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8. Place the instrument with the needles approximately

perpendicular to the magnetic meridian, turning it so as
to bring & and &' to the south of the vertical plane bisect-
ing the small angle between the prcjections of » 4, 71 2!
and 7, and 7! to the north side of it.

9. By aid of the micrometer screw bring the luminous
image to its middle position on the scale.

1o. Cause R B, B! R'to have different temperatures.
The luminous image is seen to move in such a direction
as is due to # approaching the cooler, and receding from
the warmer of the two deflectors B R, B! R'.—Proceed-
Zngs Royal Sociely, Edinburgh.
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[Continued from page 270.]
THE UNITY OF NATURE.
By THE DUKE OF ARGYLL.

Iv.

ON THE LIMITS OFF HUMAN KNOWLEDGE CONSIDERED WITH
REFERENCE TO THE UNITY OF NATURE.

And yet, although it is to Nature in this highest and
widest sense that we belong—although it is out of this
fountain that we have come, and it is out of its fullness that
we have received all that we have and are, men have
doubted, and will doubt again, whether we can be sure of
anything concerning it.

If this terrible misgiving had affvcted individual minds
alone in moments of weariness and despair, there would
have been little to say about it. Such moments may come
to all of us, and the distrust which they leave behind them
may be the sorest of human trials.. It is no unusual result
of abortive yet natural effort and of innate yet baffled curi-
osity. But this doubt, which is really nothing more than a
morbid effect of weakness and fatigue, has been embraced
as a doctrine and systematized into a philosophy. Nor can
it be denied that there are some partial aspects of our
knowledge in which its very elements seem to dissolve and
disappear under the power of self-analysis, so that the sum
of it is reduced to little more than a consciousness of ignor-
ance. All that we know of Matter is so different from all
that we are conscious of in Mind, that the relations be-
tween the two arc really incomprehensible and inconceiv-
able to us. Hence this relation constitutes a region of
darkness in which it is casy to lose ourselves in an abyss of
utter skepticism.  What proof have we--it has been often
asked—that the mental impressions we derive from objects
are in any way like the truth? We know only the phen-
omena, not the reality of things. We arc conversant with
things as they appear, not with things as they are ““in them-
selves.”  What proof have we that these phenomena give
us any real knowledge of the truth? How, indeed, is it
possible that knowledge so “relative” and so ‘‘condi-
tioned "—relative to a mind so limited, and conditioncd by
senses which tell us of nothing but sensations—how can
suclt knowledge be accepted as substantial? Is it not
plain that our conceptions of Creation and of a Creator are
all mere ‘‘anthropomorphism?” Is it not our own shadow
that we are always chasing ? Is it not a mere bigger image
of ourselves to which we are always bowing down ?

It is upon suggestions such as these that the Agnostic
philosophy, or the philosophy of Nescience, is founded—
the doctrine that, concerning all the highest problems
which it both interests and concerns us most to know, we
never can have any knowledge or any rational and assured
belief.

It may be well to come to the consideration of this doc-
trine along those avenues of approach which start from
the conception we have now gained of the unity of Nature.

Nothing, certainly, in the human mind is more wonder-
ful than this—that it is conscious of its own limitations.
Such consciousness would be impossible if these limita-
tions were in their nature absolute. The bars which we
feel so much, and against which we so often beat in vain,
are bars which could not be felt at all unless there were
something in us which seeks a wider scope. It is as if

these bars were a limit of opportunity rather than a bound-
ary of power. No absolute limitation of mental faculty
ever is, or ever could be, felt by the creatures whom it af-
fects. Of this we have abundant evidence in the lower ani-
mals, and in those lower faculties of our own nature which
are of like kind to theirs. All their powers and many of
our own are exerted without any sense of limitation, and
this because of the very fact that the limitation of them is
absolute and complete. In their own nature they admit of
no larger use. The ficld of effort and of attainable enjoy-
ment is, as regards them, co-extensive with the whole field
in view. Nothing is seen or felt by them which may not be
possesscd.  In such possession all exertion ends and all
desire is satisfied. This is the law of every faculty subject
to a limit which is absolute. In physics, the existence of
any pressurc is the index of a potential energy which,
though it may be doing no work, is yet always capable of
doing it. And so in the intellectual world, the sense of
pressure and confinement is the index of powers which
under other conditions are capable of doing what they can-
not do at present. It is in these conditions that the barrier
consists, and at least to a large extent they are external.
‘What we feel, in short, isless an incapacity than a restraint.

So much undoubtedly is to be said as to the nature of
those limitations on our mental powers of which we are
conscious, And the considerations thus presented to us
are of immense importance in qualifying the conclusions to
be drawn from the facts of consciousness. They do not
justify, although they may account for, any feeling of
despair as to the ultimate accessibility of that knowledge
which we so much desire.  On the contrary, they suggest
the idea that there is within us a Reserve of Power to some
unknown and indefinite extent. It is asif we could under-
stand indefinitely more than we can discover, if only some
higher Intelligence would explain it to us.

