gained corresponding strength, the lines of fracture from
time to time caused in if, necessarily occurred at greater dis-
tances apart ; the intermediate surfaces followed the contract-
ing nucleus with less uniformity; and there consequently
resulted larger areas of land and water. If any one, after
wrapping an orange in wet tissue paper, and observing both
how small are the wrinkles and how evenly the intervening
spaces lie on the surface of the orange, will then wrap it in
thick cartridge-paper, and note both the greater height of the
ridges and the larger spaces throughout which the paper does
not touch the orange, he will realize the fact, that as the
Earth’s solid envelope thickened, the areas of elevation and
depression became greater. In place of islands more or less
homogeneously scattered over an all-embracing sea, there must
have gradually arisen heterogeneous arrangements of conti-
nent and ocean, such as we now know. This double
change in the extent and in the elevation of the lands, in-
volved yet another species of heterogeneity—that of coast-line.
A tolerably even surface raised out of the ocean will have a
simple, regular sea-margin ; but a surface varied by table-
lands and intersected by mountain-chains, will, when raised
out of the ocean, have an outline extremely irregular, alike
in its leading features and in its details. Thus endless is the
accumulation of geological and geographical results slowly
brought about by this one cause—the escape of the Earth's
primitive heat.

When we pass from the agency which geologists term ig-
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appreciable effect ; there cause exfoliations of the surface, and
a.resulting heap of débris and boulders ; and elsewhere, after
decomposing the feldspar into a white clay, carry away this
with the accompanying quartz and mica, and deposit them
in separate beds, fluviatile and marine. When the exposed
land consists of several unlike formations, sedimentary and
igneous, changes proportionably more heterogeneous are
wrought. The formations being disintegrable in different de-
grees, there follows an increased irregularity of surface. The
areas drained by different rivers being differently constituted,
these rivers carry down to the sea unlike combinations of
ingredients ; and so sundry new strata of distinet composition
arise. And here indeed we may see very simply illustrated,
the truth, that the heterogeneity of the effects increases in a
geometrical progression, with the heterogeneity of the object
acted upon. A continent of complex structure, presenting
many strata irregularly distributed, raised to various levels,
tilted up at all angles, must, under the same denuding agen-
cies, give origin to immensely multiplied results: each dis-
trict must ,be peculiarly modified ; each river must carry
down a distinct kind of detritus; each deposit must be differ-
ently distributed by the entangled currents, tidal and other,
which wash the contorted shores; and every additional com -
plication of surface must be the cause of more than one ad-
ditional consequence. But not to dwell on these, let us,
for the fuller elucidation of this truth in relation to the inor-
ganic world, consider what would presently follow from some
extensive cosmical revolution—say the subsidence of Central
America. The immediate results of the disturbance would
themselves be sufficiently complex. Besides the numberless
dislocations of strata, the ejections of igneous matter, the
propagation of earthquake vibrations thousands of miles
around, the loud explosions, and the escape of gases, there
would be the rush of the Atlantic and Pacific Oceans fo sup-
ply the vacant space, the subsequent recoil of enormous
waves, which would traverse hoth these oceans and produce
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marked stimulus works on an adult organism—a human being,
for instance. An alarming sound or sight, besides impressions
on the organs of sense and the nerves, may produce a start, a
scream, a distortion of the face, a trembling consequent on
general muscular relaxation, a burst of perspiration, an excited
action of the heart, a rush of blood to the brain, followed
possibly by arrest of the heart’s action and by syncope ; and
if the system be feeble, an illness with its long train of
complicated symptoms may set in. Similarly in cases of
disease. A minute portion of the small-pox virus introduced
into the system, will, in a severe case, cause, during the first
stage, rigors, heat of skin, accelerated pulse, furred tongue,
loss of appetite, thirst, epigastric uneasiness, vomiting, head-
ache, pains in the back and limbs, muscular weakness, con-
vulsions, delirium, &e. ; in the second stage, cutaneous erup-
tion, itching, tingling, sore throat, swelled fauces, salivation,
cough, hoarseness, dyspnea, &e.; and in the third stage,
cedematous inflammations, pneumonia, pleurisy, diarrheea,
inflammation of the brain, ophthalmia, erysipelas, &e. : each
of which enumerated symptoms is itself more or less complex.
Medicines, special foods, better air, might in like manner be
instanced as producing multiplied results. Now 1t
needs only to consider that the many changes thus wrought
by one force on an adult organism, must be partially paral-
leled in an embryo-organism, to understand how here also
the production of many effects by one cause is a source of
increasing heterogeneity. The external heat and other
