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PREFACE.

—— e

THE two works which I emitled Zhe History of

the Inductive Sciences, and The Philosophy of the
Inductive S were intended to present to the
reader a view of the steps by which those portions
of human knowledge which are held to be most
certain and stable have been acquired, and of the
philosophical principles which ave involved in those
steps. Each of these steps was a scientific -Discovery,
in which a new conception was applied in order to
bind together obscrved facts. And though. the con-
junction of the observed facts was in each case an
cxample of logieal Induction, it was not the indue-
tive process merely, but the novelty of the result in
each case which gave its peculiar character to the
History ; and the Philosophy at which I aimed was
not the Philosophy of Induction, but the Philosophy
of Discovery. 1In the present edition 1 have de-
scribed this as my object in my Title.
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A great part of the present volume consists of
chapters which composed the twelfth Book of the
Philosophy in former editions, which Book was then
described as a ‘Review of Opinions on the uatuve of
Knowledge and the Method of seeking it.” I have
added to this part several new chapters, on Plato,
Aristotle, the Arabian Rhilosophers, Francis Bacon,
Mr, Mill, My, A’Innscl, the late Sir William Hamil-
ston, and the German philosophers Kant, Fichte,
Schelling and Hcgel.. I might, if time had ullowed,
have added a new chapter on Roger Bacon, founded
on his Opus Minus and other works, recently published
for the first time under tho direction of the Master of
the Rolls; a valuable contribution to the history of
philosophy. But the review of this work would not
materially alter the estimate of Roger Bacon which I
had derived from the Opus Majus.

But besides these historical and critical surveys of
the philogophy of others, I have veunturcd to intro-
duce some new views of my own; namely, views
which bear upon tho philosophy of religion. I have
done so under the counviction that no philosophy of
the universe can satisfy the minds of thoughtful men
which does not deal with such questions as inevi-
tably force themselves on our notice, respecting the
Autlor and the Object of the universe; and also
under the conviction that every philosophy of the
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universe which has any consistency must sug-
gost answers, at least conjectural, to such ques-
tions. No Cosmos is complete from which the ques-
tion of Deity is excluded; and all Cosmology has
a side turncd towards Theology. Though I am aware
therefore how easy it is, on this subject, to give
offence and to incur obloquy, I have not thought it
right to abstain from following out my philosophical
principles to their results in this department of specue
lation. The results do not differ matcrially from
those at which many pious and thoughtful speculators
have arrived in previous ages of the world; though
they have here, as scems to me, something of novelty
in their connection with the philosophy of science.
But this point I willingly leave to the calm de-
cision of competent judges. :

1 have added in an Appendix various Essays,
previously published at different times, which may
serve perhaps to illustrate some points of the history
and philosophy of science.

Tmmnty Lorer,
February 8, 1856.
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Wir' nicht das Auge sonnenhaft

Wie konnten wir das Licht erblicken !

Lebt’ nicht in uns des Gottes eigne Kraft

Wie konnte uns das Gottliche entziicken ?
GOETHE.

Were nothing sunlike in the Eye
How could we Light itself descry !
‘Were nothing gedlike in the Mind
How could we God in Nature find ?



CHAPTER 1.
INTRODUCTION.

Y the examination of the elements of human

thought in which I ha#e been gngaged, and by
& consideration of the history of the most clear and
certain parts of our knowledge, I have been led to
doctrines respecting the progress of that exact and®
systematic knowledge which we’ call Science; and
these doctrines 1 have endeavoured to lay before the
reader in the History of the Sciences and of Scientific
ldeas. The questions on which I have thus ventured
to pronounce have had a strong interest for man from
the earliest period of his intellectual progress, and
have been the subjects of lively discussion and bold
speculation in every age. I conceive that in the doc-
trines to which these researches have conducted us,
we have a far better hope that we possess a body of
permanent truths than the earlier essays on the same
subjects could furnish. For we have not taken our
examples of knowledge at hazard, as earlier specula-
tors did, and were almost compelled to do; but have
drawn our materials from the vast store of unques-
tioned truths which modern science offers to us: and
we have formed our judgment concerning the nature
and progress of knowledge by cousidering what such
scienco is, and how it has reached its present condition.
But though we have thus pursued our speculations
oconcerning knowledge with advantages which earlier
writers did not possess, it is still both interesting and
instructive for us to regard the opinions upon this
subject which have been delivered by the philosophers
of past times, It is especially i.nterest;t:g to see*some
of the truths which we have endeavoured to expound,
gradually dawning in men’s ninds, and assuming the

R3



4 PHILOSOPHY OF DISCOVERY.

clear and permanent form in which we can now con-
template’ them. I shall therefore, in the ensuing
chapters, pass in review many of the opinions of the
writers of various ages concerning the mode by which
man best acquires the truest knowledge; and I shall
endeavour, as we proceed, to appreciato the real value
of such judgments, and their place in the progress of
sound philosophy. .

In this estimate of the opinions of others, I shall
be guided by those general doctrines which I have, as
I trust, establisked in the historics already published.
And without attempting here to give any summary
of these doctrines, I may remark that there are two
main principles by which speculations on such sub-
jects in all ages are conmected and related to each
other; namely, the opposition of /deas and Sensations,
and the distinction of practical and speculative know-
ledge. The opposition of Ideas and Sensations is ex-
hibited to us in the antithesis of Theory and Fact,
which are necessarily considered as distinct and of
oppusite natures, and yet ncoessarily identical, and
constituting Science by their identity. 1n like man-
ner, although practical knowledge is in substance
identical with speculative, (for all knowledge is specu-
lation,) there is a distinction between the two in their
history, and in the subjects by which they are exem-
plified, which distinction is quite essential in judging
of the philosophical views of the ancients. The
alterpatives of idontity and diversity, in these two
antitheses,—the successive separation, opposition, and
reunion of principles which thus arise,—have pro-
duced, (as they may easily be imagined capable of
doing,) & long and varied series of systems concerning
the nature of knowledge; among which wo shall have
to guide our course by the aid of the views already
presented.

I am far from undortaking, or wishing, to review
the yhole series of opinions which thus come under
our notice; and I do not even attempt to examine all
the principal authors who have written on such suh-
jects. T mercly wish to select some of the most con-
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siderable forms which such opinions have assumed,
and to point out in some measure the progress of truth
from age to age. In doing this, I can only endeavour
to seize some of the most prominent features of each
time and of each ®ep, and T must pass rapidly from
classical antiquity to those which we have called the
dark ages, and from them to modern times. At each
of these periods the modifications of opinion, and the
speculations with which they were counected, formed
a vast and tangled maze, the byways of which vur
plan does not allow us to eater. We shal] esteem
ourselves but too fortunate, if we can discover the
gsingle track by which ancient led to modern philo-
sophy.

I must also repeat that my sufvey of philosophical
writers is here confined to this one point,—thcir opi-
nions on the nature of knowledge and the method of
science. 1 with some effort avoid entering upon other
parts of the philosophy of those authors of whom I
speak; I knowingly pass by those portions of their
speculations which are in many cases the most inter-
esting and celebrated ;—their opinions concerning the
human soul, the Divine Governor of the world, the
foundations or leading doctrines of politics, religion,
and general philosophy. I am desirous that my
reader should bear this in mind, since he must other-
wise be offended with the scanty and partial view
which I give in this place of the philosophers whom
I enumerate.



CHAPTER IL

PraTo.

HERE would be small advantage in beginning our
examination earlier than the period of the Socratic
School #t Athers; for dithough the spirit of inquiry
on such subjects had awakened in Greece at an earlier
Jperiod, and although the peculiar aptitude of the
Grecian mind for guch researches had shown itself
repeatedly in subtle distinctions and acute reasonings,
all the positive results of these early efforts were con-
tained In a more definite form in the reasvnings of the
Platonic age. Before that time, the Greeks did not
possess plain and fumiliar examples of exact know-
ledge, such as the truths of Arithmetic, Geometry,
Astronomy and Optics becawe in the school of Plato;
nor were the antitheses of which we spoke above, so
distinctly and fully unfolded as we find them in Plato’s
works,

The question which hinges upon one of these anti-
theses, occupiwy a prominent place in scveral of the
Platonic dialogues; namely, whether our knowledge
be obtained by means of Sensation or of Ideas. Onme
of the doctrines which Plato most earnestly inculcated
upon his countrymen was, that we do not know con-
cerning sensible objects, but concerning ideas. The
first attempts of the Greeks at metaphysicul analysis
had given rise to a school which maintained that
material objects are the only realities. In opposition
to this, arose anqther school, which taught that ma-
terial objects have no permanent reality, but are ever
waxing and waning, constantly changing their sub-
stance. ‘ And hence,” as Aristotlo says’, “arose the
doctrine of ideas which the Platonists hold. For they

3 Metaph. xih. 4.



PLATO. 7

assented to the opinion of Heraclitus, that all sensible
objects are in a constant state of flux. 8o that if
there is to be any knowledge and soience, it must
be concerning some permanent natures, different from
the sensible natures of objects; for there can be no
permanent science respecting that which is perpetu-
ally changing. It happened that Socrates turned his
speculations to the moral virtues, and was the first
philosopher who endeavoured to give universal defi-
nitions of such matters. He wished to reason

tematically, and thereforc he tried to ecstablish defi-
nitions, for definitions are the basfs of syStematic
reasoning. There are two things which may justly
be looked upon as steps in philosophy due to Socrates;
inductive reasonings, and universal definitions ;}—both
of them steps which belong to the foundations of
science. Socrates, however, did not make universals,
or definitions separable from the objects; but his fol-
lowers separated them, and these essences they termed
Ideas” And the same account is given by other
writers®. “Some existences are sensible, some intel-
ligible: and according to Plato, if we wish to under-
stand the principles of things, we must first separate
the tdeas from the things, such as the ideas of Simi-
larity, Unity, Number, Magnitude, Position, Motion :
second, that we must assume an absolute Fair, Good,
Just, and the like: third, that we must consider the
ideas of relation, as Knowledge, Power: recollecting
that the Things which we perceive have this or that
appellation applied to them because they partake of
this or that Idca; those things heing just which

ticipate in the idea of The Just, those being beauiiful,
which contain the idea of The Beautiful.” And many
of the arguments by which this doctrine was main-.
tained are to be found in the Platonic dialogues. Thus
the opinion that true knowledge consists in scnsation,
which had been asserted by Protagoras and others, is
refuted in the Thewtetus: and, we may add, so vic-
toriously refuted, that the arguments there pub forth

3 Diog. Laert. Vit Plat.
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have ever since exercised a strong influence upon the
speculative world. It may be remarked that in the
minds of Plato and of thuse who bave since pursued
the same paths of speculation, the interest of such dis-
cussions as those we are now referring to, was by no
means limited to their bearing upon mere theory; but
was closely connected with those great questions of
morals which have always a practical import. Those
who asscrted that the only foundation of knowledge
‘was sensation, asserted also that the only foundation of
virtue yas the Qeaire of wleasure. And in Plato, the
metaphysical part of the disquusitions concerning know-
ledge in general, though indepeudent in its princples,
always seems to be subordinate in its purpose to the
questions concerning the knowledge of our duty.

Since Plato thus looked upon the Ideas which were
involved in each department of knowledge ns forming
its only essential part, it was natural that he should
look upon the study of Idcas as the true mode of pur-
suing knowledge. This he himself describes in the
Philebus®. “The best way of arriving at truth is not
very difficult to point oui, but most haid to pursue,
All the arts which have ever been discovered, were
revealed in this menner. It is a gift of the gudr to
man, which, as I conceive, they scut down by some
Prometheus, as by Prometheus they gave us the light
of fire; and the ancients, more clear-sighted than we,
and less removed from the gods, handed down this
traditionary doctrine: that whatever is said to be,
comnes of One and of Many, and comprehends in it-
itself the Finite and the Infinite in coalition (being
One Kind, and consisting of Infinite Individuals).
And this being the state of things, we must, in each
case, endeavour to scize the One Idea (the idea of the
Kind) as the chief point; for we shall find that it is
there. And when we have seized this one thing, we
may then consider how it comprehends in itself two,
or three, or any other number; and, again, examine
each of these ramifications separately; till at last we

3 T. IL p. 16, ¢, d. ed. Bekker, t. v, p. 437.
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perceive, not only that One is at the same time One
and Mauy, but also how many. And when we have
thus filled up the interval between the Infinite and
the One, we may consider that we have done with
each one, The gods then, as I have said, taught us
by tradition thus to contemplate, and to learn, and to
teach one another. But the philosophers of the pre-
sent dey seize upon the One, at hazard, too soon or too
late, and then immediately snatch at the Infinite; bmt
the intermediate steps escape them, in which resides
the distinction between a tmuly logigal andga mere
disputatious discussion.”

1t would seem that what the author here describes
as the most perfect form of exposition, is that which®
refers each object to its place in‘a classification con-
taining a complete series of subordinations, and which
gives a definition of each class. We have repeatedly
remarked that, in sciences of classification, each new
definition which gives a tenable and distinct separation
of classes is an important advance in our knowledge;
but that such definitions are rather the last than the
first step in cach advance. In the progress of real
knowledge, these definitions are always the results of
& laborious study of individual cases, and are never
arrived at by a pure effort of thought, which is what
Plato appears to have imagined as the true mode of
philosophizing. And still less do the advances of other
aciences consist in seizing at once upon the highest
generality, and filling in afterwards all the interme-
diate steps between that and the special instances. On
the contrary, as we have seen, the ascents from par-
ticular to general are all successive; and each step of
this ascent requires time, and labour, and & patient
examination of actual facts and objects.

It would, of course, be absurd to blame Plato for
having inadequate views of the nature of prugressive
knowledge, at the time when knowledge could hardly
be said to have begun its progress. But we already
find in his speculations, as appears in the palsages
just quoted from his writings, several points brought
into view which will require our continued attention
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as we proceed. In overlooking the necessity of &
gradual and successive advance from the less general
to the more general truths, Plato shared in a dimness
of vision* which prevailed among philosophers to the
time of Francis Bacon. In thinking too slightly
of the study of actual nature, he manifested a bins
from which the human intellect freed itself in the
vigorous struggles which terminuted the dark ages.
In pointing out that all knowledge implies a unity of
what we observe as manifold, which unity is given by
the migd, Plato taught a lesson which has of late
been too obscurely acknowledged, the recoil by which
men repaired their long neglect of facts having car-
ried them for a while so far as to think that fucts
were the whole of dur knowledge. And in analysing
this principle of Unity, by which we thus connect
sensible things, into various Ideas, such as Number,
Magnitude, Position, Motion, he made a highly im-
portant step, which it has been the business of philo-
sophers in succeeding times to complete and*to follow
out.

But the efficacy of Plato’s speculations in their
bearing upon physical science, and upon theory in
general, was much- weakened by the confusion of
practical with theoretical knowledge, which arose from
the ethical propensities of the Socratic school. In
the Platonic Dialogues, Art and Science are constantly
spoken of indiscriminately. The skill possessed by
the Painter, the Architect, the Shoemsker, is consi-
dered a3 a just example of human science, no less
than the knowledge which the geometer or the astro-
nomer possesses of the theoretical truths with which
he is conversant. Not only so; but traditionary and
mythological tales, mystical imaginations and fantasti-
cal etymologies, are mixed up, as no less choice in-
gredients, with the most acute logical analyses, and
the most exact conduct of metaphysical controversies,
There is no distinction made between the knowledge
possexsed by the theoretical psychologist and the

4 8ee the remarks on this phrase in the next chapter.



PLATO. II

thsioia.n, the philosophical teacher of morals and the
egislator or the administrator of law. Thig, indeed,
is the less to be wondered at, since even in our own’
time the sam® confusion is very commonly made by
persons not otherwise ignorant or uncultured.

On the other hand, we may remark finally, that
Plato’s admiration of Ideas was not a barren imagina-
tion, even so far as regarded physical science. For,
a8 we have seen’, he had a very important share in
the introduction of the theory of epicycles, having
been the firs} to propose to agtronomers i a distinet
form, the problem of which that theofy was the solu-
tion ; namely, ‘“to explain the celestial phenomena by
the combination of equable circular motfons.” This
demand of an ideal hypothesis which should exactly
express the phenomena (as well as they could then be
observed), and from which, by the interposition of
suitable steps, all special cases might be deduced, falls
in well with those views respecting the proper mode
of seeking knowledge which we have quoted from the
Plilebus. And the Idea which could thus represent
and replace all the particular Facts, being not only
sought but found, we may readily suppose that the
philosopher was, by this event, strongly confirmed in
his persuasion that such an Idea was indeed what the
inquirer ought to seek. In this conviction all his
genuine followers up to modern times have partici-
pated; and thus, though they have avoided the error
of those who hold that facts alone are valuable as the
elements of our knowledge, they have frequently run
into the opposite error of too much despising and
neglecting facts, and of thinking that the business of
the inquirer after truth was only a profound and con-
stant contemplation of the conceptions of his own
mind, But of this hereafter.

& Hist. Ind. Se. b, 1ii. c. it,



CHAPTER III

AvpprrioNnAl REMARES oN Praro.

HE leading points in Plato’s writings which bear
upon the philosophy of discovery are these:
1. The Docirine of ldeas.
2, The Doctrine of the One and the Many.
3. The motion of the nature and aim of Science.
4. The survey of existing Sciences,

1. The Doctrine of Ideas is an attempt to solve a
problem which in all ages forces itself upon the notice
of thoughtful men; namcly, How can certain and
permanent knowledge be possible for man, since all
his knowledge must. be derived from trarient and
fluctuating sensations? And the answer given by this
doctrine is, that certain and permanent knowledge is
not derived from Sensations, but from I/deas. There
are in the mind csrtain elements of knowledge which
are not derived from sensation, and are only imper-
fectly exemplified in rensible objects; and when we
reason concerning scnsible things so as to obtain real
knowledge, we do so by considering such things as
partaking of the qualities of the Ideas concerning
which there can be truth. The sciences of Geometry
and Arithmetic show that there are truths which
man can know; and the Doctrine of Ideas explains
how this is poasible.

So far the Doctrine of Ideas answers its pri
purpose, and is a reply (by no means the least in
ligible and satisfactory reply) to a question still agi-
tated among philosophers: What is the ground of

geometrical (and other neceseary) truth?

But Plato seems, in many of his writings, to extend
this doctrine much further; and to assume, not only
Ideas of Space and its properties, from which geome-
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trical truths are derived; but of Relations, as the
Relations of Like and Unlike, Greater and Less; and
of mere material objects, as Tables and Chairs, Now
to assume Ideas of such things as these solves no dif-
ficulty and is supported by no argument. In this
respect the Ideal theory is of no value in Science.

It is curious that we have a very acute refutation
of the Ideal theory in this sense, not only in Aristotle,
the open opponent of Plato on this subject, but in the
Platonic writings themselves: namely, in the Dialogue
entitled Parmenides; which, en this and on other ac-
counts, I consider to be the work not of Plato, but of
an opponent of Plato’. . .

2. I have spoken, in the preceding chapter, of
Plato’s doctrine that truth is to be obtained by dis-
cerning the One in the Many. This expression is
used, it would seem, in a somewhat large and fluctuat-
ing way, to mean several things; as for instance,
finding the one kind in many individuals (for in-
stance, the one idea of dog insmany dogs); or the
one law in many phenomena (for instance, the eccen-
trics and epicycles in many planets). In any inter-
pretation, it is too loose and indefinite a rule to be of
much value in the formation of sciences, though it
has been recently again propounded as important in
modern times.

3. I have said, in the preceding chapter, that
Plato, though he saw that scientific truths of great
generality might be obtained and were to be arrived
at by philosophers, overlooked the necessity of a gra-
dual and successive advance from the less general to
the more general; and I have described this as a
¢ dimness of vision.” I must now acknowledge that this
is not a very appropriate phrase; for not only no
‘acuteness of vision could have enabled Plato to sce
that gradual generalization in science of which, as yet,

‘0o example had appeared; but it was very fortunate
for the progress of truth, at that time, that Plato had
imagined to himself the object of science to be géneral

1 This matter is further disoussedd fa the Appendix, Essay A,
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and sublime truths which prove themselves to be true
by the light of their own generality and symmetry.
It is worth while to illustrate this notice of Plato by
some references to his writin,

In the Sixth Book of the Republic, Plato treats of
the then existing sciences as the instruments of a
philosophical education. Among the most conspicu-
ous of these is astronomy. He there ridicules the
notion that astronomy is a sublime science because it
makes men look upward. He asserts that the really
sublime science, is that‘which makes men look at the
realities, which are suggested by the appearances seen
in the heavens : namely, the spheres which revolve and
carry the luminaries in their revolutions. Now it was
no doubt the determined search for such ¢realities”
as these which gave birth to the Greek Adstronomy,
that first and critical step in the progress of science.
Plato, by his exhortations, if not by his suggestions,
contributed effectually, as I conceive, to this step in
science. In the sam® manner he requires a seience of
Harmonics which shall be free from the defects and
inaccuracies which occur in actual instruments. This
belief that the universe was full of wnathematical rela-
tions, and that these were the true objects of scientific

ve a vigour, largeness of mind, and con-
fidence to the Greek speculators which no more cau-
tious view of the problem of scientific discovery could
have supplied. It was well that this advanced guard
in the army of discoverers was filled with indomitable
courage, boundless hopes, and creative minds.

But we must not forget that this disposition to
what Bacon calls anticipation was full of danger as
well a8 of hope. It led Plato into error, as it led
Kepler afterwards, and many others in all ages of
scientific activity. It led Plato into error, for in-
stance, when it led him to assert (in the T'inceus) that
the four elements, Earth, Air, Fire and Water, have,
for the forms of their gnrticles respectively, the Cube,
the fcosahedron, the Pyramid, and the Octahedron;
and again, when it led him to despise the practical
controversies of the musicians of his time; which con.
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troversies were, in fact, the proof of the truth of the
mathematical theory of Harmonics. And in like man-
ner it led Kepler into error when it led him to believe
that he had found the reason of the number, size and
motion of the planetary orbits in the application of
the five regular solids to the frame of the universe®.

How far the caution in forming hypotheses which
Bacon’s writings urge upon us is more severe than
suits the present prospects of science, we may hereafter
consider; but it is plainly very conceivable that a
boldness in the invention amd application of hype-
theses which was propitious to sciencé in its infancy,
may be one of the greatest dangers of its more mature
period: and further, that the happy effect of such a
temper depended entirely upon tht candour, skill and
labour with which the hypotheses were compared with
the observed phenomena.

4 Plato has given a survey of the sciences of his
timne as Francis Bacon has of Ais. Indeed Plato has
given two such surveys: one, in tho Republic, in
reviewing, as I have said, the elements of a philoso-
phical education; the other in the Timeus, as the
portions of a theological view of the universe—such
as has been called a Theodicea, a justification of God.
In the former passage of Plato, the sciences enume-
rated are Arithmetic, Plane Geometry, Solid Geometry,
Astronomy and Harmonics® In the T%meus we have
s further notice of many other subjects, in a way
which is intended, I conceive, to include such know-
ledge as Plato had then arrived at on the various parts
of the universe. The subjects there referred to are,
as I have elsewhere stated?, these: light and heat,
water, ice, gold, gems, rust and other natural objects:
~—odours, taste, hearing, lights, colour, and the powers
of sense in general :~—the parts and organs of the body,
a$ the bones, the marrow, the brain, flesh, muscles,
tendons, ligaments and nerves; the skin, the hair, the

% Theso matters ave further discussed in the Appendix, Essay B.
# See Appendix, Esmay B,
* But. Ind, Se.b. i, Additions to 3rd Ed,
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nails; the veins and arteries; respiration; genera-
tion; and in short, every obvious point of physiology.
But the opinions thus delivered in the Z%meus on the
latter subject have littlo to do with the progress of
real knowledge. The doctrines, on the other hand,
which depend upon geometrical and arithmetical rela-
tions are portions or preludes of the sciences which
the fulness of time brought forth. )

5. I may, as further bearing upon the Plgtonic
notion of science, notice Plato’s view of the constitu-
tion of the human minde According to him the Ideas
which are the fonstituents of science form an Intel-
ligible World, while the visible and tangible things
which we perceive by our senses form the Visible
World. In the visible world we have shadows and
reflections of actual objects, and by these shadows and
reflections-we may judge of the objects, even when we
cannot do so directly; as when men in a dark cavern
judge of external objects by the shadows whichs they
cast into the cavern. In like manner in the Intelli-
gible World there are conceptions which are the usual
objects of human thought, and about which we reason ;
but these are only shadows and reflections of the Ideas
which are the real sources of truth. And the Reason-
ing Faculty, the Discarsive Reason, the Logos, which
thus deals with conceptions, is subordinate to the In-
tuitive Faculty, the Intuitive: Reason, the Nous, which
apprehends Ideas’. This recognition of a Facnlty in
man which contemplates the foundations—the Funda-
mental Ideas—of science, and by apprehending such
Ideas, makes science possible, is consentaneous to the
philosophy which I have all along presented, as the
view taught us by a careful study of the history and
nature of science. That new Fundamental Ideas are
unfolded, and the Intuitive Faculty developed and
enlarged by the progress of science and by an intimate
acquaintance with its reasonings, Plato appears to have
discerned in some measure, though dimly. And this
is the less wonderful, inasmuch as this gradual and

5 Bee these views further disenssed in the Appendix, Essay C.
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successive extension of the field of Intuitive Truth, in
proportion as we become familiar with a larger amount
of derived truth, is even now accepted by few, though
proved by the reasonings of the greatest scientific dis-
coverers in every age.

The leading defect in Plato’s view of the nature of
real acience is his not seeing fully the extent to which
experience and observation are the basis of all our
knowledge of the universe. He considers the lumina-
ries which appear in the heavens to be not the true
oblects of astronomy, but onlf some imperfect adum-
bration of them ;—mere diagrams which may assist us
in the study of a higher truth, as beautiful diagrams
might illustrate the truths of geometry, but would not
prove them. This notion of an astfonomy which is an
astronomy of Theories and not of Facts, is not tenable,
for Theories are Facts. Theories and Facts are equally
real; true Theories are Facts, and Facts are familiar
Theories. - But when Plato says that astronomy is a
series of problems suggested by visible things, he uses
cxpressions quite conformable to the true philosophy
of science; and the like is true of all other sciences.



CHAPTER IV.

ARISTOTLE.

HE views of Aristotle with regard to the founda-
tions of human knowledge are very different from
those of his tutor Platq. and are even by himself put
in opposition > them. He dissents altogether from
the Platonic doctrine that Ideas are the true materials
of our knowledge; and after giving, respecting the
origin of this doctrine, the account which we quoted
in the last chapter, he goes on to reason against it.
“Thus,” he says', “they devised Ideas of all things
which are spoken of as universals: much as if any
one having to count a number of objects, should think
that he could not do it while they were few, and
should expect to count them by making them more
numerous. For the kinds of things arc almost more
numerous than the special sensible objects, by seeking
the causes of which they were led to their Ideas.” He
then goes on to urgesoveral other reasons against the
assumption of Ideas and the use of them in philoso-
phical researches.

Aristotle himself cstablishes his doctrines by trains
of reasoning. But reasoning must proceed from cer-
tain First Principles; and the question then arises,
‘Whence are these First Principles obtained? To this
he replies, that they are the result of Kaperience, and
he even employs the same technical expression by
which we at this day describe the process of collecting
these principles from observed facts;—that they are
obtained by Induction. I have already quoted pes-
sages in which this statement is made®. ¢ The way
of reasoning,” he says®, “is the same in philosophy,

1 Metaph. xiL. 4 * Hist. Ind. Se. b. L c. 1L soct. a,
3 Anolyt. Prior. §, 30.
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and in any art or science: we must collect the facts
(vd vmrdpxovra), and the things to which the facts hap-
pen, and must have as large a supply of these as
possible, and then we must examine them according
to the terms of our syllogisms.”...* There are peculiar
principles in each science; and in each case these
principles must be obtained from experience. Thus
astronumical observation supplies the principles of
astronomical science. For the phenomena being
rightly taken, the demoBstrations of astronomy were
discovered ; and the same is Bhe case with any other
Art or Science. So that if the facts in each case be
taken, it is our business to construct the demonstra-
tions. For if in owr natural history (xard v ioTo-
piav) we have omitted none of the fucts and properties
which belong to the subject, we shall learn what we
can demonstrate and what we cannot.” And again®
“It is manifest that if any sensation be wanting,
there must be some knowledge wanting, which we are
thus prevented from having. For we acquire know-
ledge either by Jnduction (éraywyj) or by Demonstra-
tion : and Demonstration is from universals, but In-
duction from particulars. It is impossible to have
universal theoretical propositions except by Induction :
and we cannot make inductions without having sen-
sation ; for sensation has to do with particulars.”

It is casy to show that Aristotle uses the term
Induction, as we use it, to express the process of
collecting a general proposition from particular cases
in which it iy exemplified. Thus in a passage which
we have already quoted®, he says, “Induction, and
Syllogism from Induction, is when we attribute one
extreme term to the middle by means of the other.”
The import of this technical phraseology will further
appear by the example which he gives: “ We find
that several animals which are deficient in bile are
long-lived, as man, the horse, the mule; hence we
infer that al/ animals which are deficient in bile are

Jong-lived.” *

¢ Anélyt. Post. 1. 18, & Analyt. Prior. il a3, wepl vijs émayaryis,
Cca
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~ We may observe, however, that both Aristotle’s
notion of induction, and many other parts of his
philosophy, are obscure and imperfect, in consequence
of his refusing to contemplate ideas as something
distinct from sensation. It thus happens that he
always assumes the ideas which enter into his proposi-
tion as given; and considers it as the philosopher’s
business to determine whether such propositions are
true or not: whereas the most important feature in
induction is, as we have safll, the introduction of a
new idea, and pot its tmployment when once intro-
duced. That the mind in this manner gives unity to
that which is manifold,—that we are thus led to specu-
lative principles which have an evidence higher than
any others,—and that a peculiar sagacity in some men
seizes upon the conceptions by which the facts may be
bound into true propositions,—are doctrines which
form no essential part of the philosophy of the Stagirite,
although such views are sometimes recognized, more
or less clearly, in his expressions. Thus he says®,
“ There can be no knowledge when the sensation does
not continue in the mind. For this purpose, it is
necessary both to perceive, and to have some unity in
the mind (alclavopévors Exev & =7 &v ff Yuxp); and
many such perceptions having taken place, some
difference is then perceived: and from the remem-
brance of these arises Reason. Thus from Sensation
comes Memory, and from Memory of the same thing
often repeated comes Experience: for many acts of
Memory make up one Experience. And from Expe-
rience, or from any Universal Notion which takes a
permanent place in the mind,—from the unity in the
manifold, the same some one thing being found in
many facts,—springs the first principle of Art and of
Science; of Art, if it be. employed about production;
of Science, if about existence.” )

¢ Analyt. Post. i, 1g., This correction does not disturb. the

7 Bat the best reading seems fo be  general sense 6f the passage, that
not & butén: andthe clauso must the first principles of sclenco aree
‘e rendered “both to perceiveand to  obtained by finding the One in the
retaln the. perception in the mind”* Many.




ARISTOTLE. 21

I will add to this, Aristotle’s notice of Sagacity;
since, although little or no further reference iz made
to this quality in his philosophy, the passage fixes our
attention upon an important step in the formation of
knowledge. ¢ Sagacity” (dyxivow), he says®, “is a
hitting by guess (edoroxia 7is) upon the middle term
(the conception common to two cases) in an inapprecia-
ble time. As for example, if any one seeing that the
bright side of the moon is always towards the sun,
suddenly perceives why this js; vamely, because the
moon shines by the light of ﬁle sun t—or if he sees
a person talking with a rich man, he guesses that he
is borrowing money ;—or conjectures that two persons
are friends, because they are enemies of the same
person.”—To consider only the first of these exam-
ples ;—the conception here introduced, that of a body
shining by the light which another casts upon it, is
not contained in the observed facts, but introduced
by the mind. Tt is, in short, that conception which,
in the act of induction, the mind superadds to the phe-
nomena a8 they are presented by the senses: and to
fnvent such appropriate conceptions, such “eustochies,”
is, indeed, the precise office of inductive sagacity.

At the end of this work (the Later Analytics)
Avristotle ascribes our knowledge of principles to In-
tellect (vois), or, as it appears necessary to translate
the word, Intuition®. “8Since, of our intellectual habits
by which we aim at truth, some are always true, but
some admit of being false, as Opinion and Reasoning, but
Seience and Intuition are always true; and since there
is nothing which is more certain than Science except
Intuition; and since Principles are better known to
us than the Deductions from them; and since all
Science i donnected by reasoning, we ¢annot have
Science ing Principles. Considering this then,
and that the beginning of Demonstration cannot be
Demonstration, nor the beginning of Science, Science;
and since, a8 we have said, there is no other kind of

- truth, Intuition must be the beginning of Science.”

¢ Analyt. Post, L. 34 ® Ivid. 1, 19.
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‘What is here said, is, no doubt, in accordance with
the doctrines which we have endeavoured to establish
respecting the nature of Science, if by this Intuition
we understand that contemplation of certain Funda-
mental Ideas, which is the basis of all rigorous khow--
ledge. But notwithstanding this apparent approxi-
mation, Aristotle was far from having an habitual
and practical possession of the principles which he
thus touches upon. He did not, in reality, construct
his philosophy by giving Unity to that which was
manifold, or byseeking'in Intuition principles which
might be the basis of Demonstration; nor did he col-
lect, in each subject, fundamental propositions by an
induction of particulars. Ho rather endeavoured to
divide than to unite; he employed himself, not in
combining facts, but in analysing notions; and the
criterion to which he referred his analysis was, not
the facts of our experience, but our habits of lan-
guage. Thus his opinions rested, not upon sound
inductions, gathered in each case from the phenomena
by means of appropriate Ideas; but upon the loose
and vague generalizations which are implied in the
common use of speech.