But if it is of importance to take note of this Reserve of
Power of which we are conscious in ourselves, it is at least
of equal importance to estimate aright the conceptions to
which we can and do attain without drawing upon this re-
serve at all.  Not only are the bars confining us bars which
we can conceive removed, but they are bars which in cer-
tain directions: offer no impediment at all to a boundless
range of vision. Perhaps there is no subject on which the
fallacies of philosophic phraseology have led to greater
crrors.  ‘“That the Finite cannot comprehend the Infinite,”
is a proposition constantly propounded as an undoubted
and all-comprehensive truth.  Such truth as does belong to
it seems to come from the domain of Physics, in which it
represents the axiom that a part cannot be equal to the
whole.  From this, in the domain of Mind, it comes to rep-
resent the truth, equally undeniable, that we cannot know
all that Infinity contains. But the meaning into which it is
liable to pass when applied to Mind is that Man cannot con-
ceive Infinity.  And never was any proposition so commonly
accepted which, in this sense, is so absolutely devoid of all
foundation. Not only is Infinity conceivable by us, but it
is inseparable from conceptions which are of all others the
most familiar.  Both the great conceptions of Space and
Time are, in their very nature, infinite. We cannot con-
ceive of either of these as subject to limitation. We cannot
conceive of a moment after which there shall be no more
Time, nor of a boundary beyond which there is no more
gpace. This means that we cannot but think of Space as in
finite, and of Time as everlasting.

If these two conceptions stood alone they would be
enough, for in regard to them the only incapacity under
which we laboris the incapacity to conccive the Finite. For
all the divisions of Space and Time with which we are
so familar,—our days and months and years, and our vari-
ous units of distance,—we can only think of as bits and
fragments of a whole which is illimitable. But although
these great conceptions of Space and Time are possibly the
only conceptions to which the idea of infinity attaches as an
absolute necessity of Thought, they are by no means the
only conceptions to which the same idea can be attached,
and probably ought to be so. The conception of Matter is
one, and the conception of Force is another, to which we
do not perhaps attach, as of necessity, the idea of inde-
structibility, or the idea of cternal existence and of infinite
extension. But it is remarkable that in exact proportion as
science advances, we are coming to understand that both of
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these are conceptions to which the idea of infinity not only
may be, but ought to be attached. That is to say, that the eter-
nal existence of Matter and the eternal duration of Force are
not only conceivable but true. Nay, it may be our ignor-
ance alone, that makes us think we can conceive the con-
trary. It is possible to conceive of Space being utterly
devoid of Matter, only perhaps because we are accustomed
to see and to think of spaces which are indeed empty of
visible substances. We can cxpel also the invisible sub-
stances or gases of the atmosphere, and we can speak and
think of the result as a vacuum. But we know now that
when air and all other terrestrial gases are gone the lumi-
niferous medium remains; and so far as we have means of
knowing, this medium is ubiquitous and omnipresent in
the whole universe of Space. Inlike manner we are accus-
tomed to see solid matter so dissipated as to be invisible,
intangible, and wholly imperceptible; and thereforc we
think we can imagine matter to be really destructible. But
the more we know of it the more certain we become that it
cannot be destroyed, and can only be redistributed. In
like manner, in regard to Force, we are accustomed to see
Matter in what is called statical equilibrium—that is to say,
at rest ; and so perhaps, we think, we can conceive the ces-
sation or extinction of Force. But here again the progress
of research is tending more and morc to attach irrevocably
the idea of indestructibility—that is, of eternal existence—to
that which we know as Force. The truth is, that this con-
ception is really implicitly involved in the conception of the
indestructibility of Matter. For all that we know of Matter
is inseparably connected with the forces which it exerts, or
which it is capable of exerting, or which are being exerted
in it. The force of gravitation scems to be all-pervading,
to be cither an inherent power or property in cvery kind, or
almost every kind of Matter, or else to be the result of
some kind of energy which is universal and unquenchable,
All bodies, however passive and inert they may scem to be
under certain conditions, yet indicate by their very existence
the power of those molecular forces to which the cohesion
of their atoms is due. The fact is now familiar to us that
the most perfect stillness and apparent rest in many forms
of Matter is but the result of a balance or equilibrium
maintained between forces of the most tremendous encrgy,
which are ready to burst forth at a moment’s notice, when
the conditions are changed under which that balance is
maintained. And this principle, which has become familiar
in the case of what are called explosive substances, because
of the ease and the certainty with which the balanced forces
can be liberated, is a principal which really prevails in the
composition of all material substances whatever; the only
difference being that the energies by which their molecules
are held together are so held under conditions which are
more stable—conditions which it is much more more difli-
cult to change—and conditions, therefore, which conceal
from us the universal prevalence and power of Force in the
constitution of the material universe. It is, therefore, dis-
tinctly the tendency of science more and more to impress us
with the idea of the unlimited duration and indestructible
nature both of Matter and of the encrgies which work in
and upon it.

One of the scientific forms under which this idea is ex-
pressed is the Conservation of Energy. It affirms that
though we often see moving bodies stopped in their course,
and the energy with which they move apparently extin-
guished, no such extinction is really effected. It affirms
that this energy is merely transformed into other kinds of
motion, which may or may not be visible, but which,
whether visible or not, do always really survive the motion
which has been arrested. It affirms, in short, that Encrgy,
like Matter, cannot be destroyed or lessened in quantity,
but can only be redistributed.

As, however, the whole existing Order of Nature depends
on very special distributions and concentrations of Force,
this doctrine affords no ground for presuming on the per-
manence, or even on the prolonged continuance, of that
order. Quite the contrary ; for another general conception
has been attained from science which at first sight appears
to be a contradiction of the doctrine of ‘¢ Conscervation of
Energy "—namely, the ‘‘ Dissipation of Energy.” This
doctrine, however, does not affirm that Energy can be dissi-
pated in the sensc of being wholly lost or finally extin-
guished. It only affirms that all the existing concentrations

of force arc being gradually exhausted, and tbat the forces
concerned in them are being diffused (gencrally in the form
of Heat) more and more equally over the infinitudes of
Matter and of Space.

