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EXPLANATORY NOTE.

To a Second Edition of a Discourse on the Scientific Use
of the Tmagination, delivered before the British Asso-
ciation at Liverpool on September 16, 1870, are here
added an Address on the Limit of the Imagination in
Science, delivered before the Mathematical and Physical
Section of the Association at Norwich on August 19,
1868, and a short Essay, entitled ¢ Earlier Thoughts.’

The Address and the Essay were meant to be brief,
but definite statements of the relation of Life and Con-
sciousness to Matter and Force.

As in the case of the recent Discourse, opinion was
divided with regard to the objects and merits of the
Norwich Address. On the one hand, two eminent.clergy-
men, one of the Church of England, the other a Dis-
senter, proposed and seconded respectively a vote of
thanks, which was liberally carried by the section; on
the other hand, I was publicly warned that, as a conse-
quence of my impiety, the bolts of heaven were in a
state of potential suspension above my head, ready to
descend if further drawn upon.

My main object, both at Norwich and at Liverpool,
was, firstly, to dissipate the repugnance, and indeed
terror, which in many minds are associated with the
thought that science has abolished the mystery of man’s
relation to the universe ; and, secondly, to remove the
hindrance which popular notions regarding the origin of
life oppose to legitimate scientific speculation.

Atneszum Crus: November 1870,












PROS axp CONS

TOUCHING THE FIRST EDITION.

From the Times, Sept. 19, 1870,

Tue cLorY of a Natural Philosopher appears to depend
less on the power of his imagination to explore minute
recesses or immeasurable space than on the skill and
patience with which, by observation and experiment, he
assures us of the certainty of these invisible operations.
Newton’s glory is founded, not on the sudden imagination
by which he leapt ¢ from a falling apple to a falling moon,’
- but on that astonishing tenacity of investigation by which
he reduced his guesses to moral certainties, and enabled
us to witness a practical verification of his laws in every
almanack we use. When the movements of the heavenly
bodies have been discovered by this laborious process,
the imagination is excellently employed in picturing to
the mind’s eye what transcends the physical vision ; and,
perhaps, the labour of the investigation itself would be
unendurable unless the attention could be relieved by the
constant pictorial aid afforded by the imaginaticu. . . . .

In a word, it seems to us worth consideration whether
that use of the imagination in Natural Philosophy of
which the Professor speaks needed any encouragement at
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verified step after step by rigorous experiment and obser-
vation, and kept in exactest continuity by the chain of
mathematical evolution, is imagination the faculty to
which are to be given the chief honours of this conquest
of a new realm of physics? This would surely be to
force upon us a new and arbitrary classification or analysis
of the powers of the intellect. If we follow Professor
Tyndall himself through the masterly train of reasoning
whereby he leads us to the laws of reflection and trans-
mission of light as the cause of the azure of the firmament,
is what we admire the leap of imagination, or the firmly
balanced and duly graduated tread of a mind trained in
the discipline of logie, and careful to plant every step on
the assured ground of fact or experience? It is simply
a misnomer to apply the name of imagination to the
process or the faculty to which this onward march into
the realm of unexplored nature is really due. As well
describe as a triumph of the 1magination the connected
and organized plan of the great strategist which has
drawn round Paris a living cordon of 300,000 men.

. From a Lecture addressed to Teachers at the South Kensington
Museum, April 30, 1861, by J. TYNDALL.

Here, then, is an exhibition of power which we can call
forth or cause to disappear at pleasure, We magnetize
our strip of steel by drawing it along the pole of a
magnet ; we can demagnetize it, or reverse its magnetism,
by properly drawing it along the same pole in the oppo-
site direction. What, then, is the real nature of this
wondrous change? What is it that takes place among
the atoms of the steel when the substance is magnetized ?
The question leads us beyond the region of sense, and
into that of imagination. This faculty, indeed, is the
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chained and their fancy charmed by the endless suc-
cession of apt metaphor; and yet, whenever he felt or
fancied that their overstrained attention began to flag, he
was able to turn aside into light and pleasant banter, and
after this interlude of welecome refreshment, to resume
again with renewed power the unbroken thread of his
serious discourse. It was the manifest work of a master
in his art, handling with ease and grace the weighty tools
which long use had made familiar to his hand.

From the ENxeL1sHE CHURCHMAN, Sept. 29, 1870.

What astonishes us beyond measure is, that a man of
Professor Tyndall's real ability and earnestness should
sneer at the second verse of the Bible, and speak of it as
a legend! Why, surely, he has here the very thing which
he is searching—the true origin of life. When chaos
ruled over the world, and the earth was void of life; it
was the Divine Spirit that breathed over the lifeless mass,
and light and life sprang into existence. Without stopping
to point out the evidence of the highest Christian doctrine
in this passage, we have at least the solution of the enigma
of the origin of life, in the revealed truth that it was
caused by the Creative Spirit.

From the REcorD, Sept. 23, 1870.

Discovery of Motives, No. I.—But why did Professor
Tyndall make such an appeal to the imagination of his
hearers ?  His imaginary picture of the occult operations
of light was introduced as a plea for the wildness of such
weaker brethren, as he calls Mr. Darwin, in speaking of
his theory of natural selection, succeeded by his supple-
mentary theory of pangenesis. It is objected to Mr.
Darwin’s theories by Christian philosophers that these
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Professor Tyndall’s philosophy regards the universe as
a huge mechanical, self-supporting, self-sustaining, self-
evolving, material machine —untended by a loving
Father’s sustaining and providential care. His God 1s
the God of the Epicureans, who created and started the
machine into motion and then left it for ever to itself.
Such a philosophy, the child of unbridled pride of
intellect, may appeal to the wildest imagination of
corrupted human nature, but it has no sympathy with
all the higher yearnings of the soul.

From the LLANCET, Sept. 24, 1870.

Discovery of Motives, No 1I.—Now, Professor Tyn-
dall’s object was to preach about germs, and he pro-
ceeded to accomplish it in somewhat the following
manner, He first set forth that it was a wholesome use
of the imagination to apply our knowledge of aérial
sound-waves to the solution of the question—what is the
cause of the phenomena of light? And he then pro-
ceeded to draw one of those charming word-pictures for
which he is so famous, showing the rippling of the
ethereal light-waves against molecules in the atmosphere,
the greater proportionate reflection of the shorter wave of
blue, and the consequent preponderance of blue rays in
the light reflected to us from the sky, and of red and
yellow rays in the light coming unreflected from the sun.
. . . Now, the aim of all this was to seek and show that
the air is filled by an infinite multitude of suspended
particles, so minute that they do not produce darkness,
and that these particles may be germs. Professor Tyn-
dall does not say that they are germs, but, by the aid of a
special disclaimer, he prevented his audience from for-
getting that they might be. We should be very loth to
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ment for the Divinity.” Whether the phrase be a piece
of cant, or a piece of sublimity, it has no semblance of
the meaning which the Professor attributes to it.

From the SPECTATOR, September 24, 1870.

Professor Tyndall concluded his lecture by a passage
on the development theory, in which he contended that
if our traditional view of matter had been Goethe’s view,
that matter is ¢ the living garment of God, instead of
Young’s, who looked upon it as foreign to mind, and
taking all its laws from outside itself, the development
theory would not seem to us what we now mean by
materialistic. The ¢ Pall Mall * falls severely on Professor
Tyndall for misquoting Goethe, and shows that the
passage in ‘Faust’ probably referred to, where the Erd-
oeist speaks of weaving a ¢ living garment for the Divinity,”
did not refer to external nature at all. No doubt the
special quotation was a little wide of the mark, but does
the eritic in the ¢ Pall Mall’ doubt that Professor Tyndall
‘was interprefing quite accurately Goethe’s conception, as
‘elsewhere expressed with sufficient elaboration? If he
does nof, his criticism is a cavil. If he does, let him study
Goethe more thoroughly—* Gott und Welt,” for example,
of the proem to which a friend has sent us a faithful
version to-day, which we print in another column. What
ean be stronger than this?—

Was wiir’ ein Gott der nur von aussen stiesse
Im Kreis das All am Finger laufen liesse !
Ihm ziemt’s, die Welt im Innern zu bewegen,
Natur in Sich, Sich in Natur zu hegen.
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From the TiMEs, October 3, 1870.