Yet Aristotle was so far consistent with his own
doctrine of the derivation of knowledge from expe-
rience, that he made in almost every province of human
knowledge, a vast collection of such special facts as
the experience of kis time supplied. These collections
are almost unrivalled, even to the present day, espe-
cially in Natural History; in other departments, when
to the facts we must add the right Inductive Idea, in
order to obtain truth, we find little of value in the
Aristotelic works. But in those parts which refer to
Natural History, we find not only an immense and
varied collegtion of facts and observations, but a saga-
city and acuteness in classification which it is impos-
sible not to admire. This indeed appears-to bave been
the nost eminent faculty in Aristotle’s mind.

The influence of Aristotle in succeeding ages will
come under our notice shortly.



CHAPTER V.

ADDITIONAL REMARKS ON ARISTOTLE.

1

1. NE of the most conspicuous points in Aris-
totle’s doctrines as bearing upon the philosophy
of Science is his account of that jnode of attaining
truth which is called Jnduction; for we are accustomed
to consider Induction as the process by which our
Sciences have been formed; and we call them collect-
ively the Inductive Soiences. Aristotle often speaks of
Induction, as for instance, when he says that Socrates
introduced the frequent use of it. But the cardinal
passage on this subject is in his Analytics, in which he
compares Syllogism and Induction as twe modes of
drawing conclusions’. He there says that all belief
arises either from Syllogism or from Induction: and
adds that Induction is, when by means of one extreme
term we infer the other extreme to be true of the
middle term. The example which he gives is this:
knowing that particular animals arve long-lived, as
elephant, horse, mule; and finding that these animals
in having no gall-bladder; we infer, by In-

ction, that all animals which have no gall-bladder
are longlived. This may be done, he says, if the
middle and the second extreme are convertible : as
the following formal statement may show.

Elephant, horse, mule, &c. are long-lived.

Elephant, horse, mule, &c. are all gall-less.
If we might convert this proposition, and say
MAH -less animals are as elephant, horse, mpule,

1 Ammh‘lqr.ltas.
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we might infer syllogistically that

All gall-less animals are long-lived.

And though we eannot infer this syllogistically, we
infer it by Induction, when we have u sufficient
amount of instances®.

I have already elsewhere given this account of In-
duction, as a process employed in the formation of our
knowledge®. What I have now to remark concerning
Aristotle is, that it does not appear to have ocourred
to him, that in establishing such a proposition as that
which He gives.as his fnstance, the main difficulty is
the discovery of a middle term which will allow us to
frame such a proposition as we need. The zoologist
who wanted to knpw what kind of animals are long-
lived, might guess long before he guessed that the’
abeence of the gall-bladder supplied the requisite
middle term; (if the proposition were true; which it
is not.) And in like manner in other cases, it is diffi-
cult to find & middle term, which enables us to collect
a proposition by Induction. And herein consists the
imperfection of his view of the subject ; which con-
siders the main point to be the proof of the proposition
when the oconceptions are given; whereas the main
point really is, the discovery of conceptions which will
make a true proposition possible.

2. Since the main characteristic of the steps
which have occurred in the formation of the physical
sciences, is not merely that they are propositions col-
lected by Indnc%::, but by the introduction of a new
oonception ; it been suggested that it is not a
characteristic designation of these Sciences to call them
Inductive Sciences. Almost every discovery involves
in it the introduction of a new conception, as the ele-
ment of a mew proposition; and the novelty of the
conception is more characteristic of the stages of disco-
very than the inductive application of it. Hence as

" 2 Bee on this mbject Appendix, Essay D,
2 oo the chapter an Certaln Chamcteristics of Scientific Induction tn
the Phil. Ind. Se. or in the Nov. Org. Renov.
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bearing upon the Philosophy of Discovery, the state-

ments of Aristotle eoncerning Induction, though acute

and velusble, are not so valuable as they might seem.

Even Francis Bacon, it has heen asserted, erred in the

same way (and of course with less excuse) in asserting

Induction, of a certain kind, to be the great instrument
for the promotion of knowledge, and in overlooking

the necessity of the Javention which gives Induction

its value.

3. The invention or discovery of a conception by
which many facts of obserfation are conjoined so
as to make them the materials of a proposition, is
illed in Plato, as we have secn, finding the One in the .

any. .

Iny the passage quoted from the Zater Analytics,
Aristotle uses the same expression, ahd speaks very
Jjustly respecting the formgation of knowledge. Indeed
the Zitles of the chapters of this and many parts of
Aristotle’s works would lead us to expect just such a
Philosophy of Discovery as is the object of our study
at present. Thus we have, Anal. Post. B. 11. chap. 13:
“How we are to hunt (Gnpeew) the predications of a
Definition.” Chap. 14: “Precepts for the invention
of Problems and of a Middle Term:” and the like.
But when we come to read these chapters, they con-
tain little that is of value, and resolve themselves
;nostly into permutations of Aristotle’s logical phraseo-

4. The part of the Aristotelian philosophy which
has most permanently retained its place in modern
Sciences is a part of which a use has been made quite
different from that which was originally contemplated.
The “Five words” which are explained in the Intro-
duction ‘to Aristotle’s Categories: namely, the words
Qenus, Species, Dy I’N{orty,A ident, were in-
troduced mainly that they might be used in the propo-
sitions of which ®yllogisms consist, and might thus be
the elements of reasoning. But it has so happened
that these words are rarely used in +Sciences of
Reasoning, but are abundantly and commonly used in
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the Sciences of Classification, as I have explained in
speaking of the Classificatory Sciences*.

§.  Of Aristotle’s actual contributions to the Physi-
cal Sciences I have spoken in the History of those
Sciences®. T have® stated that he conceived the globu-
lar form of the earth so clearly and gave so forcibly
the arguments for that doctrine, that we may look
upon him as the most effective teacher of it. Also in
the Appendix to that History, published in the third
edition, I bave given Aristotle’s account of the Rain-
bow, as a farthey, examph of his industrious accumula-
tion of facts, apd of his liability to error in his facts.

6. We do not find Aristotle so much impressed
a5 we might have expected by that great monument
of Grecian ingenuity, the theory of epicycles and ex-
centrics which his predecessor Plato urged so strung-
ly upon the attention of hig contemporaries. Aris-
totle proves, as I have said, the globular form of the
earth by good and sufficient arguments. He also
proved by arguments which seem to him quite con-
clusive’, that the earth is in the center of the universe,
and immoveable. As to the motions of the rest of
the planets, he says little. The questions of their
order, and their distances, and the like, belong, he says,
to Astrology®. He remarks only that the revolution
of the heaven itself, the outermost revolution, ia simple
and the quickest of all: tbat the revolutions of the
others are slower, each wmoving in a direction opposite
to the heaven in its own circle : and that it is reason-
able that those which arc nearest to the first revolu-
tion should take the longest time in describing their
own circle, and those that are furthest off, the least
time, and the intermediate ones in the order of their
distances, “ as also the mathematicians show.”

In the Metaphysics® he enumeratos the circular
movements which had been introduced by the astro-

.‘Ph(t{nd&b.vﬂ&tnn,urﬂukld.b.ﬂﬂ.
8 B. 4 c xt. sect. 2. 4 B, iiL ¢ L sect. 9.
? De Calo, . 12, 9 Itid, i so. f xii.g,
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nomers Eudoxus and Calippus for the explanation of
the phenomena presented by the sun, moon ‘and pla-
nets. These, he says, amount to fifty-five; and this, he
says, must be the number of essences and principles
which exist in the universe.

7. In the Sciences of Classification, and especially.
in the clasification of animals,” higher claims have
been made for Aristotle, which I have discussed in
the History'®. I have there attempted to show that
Aristotle’s classification, inasmuch as it enumerates all
the parts of animals, may be s%id to cqptain the mate-
rials of overy subscquent classification : but that it can~
not be said to anticipate any modern system, because
the different grades of classification are not made sub-
ordinate to onc another as a system of classification
requires. I have the satisfaction of finding Mr. Owen
agreeing with me in these views'.

8. Francis Bacon’s criticism on Aristotle which I
have. quoted in the Appendix to the History', is
severe, and I think evidently the result of prejudice.
Ho disparages Aristotle in comparison with the other
philosophers of Greece. ¢ Their systems,’ he says, ¢ had
some mavour of experience, and nature, and bodily
things; while the Physies of Aristotle, in general,
sound only of Logical Terms.

¢Nor let any one be moved by this: that in hia
books Of Animals, and in his Problems, and in others
of his tracts, there is often a quoting of experiments.
For he had made up his mind beforehand ; and did not
consult experience in order to make right propositions
and axioms, but when he had settled his system to his
will, he twisted experience round and made her bend
to his system.’

I do not think that this can be said with any truth.
¥ know no instances in which Aristotle has twisted ex-
perience round, and made her bend to his gystem. In

A

19 B, xvi o vl X i
U On the Classification of Mammalia, ¢e.: o Lecture delivered at Com-
bridge, May 10, 1859, P- 3. .

BEBicuh
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his Problems, he is so far from giving dogmatical solu-
tions of the questions proposed, that in most cases, he
propounds two or three solutions as mere suggestions
and conjectures. And both in his History of Animals,
a8 I have said, and in others of his works, the want of
system gives them an incoherent and tumultuary cha-
racter, which even a false system would have advan-
tageously removed ; for, as'I have said elsewhere, it is
casier to translate a false system into a true one, than
to introduce system into a muss of confusion.

9. 1t is cupious thht a fundamental error into
which Aristotle fell in his view of the conditions
which determince the formation of Science is very
nearly the same as one of Francis Bacon’s leading
mistakes. Aristotle says, that Science consists in
knowing the causes of things, as Baoon aims at ac-
quiring a knowledge of the furms or essences of things
and their qualities. But the history of all the scicnces
teaclies us that sciences do not begin with such know-
ledge, and that in few cases only do they ever attain to
it. Sciences begin by a knowledge of the laws of phe-
nomena, and proceed by the discovery of the scientific
ideas by which the phenomena are colligated; as I
bave shown in other works'. The discovery of causes
is not beyond the humap powers, as some have
taught. Those who thus speak disregard the lessons
taught by the history of Physical Astronomy, of
Geology, of Physical Optics, Thermotics and other
sciences. But the discovery of causes, and of the
essential forins of qualities, is & triumph reserved for
the later stages of each Science, when the knowledge
of the laws of phenomens has already made great
progress. It was not to be expected that Aristotle
would discern this truth, when, as yot, there was no
Scien A'e;:xtant I:h wm:;ﬂ beenlexem lified. Yet
in nomy; the epicycles and excentrics
had immense value, aud even has still, as reprosenting
the laws of phenomens ; while the attempt to find in

« B History of Scientifio Ideas; and Novum Organum Renovatum.
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it, as Aristotle wished to do, the ultimate causes of
the motions of the universe, could only mislead. The
Aristotelian maxim, which sounds’ so plansible, and
has been so generally accepted, that “to know truly is
to know the causes of things,” is a bad guide in
scientific research. Instead of it we might substitute
this : that ‘“‘though we may aspire to know at last
why things are, we must be content for a long time
with knowing Aow they are.”

10. Hence if we are asked whether Plato or
Aristotle had the truer viewssof the nature and jpro-
perty of Science, we must give the preference to Plato;
for though his notion of a real Irntelligible World, of
which the Visible world was a fleeting and changeable
shudow, was extravagant, yet it fed him to seek to
determine the forms of the Intelligible Things, which
are really the laws of visible phenomena; while Aris-
totle was led to pass lightly over such laws, because
they did not at once reveal the causes which produced
the phenomena.

11. Aristotle, throughout his works, takes numerous
occasions to argue against Plato’s doctrine of Ideas.
Yet these Tdeas, so far as they were the Intelligible
Forms of Visible Things, were really fit objects of
philosophical research; and the search after them had
a powerful influence in promoting the progress of
Science. And we may see in the effect of this search
the answer to many of Aristotle’s strongest argu-
ments. For instance, Aiistotle says that Plato, by
way of explaining things, adds to them as many
Ideas, and that this is just as if a man having to
reckon a large number, were to begin by adding to it
another lurge number. It is plain that to this we
may reply, that the adopting the Ideas of Cycles, along
with the motions of the»Planets, does really explain
the motions; and that the Cycles are not simply added
to the phenomena, but include and supersede the phe-
nomena: a finite number of Cyocles include gnd.repre-
sent an infinite number of separate phenomena. °

To Aristotle’s argument that Ideas cannot be the
Causes or Principles of ’Bﬁngs, we should reply, that
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though they cannot be this, they may nevertheless be,
and must be, the Conditions and Principles of our
Knowledge, which is what we want them to be,

I have given an account of the main features of
Avristotle’s philosophy, so far as it concerns the Physi-

cal Sciences, in the History of the Inductive Sciences,
Book 1.



CHAPTER VI.
Tue Later CREEKS.

HUS while Plato was dispssed to geek the essence
of our knowledge in Ideas alone, Aristotle, slight-
ing this source of truth, looked to Exparience as the
beginning of Science; and he attempted to obtain, by
division and deduction, all that Experience did not
immediately supply. And thus, with these two great
names, began that struggle of opposite opinions which
has ever since that time agitated the speculative world,
as men have urged the claims of Ideas or of Expe-
rience to our respect, and as alternately each of these
elements of knowledge has been elevated above its due
place, while the other has been unduly depressed. We
shall sec the successive turns of this balanced struggle
in the remaining portions of this review.

But we mgay observe that practically the influence
of Plato pretf:)minated rather than that of Aristotle,
in the remaining part of the history of ancient philo-
sophy. It was, indeed, an habitual subject of dispute
among men of letters, whether the sources of true
knowledge are to be found in the Senses or in the
Mind ; the Epicureans taking one side of this alterna-
tive, and the Academics another, while the Stoics in
a certain manner included both elements in their view.
But none of these sects showed their persuasion that
the materials of knowledge were to be found in the
domain of Sense, hy seeking them there. No one
appears to have thought of following the example of
Aristotle, and gathering together a store of gbserved
facts. We may exoetpt, perhaps, assertions bélonking
to some provinces of Natural History, which were
collected by various writers : but in these, the mixed
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character of the statements, the want of diserimination
in the estimate of evidence, the credulity and love of
the marvellous which the authors for the most part
displayed, showed that instead of improving upon the
example of Aristotle, they were wandering further
and further from the path of real knowledge. And
while they thus collected, with so little judgment,
such statements as offered themselves, it hardly ap-
pears to have occurred to any one to enlarge the stores
of observation by the aid of experiment; and to learn
what the laws of natuce were, by trying what were
their results in ‘particular cases. They used no instru-
ments for obtaining an insight into the constitution of
the universe, except logical distinetions and discussions ;
and proceeded as if the phenomena familiar to their
predecessors must contain all that was needed as a
basis for natural philosophy. By thus contenting
themselves with the facts which the earlier philoso-
phers had contemplated, they were led also to confine
themselves to the ideas which those philosophers had
put forth. For all the most remarkable altérnatives
of hypothesis, so far as they could be constructed with
a slight and common knowledge of phenomensa, had
been promulgated by the acute and profound thinkers
who gave the first impulse to philosopby; and it was
not given to man to add much to the onginal inven-
tions of their minds till he had undergone anew a long
discipline of observation, and of thought employed
upon observation. Thus the later authors of the Greek
Schools became little better than commentators on
the earlier; and the common-places with which. the
different schools carried on their debates,—the con-
stantly recurring argument, with its known attendant
answer,—the distinctions drawn finer and finer and
leading to nothing,—render the speculations of those
times a scholastic. philosophy, in the same sense in
which we employ the term when we speak of the
labours of the middle ages. It will be understood.
that*I now, refer to that which is here my subject, the
opinions concerning our knowledge of nature, and the
methods in use for the purpose of obtaining such.
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krowledge. Whether the moral speculations of the
ancient world were of the same stationary kind, going
their round in a limited circle, like their metaphysics
and physics, must be considered on some other occa-
sion,

'Mr. Grote, in his very interesting discussion of
Socrates’s teaching, notices also® the teaching of Hip-
pocrates, which he conceives to have in one respect
the same tendency as the philosophy of Socrates;
namely, to turn away from the vaguc aggregate of
doctrines and guesses which cdnstituted the Physical
Philosophy of that time, and to pursue instead a spe-
cial and more practical course of inquiry :- Hippocrates
selecting Medicine and Socrates selgcting Ethics. By
this limitation of their subject, they avoided some of
the errors of their predecessors. For, as Mr. Grote
has also remarked, ‘“the earlier speculators, Anaxa-
goras, Empedocles, Democritus, the Pythagoreans, all
had still present to their minds the vast and undivided
problems which have been transmitted down from the
uld poets; bending their minds to the invention of
some system which would explain them all at once, or
assist the imagination in conceiving both how the
Kosmos first began and how it continued to move on.”
There could be no better remedy for this ambitious
error of the human mind than to have & definite sub-
jeot of study, such as the diseases and the health of
the human body. Acocordingly, we see that the study
of medioine did draw its cultivators away from this
ancient but unprofitable field. Hippocrates® condemns
those who, as Empedocles, set themselves to make out
what man was from the beginning, how he began first
to. exist, and in what manner he was constructed.
This is, he says, no part of medicine. In like manner
he blames and refutes those who make some simple
element, Hot, or Cold, or Moist, or Dry, the cause of

1 The remainder of this chapter is new in the present edition.
3 Hisl, of Greeoe, Part il. chap. &8,
3 De Antigua Medicing, c. 20,
D
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diseases, and give medical precepts professing to be
founded-on this hypothesis.

These passages are marked by the prudence which
practical study suggests to a calm and clear-sighted
man. They can hardly be said to have opened the
way to a Science of Medicine; for in the sense in
which we here use the word Science, namely, a collec-
tion of general truths inferred from facts by successive
discoverers, we have even yet no Science of Medicine.
The question with regard to the number and nature
of the Elemenys of which bodies are composed began
to be agitated, as we have seen, at a very carly period
of Greek philosophy, and continued long to be regarded
as a chief point of physiological doctrine. In Galen’s
work we have a treatise entitled, On the FElements
according to Hippocrates; and the writer explains*
that though Hippocrates has not written any work
with the title On the Elements, yet that he has in his
Treatise on the Nature of Man showun his opinion on
that subject. That the doctrine of the Four Elements,
Hot, Cold, Moist, Dry, subsisted long in the schools,
we have evidence in Galen. He tells us® that when
he was a student of nineteen yeaxs old a teacher urged
this lore upon him, and regarded him as very conten-
tious and perverse, hecavse iie offered objections to
it. His account of the Dialogue between him and the
teacher is curious. But in Hippocrates the doctrine
of these four elements is replaced, in a great measure,
by the doctrine of the Four Humours of which the
human body is constituted; namely, Blood, Phlegm,
Yellow Bile and Black Bile. Galen dwells with em-
phasis upon Hippocrates’s proof that there must be
more than one such element®.

““ What,” he asks, “is the method of finding the
Elements of bodies? There can, in my opinion, be
no other thau that which was introduced by Hippo-
crates ; namely, we must inquire whether there be only
one element, everywhere the same in kind, or whether

ALbLao & Do Elem. 1.6,
¢ In former editions I have not done justice to this passage,
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there are more than one, various and unlike each
other. And if the Element be not one only, but
several, various and dissimilar, we must inguire in
the second place, how many elements there are, and
what, and of what kind they are, and how related in
their association.

“ Now that the First Klement is not one only of
which both our bodies and those of all other creatures
were produced, Hippocrates shows from these consi-
derations. And it is better first to put down his own
expressions and then to expollnd them. I assert that
if man consisted of one element only he could not fall
gick ; for there would be nothing which-could derange
his health, if he were all of one Element.’” *

The doctrine of One Element did not prevail much
after the time of Hippocrates : the doctrine of Four
Elements continued, as I have said, long to hold pos-
session of the Schools, but does not appear as an
important part of the doctrine of Hippocrates. The
doctrine of the Four Humours (Blood, Phlegm, Yel-
low Bile and Black Bile) is more peculiarly his, and
long retained its place as a principle of physiological
Science.

But we are here not so much concerned with his
discoveries in medicine as with his views respecting
the method of acquiring sound knowledge, and in this
reiipect, as has been said, he recommends by his prac-
tice a prudent limitation of the field of inquiry, a
rejection of wide, ambitious, general assertions, and a
practical study of his proper field.

In ascribing these merits to Hippocrates’s medical
speculations as to the ethical speculations of his con-
temporary Socrates, we assign considerable philosophi-
cal value to Hippocrates, no less than to Socrates.
These merits were at that time the great virtues of

hysieal as well as of ethical philosophy. But, as

. Grote well observes, the community of character
which then subsisted between the physical and ethical
speculations prevailing at that time, ceased to ob-
tain in later times. Indeed, it ceased to exist just
at that time, in consequence of the estal;lishment of

D2
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scientific astronomy by the exertions of Plato and his
contemporaries. From that time the Common Sense
(as we call it) of a man like Socrates, though it might
be a good guide in ethics, was not a good guide in phy-
gics. I have shown elsewhere’ how the Common Sense
of Socrates was worthless in matters of astronomy.
From that time one of the great intellectual lessons
was, that in order to understand the external world, we
must indoed observe carefully, but we must also guess
boldly. Discovery here required an inventive mind
like Plato’s to deal with®and arrange new and varied
facts. But in ethics all the facts were old and fami-
liar, and the generalizations of language by which
they were grouped as Virtues and Vices, and the like,
were common and well-known words. Here was no
room for invention; and thus in the ethical specula-
tions of Socrates or of any other inoral teacher, we
are not to look for any contributions to the Philosophy
of Discovery.

Nor do I find anything on this subject among later
Greek writers, beyond the cominendation of such in-
tellectual virtues as Hippocrates and Galen, and other
medical writers, schooled by the practice of their art,
enjoined and praised. But before we quit the ancients
I will point out some peculiarities which reay be noticed
in the Roman disciples of the Greek philosophy.

7 Hist. Ind. Sc. Addition to Introduction in Third Edition.



CHAPTER VII

Tae RoMANS.

THE Romans had no philosophy but that which
they borrowed from the Greeks;,and what they
thus received, they hardly made entirely their own.
The vast and profound question of which we hgve
been speaking, the relation betwgen KExistence and
our Knowledge of what exists, they never appear to
bhave fathomed, even so far as to discern how wide
and deep it is. In the development of the ideas by
which nature is to be understood, they went no fur-
ther than their Greek masters had gone, nor indeed
was more to be looked for. And in the practical
habit of accumulating observed facts as materials for
knowledge, they were much less discriminating and
more credulous than their Greek predecessors. The
descent from Auristotle to Pliny, in the judiciousness
of the authors and the value of their collections of
facts, is immense. )
Since the Romans were thus servile followers of
their Greek teachers, and little acquainted with any
example of new truths collected from the world around
them, it was not to be expected that they could have
any just conception of that long and magnificent ascent
from one set of truths to others of higher order and
wider compass, which the history of science began to
exhibit when the human mind recovered its progres-
sive habits. Yet some dim presentiment of the splendid
career thus destined for the intellect of man appears:
from time to time to have arisen in their minds. Per-
haps the circumstance which most powerfully contri-
buted to suggest this vision, was the vast intellectual
E:ogress which they were themselves conscious of
ving made, through the introduction of the Greek
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philosophy; and to this may be added, ge‘{hapa, some
other features of national character. eir temper
was too stubborn to acquiesce in the absolute authority
of the Greek philosophy, although their minds were
not inventive enough to establish a rival by its side.
And the wonderful progress of their political power
had given them a hope in the progress of man which
the Grecks never possessed. The Roman, as he be-
lieved the fortunc of his State to be destined for
eternity, believed also in the immortal destiny and
endless advanceof that Intellectual Republic of which
he had been admitted a denizen.

Lt is easy to find examples of such feelings as I have
endeavoured to describe. The enthusinsm with which
Lucretius and Virgil speak of physical knowledge,
manifestly arises in a great measure from the delight
which they Lad felt in becoming acquainted with the
Greek theoricy,

Me vero primum dulces ante omnia Mus®»
Quarum sacra fero ingenti perculsus amore
Accipiant, ceelique vias et sidera monstrent,
Defectus Solis varios, Lunm=que laborest, ..
Felix qui potuit rerum cognoscere causas!

Ye sacred Muses, with whos: beauty fir'd,

My soul is ravisht and my brain inspir'd:

W{oae Priest I am, whbose holy fillets wear,

‘Would you your Poet's first petition hear,

Give me the ways of wand'ring stars to know,

The depth of Huaven above and Earth below;

Teach me the various labours of the Moon,

And whence proceed th' eclipses of the Sun;

Why flowing Tides prevail upon the main,

And in what dark al:{u they shrink again;

‘What shakes the solid Earth; what cause delays

The Summer Nights; and shortens Winter Days. . .
Happy the man who, studying Nature’s Laws,

Through known effects can irace the secret cause!

Ovid' expresses a similar feeling.

Felices animos quibus hec cognoscero primis
« Inque domos superas scandere cura fuit!..,

-— —

1 Lib. i Fast.
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Admovere oculis distantia sidera nostris
Aitheraque ingenio supposuere suo,

Sic petitur cwlum: non ut ferat Ossam Olympus
Summaque Peliacus sidera tanget apex.

Thrice happy souls! to whom.’twas given to rise
To truths like these, and scale the spangled skies!
Far distant stars to clearest view they brought,
And girdled other with their chain of thought.

So heaven is reached :—not as of old they tried
By mountains piled on mountains in their pride,

And from the whole tenour of these and similar
passages, it is evident that the inteljectual pleasure
which arises from our first introduction to a beautiful
physical theory had a main share in producing this
enthusiasm at the contemplation of the victories of
science; although undoubtedly th¢ moral philosophy,
which was never separated from the natural philosophy,
and the triumph over superstitious fears, which a know-
ledge of nature was supposed to furnish, added warmth
to tho feeling of exultation.

We may trace a similar impression in the ardent
expressions which Pliny® malkes use of in speaking of
the early astronomers, and which we have quoted in
the History. ¢ Great men! elevated above the com-
mon standard of human nature, by discovering the
laws which celestial occurrences obey, and by freeing
the wretched mind of man from the fears which
eclipses inspired.”

This exulting contemplation of what science had
done, naturally led the mind to an anticipation of
further achievements still to be performed. Expres-
sions of this feeling octur in Seneca, and are of the
most remarkable kind, as the following example will
show®:

* 'Why do we wonder that comets, so rare a pheno-
menon, have not yet had their laws assigned I—that we
should know 8o little of their beginning and their end,
when their recurrence is at wide intervals? It is not
yet fifteen hundred years since Greece,

Stellis numeros et nomina fecit,

* Hist. Nat.1 7s. 3 Querst. Nat, vil 25,
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¢reckoned the stars, and gave them names’ There
are still many nations which are acquainted with the
heavens by sight only; which do not yet know why the
moon disappears, why she is eclipsed. It is but lately
that among us philosophy has reduced theso matters
to a certainty. The day shall come when the course
of time and the labour of a maturer age shall bring
to light what is yet concealed. Onc generation, even
if it devoted itself to the skies, is not enough for re-
searches so extensive, How then can it be so, when
we divide this scanty allowance of years into no equal
shares between” our studies and our vices? These
things then must be explained by a long succession of
inquiries. We have but just begun to know how
arise the morning ‘and cvening appearances, the sta-
tions, the progressions, and the retrogradations of the
fixed stars which put themselves in our way ;—which
appearing perpetually in another and another place
compel us to be curious. Some one will hereafter
demonstrate in what region the comets wander; why
they move so far asunder from the rest; of what size
and nature they are. Let us be content with what we
have discovered : let posterity contribute its share to
truth.” Again he adds* in the same strain: “Let
us not wonder that what lies so deep is brought out
so slowly. How many animals have become known
for the first time in this age! And the members of
future generations shall know many of which we are
ignorant. Many things are reserved for ages to come,
when our memoty shall have passed away. The world
would be a small thing indeed, if it did not contain
matter of inquiry for all the world. Eleusis reserves
something for the second visit of the worshipper. So
too Nature does not at once disclose all HER mysteries.
‘We think ourselves initiated ; we are but in the ves-
tibule. The arcana are not thrown open without
distinction and without reserve. This age will see
pome things; that which comes after us, others.”

4 Quast, Nat. viL 30, 31,
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‘While we admire the happy coincidence of these
conjectures with the soundest views which the history
of science teaches us, we must not forget that they
are merely conjectures, suggested by very vague im-
pressions, and associated with very scanty conceptions
of the laws of nature. Seneca’s Natural Questions,
from which the above extract is talen, contains a scries
of dissertations on various subjects of Natural Philo-
sophy; as Meteors, Rainbows, Lightnings, Springs,
Rivers, Snow, Hail, Rain, Wind, Earthquakes and
Comets. In the whole of these dissertations, the
statements are loose, and the explanations of little or
no value. Perhaps it may be worth our while to
notice a case in which he refers to an observation of
his own, although his conclusion frolm it be erroneous.
He is arguing® against the opinion that Springs arise
from the water which falls in rain. “In the first
place,” he says, “I, a very diligent digger in my vine-
yard, affirm that no rain 1s so heavy as to moisten the
carth to the depth of more than ten feet.- All the
moisture is consumed in this outer crust, and descends
not to the lower part.” We have here something of
the nature of an experiment; and indeed, as we may
readily conceive, the instinet which impels man to
seek truth by cxperiment can never be altogether ex-
tinguished. Scneca’s experiment was deprived of its
value by the indistinctness of his ideas, which led him
to rest in the crude conception of the water being
“consumed ” in the superficial crust of the earth.

It is unnecessary to pursue further the reasonings
of the Romans on such subjects, and we now proceed
to the ages which succeeded the fall of their empire.

5 Ibid. il 7.
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ARABIAN PHILOSOPHERS.

HAYVE noticed certuin additions to Physical Science

made by the Arabians; namely, in Astronomy’.
The discovery of the motion of the Sun’s Apogee by
Albategnius, and the discovery of the Moon's Variation
by Aboul-Wefa; afid in Optics® the assertion of Alhazen
that the angle of refraction is not proportional to the
angle of incidence, as Ptolemy had supposed: and cer-
tain steps in the philosophy of vision. We must also
suppose, as‘the Arabic word alkali reminds us, that
the Arabians contributed to lay the foundations of che-
mistry. The question which we have here to ask is,
whether the Arabians made any steps beyond their
predecessors in the philosophy of discovery. And to
this question, I conceive the aunswer must be this:
that among them as among the Greeks, those who
practically observed nature, and especially those who
made discoveries in Science, must have had a practical
acquaintance with some of the maxims which are
exemplified in the formation of Science. To discover
that the Apogee of the Sun was 17 degrees distant
from the point where Ptolemy had placed it, Alba-
tegnius made careful observations, and referred them
to the theory of the eccentric, so as to verify or correct
that theory. And when, in the eleventh century,
Arzachel found the Apogee to be less advanced than
Albategnius had found it, he proceeded again to cor-
rect the theory by introducing a new movement of the
equinoctial points, which was called the T'repidation.

1 Hist, Ind. Sc. b. HiL, c. iv. sect, 8, $ Ibid. b, ix. c. i1
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It appeared afterwards, however, that, in doing this,
he had had too much confidence in the observations of
his predecessors, and thet no such movement as the
Trepidation really existed. In like manner to correct
Ptolemy’s law of refraction, Alhazen had recourse to
experiment : but he did not put his experiments in
the form of a Table, as Ptolemy had done. If he
had done this, he might possibly have discovered the
law of sines, which Snell afterwards discovered.

But though the Arabian philosophers thus, in some
cases, observed fucts, and referred {hose facts o
general nathematical laws, it does not appear that
they were led to put in any new or striking general
form such maxims as this: That the progress of Sei-
ence consists in the exact observatidn of facts and in
colligating them by ideas. Those of them who were
dissatisfied with the existing philosophy as barren and
uveless (for instance Algazel®), were led to point at
the faults and contradictions of that philosophy, but
did not attempt, so far as I know, to substitute for it
anything better. If they rejected Aristotle’s Organon,
they did not attempt to construct a new Organon for
themselves.

Indeed they do not appear even to have had suffi-
cient confidence in the real truth of the astronomical
theories which they had adopted from the Greeks,
always to corrcct and extend those where their obser-
vations showed that they required correstion and ex-
tension. Sometimes they did this, but not generally
enough. When Arzachel found by observation the
Apogee of the Sun to be situated too far back, he ven-
tured to correct Ptolemy’s statement of its motion.
But when Aboul-Wefa had really discovered the Vari-
ation of the Moon’s motion, he did not express it
by means of an epicycle. If he had done so, he would
hive made it unnecessary for Tycho Brahe at a later
period to make the same discovery.

8 Sea Hist, Ind. So. b.iv. c. L
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The moral of this incident is the same moral which we
have perpetually to note as taught us at every step by
the history of Science :—namely, the necessity of con-
stant, careful and exact observation of Facts; and the
advantage of devising a Theory, (even if it have to be
afterwards rejected,) by which the Facts shall be
bound together into a coherent whole,



CHAPTER IX.

Tae SCHOOLMEN OF THE MIDDLE AGES.

IN the History of the Sciences ® have dgvoted a Bovk
to the state of Science in the middle ages, and have
endeavoured to analyse the intellectual defects of that
period. Among the characteristic features of the hu-
man mind during those times, I bave noticed Indis-
tinctness of Ideas, a Commentatorial Spirit, Mysticism,
and Dogmatism. The account there given of this
portion of the history of man belongs, in reality,
rather to the History of Ideas than to the History of
Progressive Science. For, as we have there remarked,
theoretical Science was, during the period of which we
speak, almost entirely stationary; and the investiga-
tion of the causes of such a state of things may be
considered ag a part of that review in which we are
row engaged, of the vicissitudes of man’s acquaintance
with the methods of discovery. But when we offered
to the world a history of science, to leave so large a
chasm unexplained, would have made the series of
events seem defective and broken; and the survey of
the Middle Ages was therefore inserted. I would beg
to refer to that portion of the former work the reader
who wishes for information in addition to what is here
given.