Closely conncected with, if indeed it be not a necessary
part and consequence of, these conceptions of the infinity
of Space and time, of Mattcr and of Force, is the more gen-
eral concept of Causation.

It is impossibe to conceive of anything happening with-
out a cause. Even if we could conceive the utter destruc-
tion or annihilation of any particular force or form of force,
we cannot conceive of this very destruction happening ex-
cept as the effect of some causc.  All attempts to reduce
this idea of causation to other and lower terms have been
worse than futile. They have uniformly left out something
which is of the very essence of the idea. The notion of
““uniform antecedence” is not equivalent. ¢ Nccessary
antecedence ” is more near the mark. These words do
indeed indicate the essential element in the idea with toler-
able clearness. But like all other simple fundamental con-
ceptions, the idea of Causation defies analysis.  As, how-
ever, we cannot dissociate the idea of Causation from the
idca of Force or energy, it may perhaps be said that the in-
destructibility or eternal duration of Force is a physical
doctrine which gives strength and substance to the meta-
physical concept of causation. Science may discover, and
indeed has already discovered, that, as regards our applica-
tion of the idea of cause, and of the corrclative idea of
effect, to particular cases of scquence, there is often some
appareat confusion arising from the fact that the relative
positions of causc and cffect may be interchangeable, so
that A, which at onc moment appears as the cause of B,
becomes at another moment the cunsequence of B, and not
its causc.  Thus IHeat is very often the cause of visible
motion, and visible motion is again the cause of Heat. And
so of the whole cycle of physical forces, which Sir W.
Grove and others have preved to be ““ corrclated "—that is,
to be so intimately rclated that each may in turn produce
or pass into all the others. But this does not 1eally obscure
or cast any doubt upon the truth of our idea of causation.
On the contrary, that idea is confirmed in receiving a new
interpretation, and in the disclosure of physical facts in-
volving the same conception.  The necessity of the con-
nection between an cilect and its cause receives an unex-
pected confirmation when it comes to be regarded as simply
the necessary passing of an cnergy which is universal and
indestractible from one form of action into another. Heat
becomes the cause of Light because it is the same encrgy
working in a special medium. Conversely Light becomes
the cause of Heat, because again the szme energy passes
into another medium and there produces a difterent effect.
And so all the so-called ‘¢ correlated forces” may be inter-
changeably the cause or the consequence of cach other, ac-
cording to the order of time in which the changes of form
are seen. ‘This, however, does not confound, but only
illustrates the ineradicable conviction that for all such
changes there must be a cause. It may be perfectly tiue
that all these correlated forces can be ideally reduced to
different ““forms of motion;” but motion itself is incon-
ceivable except as existing in Matter, and as the result of
some moving force. Iivery difference of direction in mo-
tion or of form in Matter implies a change, and we can con-
ceive no chenge without a cause—that is to say, apart from
the operation of some condition without which that change
would not have been.

The same ultimate conceptions, and no other, appear to
constitute all the truth that is to be found in a favorite doc-
trine among the cultivators of physical science— the so-
called “Law of Continuity.” This phrascis indecd often
used with such looscness of meaning that it is extremely
difficult to understand the primary signification attached to
it. One common definition, or rather one common illustra-
tion, of this law is said to be that Nature does nothing sud-
denly—nothing *“ per saltum.”  Of course this can only be
accepted under some metaphorical or transcendental mean-
ing. In Nature there is sucha thing as a flash of lightning,
and this is generally recognized as sufliciently sudden. A
great many other exertions of clectric force are of similar
rapidity. The action of chemical aflinity is always rapid.
and very often even instantancous. Yet these are among
the most common and the most powerful factors in the me-
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chanism of Nature. They have the most intimate connec-
tion with the phenomena of Life,and in these the profound-
est changes are often determined in moments of time, For
many purposes to which this so-called ¢ Law of Continuity ”
is often applied in argument no idler dogma was ever in-
vented in the schools. There is a common superstition
that this so-called law negatives the possibility, for exam-
ple, of the sudden appearance of new forms of Life. What
it does negative, however, is not appearances which are sud-
den, but only appearances which have been unprepared.
Innumerable things may come to be,—in a moment—in the
wwinkling of an eye. But nothing can come to be without
a long, even if it be a secret, history. The “Law of Con-
tinuity ” is, therefore, a phrase of ambiguous meaning ; but
at the bottom of it there lies the true and invincible convic-
tion that for every change, however sudden—for every
‘“leap,” however wide—there has always been a long chain
of predetermining causes, and that even the most tremon-
dous bursts of energy and the most sudden exhibitions of
force have ali been slowly and silently prepared. In this
sense the Law of Continuity is nothing but the idea of
Causation. It is founded on the necesary duration which
we cannot but attribute to the existence of Force, and this
appears to be the only truth which the Law of Continuity
represents.

When now we consider the place in the whole system of
our knowledge which is occupied by these great fundamen-
tal conceptions of Time and Space, and of Matter and of
Force, and when we consider that we cannot even think of
any one of these realities as capable of coming to an end,
we may well be assured that, whatever may be the limits of
the human mind, they certainly do not prevent us from ap-
prehending infinity. On the contrary, it would rather ap-
pear that this apprehension is the invariable and necessary
result of every investigation of nature,.