agencies which determine the first complications of the germ,
will, by acting on these, superinduce further complications ;
on these still higher and more numerous ones; and so on
continually : each organ as it is developed, serving, by its
actions and reactions on the rest, to initiate new complexities.
The first pulsations of the feetal heart must simultaneously
aid the unfolding of every part. The growth of each tissue,
by taking from the blood special proportions of elements,
must modify the constitution of the blood ; and so must
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duce further organic changes, implying wider divergences
from the primary forms; and so repeatedly. Now however
let it be observed that this revolution would not be a substi-
tution of a thousand modified species for the thousand
original species ; but in place of the thousand original species
there would arise several thousand species, or varieties, or
changed forms. Each species being distributed over an area
of some extent, and tending continually to colonize the new
area exposed, its different members would be subject to dif-
ferent sets of changes. Plants and animals migrating to-
wards the equator would not be affected in the same way
with others migrating from it. Those which spread towards
the new shores, would undergo changes unlike the changes
undergone by those which spread into the mountains. Thus,
each original race of organisms would become the root from
which diverged several races, differing more or less from it and
from each other ; and while some of these might subsequently
disappear, probably more than one would survive in the next
geologic period : the very dispersion itself increasing the
chances of survival. Not only would there be certain modi-
fications thus caused by changes of physical conditions and
food ; but also in some cases other modifications caused by
changes of habit. The fauna of each island, peopling, step
by step, the newly-raised tracts, would eventually come in
contact with the faunas of other islands; and some members
of these other faunas would be unlike any creatures before
seen, Herbivores meeting with new beasts of prey, would,
in some cases, be led into modes of defence or escape differ-
ing from those previously used; and simultaneously the
beasts of prey would modify their modes of pursuit and
attack. We know that when circumstances demand it, such
changes of habit do take place in animals; and we know
that if the new habits become the dominant ones, they
must eventually in some degree alter the organiza-
tion, Observe now, however, a further consequence.
There must arise not simply a tendency towards the differen-
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geology and the general laws of life, gains immensely in weight
on finding it to be in harmony with an induction drawn from
direct experience. Just that divergence of many races from
one race, which we inferred must have been continually oc-
curring during geologic time, we know to have occurred dur-
ing the pre-historic and historic periods, in man and domestic
animals. And just that multiplication of effects which we
concluded must have been instrumental to the first, we see
has in a great measure wrought the last. Single causes, as
famine, pressure of population, war, have periodically led to
further dispersions of mankind and of dependent creatures :
each such dispersion initiating new modifications, new varieties
of type. Whether all the human races be or be not derived
from one stock, philology makes it clear that whole groups of
races, now easily distinguishable from each other, were origin-
ally one race—that the diffusion of one race into different
climates and conditions of existence has produced many
altered forms of it. Similarly with domestic animals. Though
in some cases (as that of dogs) community of origin will per-
haps be disputed, yet in other cases (as that of the sheep or
the cattle of our own country) it will not be questioned that
local differences of climate, food, and treatment, have trans-
formed one original breed into numerous breeds, now become
so far distinct as to produce unstable hybrids. Moreover,
through the complication of effects flowing from single causes,
we here find, what we before inferred, not only an increase of
general heterogeneity, but also of special heterogeneity.
While of the divergent divisions and subdivisions of the hu-
man race, many have undergone changes not constituting an
advance ; others have become decidedly more heterogeneous.
The civilized European departs more widely from the verte-
brate archetype than does the savage.

§ 160, A sensation does not expend itself in arousing some
single state of consciousness; but the state of consciousness
aroused is made up of various represented sensations connected
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tion of the it to the describer’s name, to form the name of the
species. Lastly, in the mind of a comparative anatomist, such
a new species, should it happen to have any marked internal
peculiarity, might produce additional sets of changes—might
very possibly suggest modified views respecting the relation-
ships of the division to which it belonged ; or, perhaps, alter
his conceptions of the homologies and developments of certain
organs; and the conclusions drawn might, not improbably
enter as elements into still wider inquiries concerning the
origin of organic forms.