But the most serious obstacle of a public nature which
can possibly impede the progress of science—an obstacle
before which all others sink into absolute insignificance—
is the reign of prejudice, or the unwillingness to adopt the
teachings of science, and to accept her legitimate con-
clusions through certain preconceived opinions, the result
of a faulty education or a vicious temperament. To this,
indeed, we think the British Association cannot pay too
much attention, and we were not a little gratified, in con-
sequence, at the eloquent lecture on the use of the ima-
gination in science delivered by Professor Tyndall. The
importance of such a discourse at such a time to clear the
atmosphere of the clouds of prejudice which a mistaken
zeal has raised in the minds of a large class cannot be
over-estimated. Since it 1s certain that religious intoler-
ance and religious bigotry are the largest sources of pre-
judice, the removal of these ought to be a primary object
of the association, and when the undertaking is made with
the same spirit of reverence, the same earnestness of
purpose, and philosophical acumen which distinguished
Professor Tyndall’s discourse, it seems impossible to doubt
that much benefit must ultimately result thereby to the
cause of truth, The impression produced on our minds
by that philosophical masterpiece will not be easily effaced.
As we listened in that crowded hall with admiration to
the thoughtful investigator who was unfolding to us the
workings of a mind much more than ordinarily acute, we
pictured to ourselves the effect which it was so well cal-
culated to produce in the mind of the sceptic in science.
We saw in imagination the victory of conscience and
reason, the emancipation of a soul, the new birth of an
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intelligence. As the speaker welded one link to another
of the long chain of ratiocination, his ardour rising with
the progress of his argument, we thought that it had
never been our good fortune to listen to so splendid a
discourse. But the end was not yet. The grand appeal
had still to be made. In a magnificent peroration Pro-
fessor Tyndall concluded an argument of no common
order—an argument not fitted, indeed, to assuage the
terrors of a vicious imagination ; an argument which may
perchance have grated harshly on the sacerdotal ear; but
an argument which elicited thunders of applause from an
audience more than usually critical—with an appeal of
unrivalled eloquence to abandon dogmatism for ever, and
fairly bring every hypothesis before the bar of a disci-
plined reason. The place and the people were worthy of
the man. In a vast hall whose name recalls the finest
relics of the old English ballad were gathered together all
that the most populous and intelligent shire of Britain
could produce of talent and influence, while grouped
around the presidential chair were many of the most
brilliant ornaments of British science and the representa-
tives of foreign philosophy. It may, indeed, be surmised
that of the three thousand souls who listened to Professor
Tyndall’s lay sermon there were few who entered into the
discussion prepared to embrace his views. Yet we think
that there were few also who left that hall at all events
without a doubt that the search after truth which is the
sole object of the investigation of nature is neither so
prosaic nor so dangerous a quest as the false prophets
and the Philistines would assert—that philosophy is not
¢ harsh and crabbed as dull fools suppose '—

But musical as is Apollo’s lute.
And a perpetual feast of nectar’d sweets,
Where no crude surfeit reigns,
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SCIENTIFIC USE OF THE IMAGINATION.

I carriEp with me to the Alps this year the heavy
burden of this evening’s work. In the way of new inves-
tigation I had nothing complete enough to be brought
before you; so all that remained to me was to fall
back upon such residues as I could find in the depths of
consciousness, and out of them to spin the fibre and
weave the web of this discourse. Save from memory I
had no direct aid upon the mountains; but to spur up
the emotions, on which so much depends, as well as to
nourish indirectly the intellect and will, I took with me
two volumes of poetry, Goethe’s ¢ Farbenlehre,” and the
work on ‘Logic’ recently published by Mr. Alexander
Bain.* The spur, I am sorry to say, was no match for the
integument of dulness it had to pierce. In Goethe, so
glorious otherwise, I chiefly noticed the self-inflicted
hurts of genius, as it broke itself in vain against the
philosophy of Newton. For a time, Mr. Bain be-
eame my principal companion. I found him learned
and practical, shining generally with a dry light, but
exhibiting at times a flush of emotional strength, which
proved that even logicians share the common fire of

* One of my critics remarks, that he does not see the wit of calling

Goethe's ¢ Farbenlehre® and Bain's ¢ Logic,” ¢ two volumes of poetry.’
Nor do 1.
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and within me ‘deserts idle” My case resembled that
of a sick doctor who had forgotten his art and sorely
needed the prescription of a friend. Mr. Bain wrote
one for me. He said, ¢ Your present knowledge must
forge the links of connection between what has been
already achieved and what 1s now required’* In
these words he admonished me to review the past and
recover from it the broken ends of former investigations.
I tried to do so. Previous to going to Switzerland I had
been thinking much of light and heat, of magnetism and
electricity, of organic germs, atoms, molecules, spon-
taneous generation, comets, and skies. With one or
another of these I now sought to re-form an alliance, and
finally succeeded in establishing a kind of cohesion
between thought and Light. The wish grew within me
to trace, and to enable you to trace, some of the more
occult operations of this agent. I wished, if possible, to
take you behind the drop-scene of the senses, and to
show you the hidden mechanism of optical action. For
I take it to be well worth the while of the scientific

teacher to take some pains, and even great pains, to

make those whom he addresses copartners of his thoughts.
To clear his own mind in the first place from all haze
and vagueness, and then to project into language which
shall leave no mistake as to his meaning—swhich shall
leave even his errors naked-—the definite ideas he has
shaped. A great deal is, I think, possible to scientific
exposition conducted in this way. It is possible, I believe,
even before an audience like the present, to uncover to
some extent the unseen things of nature; and thus to
give, not only to professed students, but to others with
the necessary bias, industry, and capacity, an intelligent

* Induction, page 422,
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and winter; but the soul of Force would be dislodged
from our universe; causal relations would disappear, and
with them that science which is now binding the parts
of nature to an organic whole.

I should like to illustrate by a few simple instances the
use that scientific men have already made of this power
of imagination, and to indicate afterwards some of the
further uses that they are likely to make of it. TLet us
begin with the rudimentary experiences. Observe the
falling of heavy rain-drops into a tranquil pond. Kach
drop as if strikes the water becomes a centre of dis-
turbance, from which a series of ring-ripples expand
outwards. Gravity and inertia are the agents by which
this wave-motion is produced, and a rough experiment
will suffice to show that the rate of propagation does not
amount to a foot a second. A series of slight mechanical
shocks is experienced by a body plunged in the water as the
wavelets reach it in succession. But a finer motion is at the
same fime set up and propagated. If the head and ears be
immersed in the water, as in an experiment of Franklin’s,

‘the shock of the drop is communicated to the auditory
‘nerve—the tick of the drop is heard. Now this sonorous
‘impulse is propagated, not at the rate of a foot a second,
but at the rate of 4,700 feet a second. In this case it is

not the gravity, but the elasticity of the water that is the

urging force. Every liquid particle pushed against its

neighbour delivers up its motion with extreme rapidity,
and the pulse is propagated as a thrill. The incompres-
sibility of water, as illustrated by the famous Florentine
experiment, is a measure of its elasticity, and to the pos-
session of this property in so high a degree the rapid trans-
mission of a sound-pulse through water is to be ascribed.