The Indistinctness of Ideas and the Commenta-
torial Disposition of those ages have already been here
brought under our notice. Viewed with reference to
the oppesition between Experience and Ideas, on
which point, as we have said, the succession of opinions
in a great measure turns, it is olear that the commén-
tatorial method belongs to the ideal side of the ques-
tion: for the commentator seeks for such knowledge
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as he values, by analysing and illustrating what his
author has said; and, content with this material of
speculation, does not dosire to add to it new stores of
experience and observation. And with regard to the
two other features in the®character which we gave to
those ages, we may observe that Dogmatisin demands
for philosophical theories the submission of mind, due
to those revealed religious doctrines which are to guide
our conduct and direct our hopes: while Mysticism
elevates ideas into realities, aud offers them to us as
the objects of our réiigions regard. Thus the Mysti-
cism of the middle ages and their Dogmatism alike
avosc from not discriminating the offices of theoretical
and practical philusophy. Mjwticism claimed for ideas
the dignity and reality of principles of moral action
and religious hope: Dogmatism imposed theoretical
opinions respecting speculative points with the impe-
rative tone of rules of conduct and faith.

If, however, the opposite claims of theory and prac-
tice interfered with the progress of science by the con-
fusion they thus occasioned, they did so far more
by drawing men away altogether from mere physical
speculations. The Christian religion, with its pre-
cepts, its hopes, and its promises, became the leading
subject of men's thoughts; and the great active truths
thus revealed, and the duties thus enjoincd, made all
inquiries of mere curiosity appear frivolous and un-
worthy of man. The Fathers of the Church some-
times philesophized ill; but far more commonly they
were oo intent upon the great lessons which they had
to teach, respecting man’s situation in tho eyes of his
Heavenly Master, to philosophize at all respecting
things remote from the business of life and of no im-
portance in man’s spiritual concerns.

Yot man has his intellectual as well as his spiritual
wants. He has faculties which demand systems and
reasons, as well as precepts and promises. The Christ-,
ian doctor, who knew so much more than the heathen
philosopher respecting the Creator and Governor of the
universe, was not long content to know or to teach less,
respecting the universe itself. While it was still main-
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tained that Theology was the only really important
study, Theology was so extended and so fashioned as
to include all other knowledge: and ufter no long
time, the Fathers of the Church themselves became
the authors of systems of universal knowledge. 4
But whon this happened, the commentatorial spirit
was still in its full vigour. The learned Christians
could not, any more than the later Greeks or the
Romans, devise, by the mere force of their own inven-
tion, new systems, full, comprehensive, and convected,
like those of the heroic age of ®philusophy. The aame
mental tendgncies which led men to Jook for specula~
tive coherence and completeness in the view of the
universe, led them also to admire and dwell upon the
splendid and acute speculations of the Greeks. They
were content to find, in those immortal works, the
answers to the questions which their curiosity prompt-
ed; and to seck what further satisfaction they might
require, in analysing and unfolding the doctrines pro-
mulgated by those great masters of knowledge. Thus
the Christian doctors bécame, as to general philosophy,
commentators upon the ancient Greck teachers,
Among these, they selected Aristotle as their pecu-
Liar object of admiration and study. The vast store,
both of opinions and facts, which his works contain,
his acnte distinctions, his cogent reasons in some por-
tions of his speculations, his symmetrical systems in
almost all, naturally commended him to the minds of
subtle and curious men. ' We may add that Plato,
who taught men to contemplate Ideas separate from
Things, was not so well fitted for general acceptance
88 Aristotle, who rejected this separation. For al-
though the due apprehension of this opposition of Ideas
and gansutions is a nccessary step in the progress of
true philosophy, it requires a clearer view and a more
‘balanced mind than the common herd of students
possess; and Aristotle, who evaded the necessary per-
plexities in which this antithesis involves us, appeared,
to the temper of those times, the easier and’ the
plainer guide of the two.
" The Doctors of the middle ages having thus adopted
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Avristotle as their master in philosophy, we shall ot be
surprised to find them declaring, after him, that ex-
perience is the source of our knowledge of the visible
world. But though, like the Greeks, they thus talked
of experiment, like the Grecks, they showed little
disposition to discover the laws of nature by observa-
tion of facts, This barren and formal recognition of
experience or sensation as one source of knowledge,
not being illustrated by a practical study of nature,
and by rveal theoretical truths obtajued by such a
study, remained over' vague, wavering, and empty.
Such a mere acknowledgment capnot, ig any times,
ancient or modern. be considered as indicating a just
apprehension of the true basis and nature of science. _
In imperfectly perceiving how, and how fur, oxpe-
rience is the source of our knowledge of the external
world, the teachers of the middle ages were in the
dark ; but so, on this subject, have been ahnost all the
writers of all ages, with the exception of thuse who
in recent times have had their minds enlightened by
contemplating philosophically the modern progress of
science. The opinions of the doctors of the middle
ages on such subjects gencrally had thoso of Aristotle
for their basis; but the subject was often still further
analysed and systematized, with an acute and metho-
dical skill hardly inferior to that of Aristotle himself.
The Stagirite, in the beginning of his Physics, had
made the following remarks. “In all bodies of doo-
trine which invelve principles, causes, or elements,
Scionce and Knowlegge arise from the knowledge
of these; (for we then comsider ourselves to Anow
respecting any subject, when we know its first cause,
its first principles, its ultimate eloments) 1t is evi-
dent, therefore, that in seeking & knowledge of
nature, we must first know what are its princi
But the course of our knowledge is, from the
which are better known and more manifest to us, to
,the, things which are more certain and evident im
nature. For those things which are most evident in
truth, are not most evident to us. [And conzequently
we must advance from things obecure in nature, but



. SBOHOOLMEN OF THE MIDDLE AGES. 40

manifegt to us, towards the things which are resllilin
nature mdre.clear and certain.] The .things which
are first obvious and apparent to us are complex; and
from’ thes¢ we obtain, by analysis, principles and ele-
ments. 'We-must proceed, from universals to particu- -
lars. For the whole is better known to our senses
than the parts, and for the same reasan, the universal
better known than the particular. And thus words
signify things in a large and indiscriminate way,
which is sfterwards analysed by definiition; as we see
that the cliildren at first call oll men father, and all
women mother, but afterwards learn to distinguish.”

There are’varicus agsortions contained in this ex-
tract which came to be considered as standard maxims,
and which occur constantly in the writers of the mid-
dle ages. Such are, for instapce, the maxim, “ Verd
scire est per causas scire;” tho remark, that com-
pounds are known to us before their parts, and the
illustration from the expressions used by children.
Of the mode in which this subject was treated by the
schoolmen, we may judge by looking at passages of
Thomas Aquinas which treat of the subject of the
human understanding. In the Summa Theologicer, the
cighty-fifth Question is On the manner and order of
understanding, which subject he cousiders in.eight
Articles; and these must, even now, be looked upon
as exhibiting many of the most important and inter-
esting points of the sabject. They are, First, Whether
our understanding understands by abstracting ideas
(species) from appearances; Second, Whether intelli-
gible species abstracted from appearances are related
to our understanding as that which we understand, or
that by which we undorstand; Z%hird, Whether our
understanding does naturally understand universals
first; Fourth, Whether pur understanding can under-
stand many things at once; Fifth, Whether our un-
- derstanding understands by compounding and dividing ;
Siwth, Whether the understanding can err; Sevenih,
Whether one person can understand the same thing
better than another; Aighth, Whether our under-
‘standing understands the indivisible sooner than the
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divisible. And in the discussion of the last point, for
example, reference is made to the passage of Aristotle
which we have alrcady quoted. “It may seem,” he
says, “that we understand the indivisible before the
divisible; for the Philosopher says that we understand
and know by knowing principles and elements; but
indivisibles ave the principles and elements of divisible
things. But to this we may reply, that in our receiving
of science, principles and clements are not always
first; for sometimes from the sensible effects we go on
to the knowledge of intelligible principles and causes.”
We sce that both the objection-and the answer are
drawn from Aristotle.

We find the saume close imitation of Aristotle in
Albertus Magnus, who, like Aquinas, flourished in the
thirteenth century. Albertus, indeed, wrote treatises
corresponding to almost all those of the Stagirite, and
was called the Ape of Arestotle. In the beginning of
his Physics, he says, “ Knowledge does not ulways
begin from that which is first according to the nature
of things, but from that of which the knowledge is
easiest. For the human intellect, on account of its
relation to the senses (propter reflexionem quam habet
ad senaum), collects scicuce from the senses; and thus
it is easier for our knowledge to begin from that which
we can apprehend by sense, imagination, and intellect,
than from that which we apprehend by intellect alone.”
We see that he has somewhat systematized what he
has borrowed,

This disposition to dwell upon ahd systematize the
leading doctrines of metaphysics assumed a more defi-
nite and permanent shape in the opposition of the
Realists and Nominalists. The opposition involved in
this controversy is, in fact, that fandamental antithesis
of Sense and Ideas about which philogophy has ulways
been engaged; and of which we have marked the
manifestation in’ Plato and Aristotle. The question,
‘Wha, is the object of our thoughts when we reason
oohcerning the external worldg must ocour to all
speculative minds : and the difficulties of the auswer

-are manifest. We must reply, either that our own
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Ideas, or that Sensible Things, are the elements of
our knowledge of nature. And then the scruples

in occur,—how we have any general knowledge if
our thoughts are fixed on particular objects; and, on
the other hand,—how we can attain to any true know-
ledge of nature Ly contemplating ideas which are niot
identical with ohjects in nature. The two oppusite
opinions maintained on this subject were, on the one
side,—that our general propositions refer to objects
which are real, though divested of the peculiarities of
individuals; and, oun the othd side,—that in such
propositions, individuals are not represented by any
reality, but bound together by a name. These two
views were held by the Realists and Nominalists re-
spectively : and thus the IRealist manifested the adhe-
renee to Ideas, und the Nominalist the adherence to
the impressions of Sense, which have always existed
as opposite yet correlative tendencies in man.

The Realists were the prevailing sect in the Scho-
Iastic times : for example, both Thomas Aquinas and
Duns Scotus, the Adngelical and the Subtle Doctor,
held this opinion, althvugh opposed to each other in
ruany of their leading doctrines on other subjects.
And as the Nominalist, fixing his attention upon sen-
sible objects, is obliged to consider what is the princi-
ple of generalization, in order that the possibility of
uny general proposition may be conceivable; so on the
other hand, the Realist, beginning with the contom-
plation of universal ideas, is compelled to ask what is
the principle of individuation, in order that he may
comprehend the application of genoral propositions in
ench particular instance. This inquiry concerning the
principle of individuation was accordingly a problem
which occupied all the leading minds among the
Schoolmen'. It will be apparent from what has been
said, that it is only onc of the many forms of the
fundamental antithesis of the Ideas and the Senses,
which we have constantly before us in this review. ,

1 8e¢ the opinion of Aquinas, in Degerando, Hist. Com. des Syst, iv. 459:
of Duns Bootus, #bid. iv. sa3.
E2
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. The recognition of the derivation of our knowledge,
in part at least, from Experience, though always loose
and incomplete, appears often to be independent of the
Peripatetic traditions. Thus Richard of 8t. Victor,
a writer of contemplative theology in the twelfth cen-
tury, says’, that ¢“there are three sources of know-
ledge, experience, reason, faith. Some things we prove
hy experiment, others we collect by reasoning, the
certainty of others we hold by believing. And with
regard to temporal matters, we obtain our knowledge
by actual experience®; the other guides belong to
divine knowledge.” Richard also proponnds a division
of human knowledge which is clearly not derived
directly from the ancients, and which shows that coun-
siderable attention must have been paid to such specu-
lations. He begins by laying down clearly and broadly
the distinction, which, as we have seen, is of primary
importance, between practice and theory. Practice, ho
says, includes seven mechanical arts; those of the
clothier, the armourer, the navigator, the hunter, the
physician, and the player. Theo:y is threefold, divine,
natural, doctrinal; and is thus divided into Theology,
Physics, and Muthematics. Mathematics, he adds,
treats of the invisible forms of visible things. We
have seen that by many profound thinkers this word
Jorms has been selected as best fitted to describe those
relations of things which ave the subject of mathema-
tics. Again, Physics discovers causes from their effects
and effects from their causes. It would not be easy
at the present day to give a hetter account of the ob-
ject of physical science. But Richard of 8t. Victor
makes this account still more remarkably judicious,
by the examples to which he alludes; which are
carthquakes, the tides, the virtues of plants, the in-
stincts of animals, the classification of minerals, plants
and reptiles, : '
Unde tremor terris, qué vi maria salta tumescant,
. Herbarum vires, animos irasque ferarum, .
Owmne genus frutioum, lapidum quoque, reptiliumque,

* Liber Eccerptionum, Lib. Lo, L
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He further adds’, “Physical science ascends from
offects to causes, and descends again fromr causes to
effects” This declaration Francis Bacon himself
might have adopted. It is true, that Richard would
probably have been little able to produce any clear
and definite instances of knowledge, in which this
ascent and descent were exemplified; but still the
statement, even considered as a mere conjectural
thonght, containg a portion of that sagacity and com-
prehensive power which we adryire so much in Bacon.

Richard of 8t Victor, who lived in the twelfth
century, thus exhibits more vigour and independence
of speculative power than Thomas Aquinas, Albertus
Magnus, and Duns Scotus, in the thirtcenth. In the
interval, about the end of the twelfth century, the
writings of Aristotle had become generally known in
the West; and had been elevated into the standard of
philosophical doctrine, by the divines mentioned above,
who felt a reverent sympathy with the systematizing
and subtle spirit of the Stagivite as soon as it was
made manifest to them. These doctors, following the
example of their great forerunner, reduced evory part
of human knowledge to a systematic form ; the sys-
tems which they thus framed were presentod to men’s
minds as the only true philosophy, and dissent from
them was no longer considered to be blameless. It was
an offence against religion as well as reason to reject
the truth, and the truth could be but one. In this
manner arose that claim which the Doctors of the
Church put forth to control men's opinions upon all
subjects, and which we have spoken of in the History
of Scvience as the Dogmatism of the Middle

ere ia no difficulty in giving examples of this cha-
racteristic. We may take for instunce a Statute of
the University of Paris, occasioned by a Bull of Pope
John XXI.,, in which it is enacted, *that no Master
or Bachelor of any faculty, shall presume to read lec-
tures upon any author in a private room, on account
of the many perils which may arise therefrom; but

 Ir. Ko Lib. 1 e vit.



54 PHILOSOPHY OF DISCOVERY.

shall read in public places, where all may resort, and’
may faithfully report what is there taught; excepting
only books of Grammar and Logie, in which there can
be no presumption.” And certain errors of Brescian
are condemned in a Rescript® of the papal Legate
Odo, with the following expressions: “ Whereas, as
we have been informed, certain Logical professors
treating of Theology in their disputations, and Theo-
logiang treating of Logic, contrary to the command of
the law are not afraid to mix and confound the lots
of the Lord’s heritage ; we exhort aud admonish your
University, all and singular, that they be content with
the landmarks of the Sciences and Faculties which
our Fathers have fixed; and that having due fear of
the curse pronounced in the law agninst him who
removeth his ncighbour’s landmark, you hold such
sober wisdom according to the Apostles, that yo may
by no means incur the blame of innuvation or pre-
sumption.”

The account which, in the History of Science, I gave
of Dogmatism as a characteristic of the middle ages,
has been indignantly rejected by a very pleasing
modefn writer, who has, with great feeling aud great
diligence, brought into view the merits and beauties
of those times, termed by him Ages of Fuith. He
urges® that religious authority was never claimed for
physical science : and he quotes from Thomas Aquinas,
a passage in which the author protests against the
practice of confounding opinions of philosophy with
doctrines of faith. We might quote in return the Re-
script” of Stephen, bishop of Paris, in which he declares
that there can be but one truth, and rejects the dis-
tinction of things being true according to philosophy
and not according to the Catholic faith; and it might -
be added, that among the crrors condemned in this
document are some of Thomas Aquinas himself We
might further observe, that if no physical doctrines

L] s e il e v m Gt e i i 5 i

4 Tenneman, vill. 461,
3 Mores Catholict, or Ages of Faith, vill. p. ags.
¢ Tepneman, vill. 450,
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were condemued in the tnmos of which we now speak,
this Wwas because, on such subjects, no new opinions
were promulgated, and' not because opinion was free.
As soon 88 new opinions, even on physical subjects,
attracted gencral notice, they wcre prohlbm:d by
authority, as we see in the cose of Galileo?.

But this disinclination to recognize philosophy as
independent of religion, and this disposition to find in
new theories, even in physical ones, something contrary
to religion or scripture, are, it, would scem, very na-
tural tendencies of theologlaun "and it would be unjust
to asscrt that %nese propensities were confined to the
periods when the authority of papal Rome was highest;
or that the spirit which has in a t degree con-
trolled and removed such habits wns introduced by
the Reformation of religion in the sixteenth century.
We must trace to other causes, the clear and general
recognition of Philosophy, ‘as distinet from Theology,
and independent of her authority. In the earlier ages
of the Church, indeed, this separation had heen ac-
knowledged. St. Augustin says, * A Christian should
beware how he speaks on questions of natural philo-
sophy, as if they were doctrines of Holy Secripture; for

7 If there were any doubt on this
subject, wu might refer to the writera
who afterwards ynestioncd the su-
premacy of Aristotle, and who with
one voice assert that an infallible
authority had been claimed for bim.
Thus Laurentius Valla: “ Quoiminus
ferendi sunt recentes Peripatetici,
quif nulllus scote hominibus interdi-
ennt libertate ab Aristotele dissenti-
endi, quaxst sophos hic, non philoso-
phus” Pref. in Dial (Tennoman, ix.

, So Ludovicus Vives: “Suntex
Philoiophis et ox theologis qui non
solum quo Aristoteles pervenit ex-
fremom esse alunt naturs, sed qui
perventt ¢am rectissimam esse om-
nivin et certimimam in natura viam.”

(Tenneman, ix. 43) We might urge
too, the evasions pructised by philo-
sophical Reformers, through fear of
the dogmatism to which they had to
submit; for example, the protosta-
tion of Telesius nt the end of the
Proem to his work, s Rerum Na-
tura: “Nec tamen, si quid eorum
qua nobis posita sunt, sacrix lterls, ,
Catholiceve ccclesiie decretis non
oohrereat, tenendum {4, quin penitua
reficlendum asseveramus contendi-
muasque. Neque enim Awmana modo
ratio quevis, sed ipee etiam sensus
1lis posthadendus, eb 3t 1llts nonton-
gruat, abnegandus omnino et ipse
etiam est sensus.”
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an infidel who should hear him deliver absurdities
could not avoid laughing. Thus the Christian ‘would
be confused, and the infidel but little edified; for the
infidel would conclude that our authors really enter-
tained these extravagant opinions, and therefore they
would despise them, to their own eternal ruin. Tbere-
fore the opinions of philosophers should never be pro-
poscd as dogmas of faith, or rejected as contrary to
faith, when it is not certain that they are so.” These
words are quoted with approbation by Thomas Aqui-
nas, and it i®said? are cited in the same manner in
every encyclopedical work of the middJe ages. This
warning of genuine wisdom was afterwards rejected,
as we have seon; and it is only in modern times that
its value has again been fully recognized. And this
improvement we must ascribe, mainly, to the progress
of physical seience. For a great hody of undeniable
truths on physical subjects being accumulated, such as
had no reference to nor connexion with the truths of
religion, und yet such as possessed a strong interest for
most men’s minds, it was impossible louger to deny
that there were wide provinces of knowledge which
were not included in the dominions of Theology, and
over which she had no suthority. In the fifteenth
and sixteenth centuries, the fundamental doctrines of
mechanicy, hydrostatics, optics, magretics, chemistry,
were ostablished and promulgated; and along with
them, a vast train of consequences, attractive to the
mind by the ideal relations which they exhibited, and
striking. to the senses by the power which they gave
man ‘over nature. Here was a region in which phile-
sophy felt herself entitled and impelled to assert her
independence. From this region, thero is a gradation
of subjects in which philosophy advénces more ‘and
more towards the peculiar domain of religion; and at
some intermediate points there hdve been, and

- bably will always be, conflicts respecting the boundary
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line of the two fields of speculation. For the limit is
vague and obspure, and appears to fluctuate and shift.
with the progress of time and knowledge. .

Our business at present is not with the whole ex-
tent and limits of philosophy, but with the progress of
physical science more particulurly, and the methods by
which it may be attained: and we are endeavouring
to trace historically the views which have prevailed
respecting such methods, at various periods of man’s
intellectual progress. Among the most conspirnous of
the revolutions which opinio on this subject have
undergone, is the transition from ag implicit trust in
the internal powers of man’s mind to a professed de-
pendence upon external observation ; and from an un-
bounded veverence for the wisdom of the past, to «
fervid ‘expectation of change and improvement. The
origin and progress of this djposition of mind ;—the
introduction of a stute of things in which men not
only obtained a body of indestructible truths from
experience, and increased it from generation to gene-
ration, but professedly, and we muy say, ostonta-
tiously, declared such to be the source of their know-
ledge, and such their hopes of its destined earver;—
the rise, in shurt, of Experimental Philosophy, not
only as a habit, but as a Philosophy of Experionce, is
what we must now endeavour to exhibit,



CHAPTER X
Tre INNOVATORS OF THE MIDDLE AGES.

. DBaysiond Lully.

1. General Remarks.—IN the rise of Experimental
Philosophy, understanding the term in the way just
now stated, two features have already been alluded to:
the disposition to cast off the prevalent reverepce for
the opinions and methods of preceding teachers with
an eager expectation of some vast advantage to be de-
rived froin a change; and the belief that this improve-
reent must be sought by drawing our knowledge from
external observation rather than from mere intellectual
efforts ;—the Insurrection against Authority, and the
Appeal to Eaxperience. There two movements were
closely connected ; but they may easily be distinguished,
and in fact, persons were very prominent in the former
part of the task, who had no comprehension of the lat-
ter principle, from which alone the change derives its
value. There were many Malcontents who had not
the temper, talent or knowledge, which fitted them to
be Reformers.

. The authority which was questioned, in the struggle
of which we speak, was that of the Scholastic System,
the combination of Philosophy with Theology ; of which
Aristotle, ented in the form and manner which the
Doctors of the Church had imposed upon him, is to be
considered the representative.. When there was de-

nded of men a submission of the mind, such as thia
system claimed, the natural love of freedom in man's
bosom, and the speculative tendencies of his intellect,
rose in rebellion, from time to time, against the ruling
oppression., We find in all periods of the scholastic

. ages examples of this disposition of man to resist over-
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strained authority; the tendency being mostly, how-
ever, combined with a want of solid theught, and
showing itself in extravagant pretensions and fantasti-
cal gystems put forwards by the insurgents. We have
pointed out one such. opponent’ of the established sys-
tems, even among the Arabian schoolmen, a more
servile race than ever the Europeans were. We may
here notice more especially an extraordinary character
who appeared in the thirteenth century, and who may
be considered as helonging to the Prelude of the Re-
form in Philosophy, although he had a0 share in the
Reform itsclf. .

2. Raymond Indly.— Raymond Lully is perbaps
traditionally best known as an Alchemist, of which
art he appears to have been a cultivator. But this
was only one of the many impulses of a spirit ardently
thirsty of knowledge and novelty. He had® in his
youth, been a man of pleasure, hut was driven by a
sudden shock of feeling to vesolve on a complete change
of life. He plunged into solitude, endeavoured to still
the remorse of his conscience by prayer and penauce,
and soon had his soul possessed by visions which he
conceived were vouchsafed to him. In the feeling of
religious enthusiasm thus excited, he resolved to de-
vute his life to the diffusion of Christian truth emong
Heathens and Mahomeduns. For this purpose, at the
age of thirty he betook himsolf to the study of Gram-
mar, and of thg Arabic language. He breathed earnest
supplications for an illumination from above; and these
were answered by his receiving from heaven, as his
admivers declare, his Ars Hagra by which he was able
without labour or effort to learn and apply all know-
ledge. The real state of the case iy, that he put hims
self in opposition to the established systems, and pro-
pounded a New Art, from which he promised the most
wonderful results; but that his Art really is merely a
mode of combining ideal coneeptions without ‘any re-
forence to real sources of knowledge, or any possibility

1 Algagel. Soo Hiet, Ind. Sc.b.iv. o1
? Tenncman, vill. 830,
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of real advantage. In a Treatise addresged, in A.D.
1310, to King Philip of France, entitled Liber La-
mentationis Duodecim Principioriem Philosophice conira
Averroistas, Lully introduced Philosophy, accompanied
by her twelve Principles, (Matter, Form, Generation,
&ec.) uttering loud complaints against the prevailing
system of doctrine; and represents her as presenting
to the king a petition that she may be upheld and
restored by her favourite, the Author. His Z'abule
Generalis ad omnes Scientias applicabilis was begun
the 15th Septamber, 1592, in the Harbour of Tunis,
and finished in 1293, at Naples, In order to frame an
Art of thus tabulating all existing sciences, and indecd
all possible knowledge, he divides into various classes
the conceptions with which he has to deal. The first
class contains nine Absolute Conceptions: Goodness,
Greatness, Duration, Power, Wisdom, Will, Virtue,
Truth, Majesty. The second class has uine Relative
Conceptions : Difference, Identity, Contrariety, Begin-
ning, Middle, End, Majority, Equality, Minority. The
third class contains nine Questions: Whether? What ?
Whence? Why? How great? How circumstanced?
When? Where? and How? The fourth class containg
the nine Most General Subjects: God, Angel, Heaven,
Man, Imaginativumn, Sensitivum, Vegetativim, Elemen-
tativum, Instrumentativum. Then come nine Predica-
merds, nine Moral Qualities, and so on. These con-
ceptions are arranged in the compartments of certain
concenitric moveable circles, and give-various combina-
tions by means of triangles and other figures, and thus
propositions are constructed.

1t must be clear at once, that real knowledge, which
is the unign of facts and ideas, can never result from
this yachinery for shifting about, joining and.disjoin-
ing, empty concepsions. This, and all similar schemes,
g0 upen the supposition that the logical eombinations of
notions do of themnolves compose knowledge; and that
really existing things may be arrived at by a succcssive
system of derivation from our most genetal ideas, It
is imagined that. by distributing the nomenclature of
abstract idoas aecording to the place which they can
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hold in our propositions, and by combining them ac-
cording to certain conditions, we may obtain formule
including all possible truths, and thus fabricate a
geience in which all sciences are contained. 'We thus
obtain the means of talking and writing upon all sub-
jects, without the trouble of thinking: the revolutions
of the emblematical figures are substituted for the
operatione of the mind. Both exertion of thought,
and knowledge of facts, become superfluous.  And this
reflection, adds an intelligent author®, expluins the
enormous number of books whith Lullyis said to have
written ; for he might have written.those even during
hia slecp, by the aid of a moving power which should
keep his wmachine in motion. Having once devised
this invention for manufacturing science, Lully varied
it in a thousand ways, and fullowed it into a variety
of developments. Besides Synoptical Tables, he em-
ploys Genealogical Trees, each of which he dignifies
with the name of the Tree of Science. The only requi-
site for tho application of his System was a certain
agreement in the numbers of the classes into which
different subjects were distributed; and as this sym-
metry does not really exist in the operations of our
thoughts, some violence was done to the natural dis- -
tinction and subordination of conceptions, in order to
fit them for the use of the system.

Thus Lully, while he professed to tecach an Art
which was to shed new light upon every part of
science, was in fact employed in & pedsntic and trifling
repetition of known truths or truisms; and while he
complained of the errors of existing methods, he pro-

in their place one which was far more empty,

E:rren, and worthless, than the customary processes of
human thought. Yet his method is spoken of* with

o~

3 Degerando, 1v. s3s.

4 Lefbnita’s expressions are, (Op. t.
vh p. 16): “Quand Pétais jeune, jo
prenots quelque al'Art de Lulle, mais
Ju crus y entrevoir blen des défoctun.
«itds, dont J'af dit quelque chose dans
un petit ‘Essal d'deolier intitulé De

Arte Combinatoria, publié en 1666, et
qui a 68 reimpriméaprds malgré mol.
Mais comme jo ne méprige rien facile-
ment, excepté les arte divindtoires
que ne sont quedes tromperies toutes
pures, §'al trouvé quelgue chose des-
timable’oncore dans V' 4r¢ de Lulle.”
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some praise by Leibnitz, who indecd rather delighted
in the region of idcas and words, than in the world of
realities. But Francis Bacon speaks far otherwise and
more justly on this subject®. It is not to be omitted
that some men, swollen with emptiness rather than
knowledge, have laboured to produce a certain Method,
not deserving the name of a legitimate Method, since
it is rather a method of hmposture: which yet is
doubtless highly grateful to certain would-be philoso-
phers.  This method scatters about certain little drops
of science in guch a tnanner that a smatterer may
make a perverse and ostentatious use of them with a
certain show of learning. Such was the art of Lully, -
which consisted of nothing but & mwass and heap of the
words of each scienice; with the inteution that he who
can readily produce the words of any science shall be
supposed to know the science itself. Such collections
are like a rag shop, where you find a patch of every-
thing, but nothing which is of any value.”

6 I orka, Vil 206



CHAPTER XI.

THE INNOVATORS OF THE MIDDLE AGER—CONTINUED.

Roger Bacon.
Ed

‘ N? E now come to a philosopher of & very different

character, who was impelled to declare his dissent
from the reigning philosophy by the abundance of his
knowledge, and by his clear apprehénsion of the mode
in which real knowledge Lad Leen acquired and must
be increased.

Roger Bacou was born in rzry, near Ilchester, in
Somersetshive, of an old family. In his youth he was
a student at Oxford, and made extraordinary progress
in all branches of learning. IIe then went to the
University of Paris, as was ut that time the custom
of learned Englishmen, and there received the degree
of Doctor of Theology. At the persuasion of Rohert
Qrostéte, bishop of Lincoln, he entered the brother-
hood of Franciscans in Oxford, and gave himself up to
study with extruordinary fervour. He was termed by
his brother monks Doctor Mirabilis. 'We kndw from
his own works, as well as from the traditions concern-
ing him, that he possessed an intimate acquaintance
with all the science of his time which could be ac-
quirved from books; and that he had made many re-
markable advances by means of hisown experimental
Inbours. He was acquainted with Arabic, as wéll as
with the other languages common in -his timie. In
the title of his works, we find the whole vange of
soience and philosophy, Mathematios and Mechanics,
Optics, Astronomy, Geography, Chronology, Chemistry,

agic, Music, Medicine, Grammar, Logic, Metaphygics,
Ethies, and Theology; and judging from those which
are publishod, these works are full of sound and exact
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knowledge. He is, with good reason, supposed to
have discovered, or to have had some knowledge of,
several of the most remarkable inventions which were
made generally known soon afterwards; as gunpow-
der, leuses, burning speculs, telescopes, clocks, the
correction of the calendar, and the explanation of the
rainbow.

Thus possessing, in the acquirements and habits of
his own mind, abundant examples of the naturo of
knowledge and of the process of invention, Roger
Bacon felt alsq a deep ¢nterest in the growth and pro-
gress of science, o spirit of inquiry respecting the
causes which produced or prevented its advance, and
a fervent hope and trust in its future destinies; and
these feeliugs impelled him to speculate worthily and
wisely respecting a Reform of the Method of Philoso-
phizing. The manuscripts of his works have existed
for nearly six hundred years in many of the libraries
of Europe, and especially in those of Kngland; and
for a long period the very imperfect portions of them
which wcre generally known, left the charncter and
attainments of the author shrouded in & kind of mys-
terious obweurity. Abont a century ago, however, his
Opus Majus was published' by Dr. 8. Jebb, princi-
pally from a manuscript in the Library of Trinity
College, Dublin ; and this contained most or all of the
separate works which were previously known to the
public, along with others still more peculiar and cha-
racteristic. 'Wo aro thus able to judge of Roger
Bacon’s knowledge and of his views, and they are in
every way well worthy our attention.

The Qpus Majus is addresseid to Pope Clement the
Fourth, whom n had ‘known when he was legate
in England as Cardinal-bishop of Sabina, and who
admired the talents of the monk, and pitied him for
the persecutions th which he was exposed. On his
elevation to the pepal chair, this account of Bacon's

3 Fratris Rogers Baon, Ordinde M- M, Codloe Dublinienss couam atiis gui-
norvm, Opus Majus, ad Clemeniem  busdam collalo, nuno prinsm sdidit
Quarhwm, Pontificen Romanwes, ez 8. Jobb, 3eD. Loudini, 5733
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labours and views was sent, at the earnest request of
the pontiff. Besides the Opus Majus, he wrote two
others, the Opus Minus and Opus Tertium; which
were also sent to the pope, as the author says®, “on
account of the dunger of roads, and the possible loss
of the work.” These works still exist unpublished,
in the Cottonian and other hibruries.

The Upns Majus is a work equally wonderful with
regard to ity general scheme, and to the special trea-
tises with which the outlines of the pfan are filled up.
The professed object of the work? is to uvge the neces-
sity of a reform in the mode of philoxophiziug, to set
forth the rcasons why knowledge had not made a
greater progress, to draw back attentipn to the sources
of knowledge which had been unwisely neglected, to
discover other sources which were yet abmost un-
touched, and to animate men in the undertaking, by a
prospect of the vast advantages which it offered. In
the development of this plan, all the leading portions
of scicnce are expounded in the most complete shape
which they had at that time assumed; and improve-
ments of a very wide and striking kind are propos«d
in some of the principal of these departments.  Even
if the work had hud no leading purpose, it would have
been highly valuable as & treasure of the most solid
knowledge and soundest speculations of the time; even
if it had contained no such details, it would have been
a work most remarkable for its general views and
scope, It may be considered as, at the same time, the
Encyclopedia and the Novum Organon of the thir-
teenth century.

Since this work is thus so important in tho history
of Inductive Philosophy 1 shall give, in a note, a view?

& Opus Mojus, Preef. Part IL On tho source of perfect
3 Coatents of Roger Bacon's Opus wisdom in the Sacred Scrip-
Mizhuia, ture.