It is indeed of the highest importance to observe that
some of these conceptions, especially the indestructibility
of Matter and of Force, belong to the domain of science.
That is to say, the systematic examination of natural phen-
omena has given them distinctness and a consistency which
they never possessed before. As now accepted and de-
fined, they are the result of direct experiment. And yet,
strictly speaking, all that experiment can do is to prove that
in all cases in which either Matter or Force seems to be de-
stroyed, no such destruction has taken place. Here then
we have a very limited and imperfect amount of ‘“expe-
rience ” giving rise to an infinite conception. But it is an-
other of the suggestions of the Agnostic philosophy that
this can never be a legitimate result. Nevertheless, as a
matter of fact, these conceptions have been reached. They
are now universally accepted and taught as truths lying at
the foundation of every branch of natural science—at once
the beginning and the end of every physical investigation.
They are not what are ordinarily called *laws.” They
stand on much higher ground. They stand behind and be-
fore every law, whether that word be taken to mean simply
an observed order of facts, or some particular force to
which that order is due, or some combinations of force
for the discharge of function, or some abstract definition
of observed phenomena such as the ‘‘laws of motion.”
All these, though they may be “invariable” so far as we
can see, carry with them no character of universal or neces-
sary truth—no conviction that they are and mustbe true in
all places and for all time. There is no existing order—no
present combinations of Matter or of Force—which we cannot
conceive coming to an end. But when that end is come we
cannot conceive but that something must remain,—if it be
nothing else than that by which the ending was brought about
or, as it were, the raw materials ¢f the creation which,
has passed away. That this conception, when once suggested
and clearly apprehended, cannot be eradicated, is one of
the most indisputable facts of instructed consciousness.
That no possible amount of mere external observation or
experiment can cover the infinitude of the conclusion is
also unquestionably true. But if ‘‘experience” is to be
upheld as in any sense the ground and basis of all our

knowledge, it must be understood as embracing the most

important of all kinds of experience in the study of Nature
—the experience we have of the laws of Mind. It is one
of the most certain of those laws, that in proportion as the
powers of the understanding are well developed, and are

prepared by previous training for the interpretation of
natural facts, there is no relation whatever between the time
occupied in the observation of phenomena and the breadth
or sweep of the conclusions which may be arrived at from
them. A single glance, lasting not above a moment of
time, may awaken the recognition of truths as wide as the
universe and as everlasting as Time itself. Nay, it has often
happened in the history of science that such recognitions
of gencral truths have been reached by no other kind of
observation than that of the mind becoming conscious of its
own innate perceptions. Conceptions of this nature have
perpetually gone before experiment—have suggested it,
guided it—and have reccived nothing more than corrobora-
tion from it. I do not say that these conceptions have been
reached without any process. But the process has been to
a large extent as unconscious as that by which we see the
light. I do not say they have been reached without ‘‘ex-
perience,” ¢ven in that narrow sense in which it means the
observation of external things. But the experience has
been nothing more than the act of living in the world, and
of breathing in it, and of looking round upon it. These
conceptions have come to Man because he is a Being in har-
mony with surrounding Nature. The human mind has
opened to them as a bud opens to the sun and air. So true
is this, that when reasons have been given for the conclu-
sions thus arrived at—these reasons have often been quite
erroncous. Nothing in the history of philosophy is more
curious than the close correspondence between many ideas
enunciated by the ancients as the result of the speculation,
and some, at least, of the ideas now prevalent as the result
of science. It is true that the ancients expressed them
vaguely, associated them with other conceptions which are
wide of the truth, and quoted in support of them illustra-
tions which are often childish. Nevertheless the fact re-
mains that they had attained to some central truths, however
obscured the perception may have been by ignorance of the
more precise and accurate analogies by which they can be
best explained, and which only the process of observation
has revealed. ¢ They had in some way grasped,” says Mr.
Balfour Stewart,® ‘‘the idea of the essential unrest and
energy of things. Theyhad also the idea of small particles
or atoms ; and finally of a medium of some sort, so that
they were not wholly ignorant of the most profound and
deeply seated of the principles of the material universe.”
There is but one explanation of this, but it is all-sufficient.
It is that the mind of Man is a part, and one at least of the
highest parts, of the system of the universe—the result of
mechanism most suited to the purpose of catching and
translating into thought the light of truth as embodied in
surrounding Nature.

We have seen that the foundations of all conscious rea-
soning are to be found in certain propositions which we call
self-evident. That is to say, in propositions the truth of
which is intuitively perceived. We have scen, too, as a
general law affecting all manifestations of Life or Mind,
even inits very lowest forms, that instinctive or intuitional
perceptions are the guide and index of other and larger
truths which lie entirely beyond the range of the perception
or intuition which is immediately concerned. This law
holds good quite as much of the higher intuitions which
are peculiar to- Man as of the mere intuitions of sensation
which are common to him and to the animals beneath him.
The lowest savage does many things by mere instinct which
contain implicitly truths of a very abstract nature—truths
of which, as such, he has not the remotest conception, and
which in the present undeveloped condition of his faculties
it would be impossible to explain to him. Thus, when he
goes into the forest to cut a branch fit for being made into a
bow, or when he goes to the marsh to cut a reed fit for
being made into an arrow, and when in doing so he cuts
them off the proper length by measuring them by the bows
and arrows which he already has, in this simple operation
he is acting on the abstract and most fruitful truth that
““things equal to the same thing are equal to one anothe1.”
This is one of the axioms which lie at the basis of all mathe-
matical demonstration. But as a general, universal, and
necessary truth the savage knows nothing of it—as little as
he knows of the wonderful consequences to which it will
some day lead his children or descendants. So in like