But water, as you know, is not necessary to the con-
duction of sound ; air is its most common vehicle.  And

*C
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over chaos may have originated in a knowledge of this
power. In the case now before us it has manifested
itself by transplanting into space, for the purposes of
light, an adequately modified form of the mechanism of
sound. We know intimately whereon the velocity of
sound depends. When we lessen the density of a medium
and preserve its elasticity constant we augment the velo-
city. When we heighten the elasticity and keep the
density constant we also augment the velocity. A small
density, therefore, and a great elasticity, are the two
things necessary to rapid propagation. Now light is
known to move with the astounding velocity of 185,000
miles a second. How is such a velocity to be obtained ?
- By boldly diffusing in space a medium of the requisite
tenuity and elasticity. Let us make such a medium our
starting point, endowing it with one or two other necessary
qualities ; let us handle it in accordance with strict me-
chanical laws; give to every step of our deduction the
surety of the syllogism ; carry it thus forth from the world
of imagination to the world of sense, and see whether the
final outcrop of the deduection be not the very phenomena
of light which ordinary knowledge and skilled experiment
reveal. If in all the multiplied varieties of these pheno-
mena, including those of the most remote and entangled
description, this fundamental conception always brings us
face to face with the truth; if no contradiction to our
deductions from it be found in external nature, but
on all sides agreement and verification ; if, moreover,
as in the case of Conical Refraction and in other cases,
It has actually forced upon our attention phenomena
which no eye had previously seen, and which no mind
had previously imagined, such a conception, which never
disappoints us, but always lands us on the solid shores of

fact, must, we think, be something more than a mere
*0 2
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the motions it conveys ? For the most part from luminous
bodies. By this motion of a luminous body I do not
mean its sensible motion, such as the flicker of a candle,
or the shooting out of red prominences from the limb of
the sun. I mean an intestine motion of the atoms or
molecules of the luminous body. But here a certain
reserve is necessary. Many chemists of the present day
refuse to speak of atoms and molecules as real things.
Their caution leads them to stop short of the clear, sharp,
mechanically intelligible atomic theory enunciated by
Dalton, or any form of that theory, and to make the doe-
trine of multiple proportions their intellectual bourne.
I respect the caution, though I think it is here misplaced.
The chemists who recoil from these notions of atoms and
molecules accept without hesitation the Undulatory
Theory of Light. Like you and me they one and all
believe in an ether and its light producing waves. Let
us consider what this belief involves. Bring your imagi-
nations once more into play and figure a series of sound-
waves passing through air. Follow them up to their
~ origin, and what do you therefind ? A definite, tangible,
vibrating body. It may be the vocal chords of a human
being, it may be an organ-pipe, or it may be a stretched
string. Follow in the same manner a train of ether waves
to their source ; remembering at the same time that your
ether i1s matter, dense, elastic, and capable of motions
subject to and determined by mechanical laws. What
then do you expect to find as the source of a series of
ether waves? Ask your imagination if it will accept a
vibrating multiple proportion—a numerical ratio in a
state of oscillation? I do not think it will. You cannot
crown the edifice by this abstraction. The scientific imagi-
- nation, which is here authoritative, demands as the origin
and cause of a series of ether waves a particle of vibrating
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matter quite as definite, though it may be excessively
minute, as that which gives origin to a musical sound.
Such a particle we name an atom or a molecule. I think
the seeking intellect when focussed so as to give definition
without penumbral haze, is sure to realise this image at
the last.

To preserve thought continuous throughout this dis-
course, to prevent either lack of knowledge or failure of
memory from producing any rent in our picture, I here
propose to run rapidly over a bit of ground which is pro-
bably familiar to most of you, but which I am anxious to
make familiar to you all. The waves generated in the
ether by the swinging atoms of luminous bodies are of dif-
ferent lengths and amplitudes. The amplitude is the width
of swing of the individual particles of the wave. In water-
waves it is the height of the crest above the trough,
while the length of the wave is the distance. between two
consecutive crests. The aggregate of waves emitted by
the sun may be broadly divided into two classes: the
one class competent, the other incompetent, to excite
vision. But the light-producing waves differ markedly
among themselves in size, form, and force. The length
of the largest of these waves is about twice that of the
smallest, but the amplitude of the largest is probably
a hundred times that of the smallest. Now the force
or energy of the wave, which, expressed with reference
to sensation, means the intensity of the light, is propor-
tional to the square of the amplitude. Hence the ampli-
tude being one-hundredfold, the energy of the largest
light-giving waves would be ten-thousandfold that of
the smallest. This is not improbable. I use these
figures not with a view to numerical accuracy, but to
oive you definite ideas of the differences that probably
exist among the light-giving waves. And if we take the
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whole range of solar radiation into account—its non-
visual as well as its visual waves—I think it probable
that the force or energy of the largest wave is a million
times that of the smallest.

Turned into their equivalents of sensation, the different
light-waves produce different colours. Red, for example,
is produced by the largest waves, violet by the smallest,
while green is produced by a wave of intermediate length
and amplitude. On entering from air into more highly
refracting substances, such as glass or water, or the
sulphide of carbon, all the waves are retarded, but the
smallest ones most. This furnishes a means of sepa-
rating the different classes of waves from each other;
in other words, of analysing the light. Sent through
a refracting prism, the waves of the sun are turned
aside in different degrees from their direct course, the
red least, the violet most. They are virtually pulled
asunder, and they paint upon a white screen placed
to receive them ‘the solar spectrum.’ Strictly speak-
ing, the spectrum embraces an infinity of colours, but
the limits of language and of our powers of distinc-
tion cause it to be divided into seven segments: red,
orange, yellow, green, blue, indigo, violet. These are
the seven primary or prismatic colours. Separately, or
mixed in various proportions, the solar waves yield all
the colours observed in nature and employed in art.
Collectively, they give us the impression of whiteness.
Pure unsifted solar light is white; and if all the wave-
constituents of such light be reduced in the same propor-
tion, the light, though diminished in intensity, will still
be white. The whiteness of Alpine snow with the sun
shining upon it, is barely tolerable to the eye. The
same snow under an overcast firmament is still white,
Buch a firmament enfeebles the light by reflection, and
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‘when we lift ourselves above a cloud-field—to an Alpine
summit, for instance, or to the top of Snowdon—and see,
in the proper direction, the sun shining on the clouds,
they appear dazzlingly white. Ordinary clouds, in fact,
divide the solar light impinging on them into two parts—
a reflected part and a transmitted part, in each of which
the proportions of wave-motion which produce the im-
pression of whiteness are sensibly preserved.

It will be understood that the conditions of whiteness
would fail if all the waves were diminished equally, or by
the same absolute quantity. They must be reduced pro-
portionately, instead of equally. If by the act of re-
flexion the waves of red light are split into exact halves,
then, to preserve the light white, the waves of yellow,
orange, green, and blue must also be split into exact
halves. In short, the reduction must take place, not by
absolutely equal quantities, but by equal fractional parts.
In white light the preponderance as regards emergy of
the larger over the smaller waves must always be im-
mense. Were the case otherwise, the physiological
correlative, blue, of the smaller waves would have the
upper hand in our sensations.