Part I. Onthefourcansesofhuman Part IIL On the Usefulness yof
lgnorance -~Authority, Custom, ., Grammar.
Popular Oplvion, and the Pride  Part TV. On the Unsfuluesy of Ma-
of supposed Knowledge. thematics,
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of its divisions and contents. But I must now endea~
vour to point out more especially the way in which
the various principles, which the reform of scientific
method involved, are here brought into view.’

One of the first points to be noticed for this pur-
pose, is the resistance to authority ; and at the stage
of philosophical history with which we herc have to
do, this means resistance to the authority of Avistotle,
as adopted and interpreted by the Doctors of the
Schools. Bacon’ work* is divided into Six Parts; and
of these Parfs, the ®irst is, Of the four universal
Causes of all Human Ignorance. The causes thus
enunerated® are :—the force of unworthy authority;
—traditionary habit;—the imperfection of the undis-
ciplined senses;—and the disposition to conceal our
ignorance and to make an ostentatious show of our
knowledge. These influences involve every man, oc-
cupy every condition. They prevent our obtaining
the most useful and large and fair doctrines of wisdom,
the secret of all sciences und arts. He then proceeds
to argue, from the testimony of philosophers them-
selves, that the authority of antiquity, and especially
of Aristotle, is not infullible. “We find® their books
full of doubts, obscurities, and perplexities. They
scarce agree with each other in one empty question or

PHILOSOPLIY OF DISCOVERY.

(1) The necessity of Mathematics in
Human Things (published se-
parstely as the Specula Ayaﬂw-
mation).

(-} The necessity of Mathematics In
Divine Things,—1° This study
bas occupied Loly men: 2°
Geography : 3% Chronology: 4°.
Cycles; the Golden Number,
&c.: ¢°. Natural Phenomens,
a9 the Rainbow; 6°, Arithme-
tic: 7% Music,

{p) The necessity of Mathomatics in
Kcolesiastioal Things. 1% The
Certification of Faith: 2° The
Correction of the Calendar.

(4) The necesslty of Mathematica in
the State.—1". Of Climates: 2°
Hydrography : 3° Geography:
4% Astrology.

Part V. On Perspoctive (published
separately as Perspectiva),

(2} The organs of viston.

2 Vislon fu steaight Jines,

(3} Viston reflected and refracted.

(4) De multiplicatione speclorum
(ont the propagation of the im-
pressions of light, huat, &o.):
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one worthless sophism, or one operation of science, as
one man agrees with another in the practical operations
of medicine, surgery, and the like arts of Secular
men. Tndeed,” he adds, “not only the philosophers,
but the saints have fallen into errors which they have
afterwards retracted,” and this he instances in Augus-
tin, Jerome, and others. He gives an admirable
sketch? of the progress of philosophy frum the Ionmic
School to Aristotle; of whom he speaks with great
applause. “ Yet,” he adds®, “those who camz after
him corrected him in some thifigs, and added many
things to his works, and shall go on adding to the end
of the world.” Aristotle, he adds, is now called pecu-
liarly® the Philosopher, “yet there ,was a time when
his philosophy was silent and unregarded, either on
account of the rarity of copics of his works, or their dif-
ficulty, or from envy; ill after the time of Mahomet,

L)

7 I will give a specimen. Opus
Majus, c. viil, p. 35 “ These two kinda
of philosnphers, the Ionic and Italic,
ramifled through many sects and
various successors, till they came to
the doctrine of Aristotle, who cor-
rected and changed the propositions
of allhis predocessors, and attempted
to perfect philosophy. In the [Itatic]
succession, Pythagoras, Archytas Ta-
rentinus and Timeus are most pro-
minently mentioned. But the prin-
cipal philasophers, as Socrates, Flato,
and Aristotle, did not descend from
this line, but were Ionics and true
Greeks, of whom the first was Thales
Milestun. . . Bocrates, according to Au-
gustine in his 8th book, Is related to
have been a disciplo of Archelaus.
* This Socrates ia called the father of
the great philosophers, since he was
themaster of Plato audAristotle, from
whom all the sects of philosophers
desaended. ..Plato, first learning what

Socrates and Greececould teach, made
a laborious voyage to Egypt, to Ar-
chytas of Tarentum and Thnwmus, ag
says Jerome to Faulinus. And this
Plato is, according to holy men, pre-
ferred to all philosophers, because he
has written manyexcellent things con-
cerning t3od, and morality, and & fu-
ture life, which agree with the divine
wisdom of God. And Aristotle was
born before the death of Socrates,
gince he was his hearer for three
years, a5 we read in the life of
Aristotle.., This Arlstotle, being
mado the master of Alexander the
Great, sent two thousand men into
all regions of the earth, to search out
the nature of things, as Pliny relates
in the 8th book of his Naturalia, and
composed a thonsand books, as we
read in his life.”
® Ivid p. 36
* Avtonomatios,
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when Avicenna and Averroes, and others, recalled
this philosophy into the full light of exposition. And
although the Logic and some other works were trans-
lated by Boethius from the Greek, yet the philoso-
phy of Aristotle first received a quick increase among
the Latins at the time of Michael Scot; who, in the
year of our Lord 1230, appeared, bringing with him
portions of the books of Aristotle on Natural Philo-
sophy and Mathematicsa. And yet a small part only
of the works of this author is translated, and a still
smaller part s in the hands of common students.”
Ho adds furtbher' (in the Third Part of the Opus
Majus, which is a Dissertation on language), that the
translations which are current of these writings, are
very bad and imperfect. With these views, he is
moved to express himself somewhat impatiently' re-
specting these works: “If T had,” he sayy, “power
over the works of Aristotle, I would have them all
burnt; for it is only a loss of time to study in them,
and a cause of error, and a multiplicatiou of ignorance
beyond expression.” “ The conimon herd of students,”
he says, “with their heads, have no principle by which
they can be excited to any worthy employment; and
hence they mope and make asses of thewselves over
their bad translations, and lose their time, and trouble,
and money.”

The remedies which he recommends for these evils,
are, in the first place, the study of that only perfect
wisdom which is to ke found in the sacred Scripture’,
in the next place, the study of mathematics and the
use of experiment'®. By the aid of these methods,

10 Op. Maj. p. 45.

11 Heo Pref. to Jebb'’s edition. The
pansages, there quoted, bowever, are
not extrocts from the Npus Majus, but
{spparently) from the Opws Minus
(MS. Cott. TIb, ¢. 5) *“HL haberem
potdstatem ‘supra libros Aristotelis,
g0 facerem omnes creman ; quia non
est niut temporis amissto studere In
Lis, et causa erroris, et multiplicatio

igmorantism ultra Id quod valea$ ox-
plicari. ... Vulgus studentum cum
capitibua suls non habet unde exci-
tetur ad aliquid dignum, et ideo lan-
guet et asininat circa male transiats, .
ot tempus ot studium amjitit in om-+
nibus et expenaas.”

19 Part il,

13 Parts iv. v, and vi,



INNOVATORS OF THE MIDDLE AGES. 69

Bacon anticipates the most splendid progress for human
knowledge. He takes up the strain of hope and
confidence which we have noticed as #o peculiar in
the Roman writers; and quotes some of the passages
of Senecca which we adduced iun illustratien of this:—
that the attempts in science were at first rude and
imperfect, and were afterwards improved ;—that the
day will come, when what is still unknown shall be
brought to light by the progress of time and the
lubours of a longer period;——that one age does not
suffice for inquiries so wide ad varicus;—that the
people of future times sbhall know iuany things un-
known to us;—and that the time-shall arrive when
postority will wonder that we overlopked what was so
obvious. Bacon himself adds anticipations more pecu-
liarly in the spirit of his own time. “ We have seen,”
he says, at the end of the work, ‘“how Aristotle, by
the ways which wisdom teaches, could give to Alex-
auder the empirc of the world. And this the Church
ought to take into cousideration against the infidels
and rebels, that there may be a sparing of Christinn
blood, and especially on account ‘of the troubles that
shall come t¢ pass in the days of Antichrist; which
by the grace of God, it would Le easy to obviate, if
prelates and princes would encowrage study, and join
in searching out the secrets of nature and art.”

1t may not be improper to observe here that this
belief in the appointed progress of kmowledge, is not
combined with any overweening belief in the un-
bounded and independent power of the human intellect.
On the contrary, one of the lessons which Bacon draws
fromn the state and prospects of knowledge, is the duty
of faith and humility., “To him,” he says', “who
denieg the truth of the faith hecause he is unable to
understand it, I will propose in reply the course of
nature, and as we have seen it in examples” And
.after giving some instances, he adds, “These, and the
like, ought to move men and to excite them to the
reception of divine truths. For if, in the vilest objects

 Op. Maj. p. 76
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of creation, truths are found, before which the inward
pride of man must bow, and beliove though it cannot
understand, how much more should man humble his
mind before the glorious truths of God!” He had
before said'*% ¢ Man is incapable of perfect wisdom in
this life; it is hard for him to ascend towards perfec-
tion, easy to glide downwards to falsehoods and vani-
ties: let him then not hoast of his wisdom, or extol
his knowledge. What he knows is little and worth-
less, in respect of that which he believes without know-
ing; and stilkless, in respect of that which he is igno-
rant of. He is mad who thiuks highly of his wisdom;
he most mad, who" exhibits it as something to be won-
dered at.” He adds, as another reason for humility,
that he has proved by trisl, he could tcach in one year,
to 2 poor boy, the marrow of all that the most diligent
person could acquire in forty years' laborious and ex-
pensive study.

To procecd somewhat more in detail with regard to
Roger Bacou's views of a Reform in Scicentific Inquiry,
we may observe thut by making Mathcmatics and Fx-
periment the two great points of his recommendation,
he directed his improvement to the two essential parts
of all knowledge, Ideas and Facts, and thus took the
course which the most enlightened philosophy would
have suggested. He did not urge the prosecution of
experiment, to the comparative neglect of the existing
mathematical sciences and conception; a fanlt which
there is some ground for ascribing to his great name.
sake and successor Fraucis Bacon: still less did he
content himself with a merc protest against the au-
thority of the schools, and a vagne demand for change,
which was almost all that was done by those who put
themselves forward as reformers in the intermediate
time. Roger Bacon holds his way steadily between
the two poles of human knowledge; which, as we have
seen, it is far from en.!:y to do. ¢ Thereare two modes,
of, knowing,” says he'®; “by argument, and by experi-

15 Op, Maj. p. 15, “ofentle aliee sciunt sus prineipls
16 Jbid. P. 445, see also P. 448, invenire per expetiments, sed von-
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ment. Argument concludes a question; but it does
not make us feel certain, or anquiesce in the contem-
plation of truth, except the truth be also found to be
50 by cxperience.” Tt is ‘not easy to express more
decidedly the clearly seen union of exaet conceptions
with certain facts, which, as we have explained, consti-
tutes real knowledge.

One large division of the Opus Majus is “On the
Usefulness of Mathematics,” which is shown by a copi-
ous enumeration of existing Lranches of knowledge, as
Chronology, Geography, the Cdlendar and (in a sepa-
rate Part) Optics. There is a chapter’, in which it
is proved by reason, that all science requires mathe-
matics. And the arguments which are used to es-
tablish this dectrine, show a most just appreciation of
the office of mathematics in science.  They are such as
follows :—-That other seiences use examnples taken from
mathematics as the most evident :—That mathematical
knowledge is, as it were, innate in us, on which point
he refers to the wellknown dialogue of Plato, as
quoted by Cicero:—That this science, being the easi-
est, offers the best introduction to the more difficult:
—That in mathematics, things as known to ux are
identical with things as known to nature:—That we
can here entirely avoid doubt and error, and obtain
certuinty and truth :—That mathematics is prior to
other sciences in nature, because it takes cognizance of
quantity, which is apprchended by intuition, (Vnfuitw
intellectug). “ Moreover,” he adds', “there have been
found famous men, as Robert, bishop of Lincoln, and
Brother Adam Marshman (de Mariseo), and many
others, who by the power of mathematics have been
able to explain the causes of things; as may be seen
in the writings of these men, for instance, concerning
the Rainbow and Comets, and the generation of heat,
and climates, and the celestial bodies.”

clusiones per wrguments facts ox tunc oportet quod habeant per pdju-
prineipiis inventis. 8I vero debeant torium istius sclentim nobills (expe-
habere experientiam concluslosum rimentalis).”

mmpmmhnmetoomphtm.. M Op. Maj.p 6o 1B Ibid p, 6
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‘But undoubtedly the mast remarkable portion of the
Opus Majus is the Sixth and last Part, which is en-
titled #De Scientia experimentali” It is indeed an
extraordinary circumstance -to find & writer of the
thirteenth century, not only recognizing experiment
ag one source of knowledge, but urging its claims as
something far more important than men had yet been
aware of, exemplifying its value by striking and just
examples, and speaking of its authority with a dignity
of diction which sounds like a foremurmur of the Ba-
conian sentenges uttéred nearly four hundred years
later. Yet thisis the character of what we here find*.
“Experimental scienco, the sole mistress of speculative
sciences, has three great Prerogatives among other
parts of knowledge: First she tests by experiment the
noblest conclusions of all other sciences: Next she
discovers respecting the notions which other sciences
deal with, magnificent truths to which these seiences
of themselves can by no mcans attain: her Third dig-
nity is, that she by her own power and without respect
of other sciences, investigates the secret of nature.”

The examples which Bacon gives of these “Preroga-
tives” are very curious, exhibiting, among some error
and credulity, sound and clear views. His leading
example of the First Prerogative, is the Rainbow, of
which the cause. as given by Aristotle, is tested by
reference to experiment with o skill which is, even to
us now, truly admirable. The examples of the Sceond
Prerogative are three:—first, the art of making an
artificial sphers which shall move with tho heavens by
natural influences, which Bacon trusts may be done,
though astronomy herself cannot do it—¢“et tunc,” he
says, ‘‘thesawrvn unius regis valeret hoc instrumen-
tum ;"— secondly, the art of prolonging life, which
experiment may teach, though medicine has no means
of securing it exdept by regimen® ;—thirdly, the art of

18 ! Voritates magnificas in tormi- lativarum, polest dare” Op. Maj
nis allarum sclentiarim in quas per p. 465, '

vullam viam possunt flle sclentim, % One of the ingredisuts of & gres
hieee sola mmmm-;mmmwumm
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making gold finer than fine gold, which goes beyond
the power of alchemy. The Third Prerogative of ex-
perimental science, arts independent of ‘the received:
sciences, is exemplified in many curious examples, many’
of them whimsieal traditions. Thus it is said that the
character of & people may be altored by altering the
air®. Alexander, it seems, applicd to Aristotle to
know whether he should exterminate certain pations
which he. had discovered, as being irreclaimably bar-
barous; to which the philosopl?er replied, “ 1f you can
alter their air, permit them to live, if ot, put them to
death.” Tn this part, we find the suggestion that the
fire-works made by children, of saltpetre, might lead
to the invention of a formidable military weapon.

It could not be expected that Roger Bacon, at a
time when experimental science bardly existed, could
give any precepts for the discovery of truth by experi-
nient. But nothing can be a better example of the
method of such investigation, than his inquiry con-
cerning the cause of the Rainbow. Neither Aristotle,
nor Avicenna, nor Scneca, he says, have given us any
clear knowledge of this matter, but expérimeutal
science ¢an do so. Let the experimenter (experimen-
tator) consider the cases in which he finds the same
colours, as the hexagonal crystals from Ireland and
India; by looking into these he will see colours like
those of the rainbow. Many think that this arises
from some special virtue of these stones and their hex-
agonal figure; let therefore the experimenter go on,
and he will find the same in other transparent stones,
in dark ones as well as in light-coloured. He will find
the same effect also in other forms than the hexagon,

of a dragon, which 1t appears is used
84 food hy tse Kthioplans. The mode
of preparing this food canunot fail to
amuso the reader. “Where thero are
good fiylug dragons, by the art which
they possess; they draw them oat of
Fhetr dorx, and huve bridles and sad.

dieain readinesn, and they ride upon

themn, and make them bound about
in the air {p & violent manner, that
the havdness and toughness of the
flesh may be reduced, as boars are
hunted and bulls are baited Hfore
they ave’killed for estlng.” Op. Maj.
D 4r00
2 Up. Maj. p. 473
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if they be furrowed in the surface, as the Irish crys-
tals are. Let him consider too, that he sees the same
colours in the drops which are dashed from oars in
the sunshine;—and in the spray thrown by a mill-
wheel ;—and in the dew-drops which lie on the grass
in & meadow on a summer-morning ;—and if & man
takes water in his mouth and projects it on one side
into a sunbear ;—and if in an oil-lamp hanging in the
air, the rays fall in certain positions upon the surface
of the oil ;—and in myny other ways, are colours pro-
duced. 'We have here a collection of instances, which
are almost all examples of the same kind as the phe-
nomenon under consideration; and by the help of a
principle collected by induction from these facts, the
colours of the rainbow were afterwards really explained.

With regard to the form and other circumstances of
the bow he is still more precise. He bids us measure
the height of the bow and of the sun, to show that the
center of the bow is exactly opposite to the sun. He
explains the circulur form of the bow,—its being inde-
pendent of the form of the cloud, itz moving when we
move, its flying when we follow,—by its consisting of
the reflections from a vast number of minute drops.
He does not, iudeed, trace the course of the rays
through the drop, or account for the precise magni-
tude which the bow assumes; but he approaches to
the verge of this part of the explanation; and must be
cungidered as having given a most happy example of
experimental inquiry into nature, at a time when such
examples were exceedingly scaunty. In this respect,
he was more fortunate than Francis Bacon, as we shall
hereafter see.

Wo know but little of the biography of Roger Bacon,
but we have every reason to believe that his influence
upon his age was not great. He was suspected of
magic, and 1s said to have been put into close confine-
ment in consequence of this charge. In his work he
spaaks of Astrology as & science well worth cultivat-
ing. “But,” says he, “Theologians and Decretists,
not being learned in such matters and seeing that evil
a8 well as good may be done, neglect and abhor such
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things, and reckon them among Magic Arts” We
have already seen, that at the very time when Bacon
was thus raising his voice against the habit of blindly
following authority, and secking for all science in
Avristotle, Thomas Aquinas-was employed in fashjon-
ing Aristotle’s tenets into that fixed form in which
they became the great impediment to the progress of
knowledge. It would seem, indeed, that something
of a struggle between the progressive and stationary
powers of the human mind wag going on at this time.
Bacon himself says®, “Never was thére so great an
appearance of wisdom, nor so much exercise of study
in 80 many Facultics, in so many regions, as for this
last forty years. Doctors are dispersed everywhere, in
every castle, in every burgh, aud especially by the stu-
dents of two Orders, (he means the Franciscans and
Dominicans, who were almost the only religious orders
that distinguished themselves by an application to
study®,) which has not happened except for about
forty years. And yet there was never so much igno-
rance, o much crror.” And in the part of his work
which vefers to Mathematics, he says of that study™,
that it is the door and the key of the sciences; and
that the neglect of it for thirty or forty years has en-
tirely ruined the studies of the Latins.  According to
these statements, some change, disastrous to the for-
tunes of science, must have taken place ahout 1230,
soon after the foundation of the Dominican and Fran-
ciscan Orders®. Nor can we ddubt that the adoption
of the Aristotelian philosophy by these two Orders,
in the form in which the Angelical Doctor had sys-
tematized it, was one of the cvents which most tended
to defer, for three centuries, the reform which Roger
Bacon urged as a matter of crying necessity in his
own time.

7 Quoted by Jebb, Pref. to Op. Maj, 8 Moshelm, Hist, 115, 160,
w2 0p Mgl p.s7. . 95 Mosheim, 1il. 161, ®



CHAPTER XIIL

Tue REVIVAL oF PLATONISM.

1. Causes of Delay $n the Advance of Knowledge.—
In the insight possessed by learned men into the
method by which truth was to be discovered, the four-
tecenth and fifteenth centuries went backwards, rather
than forwards, from the point which had been reached
in the thirteenth. Roger Bacon had urged them to
have recourse to experiment; but they returned with
additional and exclusive zeal to the more favourite
employment of reasoning upon their own conceptions.
He had called upon them to look at the world withont;
but their eyes forthwith turned back upon the world
within. In the constant oscillation of the human
mind between Ideas and Facts, after having for a
moment touched the latter, it scemed to swing back
more impetuously to the former. Not only was the
philosophy of Aristotle firmly established for a con-
siderable period, but when men began to question its
suthority, they attempted to set up in its place a phi-
losophy still more pusely ideal, that of Plato. It was
not till the actual progress of experimental knowledge
for some centuries had given it a vast accamulation of
force, that it was able to break its way fully into the
circle of speculativesciencé. The new Platonist school-
men had to run their course, the practical discoverers
had to prove their merit by their works, the Italian
innovators had to utter their aspirations for a clmng;:
before the second Bacon could truly declare that
time for a fundamental reform was at length arrived.

t cannot but seem strange, to any one who attempta
to trace the general outline of the intellectual progress
of man, and who considers him as under the gui
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of a Providential sway, that he should thus be permit-
ted to wander so long in a wilderness of intellectual
darkness; and even to turn back, by a perverse ca-
price as it might seem, when on the very border of the
brighter and better land which was his destined in-
heritance. 'We do not attempt to solve this difficulty :

but such a course of things naturally suggests the

thought, that a progress in physical science is not the

main object of man’s career, in the eyes of the Power
who directs the fortunes of our race. We can easily

conccive that it may have bebn neeemsary to man’s

general welfare that he should continue to turn his

eyes inwards upon his own heart and faculties, till

Law and Duty, Religion and Government, Faith and

Hope, had been fully incorporated with all the past

acquisitions of human intellect; rather than that he

should have rushed on into a train of discoveries tend-

ing to chain him to the ohjects and operations of the

material world. The systematic Law' and philoso-

phical Theology which acquired their ascendancy in

men’s minds at the time of which we speak, kept

them engaged in a region of speculations which per-

haps prepared the way for a profounder and wider

civilization, for a more elevated and spiritual charac-

ter, than might have becn possible without such a

preparation. The great Ttalian poet of the fourteenth

century speaks with strong admiration of the founders
of the system which prevailed in his time. Thomas,
Albert, Gratinn, Peter Lombard, occupy distinguished
places in the Paradise. The first, who is the poet's
instructor, snys,— "

To fui degli agni della sants greggia
Dumnenico mena per cammino
U’ ben s'impingua se non si vaneggis,
Questo che m'd a destra piu vicine
Frate e mnestro fammi; ed esso Alberto
E di Cologus, ed io Tomas d'Aquino. . . ,
Quell’ altro fiammeggiar cace del riso

1 Gratian published the Decrvitals  and Civil Law became aregular study
I the twelfth century ;and the Canon  in the universities soon afterwarda
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De Grazian, che I'uno et 'altro foro *
Ajutd si che piace in Paradiso.

I, then, was of the lambs that Dominic
Leads, for his saintly flock, along the way
Where well they thrive not swoln with vanity.
He nearest on my right-hand brother was *
And master to me; Albert of Cologne
Is this; and of Aquinwm Thomas, L. . . .
That next resplendence issues from the smile
Of Gratian, who to either forum lent
Such help as favour wins in Paradise.

It appears prokuble thdt neither poetry, nor painting,
nor the other arts which require for their perfection a
lofty and spiritualized imagination, would' have ap-
peared in the nokle and beautiful forms which they
assumed in the fourtcenth and fifteenth century, if
men of genius had, at the beginning of that peviod,
made it their main business to discover the laws of
nature, and to reduce them to a rigorous scientific
form. Yet who can doubt that the absence of these
touching and impressive works would have left one of
the best and purest parts of man’s nature without its
duc nutriment and development? It may perhaps
be a necessary condition in the progress of man, that
the Arts which aim at beauty should reach their ex-
cellence before the Sciences which seek speculative
truth; and if this be so, we inherit, from the middle
ages, treasures which may well reconcile us to the
delay which took place in their cultivation of experi-
mental science. )

However this may be, it is our business at present
to trace the circumstances of this very lingering ad-
vance. We have already noticed the contest of the
Nominalists and Realists, which was one form, though,
with regard to scientific methods, an unprofitable one,
of the antithesis of Ideas and Things, ’fhougb, there-
fore, this struggle continued, we need not dwell upon
it. The Nominalists denied the real existence of Ideas,
whjch doctrine was to a great extent iraplied in the
prevailing systems ; but the controversy in which they
thus engaged, did not lead them to seek for knowledge
in a new field and by new methods. The arguments,
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which Occam the Nominalist opposes to those of Duns
Bceotus the Realist, are marked with the stamp of the
samo system, and consist only in permutations and
combinations of the same elementary conceptions. It
was not till the impulso of external circumstances was
added to the discontent, which the more stihring in-
tellects felt towards the barren dogmatisn of their
age, that the activity of the human mind was again
called into full play, afid a new career of progression
entered upon, till then undloa.mt of, except by a few
prophetie spirits.

2. Causes of Progr ess.—These clrcumetsmces were
principally the revival of Greek aud Roman literature,
the invention of Printing, the Protestant Reformation,
and o great numiber of curious discoveries aund inven-
tions in the arts, which were soon succeeded by im-
portant steps in speculative physical science. Con-
nected with the first of thesc events, was the rise of a
party of learned men who expt'essed their dissatisfac-
tion with the Aristotelian philosophy, as it was then
taught, and manifested a strong prefercnce for the
views of Plato. It is by no means suitable to our plun
to give a detailed account of this new Platonie school;
but we may notice a few of the writers who belong to
it, so far at least as to indicate its influence upon the
Methods of pursuing science.

In the fourtcenth century?, the frequent intercourse
of the most cultivated persons of the Eastern and
Western Empire, the increased study of the Greek lan-
g\mge in Ttaly, the intellectual activity of the Italian

the discovery of manuseripts of the classical
a,uthors, were circumstances which excited or nourished
a new and zealous study of the works of Greek and
Roman genius. The genuine writings of the ancients,
when presented in their native life and beauty, instead
of being seen only in those lifeless fragments and dull
transformations which the scholastic system had ex-
hibited, excited an intense enthusiasm. Europe, at
that period, might be represented by Plato’s beautiful.

2 Tenneman, ix. 4..

-
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allegory, of a man who, after being long kept in a dark
cavern, in which his knowledge of the external world
is gathered from the images which stream through the
chinks of his prison, is at last led forth into the full
blaze of day. It was inevitable that such a change
should animate men’s efforts and enlarge their facul-
ties. Greek literature became more and more known,
especially by the influence of learned men who came
from Constantinople into Italy: these teachers, though
they honoured Aristotle, reverenced Plato no less, and
had never beene accustdined to follow with servile sub-
mission of thought cither these or dny other leaders.
The effect of such influcnces soon reveals itself in the
works of that period. Dante has woven into his Divina
Commedia some of the ideas of Platonism. Fetrarch,
who had formed his mind by the study of Cicero, and
had thus been inspired with a profound admiration for
the literature of Greece, learnt Greek from Barlaam,
a monk who came as ambassador from the Emperor of
the Enast to the Pope, in 1339. With this instructor,
the poet read the works of Platv; struck by .their
beauty, he contributed, by his writings and his con-
versation, to awake in others an admiration and love
for that philosopher, which soon became strongly and
extensively prevalent-among the learned in Italy,

3 Hermolaus Barbarus, &c.—Along with the feel-
ing there prevailed also, among those who had learnt
to relish the genuine beautics of the Greek and Latin
writers, a strong disgust for the barbarisms in which
the scholastic philosophy was clothed. Hermolaus Bar-
barus®, who was born in 1454, at Venice, and had
formed his taste by the study of classical literature,
translated, among other learned works, Themistius's
parsphrastic expositions of the Physics of Aristotle;
with the view of trying whether the Aristotelian Natu-
ral Philosophy could not be presented in good Latin,
which the scholastic teachers denied. In his Preface
he expresses great indignation against those philoso-
phers who have written and disputed: on philosophical

s Ehunemu. ix. 95,
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s&yjectp in barbarous Latin, and in an uncultured
style, so that all refined minds are repelled’ from these
studies by weariness and disgust. They have, he says,
by this barbarism, endeavoured to secure to themselves,
in their own province, a supremacy without rivals or
opponents. Hence they maintain that mathematics,
philosopfhy, jurisprudence, cannot be expounded in cor-
rect Latin ;—that between these sciences and the ge-
nuine Latin langnage there is a great gulf, as hetwoen
things that cannot be brought together: and on this
ground they blame those who combine tie study of phi-
lology and eloquence with that of science. This opinion,
adds Hermolaus, perverts and ruins our studies; and is
highly prejudicial and unworthy in respect to the state.
Hermolaus awoke in others, as for instance, in Juhn
Picus of Mirandula, the samme dislike to the reigning
school philosophy. As an opponent of the same kind,
wo may add Marius Nizolius of Bersallo, a scholar who
carried his adwmiration of Cicero to an exaggerated ex-
tent, and who wus led, by a controversy with the de-
fenders of the scholastic philosophy, to publish (1553)
a work On the 1T'rue Principles and T'rue Method of
Philosophizing. In the title of this work, he professes
to give “the true principles of almost all arts and
scicnces, refuting and rejecting almost all the false
principles of the Logicians and Metaphysicians.” But
although, in the work, he attacks the scliolastic phi-
losophy, he does little or nothing to justify the large
pretensions of his title; and he excited, it is said, little
notice. It is therefore curious that Leibnitz shonld
have thought it worth his while to re-edit this work,
which he did in 1670, adding remarks of his own.

4. Nicolaus Cusanus.— Without dwelling upon
this opposition to the scholastic aystem on the ground
of taste, I shall notice somewhat further those writers
who put forwards Platonic views, as fitted to complete
or to replace the doctrines of Aristotle. Among these,
I may place Nicolaus Cusanus, (so called from Cus, &
village on the Mdselle, where he was born in r4o1;)
who was afterwards raised to the dignity of cardinal.
We. might, indeed, at first be. tempted to include

G
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Cusanus among those persons who were led to rejest
the old philosophy by being themsclves agents in the
progressive movement of physical.science. For he
published, before Copernicus, aud independently of
him, the doctrine that the earth is in motion*. But
it should be recollected that in order to see the possi-
bility of this doctrine, and its claims to acceptance,
no new reference to observation was requisite. The
Heliocentric System was merely 4 new mode of repre-
senting to the mind facts, with which all astronomers
had long been‘familiatt The system might very easily
have been embraced and inculeated by Plato himself’;
as indeed it is said to have been actually taught by
Pythagoras. The mere adoption of the Heliocentric
view, therefore, without attempting to realize the sys-
tem in detail, as Copernicus did, cannot entitle a
writer of the fifteenth century to be looked upon as
one of the authors of the discoveries of that period;
and we must consider Cusanus as a speculative anti-
Avristotelian, rather than ay a practical reformer.

The title of Cusanus’s book, De Doctd Iynorantid,
shows how far he was from agreeing with those who
conceived that, in the works of Aristotle, they had
a full and complete system of all human knowledge.
At the outset of this book®, he says, after pointing out
some difficulties in the received philosophy, ““If, there-
fore, the case be So, (as even the very profound Aris-
totle, in his First Philosophy, affirms,) that in things
most manifest by nature, there is a difficulty, no less
than for an owl to look at the sun; since the appetite
of knowledge is not implanted in us in vain, we onght
to desire to know that we are ignorant. If we can
fully attain to this, we shall arrive at Instructed Ig-
norance” How far he was from placing the source of
knowledge in experience, as opposed to ideas, we may
sec in the following passage® from another work of
his, On Conjectures. *“Conjectures must proceed from

4 “Jam nobis menifestum est terram istam in veritate moverl,” &c.—De
Boctd Ignorantid, lib. i, c. xiL.
& D Dact. Iynor. lib. L ¢, L 8 De Condecturis, lib. L ¢ il fv.
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dur mind, as the real world proceeds from the infinite
Divine Reason. For since the human mind, the lotty
likeness of God, participates, as it may, in the fruitful-
ness of the creative nature, it doth from itself, as the
image of the Omnipotent Form, bring forth reasonable
thoughts which have a similitude to real existeuces.
Thus the Human Mind exists as a coujectural form of
the world, as the Divine Mind is its real form.” We
have here the Platonie or ideal side of knowledge put
prominently and exclusively forwards.

5 Marsiliusg Ficinus, Fe.—A persor’ who had much
more influence on the diffusion of Plutonismn was Mar-
silius Ficinus, a physician of Florence. In that eity
there prevailed, at the timo of which we speak, the
greatest enthusiaxm for Plato. George Gemistins Ple-
tho, when in attendance upon the Council of Florence,
had imparted to mauny persons the doctrines of the
Greek philosopher; and, among others, had infused a
lively interest on this subject into the elder Cosmo,
the head of the family of the Medici. Cosmo formed
the plan of founding a Platonic academy. Ficinus’,
well instructed in the works of Plato, Plotinus, Pro-
clus, and other Platonists, was selected to further this
object, and was employed in translating the works of
these authors into Latin. It is not to our present
purpose to consider the doctrines of this school, except
so far as they bear upon the nature and methods of
knowledge; and therefore I must pass by, as I have
in other instances done, the greater part of their specu-
lations, which related to the nature of God, the im-
mortality of the soul, the principles of Goodness and
Beauty, and other points of the same order. The
ohject of these and other Platonists of this scliool,
however, was not to expel the authority of Aristotle
by that of Plato. Many of them had come to the con-
viction that the highest ends of philosophy were to be
reached ouly by bringing into accordance the doctrines
of Plato and of Aristotle. Of this opinion was John
Picus, Count of Mirandula and Concordia; and under

7 Born in 1433.
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this persuasion he employed the whole of his life in
labouring upon a work, De Concordid Platonis et Aris-
totelis, which was not completed at the time of his
death, in 1494; and has never been published. But
about a century later, another writer of the same school,
Francis Patricius®, pointing out the discrepancies be-
tween the two Greek teachers, urged the propriety of
deposing Aristotle from the supremacy he had so long
enjoyed.  “Now all these doctrines, and others not
u few,” he says?, “since they are Platouic doctrines,
philosophicallyinost true, and consonant with the Catho-
lic faith, whilst the Aristotelian tenets are contrary
to the faith, and philosophically falso, who will not,
both as a Christian and a Philosopher, prefer Plato to
Aristotle? And why should not hereafter, in all the
colleges and monagteries of Europe, the reading and
stwly of Plato be introduced? Why should not the
philosophy of Aristotle be forthwith exiled from such
places? Why must men continue to drink the mortal
poison of impiety from that source?” with much more
in the same strain.