From ideas let us turn to emotions. In a young child, a
father’s anger produces little else than vague fear—a disagree-
able sense of impending evil, taking various shapes of physi-
cal suffering or deprivation of pleasures. In elder children,
the same harsh words will arouse additional feelings: some-
times a sense of shame, of penitence, or of sorrow for hay-
ing offended ; at other times, a sense of injustice, and a
consequent anger. In the wife, yet a further range of feel-
ings may come into existence—perhaps wounded affection,
perhaps self-pity for ill-usage, perhaps contempt for ground-
less irritability, perhaps sympathy for some suffering which
the irritability indicates, perhaps anxiety about an unknown
misfortune which she thinks has produced it. Nor are we
without evidence that among adults, the like differences of de-
velopment are accompanied by like differences in the number
of emotions that are aroused, in combination or rapid succes-
sion—the lower natures being characterized by that impul-
giveness which results from the uncontrolled action of a few
feelings ; and the higher natures being characterized by the
simultaneous action of many secondary feelings, modifying
those first awakened.

Possibly it will be objected that the illustrations hére given,
are drawn from the functional changes of the nervous system,
not from its structural changes; and that what is proved
among the first, does not necessarily hold among the last.
This must be admitted. Those, however, who recognize the
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mining, navigation, and manufactures, would carry us into
unmanageable detail. Let us confine ourselves to the latest
embodiment of steam-power—the locomotive engine. This,
as the proximate cause of our railway-system, has changed
the face of the country, the course of trade, and the habits of
the people. Consider, first, the complicated sets of changes
that precede the making of every railway—the provisional
arrangements, the meetings, the registration, the trial-section,
the parliamentary survey, the lithographed plans, the books
of reference, the local deposits and notices, the application to
Parliament, the passing Standing-Orders Committee, the first,
second, and third readings: each of which brief heads indi-
cates a multiplicity of transactions, and the further develop-
ment of sundry occupations, (as those of engineers, surveyors,
lithographers, parliamentary agents, share-brokers,) and the
creation of sundry others (as those of traffic-takers, reference-
takers)., Consider, next, the yet more marked changes
implied in railway construction—the cuttings, embankings,
tunnellings, diversions of roads; the building of bridges and
stations; the laying down of ballast, sleepers, and rails ; the
making of engines, tenders, carriages, and wagons: which
processes, acting upon numerous trades, increase the import-
ation of timber, the quarrying of stone, the manufacture of
iron, the mining of coal, the burning of bricks; institute a
variety of special manufactures weekly advertised in the
Railway Times ; and call into being some new classes of
workers — drivers, stokers, cleaners, plate-layers, &ec. &e.
Then come the changes, more numerous and involved still,
which railways in action produce on the community at large.
The organization of every business is more or less modified :
ease of communication makes it better to do directly what
was before done by proxy ; agencies are established where
previously they would not have paid; goods are obtained
from remote wholesale houses instead of near retail ones ; and
commodities are used which distance once rendered inacces-
sible, The rapidity and small cost of carriage, tend to special-
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in relation to all the subtler products of social life. Tt might
be shown how, in Science, an advance of one division pre-
sently advances other divisions—how Astronomy has been
immensely forwarded by discoveries in Optics, while other
optical discoveries have initiated Microscopic Anatomy, and
greatly aided the growth of Physiology—how Chemistry has
indirectly increased our knowledge of Electricity, Magnetism,
Biology, Geology—how Electricity has reacted on Chemistry
and Magnetisin, developed our views of Light and Heat, and
disclosed sundry laws of nervous action. In Literature the
same truth might be exhibited in the still-multiplying forms
of periodical publications that have descended from the first
newspaper, and which have severally acted and reacted on
other forms of literature and on each other; or in the bias
given by each book of power to various subsequent books.
The influence which a new school of Painting (as that of the
pre-Raffaelites) exercises on other schools; the hints which
all kinds of pictorial art are deriving from Photography ; the
complex results of new critical doctrines ; might severally be
dwelt on as displaying the like multiplication of effects. But
it would needlessly tax the reader’s patience to detail, in
their many ramifications, these various changes: here be-
come so involved and subtle as to be followed with some

difficulty.

§ 162. After the argument which closed the last chapter, a
parallel one seems here scarcely required. For symmetry’s
sake, however, it will be proper briefly to point out how the
multiplication of effects, like the instability of the homo-
geneous, is a corollary from the persistence of force.

Things which we call different are things which react in
Jifferent ways; and we can know them as different only by
the differences in their reactions. When we distinguish
bodies as hard and soft, rough and smooth, we simply mean
that certain like muscular forces expended on them are
followed by unlike sets of sensations—unlike reactive forces.
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few instances in which we may watch this segregative pro-
cess taking place.