My wish to render our mental images complete, causes
me to dwell briefly upon these known points, and the
same wish will cause me to linger a little longer among
others. But here I am disturbed by my reflections.
When I consider the effect of dinner upon the nervous
system, and the relation of that system to the intellectual
powers I am now invoking—when I remember that the
universal experience of mankind has fixed upon certain
definite elements of perfection in an after-dinner speech,
and when I think how conspicuous by their absence these
clements are on the present occasion, the thought is not -
comforting to a man who wishes to stand well with his
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fellow-creatures in general, and with the members of the
British Association in particular. My condition might
well resemble that of the ether, which is scientifically
defined as an assemblage of vibrations. And the worst
of it is that unless you reverse the general verdict regard-
ing the effect of dinner, and prove in your own persons
that a uniform experience need not continue uniform—
which will be a great point gained for some people—
these tremors of mine are likely to become more and
more painful. But I call to mind the comforting words
of an inspired though uncanonical writer, who admonishes
us in the Apocrypha that fear is a bad counsellor. Let
me then cast him out, and let me trustfully assume that
you will one and all postpone that balmy sleep, of which
dinner might under the circumstances be regarded as the
indissoluble antecedent, and that you will manfully and
womanfully prolong your investigations of the ether and
its waves into regions which have been hitherto crossed
by the picneers of science alone,

Not only are the waves of ether reflected by clouds, by
solids, and by liquids, but when they pass from light air
to dr:nse or from dense air to light, a portion of the wave-
motion is always reflected. Now our atmosphere changes
continually in density from top to bottom. It will help
our conceptions if we regard 1t as made up of a series of
thin concentric layers, or shells of air, each shell being of
the same density throughout, and a small and sudden
change of density occurring in passing from shell to shell.
Light would be reflected at the limiting surfaces of all these
shells, and their action would be practically the same as
that of the real atmosphere. And now I would ask your

- Imagination to picture this act of reflection. What must
I become of the reflected light? The atmospheric layers
‘turn their convex surfaces towards the sun, they are
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sky and that of an ordinary cloud, which latter exercises
no such dichroitic action.

By the force of imagination and reason combined we
may penetrate this mystery also. The cloud takes no note
of size on the part of the waves of ether, but reflects them
all alike. It exercises no selective action. Now the
cause of this may be that the cloud particles are so large
in comparison with the size of the waves of ether as to
reflect them all indifferently. A broad cliff reflects an
Atlantic roller as easily as a ripple produced by a sea-
bird’s wing ; and in the presence of large reflecting sur-
faces, the existing differences of magnitude among the
waves of ether may disappear. But supposing the re-
flecting particles, instead of being very large, to be very
small, in comparison with the size of the waves. In this
case, instead of the whole wave being fronted and in great
part thrown back, a small portion only is shivered off.
The great mass of the wave passes over such a particle
without reflection. Scatter then a handful of such minute
foreign particles in our atmosphere, and set imagina-
tion to watch their action upon the solar waves. Waves
of all sizes impinge upon the particles, and you see at
every collision a portion of the impinging wave struck off
by reflection. All the waves of the spectrum, from the
extreme red to the extreme violet, are thus acted upon.
But in what proportions will the waves be scattered? A
clear picture will enable us to anticipate the experimental
answer. Remembering that the red waves are to the
blue much in the relation of billows to ripples, let us con-
sider whether those extremely small particles are com-
petent to scatter all the waves in the same proportion.
If they be not—and a little reflection will make it clear to
you that they are not—the production of colour must be
an incident of the scattering. Targeness is a thing of
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portion of blue. The result may be anticipated. The
transmitted light, where short distances are involved, will
appear yellowish, But as the sun sinks towards the horizon
the atmospheric distances increase, and consequently the
number of the scattering particles. They abstract in suc-
cession the violet, the indigo, the blue, and even disturb
the proportions of green. The transmitted light under
such circumstances must pass from yellow through orange
to red. This also is exactly what we find in nature.
Thus, while the reflected light gives us at noon the deep
azure of the Alpine skies, the transmitted light gives us
at sunset the warm crimson of the Alpine snows. The
phenomena certainly occur as if our atmosphere were a
medium rendered slightly turbid by the mechanical sus-
pension of exceedingly small foreign particles.

Here, as before, we encounter our sceptical ¢ as 2. It
is one of the parasites of science, ever at hand, and ready
to plant itself and sprout, if it can, on the weak points of
our philosophy. But a strong constitution defies the
parasife, and in our case, as we question the phenomena,
probability grows like growing health, until in the end
the malady of doubt is completely extirpated. The first
question that naturally arises is—Can small particles be
really proved to act in the manner indicated ? No doubt of
it. Each one of you can submit the question to an experi-
mental test. Water will not dissolve resin, but spirit will ;
and when spirit which holds resin in solution is dropped
into water, the resin immediately separates in solid par-
ticles, which render the water milky. The coarseness of
this precipitate depends on the quantity of the dissolved
resin. You can cause it to separate in thick clots or in
exceedingly fine particles. Professor Briicke has given
us the proportions which produce particles particularly
suited to our present purpose. One gramme of clean
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often present the appearance of the bloom of a plum.
By rubbing the varnish with a silk handkerchief opti-
cal continuity is established, and the chill disappears.
Some years ago I witnessed Mr. Hirst experimenting at
Zermatt on the turbid water of the Visp, which was
charged with the finely divided matter ground down by
the glaciers. When kept still for a day or so, the grosser
matter sank, but the finer matter remained suspended, and
gave a distinetly blue tinge to the water. The blueness
of certain Alpine lakes has been shown to be in part due
to this cause. Prof. Roscoe has noticed several striking
cases of a similar kind. In a very remarkable paper the
late Principal Forbes showed that steam issuing from the
safety-valve of a locomotive, when favourably observed,
exhibits at a certain stage of its condensation the colours
of the sky. It i1s blue by reflected light, and orange
or red by transmitted light. The effect, as pointed out
by Goethe, 13 to some extent exhibited by peat smoke.
More than ten years ago I amused myself at Killarney
by observing on a calm day the straight smoke-columns
rising from the chimneys of the cabins. It was easy to
project the lower portion of a column against a dark pine,
and its upper portion against a bright cloud. The smoke
in the former case was blue, being seen mainly by reflected
light ; in the latter case it was reddish, being seen mainly
by transmitted light. Such smoke was not in exactly the
condition to give us the glow of the Alps, but it was a
step in this direction. Briicke’s fine precipitate above
referred to looks yellowish by transmitted light, but by
duly strengthening the precipitate you may render the
white light of noon as ruby-coloured as the sun when seen
through Liverpool smoke, or upon Alpine horizons. I
do not, however, point to the gross smoke arising from
coal as an illustration of the action of small particles,
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than we have hitherto done the natural conditions of this
problem. We can generate in air, as many of you know,
artificial skies, and prove their perfect identity with the
natural one, as regards the exhibition of a number of
wholly unexpected phenomena. By a continuous process
of growth moreover we are able to connect sky-matter, if
I may use the term, with molecular matter on the one side,
and with molar matter, or matter in sensible masses, on the
other. In illustration of this, I will take an experiment
described by M. Morren of Marseilles at the last meeting
of the British Association. Sulphur and oxygen combine
to form sulphurous acid gas. It is this choking gas that
is smelt when a sulphur match is burnt in air. Two atoms
of oxygen and one of sulphur constitute the molecule
of sulphurous acid. Now it has been recently shown in
a great number of instances that waves of ether issuing
from a strong source, such as the sun or the electric light,
are competent to shake asunder the atoms of gaseous
molecules. A chemist would call this ¢ decomposition’ by
light ; but it behoves us, who are examining the power