The Platonie school, of which we have spoken, had,
however, reached its highest point of prosperity beforc
this time, and was already declining. About 1500,
the Platonists appeared to triumph over the Peripa-
teties'®; but the death of their great patron, Cardinal
Bessarion, about this time, and we may add, the hol-
lowness of their system in many points, and its want
of fitness for the wants and expectations of the a
turned men’s thoughts partly back to the established
Aristotelian doctrines, and partly forwards to schemes
of bolder and fresher promise.

6. Francis Patricius.—Patriciug, of whom we have
Jjust spoken, was one of those who had arrived at the
conviction that the formation of a new philosophy,
and not merely the restoration of an old one, was
needed. In 1593, appeared his Nova de Universis.

¥ Born 1529, died 1597, .
® Aristotsles Exotericus, p. so. 10 Tiraboschi, . vil. pt. ik p, 4110
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Philosophia; and the mode in which it begins’ can
hardly fail to remind us of the expressions which
Francis Bacon soon afterwards used in the opening of
a work of the same nature. “Francis Patricius, being
about to found anew the true philosophy of the uni-
verse, dared to begin by announcing the following
indisputable principles.” Here, however, the rescmn-
blance between Patricius and true inductive philoso-
phers ends.  His principles are barren & prior? axioms;
and his system has one main element, Light, (Lux, or
Luanen,) to which «ll operations of natire ave referred.
In geueral cultivation, and practical knowledge of
nature, he way distinguished among his contempora-
ries. In various passages of his works he relates' ob-
servations which he had made in the course of his
truvels, in Cyprus, Corfu, Spain, the mountains of the
Modenese, and Dalmatia, which was his own country;
his observations relate to light, the saltness of the sea,
its flux and reflux, and other points of astronomy,
meteorology, and natural history. He speaks of the
sex of plants'; rejects judiciul astrology; and notices
the astronomical systems of Copernicus, Tycho, Fra-
castoro, aud Torre. But the mode in which he speaks
of experiments proves, what indeed is evident from
the general scheme of his system, that he had no due
appreciation of the place which observation must hold
in rcal and natural philosophy.

7. Picus, Agrippa, de.—It had been seen in the
later philosophical history of Greece, how readily the
jdeas of the Platonic school lead on to a system of
unfathomable and unbounded mysticism. John Picus,
of Mirandula', added to the study of Plato and the

11 “Franclscus Patricius, novom ve- Aute primum nihil,
ram integram de universis conditurus Post primum omuia,
philosophiam, sequentia uti verissima A principio omnia," &

preenuntiare est ausus. Prenunciata  His other works are Panaugia, Pan-

ordine persecutus, divinis oraculis, cosmia, Dissertationes Peripatet.bar

goometricisrationibus, clarisiimisque 17 Tirabosebl, ¢. vil. pt. i, p, 411

experimentis comprobavit. 13 Dissert. Perip. t. i, 1ib, v. sub in,
1¢ Tenneman, ix. 148,
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Neoplatonists, & mass of allegorical interpretations of
the Secriptures, and the dreams of the Cabbala, a Jew-
ish system ', which pretends to explain how all things
are an emanation of the Deity. To this his nephew,
Francis Picus, added a reference to inward illumina-
tion'®, by which knowledge is obtained, independently
of the progress of reasoning. John Reuchlin, or Cap-
nio, born r455; John Baptist Helmgnt, born 1577;
Francis Mercurins Helmont, born 1618, and others,
succeeded John Picus in his admiration of the Cab-
bala: while others, as Jacob Bahmen, rested upon
internal revelations like Francis Picus. And thus
we have a scrics of mystical writers, continued into
modern times, who may be considered as the successors
of the Platonic school ; and who all exhibit views alto-
gether crroneous with regard to the nature and origin
of knowledge. Ainong the various dreamns of this
school are certain wide and loose analogies of terres-
trial and spiritual things. Thuy in the writings of
Corneling Agrippa (who was born 1487, at Cologne)
we hive such systems as the following'?: —* Since
there i3 a threefold world, clemental, celestial, and in-
tellectual, and each lover one is governed by thaé
abovo it, and receives the influence of its powers: so
that the very Avchetype and Supreme Author trans-
fuses the virtnes of his omnipotence into us through
angels, heavens, stary, clements, animals, plants, stones,
—into us, I say, for whose service he lhas framed and
created all these things;—the Magi do not think it
irrational that we should be able to ascend by the
sane degrees, the same worlds, to this Archetype of
the world, the Author and First Cause of all, of whomn
all things are, and from whom they proceed; and
should not only avail ourselves of those powers which
exist in the nobler works of creation, but also should
hlo able to attract other powers, and add them to
these.”

Agrippa’s work, De Vanitate Scientiarum, may be

18 Tenneman, ix. 167. 19 Ihid. 18,
11 Agrippa, Do Occult. Phil. Wb L e L
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said rather to have a skeptical and cynical, than a
Platouic, character. It is a declamation', in a melan-
chuly 1mnood, agninst the condition of the sciences in
his time. His indignation at the worldly success of
men whom he comsidered inferior to himself, had, he
says, metamorphosed him into a dog, as the poets
relate of Heeuba of Troy, so that his iinpulse was to
snar] and bark.  His professed purpose, however, was
to expose the dogmatism, the servility, the self conc.it,
and the neglect of religivns truth which prevailed in
the reigning Schools of philosophy. H#& views of the
natare of seience, and the modes of improving its cul-
tivation, are too imperfect and vague to allow us to
runk him among the reformners of science.

8. Puracelsus, Fludd, d&c.—The cclebrated Tara<
celsus' put himself forwards as a reformer in philo-
sophy, and obtained no small number of adherents,
He was, in most respects, a shallow and impudent
pretender; and had small knowledge of the literature
or seicnee of his time: but by the tone of his speaking
and writing he manifestly belongs to the mystieal
school of which we are now speaking. Perhaps by
the boldness with which he proposed new systems,
and by connecting these with the practical doctrines
of medicine, he contributed something to the intro-
duction of a new philosophy. 'We have seen in the
History of Chemistry that he was the author of the
system of Three Principles, (salt, sulphur, and mer-
cury,) which repluced the ancient doctrine of Four
Elements, and prepaved the way for a true science of
chemistry. But the salt, sulphur, and mercury of
Puracelsus were not, he tells his disciples, the visible
holics which we call by those names, but certain in-
visible, astral, or sidereal elements. The astral salt is
the basis of the solidity and incombustible parts in
bodies ; “the astral sulphur is the source of combustion

" Written in 1526. called Paracelsus Iremita, born at
' Philip Aurellus Theophrastus  Einsledlen in Switzerland, in 1493,
Duiubastus von Mohenheim, also
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and vegetation; the astral mercury is the ofigin of
fluidity and volatility. And again, these three ele-
ments are analogous to the three elements of man,—
Body, Spirit, and Soul. ;

A writer of our own country, belonging to this

inystical school, is Robert Fludd, or De Fluctibus,
who was born in 1571, in Kent, and after pursuing
his studies at Oxford, travelled for several years., Of
all the Theosophists and Mystics, he is by much the
most learned; and was engaged in various controver-
sies with Masenne, *Gassendi, Kepler, and others.
He thus brings us in contact with the next class of
philosophers whom we have to cousider, the praetical
reformers of philosophy ;—those who furthered the
cause of science by making, promulgating, or defend-
ing the great discoveries which now began to oceupy
men. He adopted the principle, which we have no-
ticed elsewhere®, of the analogy of the Macrocosm and
Microcost, the world of nature and the world of man.
His system contains such a mixture and confusion of
physical and metaphysical doctrines as might be ex-
pected from his ground-plan, and from his school
Indeed his object, the general object of mystical specu-
lators, is to identify physical with spiritual truths.
Yet the influence of the practical experimental philo-
sophy which was now gaining ground in the world
may be traced in him. Thus he refers to experimeunts
on distillation to prove the existence and relation of
the regions of water, air, and fire, and of the spirits
which correspond to them; and i conceived, by some
persons®, to have anticipated Torricelli in the inven-
tion of the Barometer. ‘

We need no further follow the speculations of this
school. We see already abundant reason why the re-
form of the methods of pursuing science could not
proceed from the Platonists. Tnstead of seeking know-
ledge by experiment, they immersed themselves deepor,
than even the Aristotelians had done in traditionary

2 Hist, Sc. Id. b, ix, ¢ 2. sect. 1. The Mystical School of Biology.
. Tenneman, ix, za1,
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*lore, or turned their eyes inwards in search of an in-
ternal illumination. Some attempts were made to
remedy the defects of philosophy by a recourse to the
doctrines of other sects of antiquity, when men began
to feel more distinctly the need of a more connected
and solid knowledge of nature than the established
system gave them. Among there atterapts were those
of Berigard®™, Magernus, and especially Gassendi, to
bring iuto repute the philosophy of the Ionian school,
of Democritus and of Epicurus. But these endeavours
were posterior in time to the®new iumpulse given to
knowledge by Cupernicus, Kepler; and (alileo, and
were influenced by views avising out of the success of
these discoveries, and they must, therefore, be con-
sidered hereafter. In the mcan time, some indepen-
dent efforts (arising from speculative rather than prac-
tical reformers) were made to cast off the yoke of the
Aristotelian dogmatism, and to apprehend the true
form of that new philosophy which the most active
and hopeful minds saw to be needed; and we must
give some account of these attempts, before we can
commit ourselves to the full stream of progressive
philosophy.

** Tenneman, ix. 65



CHAPTER XIII

TrHE THEORETICAL REFORMERS OF SCIENCE.

E have ulready ‘scen that Patricius, about the

middle of the sixteenth century, annouuced his
purpose of founding ancw the whole fabric of philoso-
phy ; but that, in exccuting this plan, he ran into wide
and bascless hypotheses, suggoested by a priori concep-
tions rather than by external observation; and that he
was further misled by fanciful analogies resembling
those which the Platonic mystics loved to contemplato.
The same time, and the period which followed it, pro-
duced several other essays which were of the sume
nature, with the exception of their being free from the
peculiar tendencies of the Platonic school: and thexe
insurrcctions against the authority of the cstablished
dogmas, although they did not directly substitute a
better positive system in the place of that which they
assailed, shook the authority of the Aristotelian sys-
tem, and led to its overthvow ; which took place as soon
as these theoretical reformers were aided by practical
reformeors,

1. Bernardinus Telesius—Italy, always, in modern
times, fertile in the bBeginnings of new systems, was
the soil on which these innovators areso. The earli-
est and most conspicuous of them is Bernardinus
Telesius, who was born in 1508, at Cosenza, in the
kingdom of Naples. His studies, carried on with
great zeal and ability, first at Milan and then at
Rome, made him well acquainted with the knowledge
of his times; but his own reflections convinced him
that the basis of science, as then rcceived, was alto-
gether erroncous; and led him to attompt a reform,
with which view, in 1565, he published, at Rome, his
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work’?, “ Bernardinus Telesius, of Cosenza, on the Na-
ture of Things, according to principles of his own.”
In the prefaco of this work he gives a short account®
of the train of reflection by which he was led to put
himself in opposition to the Aristotelian philosophy.
This kind of autobiography occurs not unfrequently
in the writings of theorctical reformers; and shows
how livelily they felt the novelty of their undertaking.
Atter the storm and sack of Rome in 1524, Telesins
retived to Padua, as a peaceful seat of the muses;
and there studied philosophy and matlamatics, with
great zeal, undep the direction of Jerome Amalthaeus
and Frederic Delphinus. In these studies he made
great progress; and the knowledge which he thus
acquired threw a new light upon his view of the
Aristotelian philosophy. He undertook a closer ex-
amination of the Physical Doctrines of Aristotle; and
as the result of this, he was astonished how it could
have been possible that so many cxcellent men, so
nmany nations, and even almost the whole human race,
should, for so long a time, have allowed themselves to
be carried away by a blind reverence for a teacher,
who had commiitted errors so numerous and grave
as he perceived to cxist in “the philosopher.”
Along with this view of the insufflciency of the Aris-
totelian philosophy, arose, at an early period, the
thought of erecting a better system in its place. With
this purpose he lett Padua, when he had reccived the
degree of Doctor, and went to Rome, where he was
encouraged in his design by the approval and friendly
exhortations of distinguished méh of letters, amongst
whom were Ubaldino Bandinelli and Giovanni della
Casa. FromRome he went to his native place, when the
incidents and occupations of a married life for a while
interrupted his philosophical project. But after his

1 Bernardini Telesti Consentini Dz man: this Proem was omitted in msh-
Rerum Natura juola propric Prin-  sequent oditions of Telesius, and is
¢ipla. not fn the one which T have consnit-

8 I take this sccount from Tenne- ed. Tenneman, Geseh. & Phil ix. 28a.
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wife was dead, and his eldest son grown to manhood,
he resumed with avdour the scheme of his youth;
again studied the works of Aristotle and other phi-
losophers, and composed and published the first two
books of his treatise. The opening to this work suffi-
ciently exhibits the spirit in which it was conceived.
Its object is stated in the title to be to show, that
“the construction of the world, the magnitude and
nature of the bodies contained in it, are not to be
investigated by veasoning, which was done by the
ancients, butwre to Ye apprehended by the senses, and
collected from the things thewselves.”  And the Froem
is iu the swme strain.  “They who before us have in-"
quired conceruing the construction of this world and
of the things which it contains, seem indeed to have
prosecuted their examnivation with protracted vigils
and great labour, but never to have looked «t w.” And
thus, he observes, they found nothing but crror.
This he ascribes to their presumption. * For, as it
were, attempting to rival God in wisdom, and ven-
turing to scek for the principles and causes of the
world by the light of thei: own reason, and thinking
they had found what they had only invented, they
made un arbitrary world of their own.” “ We then,”
he adds, “mnot relying on ourselves, and of a duller
intellect than they, propose to ourselves to turn our
regards to the worll itself and its parts.”

The execution of the work, however, by no means
corresponds to the announcement. The doctrines of
Aristotle are indeed attacked; and the objections to
these, and to other réteived opinions, form a lurge part
of the work. But these objections are supported by
@ priori reasoning, and not by experiments. And thus,
rejecting the Aristotelian physics, he proposes a system
at-least cqually baseless; although, no doubt, grateful
to the author from its sweeping and apparently simple
character. He assumces three principles, Heat, Cold,,
and Matter : ‘Heat is the principle of motion, Cold of
immobility, and Matter is the corporeal substratum, in
which these incorporeal and active principles produca
their effocts, It is easy to imagine that, by combining
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and separating these abstractions in various ways, a
rort of account of many natural phenomena may be
given; but it is impossible to ascribe any real value to
such ‘a system. The merit of Teclesius must be con-
sidered to consist in his rejection of the Aristotelian
errors, in his perception of the necessity of a reform in
the method of philosophizing, and in his persuasion that
this reform must be founded on experiments rather
than on reasoning. When he said?, “We propose to
ourselves to turn our eyes to the world itself, and its
parts, their passions, actions, operations,’and species,”
_his view of the course to be fullowed was right; but
his purpose remained but ill fulfilled, by the arbitrary
edificg of abstract conceptions which his system ex-
hibits.

Francis Bacon, who, about half a century later,
treated the subject of a reform of philosophy in a far
more penetrating and masterly manner, has given us
his judgment of Telesius. In his view, he takes
Telesius as the restorer of the Atomic philosophy,
which Democritus and Parmenides taught among the
ancients; and according to his custom, he presents an
image of this philesophy iu an adaptation of a portion
of aucient mythology®. The Celestial Cupid, who with

Ceelus, was the parent of the Gods and of the Uni-
verse, i8 exhibited as a representation of matter and
its properties, according to the Democritean philoso-
phy. “Concerning Telesius,” says Bucon, “we think
well, and acknowledge him as a lover of truth, a use-
ful contributor to science, an amender of some tenets,
the first of recent men. But we have to do with him
as the restorer of the p]ulosophy of Parmenides, to
whom much reverence is due” With regard to this
philosophy, he promounces a judgment which very
truly ex resses the cause of its rashness and empti-
ness, “It is,” he says, “such a system® as naturally

® Troem. Democyiti Thilosophia tractsta ®in
4 “Da Principiis atque Originibus  Fabula de Cupidine.”
¥ecundum fabulas Cupldiniset Ceelis 3 “Talin sunt qualia porsunt csss
sive Parmenidis et Telesl] et proocipud  ea quee ab intellectu sibi permisgo,
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proceeds from the intellect, abandoned to its own im-
pulse, and not rising from experience to theory con-
tinuously and successively.” Accordingly, he says that,
“ Telesius, although learned in the Peripatetic philoso-
phy (if that were anything), which indeed, he has
turned against the teuchers of it, is hindered by his
affirinations, aud is more successful in destroying than
in building.” * .

The work of Telesius excited no small notice, and
was placed in the Jrdexe Expurgatorius. It made many
disciples, a censequeiice probably due to its spirit of
system-making, no less than to its promise of reforin,
or its acuteness of argument; for tall trial and reflec-
tion have taught aan modesty and moderation, he can
never be content to receive knowledge in the small
successive instalments in which natuve gives it forth
to him. It is the makers of large systewns, arranged
with "an appearance of completeness and symmetry,.
who, principally, give rise to 8chools of philosophy.

2. (Thomas Campanella).— Accordingly, Tclesius
may be Jooked upon as the founder of a School. His
most distinguished successor was Thomas Campanella,
who was born in 1568, at Stilo, in Calabria. He showed
great talonts at an carly age, prosecuting his studies
at Cosenza, the birth-place of the great opponent of
Aristotle and reformer of philosophy. He, too, has
given us an account® of the course of thought by which
he was led to become an innovator. “ Being afraid
that not genuine truth, but falsehood in the place of
truth, was the tenant of the Peripatetic Scheol, I ex-
amined all the Greek, Latin, and Arabic commen~
tators of Aristotle, and hesitated more and more, as 1
sought to learn whether what they have said were also
to be read in the world itself, which I had been taught
by learned men was the living book of God. And as
my doctors could not satisfy my scruples, I resolved to
read ull the books of Plato, Pliny, Galen, the Stoics,,

nee ab experimentis continenter ¢ ¢ Thom. Campanella de Lidris pro-
gradatim sublevato, profects viden- prils, as quoted in Tenseioan, xS
e 94,



THEORETICAL REFORMERS OF SCIENCE. Q5

and the Democriteans, and especially those of Telesius;
and to compare them with that first and original
writing, the world; that thus from the primary auto-
graph, I might learn if the copies contained anything
false.” Campanclla probably refors here -to an ex-
pression of Plato, who says, ¢the world is God's epistle
to mankind.” And this image, of the natural world
as an original manuscript, while human systems of
philosophy are but copies, and may be- false ones,
became a favourite thought of the reformers, and ap-
pears repeatedly in their writhngs frdm this time.
“When I held my public disputation at Cosenza,”
Campanella proceeds, “and still more, when I con-
versed privately with the brethren of the monastery,
I found little sutisfaction in their answers; but Telesius
delighted me, on account of his frogdom in philoso-
phizing, and because he rested upon the nature of
things, and not upon the assertions of men.”

With these views and feelings, it is not wonderful
that Campanella, at the early age of twenty-two (1590,)
published a work remarkable for the bold promise of
its title: “ Thomas Campanella’s Philosoply demon-
strated to the senses, ugainst those who have philosophized
in an arbitrary and dogmatical manner, wot taking
nature for their guide; in which the errors of Aristotle
and his followers are refuted from their own assertions
and the luws of nature: and all the imaginations
Jeigned in the place of nature by the Peripatetics are
altogether rejected ; with a true defence of Bernardin
Lelesins of Cosenza, the yreatest of philosophers; con-
JSirmed by the opinions of the ancients, here elucidated
and defended, especially those of the Platonists.”

This work wus written in answer to a book pub-
lished against Telesius by a Neapolitan professor named
Marta ; and it was the boast of the young author that
he had only employed eleven months in the composi-
fion of his dofence, while his adversary had been
engaged eleven years in proparing his attack. Campa-~
nella. found a favourable reception in the house of the
Marchese Lavelli, and there employed himself in the
composition of an additional work, entitled On the
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Sense. of Things and Magic, and in other literary
labours. These, however, are full of the indications of
an enthusiastic temper, inclined to mystical devotion,
and of opinions bearing the cast of pantheism. ° For
instance, the title of the book last quoted sets forth as
demonstrated in the course of the work, .that the
world is the living and intelligent statue of God ; and
that all its parts, and particles of parts, are endowed some
with a clearer, some with a more obscure sense, such as
suffices for the preservation of each and of the whole.”
Besides these® opinions, which could uot fail to make
him obnoxious to the religious authorities, Campa-
nella’ engaged in schemes of politieal revolution, which
involved him in danger and calamity. e took part
in a conspiracy, of which the olject was to cust off the
tyranny of Spain, and to-make Calabria a republic.
This design was discovered; and Campanella, along
with others, was thrown into prison and subjected to.
torture. He was kept in confinement twenty-seven
years; and at last obtained his Liberation by the inter-
position of Pope Urban VIIT. He was, however, still
in danger from the Neapolitan Inquisition ; and escaped
in disguise to Paris, where he reccived a pension from
the king, and lived in intercourse with the most emi-
nent men of letters. He died there in 1639.
Campanella was a contemporary of Francis Bacon,
whom we must consider as belonging to an epoch to
which the Calabrian school of innovators was only a
prelude. I shall not therefore further follow the con-
nexion of writers of this order. Tobias Adami, a Saxon
writer, an admirer of Campanella’s works, employed
himself, about 1620, in adapting them to the German
public, and in recommending them strongly to German
philosophers. Descartes, and even Bacon, may be con-
sidered as successors of Campanella; for they too were
theoretical reformers ; but they enjoyed the advantage
of the light which had, in the mean time, been thrown.
upon the philosophy of science, by the great practical
advances of Kepler, Galileo, and others. To these

7 Economisii Italiand, t. § p. xxxIil
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practical reformers we must soon turn our attention:
but we may first notice one or two additional circum-
stances beloriging to our present subject.

Cumpanella remarks that both the Peripatetics and
the Platonists conducted the learner to knowledge by a
long-and circuitous path, which he wished to shorten
by setting out from the sense. Without speaking of
the methods which he proposed, we may notice one
maxim® of considerable value which he propounds, and
to which we have already been led. “We begin to
reason from sensible objects, and defini%on is the end
and epilvgue of science. It is not the beginning of our
knowing, bat only of our teaching.”

3. (Andrew Cesalpinus.)—The sane maxim had al-
ready been announced by Casalpinus, a contemporary
of Telesius; (he was born at Arezzo in 1520, and died
at Rome in 1603). Cwsalpinus is a great name in
science, though professedly an Aristotelian. It has
been seen in the History of Science®, that he formed
the first grent epoch of the science of botany by his
systematic arrangement of plants, and that in this
task he had no successor for nearly a century. He
also approached near to the great discovery of the
circulation of the blood'. He takes a view of science
which includes the remark that we have just quoted
from Campanella: “ We roach perfect knowledge by
three steps: Induction, Division, Definition. By In-
duction, we collect likeness and agreement from ob-
servation; by Division, we collect unlikeness and dis-
agreement; by Definition, we learn the proper sub-
stance of each object. Induction mmnkes universals
from particulars, and offers to the mind all intelligible
matter; Division discovers the difference of univer-
sals, and leads to species; Definition resolves species
into their principlos and elements™.” Without assert-
ing this to be rigorously correct, it is incomparably

,Jmore true and philosophical than the opposite view,

¥ Tenneman, ix, 30s. * Hist, Ind. Sc, b. xvl. ¢. fil, sect. 2.
0 Idid. b, xvit. ¢, il sect. 2. " Quezst, Peripat. i 1.
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which represents definition as the beginning of our
knowledge; and the establishment of such a doctrine
is a material step in inductive philosophy'’.

4. (Giordano Bruno.)—Among the Italian innova-
tors of this time we must notice.the unfortnnate Gior-
dano Bruno, who was born at Nola about 1550, and
burnt at Rome in 1600. He is, however, a reformer of
a different school from Campanella; for he derives his
philosophy from Ideas and not from Observation. He
represents himself as the author of a mew doctrine,
which he terms the ‘Nolan Philosophy. He was a
zealous promulgator and defender of the Cupernican
system of the universe, as we have noticed in the
History of Scienge'. Campanella also wrote in de-
fence of that system.

It is worthy of remark that a thought which is
often quoted from Francis Bacon, occurs in Bruno's
Cena di Cenere, published in 1584 ; I mean, the notion
that the later times are more aged than the earlier.
In the course of the dialogue, the Pedant, who is one
of the interlocutors, says, “In antiquity is wisdom;”
to which the Philosophical Character replies, *If you
knew what you werc talking about, you would see
that your principle lecads to the oppositc result of that
which you wish to infer ;—I mean, that we are older,
and have lived longer, than our predecessors.” He
then proceeds to apply this, by tracing the course of
astronomy through the -earlier astronomers up to Co-
pernicus.

5. (Peter Ramus.)—I will notice one other reformer
of this period, who attacked the Aristotelian system on
another side, on which it was considered to be most
impregnable. This was Peter Ramus, (born in Picardy
in 1515,) who ventured to denounce the Logic of Aris-
totle as unphilosophical and useless. After showing
an extraordinary aptitude for the acquirement of know-
ledge in his youth, when he proceeded to the degree,
of Master of Arts, he astonished his examiners by

* Tenneman, ix, jo8, 13 Hist, Ind. Se. b. v. ¢. iil. sect, 2.
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choosing for the subject of the requisite disputation
the thosis', “that what Aristotle has said is all
wrong.” This position, so startling in 1535 he de-
fonded for the whole day, without being defeated.
This was, however, only a formal academical exercive,
which did not necessarily imply any permanent con-
viction of the opinion thus expressed. But his mind
was really labouring to detect and remedy the errors
which he thus proclaimed. From him, as from the
other reformers of this time, we have an account of
this mental struggle’. He sa}s, in # work on this
subject, “I will candidly and simply explain how I
way delivored from the darkness of Aristotlee. When,
according to the laws of our university, I had spent
three years and a half in the Aristotelian philesophy,
and was now invested with the philosophical laurel as
a Master of Arts, I took an account of the time which
T had consumed in this study, and considered on what
subjects T should employ this logical art of Aristotle,
which I had learnt with so much labour and noise,
I found it inade me not more versed in history or an-
tiquities, more elogquent in discourse, more ready in
verse, more wise in anny subject. Alas for me! how
was [ overpowered, how deeply did 1 groan, how did
I deplore my lot and my nature, how did 1 deem
myself to bo by some unhappy and dismal fate and
frame of mind abhorrent from the Muses, when T
found that I was one who, after all my pains, could
reap no benefit from that wisdom of which I heard so
much, as being contained in the Logic of Aristotle.”
He then relates that he was led to the study of the
Dialogues of Plato, and was delighted with the kind
of analysis of the subjects discussed which Socrates is
there represented as executing. “Well,” he adds, “1
began thus to reflect within myself—(I should have
thought it impious to say it to another)—What, I

4 Tenneman, ix. 420. “ Quascungue ab Aristotele dicts essent commenticia
esse.”  Freiglus, Vita Petri Rami, p. 10,
18 Rami, Animady, Aristot. L fv,
H2
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pray you, prevents me from socratizing,; and from ask-
ing, without regard to Aristotle’s authority, whether
Aristétle’s Logic be true and correct? It may be that
that philosopher leads us wrong; and if so, no wonder
that I cannot find in his books the treasure which is
not there. What if his dogmas be mere figments? Do
I not tease and torment myself in vain, trying to get
& harvest from a barren soil?” He convinced himself
that the Aristotelian logic was worthless: and con-
structed a new system of Logic, founded mainly on the
Platonic process of exhausting a subject by analytical
elassification of its parts. Both works, his Aaimad-
versions on Aristotle, and his Logic, appeared in 1543,
The learned world was startled and shocked to find a
young man, on his first entrance into life, condemning
as faulty, fallacious, and useless, that part of Aris-
totle’s works which had always hitherto been held as
a masterpiece of philosophical ncuteness, and as the
Organon of scientific reasoning. And in truth, it
must be granted that Ramus does not appear to have
understood the real nature and object of Aristotle’s
Logic; while his own system could not supply the
place of the old one, and was not of much real valuc.
This dissent from the established doctrines was, how-
ever, not only condemned but punished. The printing
and selling of bis books was forbidden through France;
and Ramus was stigmatized by a scntence'® which
declared him rash, arrogant, impudent, and ignorant,
and prohibited from teaching logic and philosophy.
He was, however, afterwards restored to the office of
professor: and though much attacked, persisted in his
plan of reforming, not only Logic but Physics and
Metaphysics. He made his position still more dan-
gerous by adopting the reformod religion ; and during
the unhappy civil wars of France, he was deprived of
his professorship, driven from Paris, and had his
library plundered. He endeavoured, hut in vain, to
engage a German professor, Schegk, to undertake the

¢ Nee ITist, Ind, Se. b, kv, ¢ iv, sect, 4
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reform of the Aristotelian Physics; a portion of know-
ledge in which he felt himself not to be strong. Un-
huppily for himself, he aftérwards returned to Paris,
where he perished in the massacre of St. Bartholomew
in 1572, ’

Ramus’s main objection to the Aristotelian Logic
is, that it is not the image of the natural process of
thought; an objection which shows little philosophical
insight; for the course by which we obtain knowledge
may well differ from the order in whjch our know-
ledge, when obtained, is exhibited. We bave already
seen that Ramuv’s contemporaries, Casalpinus and
Campanelln, had a wiser view; placing definition as
the last step in knowing, but the first in teacbing.
But the effect which Ramus produced was by no
means slight. He aided powerfully in turning the
minds of men to question the authority of Aristotle
on all points; and had many followers, especially
among the Protestants. Among the rest, Milton, our
great poet, published “ Aatis Logicee plenior Institu-
tio ad Petri Bami methodum concinnata;” but this
work, appearing in 16072, belongs to a succeeding
period,

6. (T'he Reformers in general).—1It is impossible not to
be struck with the serics of misfortunes which assailed
the reformers of philosophy of the period we have had
to review. Roger Dacon was repeatedly condemned
and imprisoned ; and, not to speak of others who suf:
fered under the imputation of magical arts, Telesius is
said'? to have been driven from Naples to his native
city by calumny and envy; Cmsalpinus was accused
of atheism " ; Campanella was imprisoned for twenty»
soven years and tortured; Giordano Bruno was burnt
#t Rome as a heretic; Roumus was persecuted during
his life, and finally murdered by his personal enemy
Jucques Charpentier, in a massacre of which the plea
" wos religion. It is true, that for the most part these
misfortunes were not principally due to the attempts

1 Tenneman, ix. 230 - ® Ibid. rod,
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at philosophical reform, but were connected rather
with politics or religion. But we cannot doubt that
the spirit which led men to assail the received philo-
sophy, might readily incline them to reject some tenets
of the established religion; since the boundary line of
these subjects is difficult to draw. And as we have
seen, there was in most of the persons of whom we
have spoken, not only a well-founded persuasion of
the defects of existing systems, but an eager spirit of
change, and a ganguing anticipation of some wide and
lofty philosophy, which was soon to elevate the minds
and conditions of men. The most unfortunate were,
for the most part, the least temperate and judicions
reformers. Patricius, who, as we have seen, declared
himself against the Aristotelian philosophy, lived and
died at Rome in peace and honour'.

4. -(Melanethon.)—1It is not easy to point out with
precision the connexion between the efforts at a Reform
in Philosophy, and the great Reformation of Religion
in the sixtecnth century. The disposition to assert
(practically at least) a freedom of thinking, and to
reject the corruptions which tradition had introduced
and authority maintained, naturally extended its in-
fluence from one subject to another; and especially in
subjects so nearly connected as theology and philoso-
phy. The Protestants, however, did not reject the
Aristotelian system; they only reformed it, by going
back to the original works of the author, and by re-
ducing it to a conformity with Scripture. In this
reform, Melancthon was the chief author, and wrote
works on Logic, Physics, Morals, and Metaphysics,
which were used among Protestants, On the subject
of the origin of our knowledge, his views contained a
very philosophicsl improvement of the Aristotelian
doctrines. He recognized the importance of Ideas, as
well as of Experience. “We could not,” he says®,
4 proceed to reason at all, except there were by nature

-

19 Tonneman, ix, 246
2 Melancthon, De Anima, D. 207, quoted in Tenneman, ix. zat.
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innate in man certain ﬁxed points, that is, principles
of science j—as Number, the recognition of Srder and
Proportion, logical, goometrlcal physical and moral
Principles. Physical principles are such as these,—
everything which exists proceeds from a cause,—a
body cannot be in two places at once,—time is a con-
tinued series of things or of motions,—and the like.”
It is not difficult to see that such Principles partake
of the nature of the Fundamental Ideas which we
have attempted to arrange angd enumemte in a pre-
vious part of this work,

Before we proceed to the next chapt.ar, which treats
of the Practical Reformers of Scientific Method, let
us for an instant look at the strong persuasion implied
in the titles of the works of this period, that the
time of a philosophical revolution wasat hand. Tele-
sius published D¢ Rerum Natura justa propria prin-
cipia; Francis Helmont, Philosophia vulgaris refu-
tata; Patricius, Nova de Universis Philosophia; Cam-
panella, Philosophia sensibus demonsirata, adversus
errores Aristotelis; Bruno professed himself the author
of & Nolan Philosophy; and Ramus of a New Lugic.
The age announced itself pregnant; and the eyes of
all who took an interest in the intellectual fortunes of

the race, were looking eagerly for the expected off-
spring.



CHAPTER XIV.

Tre PracTical, REFORMERS OF SCIENCE.