# ' Conservation of Energy,” p. 135.
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manner when the savage designs, as he often does, most
ingenious traps for the capture of his prey, and so baits
them as to attract the animals he desires to catch, he is
counting first on the constancy and uniformity of physical
causation, and, secondly, on the profoundly different action
of the motives which determine the conduct of creatures
having Life and Will. But of neither of these as general
truths does he know anything, and of one of them at least,
not even the greatest philosophers have reached the full
depth of meaning. Nevertheless, it would be a great error
to suppose that the savage, because he has no conception
of the general truth involved in his conduct, has been guided
in that conduct by anything in the nature of chance or acci-
dent. His intuitions have bcen right, and have involved
so much perception of truth as is necessary to carry him
along the little way he requires to travel, because the mind
in which those intuitions lie is a product and a part of
Nature—a product and part of that great system of things
which is held together by laws intelligible to Mind—Ilaws
which the human mind has been constructed to feel even
when it cannot clearly see. Moreover, when these laws
come to be clearly seen, they are seen only because the
mind has organs adjusted to the perception of them, and
because it finds in its own mechanism corresponding se-
quences of thought.

It was the work of a great German metaphysician towards
the close of the last century to discriminate and define more
systematically than had been done before some at least of
those higher elements of thought which, over and above
the mere perception of external things, the mind thus con-
tributes out of its own structure to the fabric of know-
ledge. Indoing this he did immortal service—proving that
when men talked of ‘‘experience’” being the source of
knowledge, they forgot that the whole process of experience
presupposes the action of innate laws of thought, without
which experience can neither gather its facts nor reach their
interpretation. ‘‘ Experience,” as Kant most truly said, is
nothing but a ‘“synthesis of intuitions ”—a building up or
putting together of conceptions which the access of exter-
nal Nature finds ready to be awakened in the mind. The
whole of this process is determined by the mind’s own laws
—a process in which even observation of outward fact must
take its place according to principles of arrangement in
which alone all explanations of them consists, and ouat of
which any understanding them is impossible.

And yet this great fact of a large part of our knowledge
—and that the most important part—coming to us out of
the very furniture and constitution of the mind itself, has
been so expressed and presented in the language of philos-
ophy as rather to undermine than to establish our confi-
dence in the certainty of knowledge. For if the mind is
so spoken of and represented as to suggest the idea of
something apart from the general system of Nature, and if
its laws of thought are looked upon as ‘‘forms” or molds
into which, by some artificial arrangement or by some
mechanical necess’ty, everything from outside must be
squeezed and made to fit—then it will naturally occur to us
to doubt whether conceptions cut out and manufactured
under such conditions can be any trustworthy representation
of the truth. Such, unfortunately, has been the mode of
representation adopted by many philosophers—and such
accordingly has been the result of their teaching. This is
the great source of error in every form of the Idealistic
philosophy, but it is a source of error which can be per-
fectly eliminated, leaving untouched and undoubted the
large body of truths which has made that philosophy attrac-
tive to so many powerful minds. We have only to take
care that in expressing those truths we do not use metaphors
which are misleading. We have only to remember that
we must regard the mind and the laws of its operation in
the light of that most assured truth—the Unity of Nature.
The mind has no ‘“ molds” which have not themselves been
molded on the realities of the universe—no ‘‘ forms” which
it did not receive as a part and a consequence of a
unity with the rest of Nature. Its conceptions are not
manufactured ; they are developed. They are not made ;
they simply grow. The order of the laws of thought under
which it renders intelligible to itself all the phenomena of
the universe, is not an order which it invents, but an order
which it simply feels and sees, And this ¢ vision and
faculty divine” is a necessary consequence of its congeni-

tal relations with the whole system of Nature—f{rom ‘being
bone of its bone—flesh of its flesh—from breathing its at-
mosphere, from living in its light, and from having with it
a thousand points of contact visible and invisible, more
than we can number or understand.

And yet so subtle are the suggestions of the human
spirit in disparagement of its own powers—so near and
ever present to us is that region which belongs to the un-
salisfied Reserve of Power—that the very fact of our knowl-
edge arising out of our organic relations with the rest of
Nature has been seized upon as only casting new discredit
on all that we scem to know. Because all our knowledge
arises out of these rclations, therefore, it is said, all our
knowledge of things must be itself relative; and relative
knowledge is not knowledge of ‘ things in themselves.”
Such is the argument of metaphysicians—an argument re-
peated with singular unanimity by philosophers of almost
every school of thought. By sowe it has been made the
basis of religious proof. By some it has been made the
basis of a reasoned skepticismi. By some it has been uscd
simply to foil attacks upon belief. The real truth is that it
is an argument useless for any purpose whatever, because
it is not itself true. The distinction between knowledge
of things in their relations, and knowledge of things “in
themselves,” is a distinction without a meaning. In meta-
physics the assertion that we can never attain to any knowl-
edge of things in themselves does not mean simply that we
know things only in a few relations out of many, It does
not mean even that there may be and probably are a great
many relations which we have not faculties enabling us to
conceive. All this is quite true, and a most important
truth.  But the metaphysical distinction is quite different.
It affirms thatif we knew things in every oune of the rela-
tions that affect them, we should still be no nearer than be-
fore to a knowledge of ‘‘ things themselves.” * 1t is proper
to observe,” says Sir W. Hamilton, *“ that had we faculties