~and function of the imagination, to keep constantly before

us the physical images which we hold to underlie our terms.
Therefore I say, sharply and definitely, that the components
of the molecules of sulphurous acid are shaken asunder
by the ether waves. Enclosing the substance in a suitable
vessel, placing it in a dark room, and sending through it a
powerful beam oflight, we at first see nothing : the vessel
eontaining the gas is as empty as a vacuum. Soon, how-
ever, along the track of the beam a beautiful sky-blue
colour is observed, which is due to the liberated particles
of sulphur. For a time the blue grows more intense ; it
then becomes whitish ; and from a whitish blue it passes
to a more or less perfect white. If the action be con-
tinued long enough, we end by filling the tube with a
D
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of light, when, as here, the eye is in comparative dark-
ness, and when the quantities of wave-motion thrown
against the retina are small. The larger particles de-
elare themselves by the greater whiteness of their scat-
tered light. (Call now to mind the observation, or effort
at observation, made by our President, when he failed to
distinguish the particles of mastic in Briicke’s medium,
and when you have done so follow me. I permitted a
beam of light to act upon a certain vapour. In two
minutes the azure appeared, but at the end of fifteen minutes
it had not ceased to be azure. After fifteen minutes, for
example, its colour, and some other phenomena, pro-
nounced it to be a blue of distinetly smaller particles
than those sought for in vain by Mr. Huxley. These
particles, as already stated, must have been less than
toooootl of an inch in diameter. And now I want
you to submit to your imagination the following question :
Here are particles which have been growing continually
for fifteen minutes, and at the end of that time are de-
monstrably smaller than those which defied the microscope
- of Mr. Huxley :—what must have been the size of these
particles at the beginning of their growth ? What notion
can you form of the magnitude of such particles? The
distances of stellar space give us simply a bewildering
sense of vastness without leaving any distinet impression
on the mind, and the magnitudes with which we have here
to do bewilder us equally in the opposite direction. We
are dealing with infinitesimals compared with which the
test objects of the microscope are literally immense.
From their perviousness to stellar light, and other
considerations, Sir John Herschel drew some startling con-
clusions regarding the density and weight of comets. You
know that these extraordinary and mysterious bodies some-
times throw out tails 100,000,000 of miles in length, and
D 2
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points that the heavenly azure is revealed. To the ob-
server on the summit of Mont Blanc the blue is as uniform
and coherent as if it formed the surface of the most close-
orained solid. A marble dome would not exhibit a
stricter continuity. And Mr. Glaisher will inform you
that if our hypothetical shell were lifted to twice the
height of Mont Blanc above the earth’s surface, we should
still have the azure overhead. Everywhere through the
atmosphere those sky-particles are strewn. They fill the
Alpine valleys, spreading like a delicate gauze in front
of the slopes of pine. They sometimes so swathe the
peaks with light as to abolish their definition. This year
I have seen the Weisshorn thus dissolved in opalescent
air. By proper instruments the glare thrown from the
sky-particles against the retina may be quenched, and then
the mountain which it obliterated starts into sudden defi-
nition. Its extinction in front of a dark mountain resem-
bles exactly the withdrawal of a veil. It is the light then
taking possession of the eye, and not the particles acting
as opaque bodies, that interfere with the definition. By
day this light quenches the stars; even by moonlight it is
able to exclude from vision all stars between the fifth and
the eleventh magnitude. It may be likened to a noise,
and the stellar radiance to a whisper drowned by the
noise. Whatis the nature of the particles which shed

light? The celebrated De la Rive ascribes the haze of the
Alps in fine weather to floating organic germs. Now the
possible existence of germs in such profusion has been held
up as an absurdity. It has been affirmed that they would
darken the air, and on the assumed impossibility of their
existence in the requisite numbers, without invasion of the
solar light, a powerful argument has been based by
believers in spontancous generation. Similar arguments
have been used by the opponents of the germ theory of
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lands. To the one it appears small, to the other large.
So also as regards the appreciation of the most minute forms
of life revealed by the microscope. To one of these men
they naturally appear conterminous with the ultimate par-
ticles of matter, and he readily figures the molecules from
which they directly spring ; with him there is but a step
from the atom to the organism. The other discerns num-
berless organic gradations between both. Compared with
his atoms, the smallest vibrios and bacteria of the micro-
scopic field are as behemoth and leviathan. The law of re-
lativity may to some extent explain the different attitudes
of these two men with regard to the question of spon-
taneous generation. An amount of evidence which satis-
fies the one entirely fails to satisfy the other ; and while to
the one the last bold defence and startling expansion of
the doctrine will appear perfectly conclusive, to the other
it will present itself as imposing a profitless labour of
demolition on subsequent investigators.*

I trust, Mr. President, that you—whom untoward cir-
cumstances have made a biologist, but who still keep alive
your sympathy with that class of enquiries which nature
intended you to pursue and adorn—will excuse me to your
brethren if I say that some of them seem to form an inade
quate estimate of the distance which separates the micro-
scopic from the molecular limit, and that, as a consequence,
they sometimes employ a phraseology which is caleulated
to mislead. When, for example, the contents of a cell are
described as perfectly homogeneous, as absolutely struc-
tureless, because the microscope fails to distinguish any
structure, then I think the microscope begins to play a mis-
chievous part. A little consideration will make it plain

* A resolute scrutiny of the experiments, recently executed with
reference to this question, is sure to yield instructive results,
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to all of you that the microscope can have no voice in the
real question of germ structure. Distilled water is more
perfeqtly homogeneous than the contents of any possible
organic germ. What causes the liquid to cease contracting
at 39° Fahr., and to grow bigger until it freezes? It is a
structural process of which the microscope can take no
note, nor 1s it likely to do so by any conceivable exten-
sion of its powers. Place this distilled water in the field of
an electro-magnet, and bring a microscope to bear upon
1t. Wil any change be observed when the magnet is
excited? Absolutely none; and still profound and com-
plex changes have occurred. First of all, the particles of
water are rendered diamagnetically polar; and secondly,
In virtue of the structure impressed upon it by the mag-
netic strain of its molecules, the liquid twists a ray of
light in a fashion perfectly determinate both as to quantity
and direction. It would be immensely interesting to both
you and me if one whom I hoped to see here present,® who
has brought his brilliant imagination to bear upon this sub-
ject, could make us see as he sees the entangled molecular
processes involved in the rotation of the plane of polarisa-
tion by magnetic force. While dealing with this question,
he lived in a world of matter and of motion to which the
microscope has no passport, and in which it can offer no aid.
The cases in which similar conditions hold are simply numn-
berless. Have the diamond, the amethyst, and the countless
other crystals formed in the laboratories of nature and of
man no structure?  Assuredly they have; but what can
the microscope make of 1t? Nothing. It cannot be too
distinetly borne in mind that between the microscope limit
and the true molecular limit there is room for infinite
permutations and combinations. It is in this region that
the poles of the atoms are arranged, that tendency is given

# Sir William Thomson.
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to their powers, so that when these poles and powers have
free action and proper stimulusin a suitable environment,
they determine first the germ and afterwards the complete
organism. This first marshalling of the atoms on which all
subsequent action depends baflles a keener power than
that of the microscope. Through pure excess of complex-
ity, and long before observation can have any voice in
the matter, the most highly trained intellect, the most re-
fined and disciplined imagination, retires in bewilderment
from the contemplation of the problem. We are struck
dumb by an astonishment which no microscope can
relieve, doubting not only the power of our instrument,
but even whether we ourselves possess the intellectual
elements which will ever enable us to grapple with the
ultimate structural energies of nature.