1. Charactér of the' Practical Reformers—WE naw
come to a class of speculators who had perhaps a
greater share in bringing about the change from sta-
tionaiy to progressive knowledge, than those writers
who so loudly announced the revolution. The wode
in which the philosophers of whom we now speak
produced their impressions on men’s minds, was very
different from the procedure of the theoretical re-
formers. What these talked of, they did; what these
promised, they performed. While the theorists con-
cerning knowledge proclaimed thnt great advances
were to be made, the practical discoverers went stead-
ily forwards. While une class spoke of a complete
Reform of scientific Methods, the other, boasting little,
and often thinking little of Method, proved the novelty
of their instrument by obtaining new results. While
the metaphysicians were exhorting men to consult ex-
perience and the senses, the physicists were examining
nature by such mefins with unparalleled success. And
while the former, even when they did for a moment
refer to faeta, soon rushed back into their own region
of jdeas, and tried at once to seize the widest generali-
zations, the latter, fastening their attention upon the
phenoniena, and trying to reduce them to laws, were
carried forwards by steps measured and gradusl, sach
as no conjectural view of scientific method had sug-

- gested ;- but leading to truths as profound and com-.
prehensive .as any which conjecture had dared . to
antitipate. The theoretical reformers were bold, self-.
confident, hasty, contemptuous of antiguity, ambitious
of ruling &ll future speculations, as ghey( whom theéy.
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sought to depose had'ruled the past. Thé practical -
reformers were cautious, modest, slow, despising no
kunowledge, whether borrowed from tradition or vbser-
vation, confident in the ultimaté triumph of science,
but impressed with the coyviction that each single
person could contribute a little only to its progress.
Yet though thus working rather than speculating,— .
dealing with particulars more than with generals,—
employed mainly in adding to knowledge, and not in
defining what knowledge is, or how additions are to
be made to it,—these men, thoughtful, durious, and of
comprehensive minds, were constantly led to important
views on the nature and methods of science. And
these views, thus suggested by reflections on their own
mental activity, were gradually incorporated with the
more abstract doctrines of the metaphysicians, and
had a most important influence in establishing an im-
proved philosophy of science. The indications of such
view. we must now endeavour to collect from the
writings of the discoverers of the times preceding the
seventecnth century.

Some of the earliest of these indications are to be
found in those who dealt with Art rather than with
Science, I have already endeavoured to show that the
advaunce of the arts which give us a conmaund over the
powers of nature, is generally prior to the formation
of exact and speculative knowledge concerning those
powers. But Art, which is thus the predecessor of
Science, is, among nations of acute aud active intellcets,
usually its parent. There operates, in such a case, a
speculative spirit, leading men to seek for the reasons
of that which they find thenfselves able to do. How
slowly, and with what repeated deviations men follow
this leading, when under the influence of a partial and
dogmatical philosophy, the late birth and slow growth
of sound physical theory shows. But at the period of
which we now speak, we find men, at length, proceed-
ing in obedience to the impulse which thus drives them
from practice to theory ;}—from an acquaintance with
phenonena to a free and intelligent inquiry concerning
their causas, - I
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2. Leonardo da Vinci.—I have already noted, in
the History of Science, that the Indistinctness of Ideas,
which was long one main impediment to the progress
of science in the middle ages, was first remedied among
architects and engineers. These men, so far at least as
mechanical ideas were concerned, were compelled by
their employments to judge rightly of the relations and
properties of the materials with which they had to deal ;
and would have been chastised by the failure of their
works, if they had violated the laws of mechanical truth.
Tt was not wohderful, therefore, that these laws became
known to them first. We have seen, in the History,
that Leonardo da Vinei, the celebrated painter, who
was also an enghncer, is the first writer in whom we
find the true view of the laws of equilibrium of the
Jever in the most general case. This artist, 2 man of
a lively and discursive mind, is led to make some re-
marks’ on the formation of our knowledge, which may
show the opinions on that subject that already offered
themselves at the beginning of the sixteenth century®.
He expresses himself as follows :—*Theory is the gene-
ral, Experiments are the soldiers. The interpreter of
the artifices of nature is Experience: she is never de-
ceived, Our judginent sometimes is deceived, because
it expects effects which Experience refuses to allow.”
And again, “We must consult Experience, and vary
the circumstances till we have drawn from them gene-
ral rules; for it is she who furnishes true rules. But
of what use, you ask, are these rules; I reply, that
they direct us in the researches of nature and the
operations of art. They prevent our imposing upon
ourselves and others by promising ourselves results
which we cannot obtain.

“In the study of the sciences which depend on mathe-
matics, those who do not consult nature but authors,
are not the children of nature, they are only her grand-

S His works have never been puth Mmzaoummdanmudd-
lished, and exist In manuscript in the Vinel. Paris, 1797.
Mbrary of the Institute st Pagit. Bome = ¢ Innudndlbdhzanﬁlﬁllﬂ
extracts wore published by Yenturl, of 78, PA
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children. She is the true teacher of men of genius,
But see the: absurdity of mon! They turn up their
noses at & man who prefers to learn from nature her-
self rather than from authors who are only her clerks.”

In another place, in reference to a particular ease,
he says, “Nature begins from the Reason and ends in
Experience; but for all that, we must take the opposite
course; begin from the Experiment and try to discover
the Reason.”

Leonardo was horn forty-six years before Telesius;
yet we have here an estimate of the valueof experience
far more just and substantial than the Calabrian school
ever reached. The expressions contained in the above
extracts, are well worthy our notice ;-—that experience
is never deceived ;- that we must vary our experi-
ments, and draw from them general rules;—that na-
ture is the original source of knowledge, and Looks
only a derivative substitute;—with a lively image of
the sons and grandsons of nature. Some of these
assertions have been deemed, and not without reason,
very similar to those made by Bacon a century later.
Yet it is probable that the import of such expressions,
in Leonardo’s mind, was less clear and definite than
that which they acquired by the progress of sound phi-
losophy. When he says that theory is the geveral
and experiments the soldiers, he probably meant that
theory directs men what experiments to make; and
had not in his mind the notion of a theoretical Idea
ordering and brigading the Facts. When he says that
Experience is the interpreter of Nature, we may recol-
lect, that in a more correct use of this image, Expe-
rience and Nature are the writing, and the Intellect
of man the interpreter. We may add, that the clear
apprehension of the importance of Experience led, in
this as in other cases, to an unjust depreciation of the
value of what science owed to books. Leonardo would
Jiave made little progress, if he had attempted to master
a complex science, astronomy for instance, by means of
observation alone, without the aid of books.

But in spite of such oriticism, Leonardo’s maxims
show extraordinary sagacity and insight; and they
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appear to us the more remarkable, when we see how
rare such views are for a century after his time,

3. Copernicus.—For we by no means find, even in
those pructical discoverers to whom, in reality, the re-
volution in science, and consequently in the philosoply
of science, was due, this prompt and vigorous recognition
of the supreme authority of observativn as a ground of
belief; this bold estimate of the probable worthlessness
of traditional knowledge; and this plain assertion of
the reality of theory founded upon experience. Awmong
such discovesers, Copernicus must ever hold a most
distinguished plwce. The heliocentric theory of the
universe, established by him with vast labour and
deep knowledge, was, for the succeeding century, the
field of discipline and exertion of all the most active
speculative minds. Men, during that time, proved
their frecdom of thought, their hopeful spirit, and
their’ comprehensive view, by adopting, inculeating,
and following out the philosophy which this theory
suggested. But in the first promulgation of the theory,
in the works of Copernicus himself, we find a far
more cautious and reserved tempor. He does not,
indeed, give up the teality of his theory, but he «x-
presses himself so as to avoid shocking those who might
(as some afterwards did) think it safe to speak of it as
an hypothesis rather than a truth. In his prefuce ad-
dressed to the Pope?, after speaking of the difficulties
in the old and received doctrines, by which he was led
to his own theory, he says, “ Hence I began to think
of the mobility of the carth; and although the opinion
seemed absurd, yet because I knew that to others be-
fore me this liberty hud been conceded, of imagining
any kinds of circles in order to explain the phenomeus
of the stars, I thought it would also be readily granted
me, that [ might try whether, by supposing the earth
to be in motion, I might not arrive at a better expla-
nation than theirs, of the revolutions of the celestial,
opbs.”  Nor does he anywhere assert that the seeming

'Plulill.tnxm
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absurdity had become a certain truth, or hetray any
feeling of triumph over the mistaken belief of his
predecessors. And, as I have elsewhere shown, his
disciples* indignently and justly defended him from
the charge of disrespect towards Ptolemy and other
ancient astronomers. Yet Copernicus is fur from com-
promising the value or evidence of the great truths
which he introduced to general acceptance; and from
sinking in his exposition of his discoveries below the
temper which had led to them. His quotation from
Ptolemy, that «“He who is to follow phflosophy must
be a freeman in mind,” is a grand and noble maxim,
which it well became him to utter.

4. Fabrictus—In another of thesgreat discoverers
of this period, though employed on a very different sub-
jeet, we discern much of the same temper. Fabricius
of Acquapendente®, the tutor and forerunner of our
Harvey, and one of that illustrious series of Paduan
professors who were the fathers of anatomy®, exhibits
something of the same respect for antiquity, in the
midst of %Jis original speculations. Thus in a disser-
tation” On the Action of the Joints, he quotes Aris-
totle’s Mechanical Problems o prove that in all ani-
mal motion there must be some quiescent fulerum ;
and finds merit even in Aristotle’s ignorance. ‘¢ Aris-
totle,” he says®, “did not know that motion was
produced by the muscle; and after staggering about
from one supposition to auother, at Jast is compelled
by the facts themselves to recur to an innate spivit,
which, he conceives, is contrasted, and which pulls
and pushes. And here we cannot help admiring the
genius of Aristotle, who, though ignorant of the mus-
ole, invents something which produces nearly the same
effect a8 the muscle, namely, contraction and pulling.”
He then, with great acuteness, points out the dis-
tinetion between Aristotle’s opinions, thus fuvourably
interpreted, and those of Galen. In all this, we see

4 Rist. Ind. Sc.b. v. ¢ il & Born 1537, died 1619,
¢ Hist. Ind. Se. b. xvil. ¢. il soct. 1.
¥ Fabriclns, De Motu Looaki, b 182 8 p, 199
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something of the wish to find all truths in the writings
of the ancients, but nothing which materially inter-
feres with freedom of inquiry. The anatomists have
in all ages and countries been practically employed in
seeking knowledge from observation. Facts have ever
been to them a subject of careful and profitable study;
while the ideas which enter into the wider truths of
the science, are, as we have seen, even still involved
in obscurity, doubt, and contest.

5. Muaurolycus.—Francis Maurolycus of Messana,
whose mathethatical works were published in 1575, was
one of the great improvers of the science of optics in his
time. In his Preface to his Treatise on the Spheres,
he speaks of previous writers on the same subject: and
observes that as they have not superseded one another,
they have not rendered it unfit for any one to treat
the subject afresh. ¢ Yet,” he says, “it is impossible
to amend the errors of all who have preceded us.
This would be a task too hard for Atlas, although he
supports the heavens. Even Copernicus is tolerated,
who makes the sun to be fixed, and the earth to move
round it in a circle, and who is more worthy of a
whip or a scourge thun of a refutation.” The mathe-
maticians and astronomers of that time were not the
persons most sensible of the progress of physical know-
ledf,e ; for the basis of their sclence, and a great part
of its substance, were contained in the writings of the
ancients; and till the time of Kepler, Ptolemy’s work
was, very justly, looked upon as including all tha.t wus
essential in the science.

6. Benedetti.—But the writers on Mechanics were
naturally led to present themselves as innovators and
experimenters; for all that the ancients had taught
concerning the doctrine of motion was erroneous;
while those who sought their knowledge from experi-
ment, were constantly led to new truths. John' Bap-
tist Benedetti, a Venetian nobloman, in 1599, pnb;
kished his Speculationum Liber, containing, among other
matter, a treatise on Mecha.mcs, in which several of
the Aristotelian errors were refuted. In the Preface
to this Treatise, he says, “ Many authors have written
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much, and with great ability, on Mechanics; but since
nature is constantly bringing to light someéthing either
new, or before unnoticed, I too wished to put forth a
few things hitherto unattcmpted or not sufficiently
explained.” In the doctrine of motion he distinctly
and at somo length condemns and argues against all
the Aristotelian doctrines concerning motion, weight,
and many other fundamental priuciples of physics.
Benedetti is also an adherent of the Copernican doc-
trine. He states® the enormous velocity which the
heavenly bodies must have, if tho earthebe the centre
of their motions; and adds, ¢ which difficulty does not
occur according to the beautiful theory of the Samian
Avristarchus, expounded in a divine manner by Nicolay
Copernicus ; against which the reasons alleged by Aris-
totle are of no weight.” Benedetti throughout shows
no want of the courage or ability which were needed
in order to rise in opposition against the dogmas of
the Peripatetics. He does not, however, refer to ex-
periment in a very direct manner; indeed most of the
facts on which the clementary truths of mechanics
rest, were known and admitted by the Aristotelians;
and therefore could not be adduced as novelties. On
the contrary, he begins with @ priori maxims, which
experience would not have confirmed. Since,” he
says'’ “we have undertaken the task of proving that
Avristotle is wrong in his opinions concerning motion,
there are certain absolute truths, the objects of the
intellect known of themselves, which wo must lay
down in the first place.” And then, as an example of
these truths, he states this: “ Any two bodics of equal
size and figure, but of different matcrials, will have
their nataral velocities in the same proportion as their
weights;” where by their natural velocities, he means
the u;;elocities with which they naturally fall down-
wa,

7. Gilbert.—The greatest of these practical reform-
‘ers of science is our countryman, William Gilbert; jf,

9 Speculationvan Liber, P, 195, 10 I, p. 169,
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indeed, in virtue of the clear views of the prospects
which were then opening to -science, and of the
methods by which her futuré progress was to be se-
cured, while he exemplified those views by physical
discoveries, he does not rather deserve the still highet’
praise of being at the same time a theoretical and a
practical reformer. Gilbett's physical researches and
speculations were employed principally upon subjeots .
on which the ancients had known little or nothjng;
and on which therefore it could not be doubtful whe-
ther traditionsor obsetvation was the source of know-
ledge. Such was magnetism; for the ancients were
barely acquainted with the attractive property of the
magnet. Its polarity, including repulsion as well as
attraction, its direction towards the north, its limited
variation from this direction, its declination from the
horizontal position, were all modern discoveries. Gil-
bert’s work'' on the magnet and on the magunetism of
the earth, appeared in 1600; and in this, he repeatedly
maintains the superiority of experimental knowledge
ower the physical philosophy of the ancients. Mis
preface opens thus: “Since in making discoveries and
searching out the hidden causes of things, stronger
reasons are obtained from trustworthy experiments
and demonstrable arguments, than from probable con-
jectures and the dogmas of those who philosophize in
the usual manner,” he has, he says, ‘endeavoured to
proceed from common magnetical experiments to the
inward constitution of the earth.” As I have stated
in the History of Magnetism®, Gilbert's work pon-
tains all the fundamental facts of that science, so fully
stated, that we have, at this day, little to add to them. '
He is not, however, by the advance which he thus
made, led to depreciate the ancients, but only to claim
for himself the same liberty of philosophizing which

L3
= Gulielmi Gilbests, Coloastriensis, Mediei Londineats, De Magnete, Muy-
neticisque Corporibus, et de Magno Magnete Tellure, Physiologia Nova, pluri-
mis et Aryumentis et Experimentis demonstrata.
1t Hist, Ind, Sc, b. xit. ¢ L
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they had enjoyed . -¢ To those ancient and first parents
of philoaopiy, Aristotle, Theophrastus, Ptolemy, Hip-
pocrates, Galen, be all due honour; from them it was
that the stream of wisdom has been derived down to
posterity. But our age has discovered and brought
to light many things which they, if they were yet
alive, would gladly embrace. Wherefore we also shall
not hesitate to expound, by probable hypotheses, those
thihgs which by long experience we have ascertained.”

In this work the author Bot only adopts the Coper-
nican doctrine of the earth’s mdtion, bmt speaks™ of
the contrary supposition as ‘utterly” absurd, founding
his argument mainly on the vast velocities which such
a supposition requires us to ascribe to the celestial
bodies. Dr. Gilbert was physician to Queen Elizabeth
and to James the First, and died inj1603. Some time
after his death the executors of his brother published
another work of his, De Mundo nostro Sublunari Phi-
losophia Nova, in which similar views are still more
comprehensively presented. In this he says, “The
two lords of philosophy, Aristotle and Galen, are held
in worship like gods, and rule the schools;—the for-
mer by some destiny obtained a sway and influence
among philosophers, like that of his pupil Alexander
among the kings of the earth ;—Galen, with like suc-
cess, holds his trinmph among the physicians of Eu-~
rope.” This comparison of Aristotle to Alexander
was also taken hold of by Bacon. Nor is Gilbert an
unwbrthy precursor of Bacon in the view he gives of
the, History of Science, which occupies the first three
chapters of his Philosophy. He traces this history
from ¢ the simplicity and ignorance of the ancients,”
through ¢ the fabrication of the fable of the four ele-
ments,” to Aristotle and Galen. He mentions with
due disapproval the host of commentators which sue-
ceeded, the alchemists, the “shipwreck of science in
the deluge of the Goths,” and the revival of letters
and genius in the time of *our grandfathers.” * Thig

B Pref, , W De Magnete, ib. vi. ¢ 3, 4.
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later age,” he says, “has exploded the Barbarians, and
restored the Greeks and Latins to their pristine grace
and honour. It remains, that if they have written
aught in error, this should be remedied by better and
more productive processes (frugiferts institutis), not
to be contemned for their novelty ; (for nothing which
is true is really new, but is perfect from eternity,
though to weak man it may be unknown;) and that
thus Philosophy may bear her fruit.” The reader of
Bacon will not fuil to recoguize, in these roferences to
“fruit-bearing” know‘ledge, a similarity of expression
with the Novum Organon.

Bacon does not appear to me to have done justice to
his contemporary. He nowhere recognizes in the la-
bours of Gilbert a community of purpose and spirit
with his own. On the other hand, he casts upon him
a reflection which he by no means deserves. In the
Advancement of Learning'®, he says, * Another error
is, that men have used to infect their meditations,
opinions, and doctrines, with some conceits which they
l#ve most admired, or some sciences to which they
have most applied; and given all things else a tinc-
ture according to them, utterly untrue and improper...
So have the alchemists made a philosophy out of a
few experiments of the furnace; and Gilbertus, our
countryman, hath made a philosophy out of the ob-
servations of a loadstone,” (in the Latin, philosophiam
etiam e magnete elicuit). And in the same manner
he mentions him in the Novum Urganon', as sfford-
ing an example of an empirical kind of philosophy,
which appears to those daily conversant with the ex-
periments, probable, but to other persons ineredible
and empty. But instead of blaming Gilbert for dis-
turbing and narrowing science by a too constant re-
ference to magnetical rules, we might rather censure
Bacon, for not seeing how important in all natural
philosophy are those laws of attraction and repulsion
of which magnetical phenomena are the most obvious

33 Nov. Org. b. L. # B, i, Aph. 64
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illustration. We may find ground for such a judg-
ment in another passage in which Bacon speaks of
Gilbert. In the Second Book of the Novum Orga-
non, having classified motions, he gives, as one kind,
what he calls, in his figurative language, motion for
gain, or motion of need, by which a body shuns hete-
rogeneous, and sceks cognate bodies. Anpd he adds,
“The Electrical operation, concerning which Gilbert
and others since him have made up such a wonderful
story, is nothing less than the, appetite of a body,
which, excited by friction, does not. well tolerate the
air, and prefers another tangible body if it be found
near.” Bacon's notion of an appetite in the Lody is
certainly much less philosophical thdn Gilbert's, who
speaks of light bodies as drawn towards amber by
certain material radii'®; and we might perhaps ven-
ture to say that Bacon here manifests a want of clear
mechanical ideas. Buacon, too, showed his inferior
aptitude for physical research in rejecting the Coper-
nican doctrine which Gilbert adopted. In the Ad-
vancement of Learning', suggesting a history of the
opinions of philvsophers, he says that he would have
iuserted in it even recent theories, as those of Para-
celsus; of Telesius, who restored the philosophy of
Parmenides; or Patricius, who resublimed the fumes
of Platonism; or Gilbert, who brought back the dog-
mas of Philolaus. But Bacon quotes® with pleasure
Gilbert’s ridicule of the Peripatetics’ definition of
heat. They had said, that heat is that which sepa-
rates heterogeneous and unites homogeneous matter;
which, said Gilbert, is as if any one were to define
man a8 that which sows wheat and plants vines.
Galileo, another of Gilbert’s distinguished contem-
poraries, had a higher opinion of him. He says™, «1
extremely admire and envy this author. I think him
worthy of the greatest praise for the many new and
drue observations which he has made, to the disgrace

7 Vol ix. 18s. 18 De Magnete, . Go.
» Bl c. 4 2 Nov, Org. b. 1L Aph. (8.
3 Drinkwater's Life of Galileo, p. 18,
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of so many vain and fabling authors; who write, not
from their own knowledge only, but repeat everything
they hear from the foolish and vulgar, without at-
tempting to satisfy themselves of the same by experi-
ence; perhaps that they may not diminish the size of
their books.”

8. Galileo—Galileo was content with the active and
successful practice of experimental inquiry; and did
not demand that such researches should be made ex-
pressly subservient tq that wider and more ambitious
philosophy, on which the author of the ¥ovum Organon
employed his powers. But still it now becomes our
business to trace those portions of Galileo’s views which
have reference td the theory, as well as the practice,
of scientific investigation. On this subject, Galileo did
not think more profoundly, perhaps, than several of his
contemporaries; but in the liveliness of expression and
illustration with which he recommended his opinions
on such topics, he was unrivalled. Writing in the lan-
guage of the people, in the attractive form of dialogue,
with clearness, grace, and wit, he did far more than
any of his predecessors had done to render the new
methods, results, and prospects of science familiar to a
wide circle of readers, first in Italy, and soon, all over
Europe. The principal points inculcated by him were
already becoming familiar to men of active and inquir-
ing minds; such as,—that knowledge was to be sought
from observation, and not from books;—that it was
absurd to adhere to, and debate about, the physical
tenets of Aristotle and the rest of the ancients. On
persons who followed this latter course, Galileo fixed
the epithet of Paper Philosophers®™; because, as he
wrote in a letter to Kepler, this sort of men fancied
that philosophy was to be studied like the .Zneid or
Odyssee, and that the true reading of nature was to bo
detected by the collation of texts. Nothing so much
shook the authority of the received systemn of Physics
as the experimental discoveries, directly contradicting

¥ Life of Galileo, p. 9.
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it, which Galileo made. By experiment, as I have
clsewhere stated®, he disproved the Aristotelian doc-
trine that bodies fall quickly or slowly in proportion
to their weight. And when he had invented the tele-
scope, a number of new discoveries of the most striking
kind (the inequalities of the moon’s surface, the spots
in the sun, the moon-like phases of Venus, the satel-
lites of Jupiter, the ring of Saturn,) showed, by the
cevidence of the eyes, how inadequate were the concep-
tions, and how erronecus the doctrines of the ancients,
respecting the constitution of the universq, How severe
the blow was to the disciples of the ancient schools, we
may judge by the extraordinary forms of defence in
which they tried to intrench themselyes. They would
not look through Gualileo’s glasses; they maintained
that what was seen was an illusion of witcheraft; and
they tried, as Galileo says™, with logical arguments, as if
with magical incantations, to charm the new planets
out of the sky. No one could be better fitted than
Galileo for such a warfare. His great knowledge, clear
intellect, gaiety, and light irony, (with the advautage
of being in the right,) enabled him to play with his
adversaries as he pleased. Thus when an Aristotelian *
rejected the discovery of the irregularities in the moun's
surface, because, according to the ancient doctrine, her
form was a perfect sphere, and held that the apparent
cavities were filled with an jnvisible crystal substance,
Galileo replied, that ke had no objection to assent to
this,'but that then hc should require his adversary in
return to believe that there were on the same sur-
face invisible crystal mountains ten times as high as
those visible ones which he had actually observed and
measured.

We find in QGalileo many thoughts which have
since become established maxims of modern philoso-
pby. “Philesophy,” he says", “is written in that
great book, I mean the Universe, which is constantly

*open before our eyes; but it cannot be understood,

9 Higt, Ind. 8c. b, vi, c. {i. sect. 5 % Life of Galileo, p. 29
5 Ibid p 33 28 11 Sagyiatore, il. 247,
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unless we first know the language and learn the
characters in which it is written.” With this thought
he combines some other lively images. One of his
interlocutors says concerning another, “Sarsi perhaps
thinks that philosophy is a book made up of the fan-
cies of men, like the Iliad or Orlando Furioso, in
which the matter of least importance is, that what
is written be true.” And again, with regard to the
system of authority, he says, “I think I'discover in
him & firm belief that, in philosophizing, it is necessary
to lean upon ¢the opihion of some celebrated author;
as if our mind must necessarily remain unfruitful and
barren till it be married to another man’s reason.”—
“ No,” he says, ‘the case is not so.—When we have
the decrees of Nature, authority goes for nothing;
reason is absolute.”

In the course of Galileo's controversies, questions of
the logic of science came under discussion. Vincenzio
di Grazia objected to a proof from induction which
Galileo adduced, because all the particulars were not
enumerated ; to which the latier justly replies™, that if
induction were required to pass through all the cases,
it would be either uaeless or impossible ;—impossible
when the cases are innumerable; uscless when they
have each already been verified, since then the general
proposition adds nothing to our knowledge.

One of the most novel of the characters which
Science assumes in Galileo’s hands is, that she becomes
cautious. 8he not only proceeds leaning upon Experi-
ence, but she is content to proceed a little way at a
time. She already begins to perceive that she must
rise to the heights of knowledge by many small and
separate steps. The philosopher is desirous to know
much, but resigned to be ignorant for a time of that
which cannot yet be known. Thus when Galileo dis-

_covered the true law of the wotion of a falling body®,
that the velocity increases proportionally to the time
fyom the beginning of the fall, he did not insist upon’

% Il Saggiatore, 1. 200. 8 Ibid, L sor.
® Hig. Ind. 8e. b. v1. ¢ iL sect. 2.
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immediately assigning the cause of this law. “The
cause of the acceleration of the motions of falling
bodies is not,” he says, “a necessary part of the in-
vestigation.” Yet the conception of this acceleration,
as the result of the continued action of the foree of
gravity upon the fulling body, could hardly fail to
suggest itself to one who had formed the idea of foree.
In like manner, the truth that the velocities, acquired
by bodies falling down planes of equal heights, are all
equal, was known to Galileo and his disciples, long
before he accounted for it®, by the eprinciple, ap-
parently so obvious, that the momentum generated
is us the moving force which generates it. He was
not tempted to rush at once, from, an experimental
truth to a universal system. Science had learnt that
she must move step by step; and the gravity of her
pace already indicated her approaching maturity and
her consciousness of the long puth which lay beforo
her.

But besides the genuine philosophical prudence which
thus withheld Galileo from leaping hastily from one
inference to another, he had perbaps a prepouderating
inclination towards facts; and did not feel, so much us
some other persons of his time, the need of reducing
them to ideas. He could bear to contemplate laws of
motion without being urged by an uncontrollable desire
to refer them to conceptions of force.

9. Kepler.—In this respect his friend Kepler differed
from him; for Kepler was restless and unsatisfied till
he had reduced facts to laws, and laws to causes; and
never acquiesced in ignorance, though he tested with
the most rigorous serutiny that which presented itself
in the shape of knowledge to fill the void. It may be
secn in the History of Astronomy® with what per-
severance, energy, and fertility of invention, Kepler
pursued his labours, (enlivened and relieved by the

. most curious freaks of fancy,) with a view of discover-
ing the rules which regulate the motions of the plangt

™ Hit. Ind Se.b.vL c. Ul soct. 4 3 TbAd b v. & Iv. seck. 1.
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Mars. He represents this employment under the image
of a warfare; and describes* his object to be “to
triumph over Mars, and to prepare for him, as for ono
altogether vanquished, tabular prisons and equated ,
eccentric fetters;” and when, “the enemy, left at
home a despised captive, had burst all the chains of
the equations, and broken forth of the prisons of the
tables ;”—when “it wus buzzed here and there that the
victory is vain, and that the war is raging anew as
violently as before;”—that is, when the rules which
he had proposed did ‘not coincide with the facts;—he
by no means desisted from his attempts, but “suddenly
sent into the field a reserve of new physical reasonings
on the rout and, dispersion of the veterans,” that s,
tried new suppositions suggested by such views as he
then entertained of the celestiul motions. His efforts
to obtain the formal laws of the planetary motions
resulted in some of the most important discoveries
ever made in astronomy; and if his physical reason-
ings were for the time fruitlesy, this arose only from
the want of that discipline in mechanical ideas which
the minds of mathematicians had still to undergo; for
the great discoveries of Newton in the next generation
showed that, in reality, the next step of the advance
was in this direction. Among all Kepler's fantastical
expressions, the fundamental thoughts were sound and
true; namely, that it was his business, as a physical
investigator, to discover a mathematical rule which
governed and included all the special facts; and that
the rules of the motions of the planets must conform
to some conception of causation.

The same characteristics,—the conviction of rule and
cause, perseveraned in secking these, inventiveness in
devising hypotheses, love of truth in trying and re-
jecting them, and a lively Fancy playing with the
Reason without interrupting her,—appear also in his
work on Optics; in which he tried to discover the
exact law of optical refraction®. In this undertaking

3 De Stell, Mart. p. Iv. ¢. 51 (1609); Drinkwater's Kepler, . 33
3 Published sCoqe  Hish Ind. So b, i, ¢ 3L
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he did not succeed entirely; nor does he profess to
have dune so. He ends his numerous attempts by
saying, *“Now, reader, you and I have been detained
sufficiently long while I have been attempting to collect
tnto one fagot the measures of different refractions.”

In this and in other expressions, we see how clearly
he apprehended that colliyation of fucts which is the
main business of the practical discoverer. Aud by his
peculiar endowments and babits, Kepler exhibits an
vesential portion of this process, which hardly appears
at all in Galileo. In order t§ bind together facts,
theory is requisite as well as observation,—the cord as
well as the fagots. And the true theory is often, if
not always, obtained by trying several and selecting
the right. Now of this portion of the discoverer's
exertions, Kepler is a most conspicuous example. His
fertility in devising suppositions, his undaunted indus-
try in calculating the results of them, his entire honesty
and candour in resigning them if these results dis-
agreed with the facts, are a very instructive spectacle ;
and are fortunately exhibited to us in the most lively
manner in his own garrulous narratives. Galileo urged
men by precept as well as example to begin their phi-
losophy from observation; Kepler taught them by his
practice that they must proceed from observation by
means of hypotheses. The one insisted upon facts;
the other dealt no less copiously with ideas. In the
practical, as in the speculativesportion of vur history,
this antithesis shows itself; although in the practical
part we cannot have the two elements separated, as in
the speculative we sometimes have.

In the History of Science™, I have devoted several
pages to the intellectual character of ¥epler, inasmuch
as his habit of dovising so great a multitude of hypo-
theses, so fancifully expressed, had led some writers to
look upon him as an inquirer who transgressed the
most ged rules of philosophival inquiry. This opi-
nion has arisen, I conceive, among those who haye

-

)

M Hisl, Ind, Sc. b, v, ¢, iv. sect. 1.
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forgotten the necessity of Ideas as well as Facts for
all theory; or who have overlooked the impossibility
of selecting and explicating our ideas without a good
deal of spontuneous play of the mind. It must, how-
ever, always be recollected that Kepler's genius and
fancy derived all their scientific value from his genuine
and unmingled love of truth. These qualities appeared,
not only in the judgment he passed upon hypotheses,
but also in matters which more immediately concerned
his reputation. Thus when Galileo’s discovery of the
telescope dispaoved sc¥eral opinions which Kepler had
published and strenuously maintained, he did not hesi-
tate a moment to retract his assertions and range him-
sclf by the side of (falileo, whom he vigorously sup-
ported in his warfare against those who were incapable
of thus cheerfully acknowledging the tviumph of new
facts over their old theories.

10, T'ycho.—There remains one eminent astronomer,
the friend and fellow-labourer of Kepler, whom we must
not separate from him as one of the practical reformers
of science. T speak of Tycho Brahe, who is, T think,
not justly appreciated by the literary world in general,
in consequence of his having made a retrograde step
in that portion of astrcnomical theory which is most
familiar to the popular mind. Though he adopted the
Copernican view of the motion of the planets about
the sun, he refused to acknowledge the annual and
diurnal motion of the earth. But notwithstanding
this mistake, into which he was led by his interpreta-
tion of Secripture rather than of nature, Tycho must
ever be one of the greatest names in astronomy. In
the philosophy of science also, the influence of what
he did is far from inconsiderable; and especially its
value in bringing into notice these two points :—that
not only are observations the beginning of science, but
that the progress of science may often dspend upon
the observer's pursuing his task regularly and carefully
for a long time, and with well devised instruments;
and again, that observed facts offer a succession of
laws which we discover as our observations become
‘better, and as our theories are better adapted to the
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observations. With regard to the former point, Tycho’s
observatory was far superior to all that had preceded
it®, not only in the optical, but in the mechanical
arrangements; a matter of almost equal consequence.
And hence it was that his observations inspired in
Kepler that confidence which led him to all his la-
bours and all his discoveries. “Since,” he says®, “the
divine goodness has given us in Tycho Brahe an exact
observer, from whose observations this error of cight
minutes in the culculations of the Ptolemaic hypothesis
is detected, let us acknowledge fand make use of this
gift of God: and since this error cannot be neglected,
these eight minutes alone have prepared the way for
an eutire reforin of Astronomy, apd are to be the
main subject of this work.”