When towards the end of September, the trees are gaining
their autumn colours, and we are hoping shortly to see a
further change increasing still more the beauty of the land-
scape, we are not uncommonly disappointed by the occur-
rence of an equinoxial gale. Out of the mixed mass of
foliage on each branch, the strong current of air carries
away the decaying and brightly-tinted leaves, but fails to
detach those which are still green. And while these last,
frayed and seared by long-continued beatings against each
other, and the twigs around them, give a sombre colour to
the woods, the red and yellow and orange leaves are collected
together in ditches and behind walls and in corners where
eddies allow them to settle. That is to say, by the action of
that uniform force which the wind exerts on both kinds, the
dying leaves are picked out from among their still living com-
panions and gathered in places by themselves. Again, the
separation of particles of different sizes, as dust and sand
from pebbles, may be similarly effected ; as we see on every
road in March. And from the days of Homer downwards,
the power of currents of air, natural and artificial, to part
from one another units of unlike specific gravities, has
been habitually utilized in the winnowing of chaff from
wheat. In every river we see how the mixed ma-
terials carried down, are separately deposited—how in rapids
the bottom gives rest to nothing but boulders and pebbles ;
how where the current is not so strong, sand is let fall; and
how, in still places, there is a sediment of mud. This select-
ive action of moving water, is commonly applied in the arts
to obtain masses of particles of different degrees of fineness.
Emery, for example, after being ground, is carried by a slow
current through successive compartments; in the first of
which the largest grains subside; in the second of which -
the grains that reach the bottom before the water has
escaped, are somewhat smaller; in the third smaller still;
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motions on the mixed units in proportion as they are unlike ;
and therefore, in proportion as they are unlike, tends to de-
posit them in separate places.

There is a converse cause of segregation, which it is need-
less here to treat of with equal fulness. If different units
acted on by the same force, must be differently moved ; so,
too, must units of the same kind be differently moved by
different forces. Supposing some group of units forming part
of a homogeneous aggregate, are unitedly exposed to a force
that is unlike in amount or direction to the force acting on
the rest of the aggregate; then this group of units will
separate from the rest, provided that, of the force so acting
on it, there remains any portion not dissipated in molecular
vibrations, nor absorbed in producing molecular re-arrange-
ments. After all that has been said above, this proposition
needs no defence.

Before ending our preliminary exposition, a comple-
mentary truth must be specified ; namely, that mixed forces
are segregated by the reaction of uniform matters, just as
mixed matters are segregated by the action of uniform
forces. Of this truth a complete and sufficient illustration
is furnished by the dispersion of refracted light. A beam
of light, made up of ethereal undulations of different orders,
is not uniformly deflected by a homogeneous refracting
body ; but the different orders of undulations it contains, are
deflected at different angles: the result being that these
different orders of undulations are separated and integrated,
and so produce what we know as the colours of the spectrum.
A segregation of another kind occurs when rays of light
traverse an obstructing medium. Those rays which consist
of comparatively short undulations, are absorbed before those
which consist of comparatively long ones; and the red rays,
which consist of the longest undulations, alone penetrate
when the obstruction is very great. How, conversely, there
is produced a separation of like forces by the reaction of un-
like matters, is also made manifest by the phenomena of
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conforms to the law that among like units, exposed to unlike
forces, the similarly conditioned part from the dissimilarly
conditioned.

§ 165. Those geologic changes usually classed as aqueous,
display under numerous forms the segregation of unlike
units by a uniform incident force. On sea-shores, the waves
are ever sorfing-out and separating the mixed materials
against which they break. From each mass of fallen cliff,
the rising and ebbing tide carries away all those particles
which are so small as to remain long suspended in the
water ; and, at some distance from shore, deposits them in
the shape of fine sediment. Large particles, sinking with
comparative rapidity, are accumulated into beds of sand
near low water-mark, The coarse grit and small pebbles
collect together on the incline up which the breakers rush.
And on the top lie the larger stones and boulders. Still
more specific segregations may occasionally be observed.
Flat pebbles, produced by the breaking down of laminated
rock, are sometimes separately collected in one part of a
shingle bank. On this shore the deposit is wholly of mud;
on that it is wholly of sand. Here we find a sheltered cove
filled with small pebbles almost of one size; and there, in a
curved bay one end of which is more exposed than the other,
we see a progressive increase in the massiveness of the stones
as we walk from the less exposed to the more exposed end.
Trace the history of each geologic deposit, and we are
quickly led down to the fact, that mixed fragments of
matter, differing in their sizes or weights, are, when ex-
posed to the momentum and friction of water, joined
with the attraction of the Farth, selected from each
other, and united into groups of comparatively like
fragments. And we see that, other thingsequal, the sepa-
ration is definite in proportion as the differences of the units
are wmarked. After they have been formed, sedi-
mentary strata exhibit segregations of another kind. The






] (i s













474 SEGREGATION.

happens, or whether, as otherwise happens, they survive and
multiply into a distinct variety, in consequence of their
fitness to certain partially unlike conditions, matters not to
the argument. The one case conforms to the law, that the
unlike units of an aggregate are sorted into their kinds and
parted when uniformly subject to the same incident forces ;
and the other to the converse law, that the like units of an
aggregate are parted and separately grouped when subject to
different incident forces. And on consulting Mr. Darwin’s
remarks on divergence of character, it will be seen that the
segregations thus caused tend ever to become more definite.