But the speculative faculty, of which imagination forms
so large a part, will nevertheless wander into regions
where the hope of certainty would seem to be entirely
shut out. We think that though the detailed analysis
may be, and may ever remain, beyond us, general
notions may be attainable. At all events, it is plain that
beyond the present outposts of microscopic enquiry lies
an immense field for the exercise of the speculative power.
It is only, however, the privileged spirits who know
how to use their liberty without abusing it, who are
able to surround imagination by the firm frontiers of
reason, that are likely to work with any profit here.
But freedom to them is of such paramount importance
that, for the sake of securing it, a good deal of wildness
on the part of weaker brethren may be overlooked. In
more senses than one Mr, Darwin has drawn heavily
upon the scientific tolerance of his age. He has drawn
heavily upon fime in his development of species, and he
has drawn adventurously upon matter in his theory of






Seientific Use of the Imagination. 43

In this dim twilight of conjecture the enquirer welecomes
every gleam, and seeks to augment his light by indirect
incidences. He studies the methods of nature in the
ages and the worlds within his reach, in order to shape
the course of speculation in the antecedent ages and
worlds. And though the certainty possessed by experi-
mental enquiry is here shut out, the imagination is not
left entirely without guidance. From the examination of
the solar system, Kant and Laplace came to the conclusion
that its various bodies once formed parts of the same un-
dislocated mass ; that matter in a nebulous form preceded
matter in a dense form; that as the ages rolled away,
heat was wasted, condensation followed, planets were
detached, and that finally the chief portion of the fiery
cloud reached, by self-compression, the magnitude and
density of our sun. The earth itself offers evidence of a
fiery origin ; and in our day the hypothesis of Kant and
Laplace receives the independent countenance of spectrum
analysis, which proves the same substances to be common
to the earth and sun. Accepting some such view of
the construction of our system as probable, a desire
immediately arises to connect the present life of our
planet with the past. We wish to know something of our
remotest ancestry. On its first detachment from the
cenfral mass, life, as we understand it, could hardly have
been present on the earth. How then did it come there?
The thing to be encouraged here is a reverent freedom—a
freedom preceded by the hard discipline which checks
licentiousness in speculation—while the thing to be re-
pressed, both in science and out of it, is degmatism.
And here I am in the hands of the meeting—willing to end,
but ready to go on. I have no right to intrude upon
you, unasked, the unformed notions which are floating
like clouds, or gathering to more solid consistency in the
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passed on to the mud of the Nile, its rate of augmentation,
its present thickness, and the remains of human handy-
work found therein; thence to the rocks which bound
the Nile valley, and which teem with organic remains.
Thus in his own clear and admirable way he caused the
idea of the world’s age to expand itself indefinitely
before the mind of his audience, and he contrasted this
with the age usually assigned to the world. During his
discourse he seemed to be swimming against a stream ;
he manifestly thought that he was opposing a general
conviction. He expected resistance; so did I. DBut it
was all a mistake: there was no adverse current, no
opposing conviction, no resistance, merely here and there
a half-humorous, but unsuccessful attempt to entangle
him in his talk. The meeting agreed with all that had
been said regarding the antiquity of the earth and of
its life.  They had, indeed, known it all long ago,
and they good-humouredly rallied the lecturer for
coming amongst them with so stale a story. It was
quite plain that this large body of clergymen, who
were, I should say, the finest samples of their class,
had entirely given up the ancient landmarks, and trans-
ported the conception of life’s origin to an indefinitely
distant past.

This leads us to the gist of our present enquiry,
which is this:—Does life belong to what we call
matter, or 1s it an independent principle inserted into
matter at some suitable epoch—say when the physical
conditions became such as to permit of the develop-
ment of life? TLet us put the question with all the
reverence due to a faith and culture in which we
all were cradled—a faith and culture, moreover, which
are the undeniable historic antecedents of our present
enlightenment. I say, let us put the question reverently,
but let us also put it clearly and definitely. There are
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mends the rival hypothesis of Natural Evolution to the
public mind. For what are the core and essence of this
hypothesis ?  Strip it naked and you stand face to face
with the notion that not alone the more ignoble forms of
animalcular or animal life, not alone the nobler forms of
the horse and lion, not alone the exquisite and wonderful
mechanism of the human body, but that the human mind
itself—emotion, intellect, will, and all their phenomena—
were once latent in a fiery cloud. Surely the mere state-
ment of such a notion is more than a refutation. DBut
the hypothesis would probably go even further than this.
Many who hold it would probably assent to the position
that at the present moment all our philosophy, all our
poetry, all our science, and all our art—Plato, Shakspeare,
Newton, and Raphael—are potential in the fires of the
sun. We long to learn something of our origin. If the
Evolution hypothesis be correct, even this unsatisfied
yearning must have come to us across the ages which
separate the unconscious primeval mist from the con-
sciousness of to-day. I do not think that any holder of
the Evolution hypothesis would say that I overstate it or
overstrain it in any way. I merely strip it of all vague-
ness, and bring before you unclothed and unvarnished
the notions by which it must stand or fall.

Surely these notions represent an absurdity too mon-
strous to be entertained by any sane mind. Let us,
however, give them fair play. Tet us steady ourselves
m front of the hypothesis, and, dismissing all terror and
excitement from our minds, let us look firmly into it
with the hard sharp eye of intellect alone. Why are
these notions absurd, and why should sanity reject them ?
The law of Relativity, of which we have previously spolen,
may find its application here. These Evolution notions
are absurd, monstrous, and fit only for the intellectual
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I have thus led you to the outer rim of speculative
science, for beyond the nebule scientific thought has
never ventured hitherto, and have tried to state that which
I considered ought, in fairness, to be outspoken. I do not
- think this Evolution hypothesis is to be flouted away con-
temptuously; I do not think it is to be denounced as
wicked. It is to be brought before the bar of disciplined

| reason, and there justified or condemned. Let us hearken

to those who wisely support it, and to those who wisely
oppose it ; and let us tolerate those, and they are many,
who foolishly try to do either of these things.* The only
thing out of place in the discussion is dogmatism on either
side. Fear not the Evolution hypothesis. Steady your-
selves in its presence upon that faith in the ultimate
triumph of truth which was expressed by old Gamaliel
when he said :—¢ If it be of God, ye cannot overthrow it ;
if it be of man, it will come to nonght.” Under the fierce
light of scientific enquiry, this hypothesis is sure to be
dissipated if it possess not a core of truth. Trust me,
its existence as a hypothesis in the mind is quite compatible
with the simultanecous existence of all those virtues to
which the term Christian has been applied. It does not
solve—it does not profess to solve—the ultimate mystery
of this universe. It leaves in fact that mystery untouched.
For granting the nebula and its potential life, the question,
whence came they? would still remain to baffle and
bewilder us. At bottom, the hypothesis does nothing
more than ¢ transport the conception of life’s origin to an
indefinitely distant past.’

* In the ‘Prefatory Letter’ to his ‘TLay Sermons’ Mr. Huxley
#peaks of ‘microscopists, ignorant alike of Philosophy and Bioclogy.’
With reference to one conspicuous member of this class, a doctor of
medicine, lately professor in a London college famous for its orthodoxy,

both Mr. Huxley and myself have long practised, and shall, I trust,
eontinue to practise, the tolerance recommended above.

I
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his private intelligence a little way into the darkness by
which all knowledge is surrounded. Thus, the geologist
deals with the rocks ; the biologist with the conditions and
phenomena of life ; the astronomer with stellar masses and
motions ; the mathematician with the relations of space
and number; the chemist pursues his atoms, while the
physical investigator has his own large field in optical,
thermal, electrical, acoustical, and other phenomena.
The British Association then, as a whole, faces physical
nature on all sides and pushes knowledge centrifugally
outwards, the sum of its labours constituting what Fichte
might call the sphere of natural knowledge. In the
meetings of the Association it is found necessary to re-
solve this sphere into its component parts, which take
concrete form under the respective letters of our Sections.

This is the Mathematical and Physical Section. Mathe-
matics and physics have been long accustomed to coalesce.
For, no matter how subtle a natural phenomenon may
be, whether we observe it in the region of sense, or
follow it into that of imagination, it is in the long run
reducible to mechanical laws. Buf the mechanical data
once guessed or given, mathematics become all powerful
as an instrument of deduction. The command of geo-
metry over the relations of space, the far-reaching power
which organised symbolic reasoning confers, are potent
both as means of physical discovery, and of reaping the
entire fruits of discovery. Indeed, without mathematics,
expressed or implied, our knowledge of physical science
would be friable in the extreme.