~equal in number to all the possible modes of existence,

whether of mind or matter, still would our knowledge of
mind or matter be only relative. If material existence could
exhibit ten thousand pheromena,—if we possessed ten
thousand senses to apprehend these ten thousand phenom-
ena of material existence, of existence absolutely and in
itself we should then be as ignorant as we arc at present,”*
The conception here that therc is something to be known
about things in which they are not presented as in any rela-
tion to anything .clse. It affirms that there are certain ulti-
mate entities in Nature to which all phenomena are due,
and yet which can be thought of as having no relation to
these phenomena, or to ourselves, or to any other existence
whatever. Now as the very idea of knowledge consists in
the perception of relations. this affirmation is, in the purest
sense of the word, nonsense——that is to say, it is a series ot
words which have either no meaning at all or a meaning
which is self-contradictory. It belongs to the class of pro-
positions which throw just discredit on metaphysics——mere
verbal propositions, pretending to deal with conceptions
which are no conceptions at all, but empty sounds. The
‘“unconditioned,” we are told, ¢ is unthinkable ;” but words
which are unthinkable had better be also unspeakable, or at
least unspoken. It is altogcther untrue that we are com-
pelled to believe in the existence of anything which is “un-
conditioned "--in Matter with no qualitics—in Minds with
no character—-in a God with no attributes. Even the me-
taphysicians who dwell on this distinction between thc
Relative and Unconditioned admit that it is one to which
no idea can be attached. Yet, in spite of this admission,
they procced to found many inferences upon it, as if it had
an intelligible meaning. Those who have not been accus-
tomed to metaphysical literature could hardly believe the
flagrant unreason which is common on this subject. Itcan-
not be better illustrated than by quoting the words in which
this favorite doctrine is expressed by Sir William Hamilton.
Speaking of our knowledge of Matter he says: “ Itis a name
for something known-—for that which appears to us under
the forms of extension, solidity, divisibilitv, figure, motion,
roughness, smoothness, color, heat, cold,” etc. * But,” he
goes on to say, * asthese phenomena appear only in conjunc-
tion, we are compelled by the constitution of our nature to
think them conjoined in and by something; and as they

W4 Lectures,” vol. i. p. 145.
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are phenomena, we cannot think them the phenomena of
nothing, but must regard them as the properties or quali-
ties of something that is extended, figured, etc. But this
something, absclutely and in itself—i. ¢., considered apart
from its phenomena—is to us as Zero. It is only in its
qualities, only in its effects, in its relative or phenomenal
existence, that it is cognizable or conceivable; and it is
only by a law of thought which compels us to think some-
thing absolute and unknown, as the basis or condition
of the relative and known, that this something obtains a
kind of incomprehensible reality to us.” The argument
here is that because phenomena are and must be the * prop-
erties or qualities of something else,” therefore we are
“ compelled to think ” of that something as having an ex-
istence separable from any relation to its own qualities and
properties, and that this something acquires from this
reasoning a “ kind of incomprehensible reality!” There
is no such law of thought. There is no such necessity of
thinking nonsense as is here alleged. All that we are com-
pelled to think is that the ultimate constitution of Matter,
and the ultimate source of its relations to our own organism,
are unknown, and are probably inaccessible to us. But
this is a very different conception from that which affirms
that if we did know or could know these ultimrate truths,
we should find in them anything standing absolutely alene
and unrelated to other existences in the Universe.

It 1s, however, so important that we should define to
ourselves as clearly as we can the nature of the limitations
which affect our knowledge, and the real inferences which
are to be derived from the consciousness we have of them,
that it may be well to examine these dicta of metaphysicians
in the light of specific instances. It becomes all.the more
important to do so, when we obscrve that the language in
which thesc dicta are expressed generslly implies that
knowledge which is “only relative” is less genuine or less
absolutely true than some other kind of knowledge which
is not explained, except that it must be knowledge of that
which has no relation to the mind.

There is a sense (and it is the only sense in which the
words have any meaning) in which we are all accustomed
to say that we know a thing ‘“in itself,” when we have
found out, for example, its origin, or its structure, or its
chemical composition as distinguished from its more sup-
erficial aspects, If a new substance were offered to us as
food, and if we examined its appearance to the eye, and
felt its consistency to the touch, and smelt its odor, and
finally tasted it, we should then know as much about it as
these various senses could tell us. Other senses, or other
forms of sensation, might soon add their own several con-
tributions to our knowledge, and we might discover that
this substance bhad deleterious effects upon the human or-
ganism. This would be knowing, perhaps, by far the most
important things that are to be known sboutit. But we
should certainly like to know more, and we should prob-
ably consider that we had found out what it was “in itself,”
when we had discovered farther, for example, that it was
the fruit of a trce. Chemistry might next inform us of the
analysis of the fruit, and might exhibit some alkaloid to
which its peculiar properties and its peculiar effects upon
the body are due. ‘L'his, again, we should certainly con-
sider as knowing what it is “in itself.” But other questions
respecting it would remain behind. How the tree can ex-
tract this alkaloid from the inorganic elements of the soil,
and how, when so extracted, it should have such and such
peculiar effects upon the animal body ; these, and similar
questions, we may ask, and probably we shall ask in vain,
But there is nothing in theinaccessibility of this knowledge
to suggest that we are absolutely incapable of understand-
ing the answer ifit were explained to us. On the contrary,
the disposition we have to put such qicstions raises a
strong presumption that the answer would be one capable
of that assimilation by our intellectual nature in which all
understanding of anything consists. There is nothing in
the series of phenomena which this substance has exhibited
to us—nothing in the question which they raise which can
even suggest the idea that all these relations which we have
traced, or any others which may remain behind, are the re-
sult of something which can be thought of or conceived as
neither a cause nor a consequence—but solitary and unre-
lated. On the contrary, all that remains unexplained is
the nature and cause of its relations—its relations on the