§ 167. Mental evolution under one of its leading aspects,
we found to consist in the formation of groups of like ob-
jects and like relations—a differentiation of the various
things originally confounded together in one assemblage,
and an integration of each separate order of things into a
separate group (§ 153). Here it remains to point out that
while unlikeness in the incident forces is the cause of such
differentiations, likeness in the incident forces is the cause of
such integrations. For what is the process through which
classifications are established ? At first, in common with
the uninitiated, the botanist recognizes only such conven-
tional divisions as those which agriculture has established—
distinguishes a few vegetables and cereals, and groups the
rest together into the one miscellaneous aggregate of wild
plants. How do these wild plants become grouped in his mind
into orders, genera, and species? Each plant he examines
yields him a certain complex impression. Every now and
then he picks up a plant like one before seen; and the re-
cognition of it is the production in him of a like connected
group of sensations, by a like connected group of attributes.
That 1s to say, there is produced throughout the nerves con-
cerned, a combined set of changes, similar to a combined set
of changes before produced. Considered analytically, each
such combined set of changes is a combined set of molecular
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from the first motion propagated through them, is increased
by this second motion along the same route. Each such mo-
tion works a struetural alteration, which, in conformity with
the general law set forth in Chapter IX., involves a diminu-
tion of the resistance to all such motions that afterwards
occur. Thesegregation of these successive motions (or more
strictly, the permanently effective portions of them expended
in overcoming resistance) thus becomes the cause of, and the
measure of, the mental connexion between the impressions
which the phenomena produce. Meanwhile, phenomena that
are recognized as different from these, being phenomena that
therefore affect different nervous elements, will have their
connexions severally represented by motions along other
routes ; and along each of these other routes, the nervous dis-
charges will severally take place with a readiness proportion-
ate to the frequency with which experience repeats the con-
nexion of phenomena. The classification of relations must
hence go on pari passu with the classification of the related
things. In common with the mixed sensations received
from the external world, the mixed relations it presents,
cannot be impressed on the organism without more or less
segregation of them resulting. And through this continu-
ous sorting and grouping together of changes or motions,
which constitutes nervous function, there 1s gradually
wrought that sorting and grouping together of matter,
which constitutes nervous structure.

§ 128. In social evolution, the collecting together of the
like and the separation of the unlike, by incident forces, is
primarily displayed in the same manner as we saw it to be
among groups of inferior creatures. The human races tend
to differentiate and integrate, as do races of other living
forms, Of the forces which effect and maintain the
segregations of mankind, may first be named those external
ones which we class as physical conditions. The climate and
food that are favourable to an indigenous people, are more or
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fore, a citizen of any nation is, as we see, attracted towards
others of his nation, the rationale is, that certain agencies
which we call desires, move him in the direction of least
resistance. Human motions, like all other motions, being
determined by the distribution of forces, it follows that
such segregations of races as are not produced by incident
external forces, are produced by forces which the units of
the races exercise on each other,

During the development of each society, we see analogous
segregations caused in analogous ways. A few of them re-
sult from minor natural affinities; but those most important
ones which constitute political and industrial organization,
result from the union of men in whom similarities have been
produced by education—using education in its widest sense,
as comprehending all processes by which citizens are mould-
ed to special functions. Men brought up to bodily labour,
are men who have had wrought in them a certain likeness—a
likeness which, in respect of their powers of action, obscures
and subordinates their natural differences. Those trained to
brain-work, have acquired a certain other community of
character which makes them, as social units, more like each
other than like those trained to manual occupations. And
there arise class-segregations answering to these super-
induced likenesses. Much more definite segregations take
place among the much more definitely assimilated members
of any class who are brought up to the same calling. Even
where the necessities of their work forbid concentration in one
locality, as among artizans happens with masons and brick-
layers, and among traders happens with the retail distribut-
ors, and among professionals happens with the medical
men ; there are not wanting Operative Builders Unions, and
Grocers Societies, and Medical Associations, to show that
these artificially-assimilated ecitizens become integrated as
much as the conditions permit. And where, as among the
manufacturing classes, the functions discharged do not re-
quire the dispersion of the citizens thus artificially assimi-
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by each is less than elsewhere ; and the pursuit of the course
of least resistance by each, involves their aggregation around
this place.