Side by side with the mathematical method we have
the method of experiment. Here, from a starting-
point furnished by his own researches or those of others,
the investigator proceeds by combining intuition and
verification. He ponders the knowledge he possesses
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and tries to push it further, he guesses and checks his
guess, he conjectures and confirms or explodes his con-
Jecture. These guesses and conjectures are by no means
leaps in the dark; for knowledge once gained casts a
faint light beyond its own immediate boundaries. There
18 no discovery so limited as not to illuminate something
beyond itself. The force of intellectnal penetration
into this penumbral region which surrounds actual know-
ledge is not, as some seem to think, dependent upon
method, but upon the genius of the investigator.
There 1s, however, no genius so gifted as not to need
control and verification. The profoundest minds know
best that Nature’s ways are not at all times their ways,
and that the brightest flashes in the world of thought are
incomplete until they have been proved to have their
counterparts in the world of fact. Thus the vocation of
the true experimentalist may be defined as the continued
exercise of spiritual insight, and its incessant correction
and realization. Ilis experiments constitute a body, of
which his purified intuitions are, as it were, the soul.
Partly through mathematical and partly through
experimental research, physical science has of late years
assumed a momentous position in the world. Both in a
material and in an intellectual point of view it has pro-
duced, and it is destined to produce, immense changes,—
vast social ameliorations, and vast alterations in the
popular conception of the origin, rule, and governance
of natural things. By science, in the physical world,
miracles are wrought, while philosophy is forsaking its
ancient metaphysical channels and pursuing others which
have been opened or indicated by scientific research.
This must become more and more the case as philosophic
writers become more deeply imbued with the methods of
science, better acquainted with the facts which scientific
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men have won, and with the great theories which they
have elaborated.

If you look at the face of a watch, you see the hour-
and minute-hands, and possibly also a second-hand,
moving over the graduated dial. Why do these hands
move ? and why are their relative motions such as they
are observed to be ? These questions cannot be answered
without opening the watch, mastering its various parts,
and ascertaining their relationship to each other. When
this is done, we find that the observed motion of the
hands follows of neecessity from the inner mechanism of
the watch, when acted upon by the force invested in the
spring.

The motion of the hands may be called a phenomenon
of art, but the case is similar with the phenomena of
nature. These also have their inner mechanism, and
their store of force to set that mechanism going. The
ultimate problem of physical science is to reveal this
mechanism, to discern this store, and to show that from
the combined action of both the phenomena of which
they constitute the basis must of necessity flow.

I thought that an attempt to give you even a brief and
sketchy illustration of the manner in which scientific
thinkers regard this problem would not be uninteresting
to you on the present occasion ; more especially as it will
give me occasion to say a word or two on the tendencies
and limits of modern seience; to point out the region
which men of science claim as their own, and where it is
mere waste of time to oppose their advance, and also to
define, if possible, the bourne between this and that other
region to which the questionings and yearnings of the
scientific intellect are directed in vain.

But here your tolerance will be needed. It was the
American Fmerson, I think," who said that it is hardly
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to another of a different kind. When a solution of com-
mon salt is slowly evaporated, the water which holds the
salt in solution disappears, but the salt itself remains be-
hind. At a certain stage of concentration the salt can no
longer retain the liquid form ; its particles, or molecules,
as they are called, begin to deposit themselves as minute
solids, so minute, indeed, as to defy all microscopic power.
As evaporation continues solidification goes on, and we
finally obtain, through the clustering together of innu-
merable molecules, a finite crystalline mass of a definite
form. What is this form ? It sometimes seems a mimicry
of the architecture of Egypt. We have little pyramids
built by the salt, terrace above terrace from base to
apex, forming a series of steps resembling those up
which the Egyptian traveller is dragged by his guides.
The human mind is as little disposed to look wun-
questioning at these pyramidal salt-crystals as to
look at the pyramids of Egypt without inquiring
whence they came. How, then, are those salt-pyramids
built up ?

Guided by analogy, you may, if you like, suppose that,
swarming among the constituent molecules of the salt,
there is an invisible population, guided and coerced by
some Invisible master, and placing the atomic blocks in
their positions. This, however, is not the scientific idea,
nor do I think your good sense will accept it as a likely
one. The scientific idea is that the molecules act upon
each other without the intervention of slave labour ; that
they attract each other and repel each other at certain
definite points, or poles, and in certain definite directions ;
and that the pyramidal form is the result of this play of
attraction and repulsion. While, then, the blocks of

Egypt were laid down by a power external to themselves,
these molecular blocks of salt are self-posited, being fixed
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the molecules are arranged. That differences, for ex-
ample, exist between the inner structure of rock salt and
crystallized sugar or sugar-candy, is thus strikingly re-
vealed. These differences may be made to display them-
selves in chromatic phenomena of great splendour, the
play of molecular force being so regulated as to remove
some of the coloured constituents of white light, and to
leave others with increased intensity behind.

And now let us pass from what we are accustomed to
regard as a dead mineral to a living grain of corn. When
it is examined by polarized light, chromatic phenomena
similar to those noticed in crystals are observed. And
why? Because the architecture of the grain resembles the
architecture of the crystal. In the grain also the molecules
are set in definite positions, and in accordance with their
arrangement they act upon the light. But what has built
together the molecules of the corn? I have already said
regarding crystalline architecture that you may, if you
please, consider the atoms and molecules to be placed in
position by a power external to themselves. The same
hypothesis is open to you now. But if in the case of
erystals you have rejected this notion of an external
architect, I think you are bound to reject it now, and to
conclude that the molecules of the corn are self-posited by
the forces with which they act upon each other. It would
be poor philosophy to invoke an external agent in the one
case and to reject it in the other.

Instead of cutting our grain of corn into slices and
subjecting it to the action of polarized light, let us place
it in the earth and subject it to a certain degree of warmth.
In other words, let the molecules, both of the corn and
of the surrounding earth, be kept in that state of agitation
which we call warmth. TUnder these circumstances, the
grain and the substances which surround it interact, and
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a definite molecular architecture is the result. A bud is
formed ; this bud reaches the surface, where it is exposed
to the sun’s rays, which are also to be regarded as a kind
of vibratory motion. And as the motion of common heat
with which the grain and the substances surrounding it
were first endowed, enabled the grain and these substances
to exercise their attractions and repulsions, and thus to
coalesce in definite forms, so the specific motion of the
sun’s rays now enables the green bud to feed upon the car-
bonic acid and the aqueous vapour of the air. The bud ap-
propriates those constituents of both for which it has an
elective attraction, and permits the other constituent to
resume its place in the air. Thus the architecture is
carried on. Forces are active at the root, forces are
active in the blade, the matter of the earth and the matter
of the atmosphere are drawn towards both, and the plant
augments in size. We have in succession the bud, the
stalk, the ear, the full corn in the ear; the cycle of mole-
cular action being completed by the production of grains
similar to that with which the process began.

Now there is nothing in this process which necessarily
eludes the conceptive or imagining power of the purely
human mind. An intellect the same in kind as our own
would, if only sufficiently expanded, be able to follow the
whole process from beginning to end. It would see every
molecule placed in its position by the specific attractions