With regard to Tycho's discoveries respecting the
moon, it is to be recollected that besides the first in-
cquality of the moon’s motion, (the equation of the
centre, arising trom the elliptical form of her orbit,)
Ptolemy had discovered a second inequality, the evec-
tion, which, as we have observed in the History of
this subject™, might have naturally suggested the sus-
picion that there were still other inequalities. 1In the
middle .ages, however, such suggestions, implying a
constant progress in science, were little attended to;
and, we have seen, that when an Arabian astrono-
mer™ had really discovered another inequality of the
moon, it was soon forgotten, because it had no place in
the established systems. Tycho not only rediscovered
the lunar inequality, (the wariation,) thus once Liefore
won and lost, but also two other inequalities; namely™,
the change of inclination of the moon’s orbit as the
line of nodes moves round, and an inequality in the
motion of the line of nodes. Thus, as I have else-
where said, it appeared that the discovery of a rule
is a step to the discovery of deviations from that
_ rule, which require to be expressed in other rules. It

¥ Hist, Ini. So. b. vil. ¢, vi. seot. 1, 38 De Stell. Mart. p. 1, ¢- 10
 Hist, Ind. So. b. 1L o I, sect. 6. 3 I%id. sect. 8.
% Montucls, L 566.
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became manifest to astronomers, and through them to
all philosophers, that in the application of theory to
observation, we find, not only the stated phenomena,
for -which the theory does account, but also residual
phenomena, which are unaccounted for, and remain
over and above the calculation. And it was seen fur-
ther, that these residual phenomiena might be, alto-
gether or ingpart, exhausted by new theories.
* These were valuable lossons; and the more valuable
inasmuch as men were now trying to lay down maxims
and methods for the cbnduct of science. A revolution
was not only at hand, but had really taken place, in
" the great body of real cultivators of science. The
occasion now required that this revolution should be
formally recognized ;—that the new intellectual power
should be clothed with the forms of government;—
that the'new philosophical republic should be acknow-
ledged as a sister state by the ancient dynastics of
Aristotle and Plato. There was needed some great
Theoretical Reformer, to speak in the name of the
Experimental Philosophy; to lay before the world a
- declaration of its rights and a scheme of its laws. And
thus our eyes are turned to Francis Bacon, and others
who like him attempted this great office. We quit
those august and venerable names of discoverers, whose
appearance was the prelude and announcement of the
new state of things then opening; and in doing so, we
may apply to them the language which Bacon applies
to himself * :—

Xaipere K#pukes Awds dyyehoe 8¢ xal dvdpdv.
Hail, Heralds, Messengers of Gods and Men !

© D¢ Augm, Ib, fv. ¢ 1.



CHAPTER XV.

Faaxcis Baconw.

(L) 1. General Remarks.—0Pr is a 1aatter of some
dificulty to speak of the character and merits of this
illustrious man, as regards his place in that philosophical
history with which we are here engaged. If we were to
content ourselves with estimating him according to the
office which, as we have just seen, he claims for himself’,
as merely the harbinger and announcer of a sounder
method of scientific inquiry than that which was re-
cognized before him, the task would be comparatively
easy. For we might select from his writings those
passages in which he has delivered opinions and point-
ed out processes, then novel and strange, but since
confirmed by the experience of actual discoverers, and
bythe judgments of the wisest of succeeding philoso-
phers; and we might pass by, without disrespect, but
without notice, maxims and proposals which have not
been found available for use ;—views so indistinet and
vague, that we are even yet unable to pronounce upon
their justice ;—and boundless anticipations, dictated by
the sanguine hopes of a noble and comprehensive in-
tellect. But if we thus reduce the philosophy of
Bacon to that portion which the subsequent progress
of science has rigorously verified, we shall have to
over many of those declarations which have excited
most notice in his writings, and shall lose sight of
many of those striking thoughts which his admirers
most love to dwell upon. For he is usually spoken

X

! And in other passages: thus, “Ego enim buccinator tantum pugnam
80w ineo,” Nov. Ory. L. 1v. ¢. x,
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of, at least in this country, as a ‘teacher who not only
commenced, but in a great measure completed, the
Philosophy of Induction. He is considered, not only
as having asserted some general principles, but laid
down the special rules of scientific investigation; as
not only one of the Founders, but the supreme Legis-
lator of the modern Republic of Science; not only the
Hercules Who slew the monsters that obstructed the
earlier traveller, but the Solon who established a cou-
stitution fitted for all future time.

2. Nor is®it our purpose to deny that of such
praise he deserves a share which, considering the pe-
riod at which he lived, is truly astonishing. But it is
necessary for us in thiy place to discriminate and sciect
that portion of his system which, bearing upon phyaical
science, has since been confirmed by the actual history.
of science. Many of Bacon’s most impressive and cap-
tivaging passages contemplate the extension of the new
methods of discovering truth to intellectual, to moral,
to political, as well as to physical science. And how
far, and how, the advantages of the inductive method
may be secured for those important branches of specu-
Iation, it will at some future timne be a highly inter-
esting task to examine. But our plan requires us at
present to omit the consideration of these; for our
purpose is to learn what the genuine course of the for-
mation of science ig, by tracing it in those portions of
human knowledge, which, by the confession of all, are
most exact, most certain, most complete. Hence we
must here deny ourselves the dignity and interest
which float about all speculations in which the great
moral and political concerns of ten are inyolved. It
cannot be doubted that the commanding position which
Bacon occupies in men’s estimation arises from his
proclaiming a reform in philosophy of so comprehen-
sive a nature;—a reforin which was t; infuse a new
spirit into every part of knowledge. Physical Science
hes tranquilly and noiselessly adopted ytm.ny of . his
suggestions; which were, indeed, her own natural im-
pulses, not horrowed from him ; and she is too deeply
and satisfactorily absorbed in conterplating her* to-
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sults, to talk much about the methods of obtaining
them which she has thus instinctively pursued. But
the philosophy which deals with mind, with manners,
with morals, with polity, is counscivus still of much ob-
sourity and perplexity; and would gladly borrow aid
from a system in which aid is so confidently promised.
The aphorisms and phrases of the Novum Organon are
far more frequently quoted by metaphyskeal, ethical,
and even theological writers, than they are hy the au-
thors of works on physics.

3. Again, even us regards Physics, *Bacon’s fame
rests upon something besides the novelty of the max-
ims which he promulgated. That a revolution in the
method of scientific research was going on, all the
groatest physical investigators of the sixteenth century
were fully aware, as we have shown in the last chap-
ter. But their writings conveyed this conviction to
the public at large somewhat slowly. Men of letters,
men of the world, men of rank, did not become fa-
miliar with the abstruse works in which these views
were published ; and above all, they did not, by such
occasional glimpses as they took of the state of physi-
cal science, become aware of the magnitude and conse-
quences of this change. But Bacon’s lofty eloquence,
wide learning, comprehensive views, bold pictures of
the coming state of things, were fitted to make men
turn & far more general and earnest gnze upon the
possing change.  When a man of his acquirements, of
hig talents, of his rank and position, of his gravity and
caution, poured forth the strongest and loftiest expres-
sions and images which his wmind could supply, in
order to depict the *Great Instauration” which he
announced;—in order to contrast the weakness, the
blindness, the ignorance, the wretchedness, under
which men had laboured while they followed the long
beaten track, with the light, the power, the privileges,
which they were to find in the patbs to which he
pointed ;—it was impossible that readers of all classes
should not have their attention arrested, their minds
stirred,. their - hopes warmed; and should not listen
with wonder and with pleasure to the strains of
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prophetic eloguence in which 80 great g subject was
presented. And when it was found that the pro-
phecy was verified ; when it appeared that an immense
change in the methods of scientific research really iad
occwired;—that vast additions to man's knowledge
and power had been acquired, in modes like those
which had been spoken of ;—that further advances
might be comstantly looked for;—and that a progress,
seemingly boundless, was going on in the direction in
which the seer had thus pointed ;—it was natural that
men should hail him %s the leader of the revolution;
that they should identify him with the event which he
was the first to announce; that thoy should look upon
him as the authot of that which he had, as they per-
ceived, so soon and so thoroughly comprehended,

4 For we must remark, that although (as we
have seen) he was not the only, nor the earliest
writer, who declared that the time was come for such
& change, lie not only proclaimed it more emwphatically,
but understood it, in its general character, much more
exactly, than any of his contemporaries. Among the
maxims, suggestions and anticipations which he threw
out, thero were many of which the wisdomn and the
novelty were alike striking to his immediate succes-
sors ;—there are many which even now, from time to
timne, we find fresh reason to admire, for their acute-
ness and justice. Bacon stands far above the herd of
loose and visionary speculators who, before and about .
his time, spoke of the eatablishment of new philoso-
phies, If we must select some one philesopher as the
JTero of the revolution in scientific method, beyond all
doubt Franois Bacon must occtipy the place of honour,

‘We shall, however, no longer dwell ypon these
general considerations, but shall proceed to notioe some
of the more peeuliar and charnoteristic features of
Bacon’s philosaphy ; and especially those views, which,
occurring for the first time in his writings, have been
fully illustrated and confirmed by the subsequent pro-
gress of science, and have become a portion of the pers
manent philosophy of our times.

(IL) 5. 4 New Era announced.—The first great
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featnre which strikes us in Bacon's philosophical views
is that which we have already noticed’;—his confident
and emphatic announcement of a New Era in the pro-
gress of science, compared with which .tho advances of
former times were poor and trifling. [This was with
Bacon no looso and shallow opinion, taken up on light
grounds snd involving only vague, geuemf notions.
IIe had satisfied himself of the justice of such a view
by & laborious cours¢ of research and reflectron, In
1605, at the age of forty-four, hepublished his Trea-
tise of tho Advancement of Lewrning, tn which he
takes a comprehensive and spirited survey of the con-
dition of all hranches of knowledge which had been
cultivated up to that time. This work was composed
with a view to that reform of the existing philosophy
which Bacon always had before his eyes; and in the
Tatin edition of his works, forms the First art of the
Instavratio Magna. 1n the Second Part of the In-
stauratio, the Novum Organon, published in 1620, he ~
wore vxplicitly and eonfidently states his expectationy
on this subject. e points out how slightly and fecbly
tho examination of nature had been pursucd up to his
time, and with what scanty fruit. Tle notes the indi-
cations of this in the very limited knowledge of the
Grecks who had till then been the teachers of Europe,
in the complaints of authors concerning the subtilty
and obscurity of the seercts of natuve, in the dissen-
sions of sects, in the absence of nseful inventions re.
sulting from theory, in the fxed form which the sci-
ences had retained for two thousand years. Nor, he
adds®, is-this wonderful; for how little of his thought
and labour has man béstowed upon sciencel Out ‘of
twent’-ﬁve conturies scarge six have been favourable'
to the progrew of kiowledge. And even in those
favoured times, nataral philosophy received.the small-
est share of man’s attemtion; while the portign so
given was marred by controversy and dogmatism; and
even those who have bestowed & little thought upon*

—— -

$ Lib. x, Aphor. 78 ¢of seq.
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this ﬁbilosopl:iy, have never made it their main study,
but have used it as a passage or drawbridge to serve
other objects. And thus, he says, the great Mother of
the Sciences is thrust down with indignity to the of-
fices of a handmaid ; is made to minister to the labours
of medicine or mathematics, or to give the first prepa-
ratory tinge to the immature minds of youth, For
these and similar considerations of the ‘errors of past
time, he draws hope for the future, employing the
same argument which Demosthenes uses to the Athe-
nians: “Thdt which is worst in the events of the past,
is the best as a ground of trust in the future. For
if you had done all that became you, and still had
been in this condition, your case might be desperate;
but since your failure is the result of your own wmis-
takes, there is good hope that, correcting the error of
your course, you may reach a prosperity yet unknown
to you.”

(ITL.) 6. A change of existing Method.—All Bacon's
hope of improvement indeed was placed in an entire
change of the Method by which science was pursued;
and the boldness, and at the same time (the then
existing state of science being considered), the defiuite-
ness of his views of the change that was requisite, are
truly remarkable.

That all knowledge must begin with observation, is
one great principle of Bacon's philosophy ; but I hardly
think it necessary to notice the imculeation of this
maxim as one of his main services to the cause of sound
knowledge, since it had, as we have seen, heen fully
ingisted upon by others before him, and was growing
rapidly into general acceptance without his aid. But
if he was not the first to tell men that they must eol-
lect their knowledge from observation, he had no rival
in his peculiar office of teaching them how science
must thus be gathered from experience. ,

It appears to me that by far the most extraordinary

*parts of Bacon’s works are those in which, with extreme
earnestness and clearness, he insists upon a graduated
and suocessive induction, as opposed to a hasty transit’
f‘om special facts to tho highest generalizations. ~The
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nineteenth Axiom of the First Book of the Novum
Organon contains a view of the nature of true science
most exact and profound, and, so far as I am aware,
at the tie perfectly new. “There ure two ways, and
can only be two, of seeking and finding truth. The one,
from sense and particulars, takes a flight to the most
general axioms, and from those principles and their
truth, settled once for all, invents and judges of intor-
mediate axioms. The other method collects axinms
from seuse and particulars, ascending confinuously and
by degrees, so that in the end it arvives at the most
general axioms; this latter way is the true one, but
hitherto untried.”

It is to be remarked, that in this passage Bacon
cmploys the term axioms to express any propositions
collected from facts by induction, and thus fitted to
become the starting-point of deductive reasonings.
How far propositions so obtained may approach to the
churacter of uxioms in the more rigorous sense of the
term, we have already in some measure examined;
but that question does not here immediately concern
us. The truly remarkable circumstance is to find this
recommendation of a continuous advance from observa-
tion, by limited stepy, through successive gradations of
generality, given at a time when speculative men in
general had only just begun to perceive that they must
begin their tourse from experienco in some way or
other. How exactly this description represents the
general structure of the soundest and most compre-
. hensive physical theories, all persons who have studied

the progress of science up to modern times can bear
testimony ; but perhaps this structure of science can-
not in any other way be made so apparent as by those
Tubles of successive generalizations in which we have
exhibited the history and constitution of some of the
principal physical sciences, in the Chapter of a E,re-
soding work which treats of the Logic of Induction.
Aund the view which Bacon thus took of the true pro®
gress of scionce was not only new, but, so far as I am

uware, has never been adequately illustrated up to the
present day. .

K 2
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. %. Tt is true, as I obsorved in the last chapter, that
Galileo had been led to see the necessity, not only of
proceeding from experience in tho pursuit of know-
ledge, but of procecding cautiously and gradually ; and
he had exemplified this rule more than once, when,
having made one step in discovery, he held back his
foot, for a time, from the next step, however tempting.
But Galileo had not reached this wide and command-
ing view of the successive subordination of many steps,
all leading up at lasteto some wide and simple general
truth. In catching sight of this principle, and in
ascribing to it its due importance, Bacon's sagacity, so
far as T am aware, wrought unassisted and unrivalled.

8. Nor is there any wavering or vaguencss in Bacon'’s
assertion of this important truth. e repeats it over
and over again; illustrates it by a great number of
the most lively metaphors and emphatic expressions.
Thus he speaks of the successive floors (tabulata) of
induction; and speaks of each science as a pyramid?®
which has observation and experience for its basis,
No images can better exhibit the rclation of general
and particular truths, as our own Inductive Tables
may serve to show.

(IV.) 9. Comparison of the New and Old Method.
Again ; not less remarkable is his contrasting this
traue Method of Beicnce (while it was almost, as he
says, yet untried) with the ancient and vicious Method,
which began, indeed, with facts of - observation, but
rushed at once and with no gradations, to the most
general principles. For this was the course which had
been actually followed by all those speculative re-
formers who had talked 8o loudly of the nccessity of
beginning our philosophy from experience. All these
men, if they attempted to frame physical doctrines at
all, had caught up a few facts of observation, and had

o ? Aug, Sc. Lib, il . 4. 1 1g4 80 non intermissos aut hiuleos a parti-’
in other places, as Nov. Ory. 1. Aph, cularl us ascendetur ad axiomate
104 “Descientiis tum demum bene minora, et deinde ad modia, alia
sperandum est qnando per scalam  alils superiors, et postremo demum
veram et per gradus continuos, et  ad generalissima.” -
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erected a universal theory upon the suggestions which
these offered. This process cf illicit generalization, or,
as Bacon terms it, Anticipation of Nature (anticipatio
nature), in oppesition to the Interpretation of Nature,
he depicts with singular acuteness, in its character and
causes. “These two ways,” he says* “both begin from
sense and particulars; but their discrepancy is irnmense.
The one merely skims over experience and particulars
in a cursory transit; the other deals with them in »
due and orderly manner. The gne, at its very outset,
frames certain general abstract principl®s, but useless;
the other gradually rises to those principles which have
a real existence in nature.”

“The former path,” he adds® ¢that of illicit and
hasty generalization, is one which the intellect follows
when abandoned to its own impulse; and this it does
from the requisitions of logic. For the mind has a
yearning which makes it dart forth to generalities,
that it may have something to rest in; and after a
little dallying with experience, becomes weary of it;
and all these evils are augmented by logic, which re-
quires these generalities to make a show with in its
disputations.”

“In a sober, patient, grave intellect,” he further adds,
“the mind, by its own impulse, (and more especially if
it be not impelled by the sway of estublished opinions)
attempts in some measure that other and true way, of
gradual generalization; but this it does with small
profit ; for the intellect, except it be regulated and
aided, i3 a faculty of unequal operation, and altogether
unapt to master the obseurity of things.”

e profound and searching wisdom of these remarks
appears more and more, a3 we apply them to the vari-
ous attempts which men have made to obtain know-
ledge; when they begin with the contemplation of a
few facts, and pursue their speculations, as upon most

- subjects they have hitherto generally done; for almoat
all such attempts have led immediately to some proceas

* Nov, Org. 1. Aph. 22, ® Ib. Aph, 30,
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of illicit generalization, which introduces an intermin-
able course of controversy. In the physical sciences,
however, we huve the further inestimable advantage
of seeing the other side of the contrast exemplified:
for many of them, as our inductive Tables show us,
have gone on according to the most rigorous conditions
of gradual and successive generalization; and in con-
sequence of this circumstance in their constitution,
possess, in each part of their structure, a solid trath,
which is always ready to stand the severest tests of
reasoning and experimnent.

We see how justly and clearly Bacon judged con-
cerning the mode in which facts are to be employed in
the construction of science. This, indeed, has ever
been deemed his great merit: insomuch that many
persons appear to apprehend the main substance of
his doctrine to reside in the maxim that faets of obser-
vation, and such facts alone, are the essential elements
of all true science.

(V.) 10. Ideas are mecessary.— Yet we have en-
deavoured to establish the doctrine that facts are
but one of two ingredients of knowledgo both equally
necessary ;—that Jdeas are no less indispensable than
facts themselves; and that except these be duly un-
folded and applied, facts arve collected in vain. Has
Bacon then neglected this great portion of his subject?
Has he been led by some partiality of view, or some
peculiarity of circumstances, to leave this curious and
essential element of science in its pristine obscurity?
‘Was he unaware of its interest and importaned?

We may reply that Bacon’s philosophy, in its effect
upon his readers in gencral, does not give due weight
or due attention to the ideal element of omr know-
ledge. He is considered as peculiarly and eminently
the asserter of the value of experiment and observa~
tion. He is always understood to beloug to the ex-
periential, as opposed to the ideal school. He ‘is held,
up in contrast to Plato and others who love to dwell -
npon that part of knowledge which has its origin in
the intellect of man, . ‘ ‘

11. Nor can it be denied that Bacon has, in the
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finished part of his Novum Organon, put prominently
forwards the necessary dependence of all our know-
ledge upon Experience, and said little of its depend-
ence, equally necessary, upon the Conceptions which
the intellect itself supplies. It will appear, however,
on a close examination, that he was by no means in-
sensible or careless of this internal element of all con-
nected speculation. He held the balance, with no
partial or feeble hand, between phenomena and ideas.
He urged the Colligation of Facts, but he was not the
less aware of the value of the® Explioation of Con-
ceptions. .

12. This appears plainly from some remarkable
Aphorisws in the Novwm Organon. Thus, in noticing;
the causes of the little progress then made by science’,
he states this:—*In the current Notions, all is un-
sound, whether they be logical or pbysical. Substance,
quality, action, passion, even being, are not good Con-
ceptions; still less are heacy, light, dense, rare, moist,
dry, yeneration, corruption, atiraction, repulsion, ele-
ment, matter, form, and others of that kind; all are
fantastical and ill-defined.” And in his attempt to
exemplify his own sysfbm, he hesitates’ in accepting
or rejecting the notious of elementary, celestial, rare,
as belonging to fire, since, as he says, they are vague
and ill-defined notions (notiones vage nec bene termi-
nute). In that part of his work which appears to be
completed, there is not, so far as I have noticed, any
attempt to fix and define any notions thus complained
of as loose and obscure. But yet such an undertaking
appears to have formed part of his plan; and in the
Adbecedarium Nature®, which consists of the heads of
warious portions of his great scheme, marked by letters
of the alphabet, we find the titles of a series of dis-
sertations “ On the Conditions of Being,” which must
have had for their object the elucidation of divers

. Notions essential to science, and which would have

€3 Ax, 13 7 Now. Org. Wb, 1. Aph. 19,
8 Inst. Mag. par. 3if. (vol. ¥ill p. 2449
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been conttibutions to the Explication of Conceptions,
such a8 .we have attempted in a former part of this
work. . Thus some of the subjects of these disserta-
~tions are;—Of Much' and Little;—Of Durable and
Transitory ;—Of Natural and Monstrous;—Of Natu-
ral and Artificial. 'When the philosopher of induction
»came to discuss these, considered as conditions of ex-
1atence, he could not do otherwise than develope, limit,
methodize, and define the Ideas involved in these
Notions, s0 as to make them consistent with them-
selves, and a«fit basi€ of demonstrative reasoning. His
task would have been of the same nature as ours has
been, in that part of this work which treats of the
Fundamental Ideas of the various classes of sciencos.

13. Thus Bacon, in his speculative philosophy,
took firmly hold of both the handles of science; and
if he had completed his scheme, would probably have
given due attention to Ideas, no less than to Facts, as
an element of our knowledge; while in his view of
the general method of ascending from facts to princi-
ples, he displayed a sagacity truly wonderful. But
we cannot be surprised, that in attempting to ex-
elplify the method which he%ccommended, he should
bhave failed. For the method could be exemplified
only by some important discovery in physical science;
and great discoveries, even with the most perfect
methods, do not come at command. Moreover, al-
though the general structure of his scheme was cor-
rect, the precise import of some of its details could
hardly bo understood, till the actual progress of science
had made men somewhat familiar with the kind of
steps which it included.

(VL) 14, Bacon's Example.—Accordingly, Bacon’s
Inquisition into the Nature of Heat, which is given in
the Second Book of the Novum Orgamon as an ex-
ample of the mode of interrogating Nature, cannot be
looked upon -otherwise than as a complete failure.
- This will be evident if we consider that, although the
exact nature of heat is still an obscure and contro-
verted matter, the science of Heat now consists of
many important truths; and that to none of these
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truths is there ‘any approximation i Bacox’s essay.
From his process he arrives at this, as the * fgrmsl or
#rue definition” of heat ;=—*"that it is an expansive,
restrained motion, modified in certain ways, and ex-
crted in the smaller particles of the:body.” But the
steps by which the science of Heat really advanced
were (as may be seen in -the history® of the subject)
these ;—The discovery of a meusure of heat or tem-
perature (the thermometer); the establishment of the
{aws of conduction and radiation; of the laws of spe-
cific heat, lntent heat, and the fike. Shch steps bave
led to AmRre’s hypothesis'®, that heat consists in the
vibrations of an imponderable fluid; and to Laplace’s
hypothesis, that temperature consists in the internal
radiation of such a fluid. These hypotheses cannot
yet be said to be even probable; but at least they are
so modified as to include some of the preceding laws
which are firmly established; whereas Bacoun’s hypo-
thetical motion includés no laws of phenomena, ex-
plains no process, and is indeed itself an example of
illicit generalization.

15. One main ground of Bucori’s ill fortune in this
undertaking appears to be, that he was not aware of
an important maxim of inductive science, that we
mug first obtain the measure and ascertain the laws
of phenomena, before we endeavour to discover their
causes. The whole history of thermotics up to the.
present time has been occupied with the former step,
and the task is not yet completed: it is no wonder,
therefore, that Bacon failed entirely, when he so pre-
maturely attempted the second, His sagacity had
taught him that the progress of science must be gra-

+ dual; but it had not led him to judge adequately how
gradual it must be, nor of what different kinds of
inquiries, taken in due order, it must needs cousist,
in order to obtain success. '

Another mistake, which could not fail to render
it unlikely that Bacon should really exemplify Ris

® Hist, Ind. So.b. x. . L 10 I, o, 1v.
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precepts by any actual advance in science, was, that
he did not justly appreciate the sagacity, the inventive
genius, which all discovery requires. He conceived
that he could supersede the necessity of such peculiar
endowments.  “Our method of discovery in science,”
he says', “is of such a nature, that there is not much
left to acuteness and strength of genius, but all de-
grees of genius and intellect are brought nearly to the
same level.” And he illustrates this by comparing
his method to a pair of compasses, by means of which
a person witl® no manual skill may draw a perfect
circle. In the same spirit he speaks of proceeding by
due rejections,; wud appears to imagine that when we
have obtained a collecction of facts, if we go on suec-
cessively rejecting what is false, we shall at lase find
that we have, left in our hands, that scientific truth
which we seek. 1 need not observe how far this view
is reinoved from the real state of the case. The ne-
cessity of a conception which must be furnished by the
mind in ovder to bind together the facts, could hardly
have escaped the eye of Bacon, if he had cultivated
more carefully the ideal side of his own philosophy.
And any attempts which he could have made to con-
struct such conceptions by mere rule and method,
must have ended in convincing him that nothing but
a peculiar inventive talent could supply that which
was thus not contained in the facts, and yet was needed
for the discovery.

(VIL) 16. His Foiliwre.—Since Bacon, with all his
acuteness, had not divined circumstances so important
in the formation of seience, it is not wonderful that
his attempt to reduce this process to a Technical Form
is of little value. In the first place, he says', we
must prepare a natural and experimental history, good
and sufficient; in the next place, the instances thus
collected are to be arranged in Tables in some orderly
way; and then we must apply a legitimate and true
induction. And in his example®, he first collects &

1L Nov, Org. lib. 1" Aph. 61,
12 Nov. Org. 1ib, 1§, Aph. 10. » Aph, 1z,
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great number of cases in which heat appears under
various circumstances, which he calls “a Muster of
Instances before the intellect,” (comparentia instan-
tiwrum ad intellectum,) or a Table of the Presence of
the thing sought. He then adds a Table of s Ab-
sence in proximate cases, containing instances where
heat doos not appear; then a Zable of Degrees, in
which it appears with greater or less intensity, He
then adds", that we must try to exclude several ob-
vious suppositions, which he docg by’ reference to some
of the instances he has collected ; and thhs step he calls
the Kzclusive, or the Rejection of Natures. He then
observes, (and justly,) that whereas truth emerges more
easily from error than from confusion, we may, after
this preparation, give play to the intellect, (fiat permis-
sio intellectus,) and make an attempt at induction,
linble afterwards to Ve corrected; and by thix step,
which he terms his First Vindemition, or Inchoate
Induction, he is led to the proposition concerning
heat, which we have stated above.

17.  In all the details of his example he is unfortu-
nate. By proposing t¢ himself to examine at once
into the nature of heat, instead of the laws of special
classes of phenomena, he makes, as we have said, a
fundamental mistake; which is the less surprising
since he had before him so few examples of the right
course in the previous history of science. But fur-
ther, his collection of instances is very loosely brought
together; for he includes in his list the kot tasteé of
aromatio plants, the caustic effects of acids, and many
other fucts which cannot be ascribed to heat without a
studious laxity in the use of the word. And when he
comes to that point where he permits his intellect its
range, the conception of motion upon which it at once
fastens, appears to be selccted with little choice or
skill, the suggestion being taken from flame®, boiling

. liquids, & blown fire, and some other cases. If from
such examples we could imagine heat to be motion, we

A
- w
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,ought at least to have some gradation to cnses of heat
where no motion is visible, as in a red-hot iron. It
would seem that, after a large collection of instances
had been looked at, the intellect, even in its first at-
terapts, ought not to have dwelt upon such an hypo-
thesis as this.
18. After these steps, Bacon speaks of several
classes of instances which, singling them out of the
neral and indiscriminate collection of facts, he terms
nstances with Prerogative: and these he points out as
peculiar aidstand guldes to the intellect in its task.
These Instances with Prerogative have generally been
much dwelt upon by those who have commented on
the Novum Organon. Yet, in reality, such a classifi-
cation, as has been observed by one of the ablest
writers of the present day', is of little service in the
task of induction. For the instances are, for the most
part, classed, not according to the ideas which they in-
volve, or to any obvious circumstance in the facts of
which they consist, but aé¢cording to the extent or
manner of their influence upon the inquiry in which
they are employed. Thus we have Solitary Instances,
Migrating Instances, Ostensive Instances, Clandestine
Instances, so termed according to the degree in which
they exhibit, or seem to exhibit, the property whose
nature we would examine. We have Guide-Post In-
stances, (/nstuntice Crucis,) Instances of the Parted
Road, of the Doorway, of the Lamp, according to the
uidapce they supply to our advance. Such a classi-
cation is much of the same nature as if, having to
teach the art of building, we were to describe tools
with reference to the amouut and place of the work
which they must do, instead of pointing out their con-
struction and use:—as if we were to inform the pupil
that we must have tools for liftiug a stone up, tools
for moving it sideways, tools for laying it square,
tools for cementing it g:;nly. Such an enumeration of ,
epds would convey little instruction as to the means.

.

*

18 Heruchel, On the Study of Nab Phil. Art, 192,
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Moreover, many of Bucon’s classes of instances are
vitiated by the assumption that the “form,” that is,
tho general law and cause of the property which is the
subject of investigation, is to be looked for directly in
the instances; which, as we have seen in his inquiry
concerning heat, is a fundamental error.

19. Yet his phrascology in some cases, as in the
instantin cructs, serves well to mark the plpce which
certain experiments hold in our reasonings: and many
of the special examples which he gives are full of
acuteness and sagacity. Thus he suggedts swinging a
pendulum in a mine, in order to determine whether
the attraction of the earth arises from the attraction of
its parts; and observing the tide at the same moment
in different parts of the world, in order to ascertain
whether "the motion of the water is expansive or pro-
gressive; with other ingenious proposals. These marks
of genius may serve to counterbalance the unfavour-
able judgment of Bacun’s aptitude for physical scignee
which we are sometimes tempted to form, in conse-
quence.of his false views on other points; as his rejec-
tion of the Copernican system, and his undervaluing
(ilbert’s magnetical speculations. Most of these errors
arose from a too ambitious habit of intellect, which
would not be contented with any except very wide
and general truths; and from an indistinetness of
mechanical, and perhaps, in general, of mathematical
ideas:—defects which Bacon’s own philosophy was di-
rected to remedy, and which, in the progress of time,
it has remedied in others.

(VIIL) zo. IHis Idols.—Having thus freely given
our judgment concerning the most exact and definite
portion of Bacon’s precepts, it cannot be necessary for
us to discuss at any length the value of those more
vague and genernl Warnings against prejudice aud par-
tiality, against intellectual indolence and presumption,
with which his works abound. His advice and exhor-
tations of this kind are always expressed with energy
and point, often clothed in the happiest forms of ima-
gery; and hence it has come to pas, that such pas-
sages are perhaps more familiar to the general reader
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thdn any other part of his writings. Nor are Bacon's
counsels without their importance, when we have to
do with those subjects in which prejudice and par-
tiality exercise their peculiar sway. Questions of poli-
tics and morals, of manners, taste, or history, cannot
be subjected to a scheme of rigorous induction; and
though on such matters we venture to assert geuneral
principles, these are commonly obtained with some de-

ce of insecurity, and depend upon special habits of
thought, not upon mere logical connexion. Haere,
therefure, thetintellect may be perverted, by mixing,
with the pure reason, our gregarions affections, or our
individual propensities; the false snggestions involved
in language, or the imposing delusions of received
theories. In these dim and complex labyrinths of
human thought, the Idul of the Tribe, or of the Den, of
the Forum, or of the Theatre, may occupy ‘men’s minds
with' delusive shapes, and may obscure or pervert their
vision of truth. But in that Nutural Philosophy with
which we are here concerned, there is little cppor-
tunity for such influences. As far as a physical theory
is completed through all the steps of a just induction,
there is a clear daylight diffused over it which leaves
no lurking-place for prejudice.  Each part can be ex-
amined separately and repeatedly; and the theory is
not to be deemed perfect till it will bear the scrutiny
of all sound minds alike. Althongh, therefore, Bacon,
by warning men against the idols of fallacious images
above spoken of, may have guavded them from danger-
ous error, his precepts have little to do with Natural
Philosophy: and we cannot agree with him when he
says', that the dootrine concerning these idols bears
the same relation to the interpretation of nature as
the dootrine concerning sophistical paralogisms bears
to common logic.