Of course, with units so complicated as those which consti-
tute a society, and with forces so involved as those which
move them, the resulting selections and separations must
be far more entangled, or far less definite, than those we
have hitherto considered. But though there may be pointed
out many anomalies which at first sight seem inconsistent
with the alleged law, a closer study shows that they are but
gubtler illustrations of it. For men’s likenesses being of
various kinds, lead to various orders of segregation. There
are likenesses of disposition, likenesses of taste, likenesses
produced by intellectual culture, likenesses that result from
class-training, likenesses of political feeling ; and it needs
but to glance round at the caste-divisions, the associations
for philanthropic, scientific, and artistic purposes, the reli-
gious parties and social cliques ; to see that some species of
likeness among the component members of each body
determines their union. Now the different segregative pro-
cesses by traversing one another, and often by their indirect
antagonism, more or less obscure one another’s effects ; and
prevent any one differentiated class from completely inte-
grating. Hence the anomalies referred to. But if this
cause of incompleteness be duly borne in mind, social segre-
gations will be seen to conform entirely to the same principle
as all other segregations. Analysis will show that either by
external incident forces, or by what we may in a sense
regard as mutual polarity, there are ever being produced in
society segregations of those units which have either a
natural likeness or a likeness generated by training.

§ 169. Can the general truth thus variously illustrated be
deduced from the persistence of force, in common with fore-
going ones ? Probably the exposition at the beginning of
the chapter will have led most readers to conclude that it
can be so deduced.
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the differential force produces no effect, and force is not per-
sistent. Any unlikeness in the things acted on, where the
incident forces are alike, must generate a difference between
the effects ; since otherwise, the differential force whereby
these things are made unlike, produces no effect, and force is
not persistent. While, conversely, if the forces acting and
the things acted on, are alike, the effects must be alike;
since otherwise, a differential effect can be produced without
a differential cause, and force is not persistent.

Thus these general truths being necessary implications of
the persistence of force, all the re-distributions above traced
out as characterizing Evolution in its various phases, are also
implications of the persistence of force. Such portions of
the permanently effective forces acting on any aggregate, as
produce sensible motions in its parts, cannot but work the
segregations which we see take place. If of the mixed units
making up such aggregate, those of the same kind have like
motions impressed on them by a uniform force, while units of
another kind are moved by this uniform force in ways more
or less unlike the ways in which those of the first kind are
moved, the two kinds must separate and integrate. If the
units are alike and the forces unlike, a division of the differ-
ently affected units is equally necessitated. Thus there in-
evitably arises the demarcated grouping which we every-
where see. By virtue of this segregation that grows ever more
decided while there remains any possibility of increasing it,
the change from uniformity to multiformity is accompanied
by a change from indistinctness in the relations of parts to
distinetness in the relations of parts. As we before saw that
the transformation of the homogeneous into the heterogene-
ous is inferrable from that ultimate truth which transcends
proof ; so we here see, that from this same truth is inferrable
the transformation of an indefinite homogeneity into a defi-

nite heterogeneity.






484 EQUILIBRATION.

become lost to observation in motions communicated to the
atmosphere and the matter on the shores. The impulse
given by a player to the harp-string, is transformed through
its vibrations into aerial pulses; and these, spreading on all
sides, and weakening as they spread, soon cease to be per-
ceptible; and finally die away in generating thermal undula-
tions that radiate into space. Equally in the cinder that falls
out of the fire, and in the vast masses of molten lava ejected
by a voleano, we see that the molecular agitation known to
us as heat, disperses itself by radiation; so that however
great ifs amount, it inevitably sinks at last to the same degree
as that existing in surrounding bodies. And if the actions
observed be electrical or chemical, we still find that they work
themselves out in producing sensible or insensible movements,
that are dissipated as before ; until quiescence is eventually
reached. The proximate rationale of the process
exhibited under these several forms, lies in the fact
dwelt on when treating of the Multiplication of Effects, that
motions are ever being decomposed into divergent motions,
and these into re-divergent motions. The rolling stone
sends off the stones it hits in directions differing more or less
from its own ; and they do the like with the things they hit.
Move water or air, and the movement is quickly resolved into
radiating movements. The heat produced by pressure in a
given direction, diffuses itself by undulations in all directions ;
and so do the light and electricity similarly generated.
That is to say, these motions undergo division and subdivi-
sion ; and by continuance of this process without limit, they
are, though never lost, gradually reduced to insensible mo-
tions.