one hand to the elements out of which vegetable vitality
has combined it, and its relations on the other hand to the
still higher vitality which it threatens to destroy. lts place
in the unity of Nature is the ultimate object of our search,
and this unity is essentially a unity of relations, and of
nothing else. That unity everywhere proclaims the truth
that there is nothing in the wide universe which is unre-
lated to the rest.

Let us take another example. Until modern science had
established its methods of physical investigation, Light and
Sound were known as sensations only. That is to say, they
were known in terms of the mental impressions which they
immediately produce upon us, and in no other terms what-
ever. There was no proof that in these sensations we had
any knowledge “in themselves” of the external agencies
which produce them. Butnow all this is changed. Science
has discovered what these two agencies are “in themselves ;”
—that is to say, it has defined them under aspects which are
totally distinct from seeing or hecaring, and is able to de-
scribe them in terms addressed to wholly different faculties
of conception. Both Light and Sound are in the nature of
undulatory movements in elastic media—to which undula-
tions our organs of sight and hearing are respectively ad-
justed or “attuned.” In these organs, by virtue of that
acdjustment or attuning, these same undulations are “ trans-
lated ” into the sensations which we know. It thusappears
that the facts as described to us in this language of sensation
are the true cquivalent of the fzcts as described in the very
different language of intellectual analysis. The eye is now
understood to be an apparatus for enabling the mind instan-
taneously to appreciate differences of motion which are of al-
mostinconceivable minuteness. The pleasure we derive from
the barmonies of color and of sound, although mere sensa-
tions, do correctly represent the movement of undulationsin
adefinitc order; whilst those othersensations which we know
as discords represent the actual clashing and disorder of in-
terfering waves. In breathing the healthy air of physical
discoveries such as these, although the limitations of our
knowledge continually haunt us, we gain nevertheless a tri-
umphant sense of its certainty and of its truth. Not only
are the mental impressions, which our organs have been so
constructed as to convey, a true interpretation of external
facts, that the conclusions we draw as to their origin and
their source, and as to the guarantee we have for the accu-
racy of our conceptions, are placed on the firmest of all
foundations. The mirror into which we look is a true mir-
ror, reflecting accurately and with infinite fineness the reali-
ties of Nature, And this great lesson is being repeated in
every new discovery, and in every new application of an old
one. Every reduction of phenomena to ascertained meas-
ures of force; cvery application of mathematical proof to
theoretical conceptions ; every detection of identical opera-
tions in diverse departments of Nature ; every subjection of
materisl agencies to the service of mankind ; every confir-
mation of knowledge acquired through one sensc by the
evidence of another—cvery one of these operations adds to
the verifications of science, confirms our reasonable trust
in the facultics we possess and assures us that the knowl-
cdge we acquire by the careful use of these is a real and
substantial knowledge of the truth. )

If pow we cxamine the kind of knowledge respecting
Light and Sound which recent discoveries have revealed to
us, as compared with the knowledge which we had of them
before these discoveries were made, we shall find out that
there is an important difference. The knowledge which we
had before was the simple and elementary knowledge of
sensation. As compared with that knowledge, the new
knowledge we have acquired respecting light and sound, is
a knowledge of these things ““ in themselves.” Such is the
language in which we should naturally express our sense of
that difference, and in so expressing it we should be ex-
pressing an jmportant truth. The newer knowledge is a
higher knowledge than the older and simpler knowledge
which we had before. And why? Wherein does this
higher quality of the new knowledge consist? Is it not in
the very fact that the new knowledge is the perception of a
higher kind of relation than that which we had perceived
before? There is no difference between the two kinds of
knowledge in respect to the mere abstract character of re-
lativity. The old was as relative as the new ; and the new
is as relative as the old. Before the new discoveries sound
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was known to come from sonorous bodies, and light was
known to come from luminous bodies. This was a rela-
tion—but a relation of the vaguest and most general
kind. As compared with this vague relation the new re-
lation under which we know them is knowledge of a more
definite and of a higher kind. Light and Sound we now
know to be words or ideas representing not merely any one
thing or any two things, but especially a relation of adjust-
ment between a number of things, In this adjustment
Light and Sound, as known to sense do “in themselves”
consist. Sound becomes known to us as the attunement be-
tween certain aerial pulsations and the auditory apparatus.
Light becomes known to us as a similar or analogous at-
tunement between the ethereal pulsations and the optic
apparatus. Sound in this sense is not the aerial waves “in
themselves,” but in their relation to the ear. Light is not
the ethereal undulations ** in themselves,” but in their rela-
tion to the eye.