and repulsions exerted between it and other molecules,

the whole process and its consummation being an instance
of the play of molecular force. Given the grain and its
environment, the purely human intellect might, if suffi-
ciently expanded, trace out a priori every step of the
process of growth, and by the application of purely me-
chanical principles demonstrate that the cycle must end,
as it is seen to end, in the reproduction of forms like that
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with which it began. A similar necessity rules here to that
which rules the planets in their circuits round the sun.
You will notice that I am stating my truth strongly, as
at the beginning we agreed it should be stated. But I
must go still further, and affirm that in the eye of science
the antmal body is just as much the product of molecular
force as the stalk and ear of corn, or as the crystal of salt
or sugar. Many of the parts of the body are obviously
mechanical. Take the human heart, for example, with its
system of valves, or take the exquisite mechanism of the eye
or hand. Animal heat, moreover, is the same in kind as the
heat of a fire, being produced by the same chemical pro-
cess. Animal motion, too, 1s as directly derived from the
food of the animal, as the motion of Trevethyck’s walking-
engine from the fuel in its furnace. As regards matter,
the animal body creates nothing; as regards force, it
creates nothing. Which of you by taking thought can
add one cubit to his stature ? All that has been said, then,
regarding the plant may be restated with regard to the
animal. Every particle that enters into the composition
of a muscle, a nerve, or a bone, has been placed in its
position by molecular force. And unless the existence of
law in these matters be denied, and the element of caprice
introduced, we must conclude that, given the relation of
any molecule of the body to its environment, its position
in the body might be determined mathematically. Our
difficulty is not with the quality of the problem, but with
its complexity ; and this difficulty might be met by the
simple expansion of the faculties which we now possess.
Given this expansion, with the necessary molecular data,
and the chick might be deduced as rigorously and as
logically from the egg as the existence of Neptune was
‘deduced from the disturbances of Uranus, or as conical re-
fraction was deduced from the undulatory theory of light.
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netic needle in a definite way ; but the cases differ in
this, that the passage from the current to the needle, if
not demonstrable, is thinkable, and that we entertain no
doubt as to the final mechanical solution of the prob-
lem. But the passage from the physics of the brain to
the corresponding facts of consciousness is unthinkable.
Granted that a definite thought, and a definite mole-
cular action in the brain occur simultaneously; we do
not possess the intellectual organ, nor apparently any
rudiment of the organ, which would enable us to pass,
by a process of reasoning, from the one to the other.
They appear together, but we do not know why. Were
cur minds and senses so expanded, strengthened, and
illuminated as to enable us to see and feel the very mole-
cules of the brain ; were we capable of following all their
motions, all their groupings, all their electric discharges,
if such there be ; and were we intimately acquainted with
the corresponding states of thought and feeling, we should
be as far as ever from the solution of the problem. ¢ How
are these physical processes connected with the facts of
consciousness?”  The chasm between the two classes of
phenomena would still remain intellectually impassable.
Let the consciousness of love, for example, be associated
with a right-handed spiral motion of the molecules of the
brain, and the consciousness of hate with a left-handed
spiral motion. We should then know when we love that
the motion 18 in one direction, and when we hate that
the motion is in the other; but the ¢ wiy ? * would remain
as unanswerable as before.

In affirming that the growth of the body is mechanical,
and that thought, as exercised by us, has its correlative
in the physics of the brain, I think the position of the
¢ Materialist’ is stated, as far as that position is a tenable
one. I think the materialist will be able finally to main-
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assume that man’s present faculties end the series,—that
the process of amelioration stops at him. A time may
therefore come when this ultra-scientific region by which
we are now enfolded may offer itself to terrestrial, if not
to human investigation. Two-thirds of the rays emitted
by the sun fail to arouse in the eye the sense of vision.
The rays exist, but the visual organ requisite for their
translation into licht does not exist. And so from this
region of darkness and mystery which surrounds us, rays
may now be darting which require but the development
of the proper intellectual organs to translate them into
knowledge as far surpassing ours as ours surpasses that of
the wallowing reptiles which once held possession of this
planet. Meanwhile the mystery is not without its uses.
It certainly may be made a power in the human soul;
but 1t is a power which has feeling, not knowledge, for its
base. It may be, and will be, and we hope is turned to
account, both in steadying and strengthening the intellect,
and in rescuing man from that littleness to which, in the
struggle for existence, or for precedence in the world, he
15 continually prone.

Fu
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upon other nerves, and produce the sensation of heat;
but, in all cases, whether it be light, or sound, or ordinary
feeling, the excitement of the nerves, regarded more
strictly, is the excitement of motion. And if the motion
be induced by internal causes instead of external, is it not
fair to infer that the effect on consciousness will be the
same? Let any nerve, for example, be thrown by morbid
action into the precise state of motion which would be
communicated to it by the pulses of a heated body, surely
that nerve will declare itself hot—the mind will accept
the subjective infimation exactly as if i1t were objective.
The retina, as is well known, may be excited by purely
mechanical means. A blow on the eye will cause a lumi-
nous flash, and the mere pressure of the finger on the
external ball will produce a star of light, which Newton
compared to the circles on a peacock’s tail. Disease
makes people see visions and dream dreams; but, in all
such cases, could we examine the organs implicated, we
should, on philosophical grounds, expect to find them in
that precise molecular condition which the real objects, if
present, would superinduce.

The colour of light is determined by the frequency of
the ethereal vibrations, as the pitch of sound is determined
by the frequency of the aérial ones. The red or purple,
for example, of a British maiden’s cheek and lips, the blue,
violet, or brown of her eyes, have their strict physical
equivalents in the lengths of the waves which issue from
them ; and these waves are not only as truly mechanical
as the waves of the sea, but they are capable of having
their mechanical value expressed in numbers. In the
work already referred to, a chapter is devoted to the
relation which subsists between light and heat and mere
mechanical work. Invirtue of this relation we can tell the
precise amount of work which a given amount of sunshine
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pitch. The difference here, according to the recent in-
vestigations of Helmholtz, is due to the fact that certain
incidental notes commingle in each case with the principal
one, and produce a composite result. The ¢harmonics’
of a string are known to be due to minor vibrations which
. superpose themselves upon the principal ones, as small
ripples cover parasitically the surfaces of large sea-waves.
The notes of the true simple wave and of its parasites
are heard at onece, and it is the variation of the latter
which produces differences in the #imbre of a musical
mstrument or of the human voice.

In speculating on those more subtle phases of expression
to which we have above referred, might we not offer the
conjecture that they are not due to those waves alone
which make the eyes violet or give the cheek its rose, but
are a result produced by the compounding of these with
incidental waves, which influence the colour as the har-
monic waves of sound influence the pure quality of a note ?
We have often watched with deep interest and sympathy
the countenances of some of the praying women in the
churches of the Continent. We have seen a penitent
kneeling at a distance from the shrine of the Virgin, as if
afraid to come nearer. Suddenly a glow has overspread
her countenance, strengthening in radiance, till at length
her very soul seemed shining through her features. Sure
of her acceptance, she has confidently advanced, fallen
prostrate immediately in front of the image, and remained
there for a time in silent ecstasy. We have watched the
ebbing of the spiritual tide, and remarked the felicitous
repose which it left behind. At each new phase of emotion
the tumbre of this woman’s countenance changed, and

The musie breathing from her face

became altered in quality.
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that the inference here referred to would be an & prior:
one. But by observing, with the faculties we assume, the
state of the brain and the associated mental affections,
both might be so tabulated side by side that, if one were
given, a mere reference to the table would declare the
other. Our present powers, it is true, shrivel into nothing-
ness when brought to bear on such a problem, but it is
because of its complexity and our limits that this is the
case. The gquality of the problem and the quality of our
powers are, we believe, so related, that a mere expansion
of the latter would enable them to cope with the former.
Why, then, in scientific speculation should we turn our
eyes exclusively to the humble past? May it not be that
a time is coming—ages no doubt distant, but still ad-
vancing—when the dwellers upon earth, starting from the
oross human brain of to-day as a rudiment, may be able
to apply to these mighty questions faculties of commen-
surate extent? Given the requisite expansibility to the
present senses and intelligence of man—given also the
time necessary for their expansion—and this high goal
may be attained. Development is all that is required,
and not a change of quality. There need be no absolute
breach of continuity between us and our loftier brothers
yet to come.

We have guarded ourselves against saying that the
inferring of thought from material combinations and
arrangements would be an inference & priori. The infer-
ence meant would be the same in kind as that which the
observation of the effects of food and drink upon the mind
would enable us to make, differing only from the latter
in the degree of analytical insight which we suppose
attained. Given the masses and distances of the planets,
we can infer the perturbations consequent on their mutual
attractions. Given the nature of a disturbance in water,