In all cases then, there is a progress toward equilibration.
That universal co-existence of antagonist forces which, as we
before saw, necessitates the universality of rhythm, and
which, as we before saw, necessitates the decomposition of
every force into divergent forces, at the same time necessi-
tates the ultimate establishment of a balance. Every motion






486 EQUILIBRATION.

“ wabbling.” These two subordinate motions, variable in
their proportions to each other and to the chief motion, are
commonly soon brought to a close by separate processes of
equilibration. The momentum which carries the top bodily
along the table, resisted somewhat by the air, but mainly by
the irregularities of the surface, shortly disappears ; and the
top thereafter continues to spin on one spot. Meanwhile, in
consequence of that opposition which the axial momentum of
a rotating body makes to any change in the plane of rotation,
(so beautifully exhibited by the gyroscope,) the “ wabbling”
diminishes; and like the other is quickly ended. These
minor motions having been dissipated, the rotatory motion,
interfered with only by atmospheric resistance and the frie-
tion of the pivot, continues some time with such uniformity
that the top appears stationary : there being thus temporarily
established a condition which the French mathematicians
have termed equilibrium mobile. It is true that when the
axial velocity sinks below a certain point, new motions com-
mence, and increase till the top falls; but these are merely
incidental to a case in which the centre of gravity is above
the point of support. Were the top, having an axis of
steel, to be suspended from a surface adequately magnetized,
all the phenomena described would be displayed, and the
moving equilibrium having been once arrived at, would con-
tinue until the top became motionless, without any further
change of position. Now the facts which it behoves
us here to observe, are these. First, that the various motions
which an aggregate possesses are separately equilibrated :
those which are smallest, or which meet with the greatest
resistance, or both, disappearing first ; and leaving at last,
that which is greatest, or meets with least resistance, or both.
Becond, that when the aggregate has a movement of its parts
with respect to each other, which encounters but little external
resistance, there is apt to be established an equilibrium
mobile. Third, that this moving equilibrium eventually
lapses into complete equilibrium,
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direction : leaving behind only those movements which
compensate each other, and so form a moving equili-
brium. Respecting the structural state simultane-
ously reached, it must obviously be one presenting an ar-
rangement of forces that counterbalance all the forces to
which the aggregate is subject. So long as there remains a
residual force in any direction—be it excess of a force exer-
cised by the aggregate on its environment, or of a force
exercised by its environment on the aggregate, equilibrium
does not exist; and therefore the re-distribution of matter
must continue. Whence it follows that the limit of hetero-
geneity towards which every aggregate progresses, is the
formation of as many specializations and combinations of
parts, as there are specialized and combined forces to be met.

§ 171. Those successively changed forms which, if the
nebular hypothesis be granted, must have arisen during
the evolution of the Solar System, were so many transitional
kinds of moving equilibrium ; severally giving place to more
permanent kinds on the way towards complete equilibration.
Thus the assumption of an oblate spheroidal figure by con-
densing nebulous matter, was the assumption of a temporary
and partial moving equilibrium among the component parts
—a moving equilibrium that must have slowly grown
more settled, as local conflicting movements were dis-
sipated. In the formation and detachment of the
nebulous rings, which, according to this hypothesis, from time
to time took place, we have instances of progressive equili-
bration ending in the establishment of a complete moving
equilibrium. For the genesis of each such ring, implies a
perfect balancing of that aggregative force which the
whole spheroid exercises on its equatorial portion, by 15113.1;
centrifugal force which the equatorial portion has acquired
during previous concentration: so long as these two fc:-rlce,s
are not equal, the equatorial portion follows the contracting
mass * but as soon as the second force has increased up to an
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brium between that force which urges it further away from
its primary, and that force which retards its retreat; since
the retreat goes on until the last of these forces exactly
counterpoises the first. In like manner at perihelion a con-
verse equilibrium is momentarily established. The varia-
tion of each orbit in size, in eccentricity, and in the position
of its plane, has similarly a limit at which the forces pro-
ducing change in the one direction, are equalled by those
antagonizing it; and an opposite limit at which an opposite
arrest takes place. Meanwhile, each of these simple perturb-
ations, as well as each of the complex ones resulting from
their combination, exhibits, besides the temporary equilibra-
tion at each of its extremes, a certain general equilibra-
tion of compensating deviations on either side of a mean
state. That the moving equilibrium thus constituted,
tends, in the course of indefinite time, to lapse into a complete
equilibrium, by the gradual decrease of planetary motions
and eventually integration of all the separate masses com-
posing the Solar System, is a belief suggested by certain
observed cometary retardations, and entertained by some of
high authority. The received opinion that the appreciable
diminution in the period of Encke’s comet,implies a loss of mo-
mentum caused by resistance of the ethereal medium, commits
astronomers who hold it, to the conclusion that this same re-
sistance must cause a loss of planetary motions—a loss which,
infinitesimal though it may be in such periods as we can
measure, will, if indefinitely continued, bring these motions
to a close. Even should there be, as Sir John Herschel sug-
gests, a rotation of the ethereal medium in the same direction
with the planets, this arrest, though immensely postponed,
would not be absolutely prevented. Such an eventuality,
however, must in any case be so inconceivably remote as
to have no other than a speculative interest for us. It is
referred to here, simply as illustrating the still-continued
tendency towards complete equilibrium, through the still-
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outline. The only other process of equilitration
which the Earth as a whole can exhibit, is the loss of its axial
motion; and that any such loss is going on, we have no
direct evidence. It has been contended, however, by Prof.
Helmholtz, that inappreciable as may be its effect within
known periods of time, the friction of the tidal wave must
be slowly diminishing the Earth’s rotatory motion, and must
eventually destroy it. Now though it seems an oversight
to say that the Earth’s rotation can thus be destroyed, since
the extreme effect, to be reached only in infinite time by such
a process, would be an extension of the Earth’s day to the
length of a lunation; yet it seems clear that this friction
of the tidal wave is a real cause of decreasing rotation. Slow
as its action is, we must recognize it as exemplifying, under
another form, the universal progress towards equilibrium.