It is only when these come into contact with a pre-ar-
ranged machinery that they become what we know and
speak of as Light and Sound. This conception, therefore,
is found to represent and express a pure relation ; and it is
a conception higher than the one we had before, not because
it is either less or more relative, but because its relativity
is to a higher faculty of the intellect or the understand-
ing. )

And, indeed, when we come to think of it, we see that all
kinds of knowledge must take their place and rank accord-
ing to this order of precedence. For, as all knowledge con-
sists in the establishment of relations between external
facts and the various faculties of the mind, the highest
knowledge must always be that in which such relations are
established with those intellectual powers which are of the
highest kind. Hence we have a strictly scientific basis of
classification for arranging the three great subjects of all
human inquiry—the What, the How, and the Whence or
Why. These are steps in an ascending series. What things
are, how they come to be, and for what purpose they are in-
tended in the whole system of Nature—these are the ques-
tions, each rising above the other, which correspond to the
order and the rank of our own faculties in the value and im-
portance of their work.

It is the result of this analysis to establish that, even if it
were true that there could be anything in the Universe ex-
isting out of relation with other things around it, or if it
were conceivable that there could be any knowledge of things
as they so exist, it would be no higher knowledge, but in-
finitely lower knowledge than that which we actually pos-
sess. Itcould atthebest be only knowledge of the *“ What,”
and that, too, in the lowest conceivable form—knowledge
of the barest, driest, nakedest existence, without value or
significance of any kind. And further, it results from the
same analysis that the relativity of human knowledge, in-
stead of casting any doubt upon its authenticity, is the very
characteristic which guarantees its reality and its truth, It
results further, that the depth and completeness of that
knowledge depends on the degree in which it brings the
facts of Nature into relation with the highest faculties of
Mind.

It must be so if Man is part of the great system of things
in which he lives. Itrhust be so, especially if in being part
of it, he is also the highest visible part of it—the product
of its “laws” (as regards his own little corner of the
Universe) the consummation of its history.

Nor can there be any doubt as to what are the supreme
facultiecs of the human mind. The power of initiating
changes in the order of Nature, and of shaping them from
the highest motives to the noblest ¢nds—this, in general
terms, may be said to include or to involve them all. They
are based upon the ultimate and irresolvable power of Will,
with such freedom as belongs to it ; upon the faculty of
understanding the use of means to ends, and upon the
Moral Sense which recognizes the law of righteousness
and . the ultimate Authority on which it rests. If the
Universe or any part of it is ever to be really under-
stood by us—if anything in the nature of an explanation
is ever to be reached concerning the system of things in
which we live, these are the perceptive powers to which
the information must be given—these are the faculties to
which the.explanation must be addressed. "When we de-
desire to know the nature of things ‘‘in themselves,” we

desire to know the highest of their relations which are con-
ceivable to us: we desire, in the words of Bishop Butler,
to know ¢ the Author, the cause and the end of them.”

ASTRONOMY.

ELEMENTS OF SWIFT’S COMET.

CoMPUTED BY PROFESSOR E. FrisBy, U. S. NAVAL OBSERVA-
TORY, WASHINGTON.

[Communicated by Rear Admiral John Ro’gers, U. S, Navy, Superin-
tendent.] .

To the Editor of SCIENCE:

The following elements of Swift’s comet have been com-
puted by Professor Frisby from three observations made
with the Transit Circle at Washington by Professor
Eastman on the nights of October 25th, November 7th
and zoth, with these results. No assumptionsabout any
periodic time have been made.

Epoch—Perihelion passage.
November 7.77568d, Wash. M. T.

L= 296° 48’ 19".9 ]

T= 42 59 I15.8

o= 42 206 48.5 o

i= 5 30 35.9 Mean equinox 1880.0
log a= 0 .517002
log u= 2".774504 J

The comet approached very near to the Earth on No-
vember 20th, its distance being less than tth of the Sun’s

distance. We have for the dates given:
logr log A
October 25 0.035328 0.221510
November 7 0.029018 9.141693
‘ 20 0.034558 9.119205

Its perihelion distance thus appears to be a little greater
than the distance of the Earth; and its aphelion lies
just beyond Jupiter’s orbit. The periodic time from
these observations being about 2178d., or a little less
than 6 years, there can be no doubt that the preiodic
time of about 524 years is the correct one.

U. S. NAVAL OBSERVATORY, WASHINGTON, D. C.,

Jaouary 6, 1881.

P S ——

THE SOLAR EcLIPSE.—The last contact of the par-
tial solar eclipse on the morning of December 31, 1880,
was seen at Harvard College Observatory under quite
favorable circumstances. The mean of six observations
by as many different observers gives :

Last contact, December 30, 2th. 13m. 3s. Cambridge
Mean Time.

At the Uniwed States Naval Obhservatory the last con-
tact was observed by Prof. Hall, with a comet seeker of
4in. aperture and magnifying power of 19 diameters, as
follows :

Last contact, December 30, 20h. 32m. 36s. Washing-
ton Mean Time. Owing to the extremely low tempera-
ture (11 degrees below zero, Fahr.) at Washington, the
images were very poor and the observation somewhat
uncertain, Ww. C. W.

NEW YORK MICROSCOPICAL SOCIETY.

The annual meeting for the selection of officers for the
year 1881, took place on the 31st ultimo, when the follow-
ing officers were elected : President, Romyn Hitchcock ;
Vice-President, E. C. Bogart; Recording Secretary, W.
H. Mead ; Corresponding Secretary, Benjamin Braman ;
Treasurer, W. C. Hubbard ; Curator, Dr. Deems.

This Society will shortly give a public conversasione,
when a variety of interesting objects will be exhibited,
and an opportunity afforded to Microscopists to examine
many new forms of Microscope stands which have been
recently produced. Those who desire to assist or be
present on this occasion should address Professor Romyn
Hitchcock, 53 Maiden Lane, N, Y.