It is needless to point out, in detail, how those movements
which the Sun’s rays generate in the air and water on the
Earth’s surface, and through them in the Earth’s solid sub-
stance,* one and all teach the same general truth. Evidently
thewinds and wavesand streams, as well as the denudations and
depositions they effect, perpetually illustrate on a grand scale,
and in endless modes, that gradual dissipation of motions
described in the first section ; and the consequent tendency
towards a balanced distribution of forces. Each of these
sensible motions, produced directly or indirectly by integra-
tion of those insensible motions communicated from the Sun,
becomes, as we have seen, divided and subdivided into
motions less and less sensible; until it is finally reduced to
insensible motions, and radiated from the Farth in the shape
of thermal undulations. In their totality, these com-

* Until recently consulted his * Outlines of Astronomy™ on another ques-
tion, T was not aware that so far back as 1833, Sir John Herschel had enunci-
ated the doctrine that “the sun's rays are the ultimate source of ulmﬂ?t every
motion which takes place on the surface of the carth.” He cxpressly includes
all geologie, meteorologic, and vital actions; as also those which we produce by
the combustion of coal. The late George Stephenson appears o have been
wrongly credited with this last idea
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expansive force produces unusual advance whenever the re-
pressive force diminishes, and vice versd; and thus there 1s as
near a balancing of the two as the changing conditions permut.
The internal actions constituting social functions, exemplify
the general principle no less clearly. Supply and demand
are continually being adjusted throughout all industrial pro-
cesses ; and this equilibration is interpretable in the same way
as preceding ones. The production and distribution of a
commodity, is the expression of a certain aggregate of forces
causing special kinds and amounts of motion. The price of
this commodity, is the measure of a certain other aggregate
of forces expended by the labourer who purchases it, in other
kinds and amounts of motion. And the variations of price
represent a rhythmical balancing of these forces. Every rise
or fall in the rate of interest, or change in the value of a
particular security, implies a conflict of forces in which some,
becoming temporarily predominant, cause a movement that
is presently arrested or equilibrated by the increase of oppos-
ing forces ; and amid these daily and hourly oscillations, lies a
more slowly-varying medium, into which the value ever tends
to settle ; and would settle but for the constant addition of new
influences. As in the individual organism so in the
social organism, functional equilibrations generate structural
equilibrations. When on the workers in any trade there
comes an increased demand, and when in return for the in-
creased supply, there is given to them an amount of other com-
modities larger than was before habitual—when, consequently,
the resistances overcome by them in sustaining life are less
than the resistances overcome by other workers; there
results a flow of other workers into this trade. This
flow continues until the extra demand is met, and the
wages so far fall again, that the total resistance over
come in obtaining a given amount of produce, is as great in
this newly-adopted occupation as in the occupations whence
it drew recrnits. I'he occurrence of motion along lines of
least resistance, was before shown to necessitate the growth
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