(IX.) 21. His Aim, Utility—There is one very
prominent feature in Bacon's speculations which we
must not omit to notice; it is a leading and constant

37 Nov. Org, ib. L Aph. 40
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object with him to apply his knowledge to Use. The
insight which he obtains into nature, he-would employ
in commanding nature for the service of man. He
wishes to have not only principles but works, The
phrase which best describes the aim of his philosophy
18 his own', % Ascendendo ad axiomata, descendendo
ad opere.” This disposition appears in the first apho-
rism of the Novum Organon, and runs through the
work. ¢ Man, the misister and interpreter of nature,
does and understands, so far ag he has, in fact or in
thought, observed the course of hiuture ;*and he cannot
know or do more than this.” It is not necessary for
us to dwell much upon this turn of mind; for the
whole of our present inquiry goes upon the suppo-
sition that an acquaintance with the laws of nature is
worth our having for its own sake. It may be uni-
versally true, that Knowledge is Power; but we have
to do with it not as Power, but as Knowledge. It is
the formation of Science, not of Art, with which we
aro here concerned. Tt may give a peculiar interest
to the history of science, to show how it constantly
tends to provide better and better for the wants and
comforts of the body; but thet is not the interest
which engages us in our present inquiry into the na-
ture and course of philosophy. The consideration of
the mieans which promote man’s material well-being
often appears to be invested with a kind of dignity, by
the discovery of general laws which it involves; and
the satisfaction which rises in our minds at the con-
templation of such cases, men sometimes ascribe, with
a false ingenuity, to the love of mere bodily enjoy-
ment.: But it is never difficult to see that this baser
and coarser element is not the real source of our ad-
miration. Those who hold that it is the main business
of science to construct instruments for the uses of life,
appear sometimes to be willing to accept the conse-
quence which follows from such a doctrine, that the
first shoemaker was a philosopher worthy of the highgst

48 Nov, Org. lib. 1. Ax. 103
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admivation™.. But those who maintain such pare-
doxes, often, by a happy inconsistency, make it their
own aim, not to devise some improved covering for the
feet, but to delight the mind with acute speculations,
exhibited in.all the graces of wit and fancy,

It has been said™ that the key of the Baconian
dotrine consists in two words, Utility ‘and Progress.
‘With regard to the latter point, we have already seen
that the hope and prospect of a boundless progress in
human knowledge had sprung up in men's minds, even
in the ecarly titnes of fmperial Rome; and were most
emphatically expressed by that very Seneca who dis-
dained to reckon the worth of knowledge by its value
in food and clothing. And when we say that Utility
was the great business of Bacon’s philosophy, we forget
one-half of his characteristic phrase: “ Ascendendo ad .
aximowmata,” no less than “descendendo ad opera,” was,
he repeatedly declared, the scheme of his path. He
constantly spoke, we are told by hix secretary¥, of two
kinds of experiments, expérimenia fructifera, and ex-
perimenta lucifera. .

«Aguin; when we are told by modern ‘writers that
Bacon merely recommended such induction'as all men
instinctively pragtisc, we ought to recollect his 'own
earnest and incessant declarations to the contrary. The
induction hitherto practised is, he says, of no use far
obtaining solid science. There are two ways™, “hsc
via in usu est,” “altera vera, sed intentata.” Men
have constantly been employed in anticipation ; in illicit
induction. The intellect left to itself rushes on in this
road®™; the conclusions so obtained are persuasive™;
far move persuasive than inductions made with due.
caution®. But still this method must be. rejected if
we would obtain true knowledge. We shall then at.
length have ground of good hope- for science when we.

1% Edinb. Ren. No. exxxil, p. Gs. .1,
 Pref, to the Nat, Hist. 1, 243,
# Nov. Ory. ilb. L Aph- 1. )
 Ibid. Ub. L Aph. 20, * Aphop ., B Ibo8
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proceed in another manner®. We must rise, not by a
leap, but by small steps, by successive advances, by a
gradation of ascents, trying our facts, and clearing our
notions at every interval. The scheme of true philoso-
phy, according to Bacon, is not obvious and simple, but
long and technical, requiring constant care and self-
deuial to follow it. And we have scen that, in this
opinion, his judgment is confirmed by the past history.
and present condition of science. ) o

Again; it is by no mcans a just view of Bacon's
character to place him iy contrast to Plhto. Plato’s
philosophy was the philosophy of Ideds; but it was
not left for Bacon to set up the philosophy of Facts in
opposition 1p that of 1deas. That had been done fully
by the speculative reformers of the sixteenth eentury.
Bacon had the merit of showing that Facts and Ideas
must he coinbined; and not only so, but of divining
many of the special rules and forms of this combina-
tion, when'as yet there were no examples of them,
with a sugacity hitherto quite unparalleled.

(X.) =22. His Persecerance— With Bacon’s un-_
happy political life we have here nothing to do. But
we cannot but noticc with pleasure how faithfully,
how perseveringly, how energetically he discharged
his great philosophienl office of & Reformer of Methods.
He had conceived the purpose of making this his ob-
jeet at an ecarly period. When meditating the con-
tinuation of his Novum Organon, and speaking of his
reasons for trusting that his work will reach some
completeness of effect, he says™, “I am hy two argu-
ments thus persuaded. Firat, I think thus from the
zeal and constancy of my mind, which has not waxed *
old in this design, nor, after so many years, grown cold
and indifferent; 1 remember that about forty years ago
I composed a juvenile work about these things, which
with great contrivance and a pompous title I called
temporis partum maximum, or the most considerable

% Aph. 104. So Aph. 105. *In constituendo axiomate forma inductionis
alla quain adhuc in usu fuit excogitanda est,” &c.

%1 Ep. ad I’ Fulgeniium. Op. X. 330.
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birth of time; Next, that on account of its usefulness,
it may hope the Divine blessing.” In stating the
grounds of hope for future progress in the sciences, he
says®™: “Some hope may, we conceive, be ministered
to men by our own example: and this we say, not for
the sake of boasting, but because it is useful to be said.
If auy despond, let them look at me, a man among all
others of my age most occupied with civil affairs, nor
of very sound health, (which brings a great loss of
time;) also in this attempt the first explorer, following
the footsteps®of no ran, nor communicating on theso
subjects with any mortal ; yet, having steadily entered
upon the true road iand made my mind submit {o
things themseclves, one who has, in this undertaking,
made, (as we think,) some progress.” He then pro-
ceeds to speak of what may be done by the combined
and more prosperous labours of others, in that strain
of noble hope and confidence, which rises again and
again, like a chorus, at iutervals in every part of his
writings. In the Advancement of Learning he had
said, “T could not be true and constant to the argu-
ment [ handle, if I were not willing to go beyond
others, but yet not more willing than to have others
go beyond me again.” In the Preface to the Tnstau-
ratio Jagna, be had placed among his postulates those
expressions which have more than once warmed the
breast of a philosophical reformer®. “Concerning our-
selves we speak not; but as touching the matter which
we have in hand, this we ask ;—that men be of gond
Lope, neither feign and imagine to themselves this
our Reform as something of infinite dimension and
beyond the grasp of mortal man, when in truth it
is the end and true limit of infinite error; and is by
no means unmindfal of the condition of mortality .and
humanity, not econfiding that such a thing can be
carried to its perfect close in the space of a single age,
but assigning it as a task to a succession of genera-
tions.” In a later portion of the Instauratio he

™

%8 Nov. Org. L. Aph. 113,
» See the motto to Kant's Kritdk der Reinen Vernunft
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pays: “We lLear the strongest love to the Auman re-
public our common country; and we by no means
abandon the hope that there will arise and come forth
somé man among posterity, who will be able to receive
and digest all that is best in what we deliver; and
whose care it will be to cultivate and perfect such
things. Therefore, by the blessing of the Deity, to
tend to this object, to open up the fountains, to dis-
cover the useful, to gather guidance for the way, shall
be our tusk; and from this we shall neyer, while we
remain in life, desist.”

(XL.) 23. His Picty.—We 1way add, that the spirit
of piety as well as of hope which is seen in this passage,
appears to have been habitual to Bacon at all periods
of his life. 'We find in his works several drafts of por-
tions of his great scheme, and several of them begin
with a prayer. One of these entitled, in the edition
of his works, “The Student’s Prayer,” appears to me
to belong probably to his early youth. Another, en-
titled “The Writer's Prayer,” is inserted at the end
of the Preface of the Instauratio, as it was finally pub-
lished. T will conclude my notice of this wonderful
man by inserting here these two prayers.

“To God the Father, God the Word, God the Spirit,
we pour forth most humble and hearty supplications ;
that he, remembering the calamities of wankind, and
the pilgrimage of this our life, in which we wear out
days few and evil, would please to open to us new
refreshments out of the fountains of his goodness for
the alleviating of our miseries. This also we humbly
and earnestly beg, that human things may hot preju-
dice such as are divine; neither that, from the unlock-
ing of the gates of sense, and the kindling of a greater
natural light, anything of incredulity, or intellectual
night, may arise in our minds towards divine mysteries.
But rather, that by our mind thoroughly cleansed and
purged from fancy and vanities, and yet subject and
perfectly given up to the Divine oracles, there may be'
given unto faith the things that ave faith’s.”

“Thou, O Father, who gavest the visible light as
the first-born of thy creatures, and didst pour into

1.2
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man the intellectual light as the top and consumma-
tion of thy workmanship, be pleased to protect and
govern this work, which coming from thy goodness,
returneth to thy glory. Thou, after thou hadst re-
viewed the works which thy hands had made, be-
heldest that everything was very good, and thou didst
rest with complacency in them. But man, reflecting
on the works which he had made, saw that all was
vanity and vexation of spirit, and could by no means
acquiesce in them.  Wherefore, if we labour in thy
works with the sweat of our brows, thou wilt make
us partakers of thy vision and thy Sabbath. We
humbly beg that this mind may be steadfastly in us;
and that thou, by our handy, and also by the hands of
others on whom thou shalt bestow the same spirit, wilt
please to convey a largess of new alms to thy family of
mankind, These things we commend to thy everlasting
love, by our Jesus, thy Christ, God with us. Amen.”



CHAPTER XVI.

AppITioNAL REMARKS ON Fraxcis Bacow.

*RANCIS BACON and hiv works,have recently

been discussed and examined by various writers
in France and Germany as well as England', Not to
mention smaller essays, M. Bouillet has published a
valuable edition of his philosophical works; Count
Joseph de Maistre wrote a severe critique of his philo-
sophy, which has been published since the death of
the author; M. Charles Remusat has written a lucid
and discriminating Essay on the subject; and in Eng-
land we have had a new edition of the works pub-
lished, with a careful and thoughtful examination of
the philosophy which they contain, written by one of
the editors: a person especially fitted for such an ex-
amination by an acute intellect, great acquaintance
with philosophical literature, and a wide knowledge
of modern. science. Robert Leslie Ellis, the editor
of whom I speuk, died during the publication of the
edition, and beforc he had done full justice to his
powers; but he had already written various disserta-
tions on Bacon’s philosophy, which accompany the
different Treatises In the new edition.

Mr. Ellis has given a more precise view than any of
his predecessors had done of the nature of Bacon's

1 Buvres Philosophiques de Baoen,
d:e. ppr M. N, Bonillet, 3 Tomes.
Examen de la Philosophie de Bacon
(@uvres Posthumes du Comte J. de
Maistre). .
Bacon, sa Vie, son Temps, sa Philo-
xphde, par Charies de Remusat.
Histoire de la Vie ef des Ouvrages

de Prancois Bacon, par J. B. de Vau-
gelles.

Fronz Baco von Verulam, von
Kuno Fischer.

The Works of Francls Baoon, odl-

_ loctod and edited by James Spedding,

Robert Leslie Ellis, and Douglas
Denon Hesth.
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induction and of his philosophy of discovery. Bacon's
object was to discover the ‘natures’ or esseunces of
things, in order that he might reproduce these natures
or essences at will; he conceived that these natures
were limited in number, and manifested in various
combinations in the bodies which exist in the uni-
verse; so that by secumulating.observations of them
in a multitude of cases, we may learn by induction in
what they do and in what they do not consist ; the 7n-
duction which is to be used for this purpose consists
in a great mbasure of excluding the cases which do
not exhibit the ‘nature’ in question; and by such
exclusion, duly repeated, we have at last left in our
hands the clements of which the proposed nature con-
sists. And the knowledge which is thus obtained may
be applied to reproduce the things so analysed. As
exhibiting this view oclearly we may take a passage in
the Sylva Sylvarum : “Gold has thesc natures: great-
ness of weight, closeness of parts, fixation, pliantness or
softness, immunity from rust, colour or tineture of
yellow. Therefore the sure way, though most about, to
make gold, is to know the causes of the several na-
tures before rchearsed, and the axioms concerning the
same, For if a man can make a metal, that hath all
these properties, let men dispute whether it be gold
or no” He means that however they dispute, it is
gold for all practical purposes.

For such an Induction as this, Bacon claims the
merit both of being certain, and of being nearly inde-
pendent of the ingenuity of the inquirer. It is a
method which enables all men to make exact dis:
coveries, as a pair of compasses enables all men to
draw an exact circle.

Now it is necessary for us, who are exploring the
progress of the true philosophy of discovery, to say
Plainly that this part of Bacon’s speculation. is erro-
neous and valueless. No scientific discovery ever has
baen made in this way. Men have not obtained truths.
concerning the natural world by seeking for the na-
tures of things, and by extracting them from pheno-
mena by rejecting the cases in which they were not,
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On the contrary, they have begun by ascettaining the
laws of the phenomena; and have then gone on, not
by a mechantcal method which levels all intellect, but
by special efforts of the brightest intellects to catch
hold of the ideas by which these laws of phenomena
might be interpreted and expressed in more géneral
terms. These two stops, the finding the laws of phe-
nomena, and finding the conceptions by which those
laws can be cxpressed, are really the couvse of dis-
covery, as the history of science ¢xhibits it to us.

Bacon, therefore, according to the vlew now pre-
sented, was wrong both as to his object and as to his
method. He was wrong in taking for his object the
esscnces of things,—the causes of abstract properties:
for these man cannot, or can very rarely discover;
and all Bacon’s ingenuity in enumerating and classify-
ing these essences and abstract propevties has led, and
could lead, to no result. The vast results of wmodern
science have been obtained, not by sceking and finding
the cssences of things, but by exploring the laws of
phenomena and the causes of those laws. -

And Bacon’s method, as well as his object, is vitiated
by a pervading error :—the error of supposing that to be
done by method which must be done by mind;—that
to be done by rule which must be donc by a flight
beyond rule;—that to be mainly negative which is
eminently positive;—that to depend on other men
which must dopend on the discoverer himsclf;—that
to be mere prose which must- have a dash of poetry ;—
that to be a work of mere labour which must be also°
a work of genius.

Mr. Ellis has seen very clearly and explained very
candidly that this method thus recommended by Bacon
has not led to discovery. “It is,” he says, “ neither to
the technical part of his method nor to the details of
his view of the nature and progress of science, that his

. groat fame is justly owing. His merits are of another
kind. Thoy belong to the spirit rather than to the
positive preccpts of his philosophy.”

As the reader of the last chapter will see, this
amounts to much the same as the account which I
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had given of the positive results of Bacow’s method, and
the real value of that portion of his philosophy which
he himself valued most. But still there remain, as I
have also noted, portions of Bacon’s speculations which
have a great and enduring value, namely, his doctrine
that Science is the Interpretation of Nature, his dis-
tinction of this Interpretation of Nature from the
vicious and premature Anticipation of Nature which
had generally prevailed till then; and the recom-
mendation of a graduated and successive induction by
which alone *the highest and most general truths were
to be reached. These are points which he urges with
great clearness and with great earnestness; and these
are important points in the true philosophy of dis-
covery.

I may add that Mr. Ellis agrees with me in noting
the invention of the conception by which the laws of
phenomena are interpreted as something additional to
Induction, both in the common and in the Baconian
sense of the word. He says ((ieneral Preface, Art. g),
“In ull cases this process Escientiﬁc discovery] in-
volves an element to which nothing corresponds in the
Tables of Comparence and Exclusion; namely the
application to the facts of a principls of arrangement,
au idea, existing in the mind of the discoverer an-
técedently to the act of induction.” It may be said
that this principle or idea is ained at in the Baconian
analysis. “And this is in one sense trune: but it
must be added, that this analysis, ‘if it be thought
right to call it so, iz of the essence of the discovery
which results from it. To take for granted that it
has been already effocted is simply a petitio principit.
In most cases the mere act of induction follows as a
matter of course as soon as the appropriate idea has

- been introduced.” And as'an example he takes Kep-
ler's invention of the ellipse, as the idea by which
Mars’s motjons ‘conld be reduced to law; making the,
same use of this example which we have repeatedly
mnii; of it.

r. Ellis may at first sight appear to express him-
self more favonryably than havgl::ne, with regard to
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the value of Bacon’s Jnquisitio tn Naturam Calidi in
the Second Book of the Novum Organon. He says of
one part of it*: ““Bacon here anticipates not merely
the essential character of the most recent theory, of
heat, but also the kind of evidence by which it Las
becn established....The merit of having perceived the
true significance of the production of heat by friction
belongs of right to Bacon.”

But notwithstanding this, Mr. Ellig’s general judg-
ment on this specimen of Bacon's application of his
own method does not differ essentially from mine.
He examines the Inquisitio at some length, and finally
says: “If it were affirmed that Bacon, after having
had o glimpse of the truth suggested by some ohvious
phenomena, had then recourse, as he himself expresses
it, to certain ‘differentiz inanes' in order to save the
phenomena, I think it would be hard to dispute the
truth of the censure.”

Another of the Editors of this edition (Mr. Sped-
ding) fixes his attention upon another of the features
of the method of discovery proposed by Bacon, and is
disposed to think that the proposed method has never
yet had justice done it, because it has not been tried
in the way and on the scale that Bacon proposes®,
Bacon recommended that a great collection of facts
should be at once made and aceumulated, regarding
every branch of human knowledge; and conceived
that, when this had been done by common observers,
philosophers might extract scientific truths' from this
mass of facts by the application of a right method.
This separation of ‘the offices of the observer and dis-
coverer, Mr. Spedding thinks is shown to be possible
by such practical examples as meteorological observa-
tions, made by ordinary observers, and reduced to
tables and laws by a central calculator; by hydrogra-
phical observations made by ships provided with pro-
per instructions, and redueed to general laws by the

2 Noteto Aph. xvill.
3 Pref. to the Parasceue, Yol. L . 382,
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Jnan of science in his study; by magnetical observa-
tions made by many persons in every part of the world,
- and reduced into subservicnce to theory by mathema-
ticians at home.
And to this our reply will be, in the terms which
the history of all the Sciences has taught us, that such
‘methods of procedurc as this do not belong to the
Epoch of Discovery, but to the Period of werification
and application of the discovery which follows. When
a theory has been estgblished in its general form, our
knowledge of®the distribution of its phenomena in
time and space can be much promoted by ordinary ob-
servers scattered over the carth, and succeeding each
other in time, provided they are furnished with instru-
ments and methods of observation, duly constructed
on the principles of science; but such observers can-
not in any degree supersede the discoverer who is first
to establish the theory, and to introduce into the facts
a new principle of order. When the laws of nature
have been caught sight of, ;nuch may be done, even
by ordinary observers, in verifying and exactly deter-
miuing them ; but when a real discovery is to be made,
this separation of the observer and the theorist is not
possible. In those cases, the questioning temper, the
busy suggestive mind, is needed at every step, to di-
rect the operating hand or the open gaze. No possible
accumulation of facts about mixture and heat, collected
in the way of blind trial, could have led to the doc-
trincs of chemistry, or crystallography, or the atomic
theory, or voltaic and chemical and magnetic polarity,
or physiology, or any other science. Indeed not only
is an existing theory requisite to supply the observer
with instruments and methods, but without theory he
cannoet even describe his observations. He says that
he mixes an acid and an. alkali; but what is an acid !
‘What is an alkali? How does he know them? He
classifies: crystals according to their forms: but till he
hes learnt what is distinctive in the form of a crystal,
he cannot distinguish a cube from a syuare prism, even
if he had u goniometer and could use it. And the like
impossibility hangs over all the other subjects. To
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report facts for scientific purposes without some aid.
from theory, is not only useless, but impossibe. :
When Mr. Spedding says, “I could wish that men
of science would apply themselves earnestly to the
solution of this practical problem: What measures
are to be taken in ovder that the greatest variety of
Jjudiciots observations of nature all over the world
may be carried on in concert upan a common plan and
brought to a common centre:"—he is urging npon men
of science to do what they have always doue, so far as
they have had any power, and in proportion as the
state of science rendered such a procedure possible and
profitable to science. In Astronomy, it has becn done
from the times of the Grecks and even of the Chal-
deans, baving been begun as soon as the heavens were
reduced to law at all. In meteorology, it has been
done extensively, though to little purpose, becaunse the
weather has »nof yet been reduced to rule, Men of sci-
ence have shown liow barometers, thermometers, hy-
grometers, and the like, may be constructed; and these
may be now read by any oue as easily as a clock; but
of ten thousand metcorological registers thus kept by
ordinary obscrvers, what good has come to. science
Again: The laws of the tides have been in a great
measurc determined by observations in all parts of the
globe, because theory pointed out what was.to be ob-
served. In like manuer the facts of terrestrial mag-
netism were ascertained with tolerable eompleteness
by extended observations, then, and then only, when a
most recondite and profound branch of mathematics
had pointed out what was to be observed, and most
ingenious instruments had been devised by men of
science for observing. And even with these, it re-
quires an education to use the instruments. But in
many cases no education in the use of instruments de-
vised by others can supersede the necessity of a theo-
rotical and suggestive spirit in the inquirer himself.
He must devise hiy own instruments and his own me»
thods, if he is to make anj discovery. -What chomist,
or inquirer about polarities, or about optical laws yet
undiscovered, can make any progress by using another
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man’s experiments and observations? He must invent
at every step of his observation; and the observer and
theorist can no more be dissevered, than the body and
soul of the inquirer.

That persons of moderate philosophical powers may,
when duly educated, make obgervations w{;?ch may be
used by greater discoverers than themselves, is true.
‘We have examples of such a subordination of scientific
offices in astronomy, in geology, and in many other
departments. But still, as I have said, a very con-
siderable degfee of scientific education is needed even
for the subordinate labourers in science; and the more
considerable in proportion as science advances further
and further; since every advance implies a knowledge
of what has alrendy been done, and requires a new
precision or generality in the new points of inquiry.



CHAPTER XVII.
From Bacos 10 NEWTON.

[

1. Harvey.—WE have already seen that Bacon
was by no means the first mover or principal author of
the revolution in the method of philusophizing which
took place in his time; but only the writer who pro-
claimed in the most impressive and comprehensive
manner, the scheme, the profit, the dignity, aud the
prospects of the new philosophy. Those, therefore,
who after him, took up the same views are not to be
counsidered as his successors, but as his fellow-labourers;
and the line of higtorical succession of opinions must
be pursued without special reference to any ounc lead-
ing character, as the principal figure of the epoch. I
resume this line, by noticing a contemporary and
fellow-countryman of Bacon, Harvey, the discoverer of
the circulation of the blood. This discovery was not
published and generally accepted till near the end of
Buacon’s life; but the anatomist’s reflections on the
mcthod of pursuing science, though strongly marked
with the character of the revolution that was taking
place, belong to a very differont school from the Chan-
cellor’s. Harvey was a pupil of Fabricius of Acqua-
pendente, whom we noticed among the practical re-
formers of the sixteenth century. He entertained,
like his master, a strong reverence for the great names
which had ruled in philosophy up to that time, Aris-
totle and Galen; and- was disposed rather to recomp-
mend his own method by exhibiting it as the true
interpretation of ancient wisdom, than to boast of its
novelty., It is true, that he assigns, as his reason for
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publishing some of his researches', * that by revealing
the method I use in searching into things, I might
propose to studious men, a new and (if I mistake not)
a surer path to the attainment of knowledge®;” hut
he soon proceeds to fortify himself with the anthority
of Aristotle. In doing this, however, he has the very
great merit of giving a living and practical character
to truths which exist in the Aristotelian works, but
which had hitherto been barren and empty professions.
We have seen that Aristotle had asserted the im-
portance of eXperiencé as one root of knowledge ; and
in this had been followed by the schoolmen of the
middle ages: but this assertion came with very dif-
ferent force and effect from a man, the whole of whose
life had been spent in obtaining, by means of expe-
rience, knowledge which no man had possessed before,
In Harvey’s general reflections, the nceessity of®both
the elements of knowledge, scnsations and ideas, ex-
perience and reason, is fully brought into view, and
rightly connected with the metaphysics of Aristotle.
He puts the antithesis of these two elements with

1 Anatomical Eaercilciions con-
cerning the Generation of Living Crea~
tures, 1653. Preface,

2 He used similar expressions in
conversation. George Ent, who edit-
ed his Generation of Animals, visited
bim, “at that time residing not far
from the city; and found him very
intent upon the perscrutation of
nature’s works, and with a counte-
nance as cheerful, as mind imper-
turbed; Democritus - like, chiefly
searching into the cause of natural
things.” In the course of conversa-
tion the writer said, “It hath always
been your cholce ahout the secrets of
Naiure, to consult Nature herself.”
*“"Tis true,” replied he ; “and I have
constantly been of opinfon that from
thence we might acquire not only the

knowledge of those less considerable
sucrets of Nature, but even a certain
admiration of that S8upreme Essence,
the Creator. And though I have
ever been ready to acknowledge, that
many things have been dlscovered
by learned men of former times ; yet
do I still believe that the number of
those which remain yet concealed in
the darkness of iropervestigable Na-
ture 1 much greater. Nay, I cannot
forbear to wonder, and sometimes
smile at those, who persuade them-
selves, that all things were so con-~
summately and absolutely delivered
by Aristotle, Galen, or some other
great mame, as that nothing was loft
to the superaddition of any that suc-
ceeded.”
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great clearness, “ Universals are chiefly known to us,
for science is begot by reasoning from universals to
particulars; yet that very comaprehension of universals
in the understanding springs from .the perception of
singulars in our, sense.” Again, he quotes Aristotle’s
apparently opposite assertions :—that made in his Phy-
sics®, “that we must advance from things which ave
first known to us, though confusedly, to things more
distinctly intelligible in themselvey; from the whole
to the part; from the universal to the particular;”
and that made in the dnalytics®; that ¥ Singulars are
more known to us and do first exist according to
sensc: for nothing is in the understanding which was
not before in the sense.” Both, he says, are true,
though at first they seem lo clash: for * though in
knowledge we begin with sense, sensation itself is a
universal thing.” This he further illustrates; and
quotes Seneca, who says, that *“ Art itself is nothing
but the rcugon of the work, implanted in the Artist’s
mind:” and adds, “the same way by which we gain
an Art, by the very same way wo attain any kind of
science or knowledge whatever; for as Art is a habit
whoso object is something to be done, so Science is a
habit whose object is something to be known; and as
the former proceedeth from the imitation of examples,
so this latter, from the knowledge of things natural.
The source of both is from sense and experience; since
[but?] it is impossible that Art should be rightly pur-
chased hy the one or Science by the other without
a direction from ideas.” Without here dwelling on
the relation of Art and Science, (very justly stated by
Harvey, except that ideas exist in a very different
form in the mind of the Artist and the Scientist) it will
be seen .that this doctrine, of science springing from
experience with a direction from ideas, is exactly that
which we have repeatedly urged, as the true view of
the subject. From this view, Harvey proceeds to infer
the importdnce of a reference to sense in his own

8Lb.Lc=3 ¢ Anal. Post. 1.
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subject, not only for first discovering, but for receiving
knowledge : “Without experience, not other men’s but
our own, no man is a proper disciple of a.n{] art ‘of
natural knowledge; without experimental skiil in ana~
tomy, he will no better apprehend what I shall deliver
concerning generation, than a man born blind can
judge of the nature and difference of colours, or one
born deaf, of sounds.” ¢“If we do otherwise, we may
get a humid and floating opinion, but never a solid
and infallible knowledge: as is happenable to those .
who see foreigh countifies only in maps, and the bowels
of men falsely described in anatomical tables. And
hence it comes about, that in this rank age, we have
many sophisters and bookwrights, but few wise men
and philesophers” He had before declared ¢ how
unsafe and degenerate a thing it is, to be tutored by
other men’s commentaries, without making trial of the
things themselves; especially since Nature’s book is
so open and legible.” We are here reminded of Gali-
leo’s condemnation of the “ paper philosophers.” The
train of “hought thus expressed by the practical dis-
coverers, spread rapidly with the spread of the new
knowledge that had suggested it, and soon became
general and unquestioned.

2. Descartes.—Such opinions are now among the
most familiar and popular of those which are current
among writers and speakers; but we should err much
if we were to imagine that after they were once
pounded they were never resisted or contradicted. In-
deed, even in our own time, not only are such maxims
very often practically neglected or forgotten, but
the opposite opinions, and views of science quite in-
consistent with those we huve been explaining, are
often promulgated and widely accepted. The. philoso-
phy of pure ideas has its commonplaces, as well as the
philosophy of experience. And at the time of which
we speak, the former philosophy, no less than the
lagter, had its great asserter and expounder; a man in
his own time more admired than Bacon, regarded
with more deferenge by a large body of disciples all
over Europe, and mére powerful in stirring up men’s



FROM BACON TO NEWTON. 161

minds to a new activity of inquiry. I speak of Des.
cartes, whose labourd, considered as a philosophical
system, were an endgavour to revive the method of
obtaining knowledge by reasoning from our own ideas
only, and to.erect it in opposition to the method of
observation and experiment. The Cartesian philoso-
phy contained an attempt at a counter-revélution.
Thus in this author’s Principia Philosophie®, he says:
that “he will give & short account of the principal
phenomena of the world, uot that he may use them as
reasons to prove anything; for,”adds h¥, “we desire
to deduce effects from cuuses, not causes from effects;
but only in order that out of the innumerable effects
which we learn to be capable of resulting from the
same causes, we may determine our mind to consider
some rather than others” He had before said, “ The
principles which we have obtained [by purc 2 priori
reasoning] are so vast and so fruitful, that many more
consequences follow from them than we seg contained
in this visible world, and even many more than our
mind can ever take a full survey of.” And he pro-
fesses to apply this method in detail. Thus in at-
tempting to state the three fundamental laws of mo-
tion, he employs only & priori reasonings, and is in
fact led into error in the third law which he thus ob-
tains®.  And in his Dioptrics™ he pretends to deduce
the laws of reflection and refraction of light from cer-
tain comparisons (which are, in truth, arbitrary,) in
which the radiation of light is represented by the mo-
tion of a ball impinging upon the reflecting or refract-
ing body. It might be represented as a curious in-
stance of the caprice of fortunc, which appears in sci-
entifie as in other history, that Kepler, professing to
derive all his knowledge from experience, and exert-
ing himself with the greatest energy and perseverance,
ﬁxﬁed in detecting the law of refraction; while Des-
Jcartes, who professed to be able to despise experiment,
obtained the true law of sines. But as we have stated

8 Pars iti. p. 45 ¢ Seo Mist. Ind. Se. b, vi. e. ik ? Cap.iiL
' u
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in the History®, Descartes appears to have learnt this
law from Snell's papers. And whether this be so or
not, it is certain that notwithstanding the profession of
independence which his philosophy made, it was in
reality constantly guided and instructed by experience.
Thus in explaining the Rainbow (in which his portion
of the discovery merits great praise) he speaks® of
taking a globe of glass, allowing the sun to shine on
one side of it, and noting the colours produced by rays
after two refractions qud one reflection. And in many
other instances, indeed in all that rclates to physies,
the reasonings and explanations of Descartes and his
followers were, consciously or unconsciously, directed
by the known facts, which they had observed them-
selves or learnt from others,

But since Descartes thus, speculatively at least, set
himseclf in opposition to the great reform of scientific
method which was going on in his timne, how, it may
be asked, did he acquire so strong an influence over
the most active minds of his time? How is it that he
became the founder of a lurge and distinguished school
of philosophers? How is it that he not only was
mainly instrumental in deposing Aristotle from hus in-
tellectual throne, but for a time appeared to have esta-
blished himself with almost equal powers, and to have
rendered the Cartesian school as firmn a body as the
Peripatetic had heen%

The causes to be assigned for this remarkable result
are, I conceive, the following. Iu the first place, the
physicists of the Cartesian school did, as I have just
stated, found their philosophy upon experiment, and
did not practically, or indged, most of them, theo-
retically, assent to their mastor's boast of showing
what the phenomena must be, instead, of looking to see
what they are. And as Descartes had really incorpo-
rated in his .philosophy all the chief physieal disco-
veries of his own and preceding times, and had de-,
NHvered, in a more general and systematic shape than

8 Hist. Ind. Sc. b, Ix. ¢ 1l ® Mcleorum, ¢. vill p. 187,
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any one before him, the principles which he thus esta-
blished, the physical philosophy of his school was in
reality far the best then current; and was an immense
improvement upon the Aristotelian doctrines, which
had not yet been displaced as a system. Another cir-
cumatance which gained him much favour, was the
bold and ostentatious manner in which he professed
to begin his philosophy by liberating himself from all
preconceived prejudice. The first sentence of bis phi-
losophy contains this celebrated sdeclaragion: ¢ Since,”
he says, “we begin life as infants, and have contracted
various judgments concerning sensible things before
we possess the entire use of our reason, we are turned
aside from the knowledge of truth by mnany prejndices:
from which it does not appear that we can he any
otherwise delivered, than if once in our life we make
it our business to doubt of everything in which we
discern the smallest suspicion of uncertainty.” In the
face of this sweeping rejection or unhesitating 8crutiny
of all preconceived opinions, the power of the ancient
authorities and masters in philosophy must obviously
shrink away; and thus Descartes came to be con-
sidered as the great hero of the overthrow of the Aris-
totelian doginatism. But in addition to these causes,
and perhaps more powerful than all in procuring the
assent of men to bis doctrines, came the deductive and
wystematic charucter of his philosophy. For although
all knowledge of the external world is in reality only
to be obtained from observation, by inductive steps,—
minute, perhaps, and slow, and many, as Galileco and
Bacon had already taught ;—the human mind conforms
tu these conditions reluctantly and unsteadily, and is
ever ready to rush to gencral principles, and then to
employ itself i deducing conclusions from these by
synthetical reasonings; a.task grateful, from the dis-
tinctness and certainty of the result, and the accom-
» panying feeling of our own sufficiency. Hence men
ily overlooked the precarious character of Des-
cartes’ fundamental assumptions, in their admiration
of the skill with which a varied and complex Universe-
was evolved out of them. And the complete and.

M2
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L]
systematic character of this philosophy attracted men
no less than its logical connexion. I may quote here
what a philosopher' of our own time has said of another
writer: “ He owed his influcnce to various canses; at
the head of which may be placed that genius for sys-
tem which, though it cramps the growth of know-
ledge, perhaps finally atones for that mischicef by the
zeal and activity which it rouses among followers and
opponents, who discover truth by accident when in
pursuit of weapons far their warfare. A system.which
attempts a task so hard as that of subjecting vast pro-
vinces of human knowledge to one or two principles,
if it presents some striking instances of conformity to
superficial appearances, is sure to delight the framer;
and for a time to subdue and captivate the student too
entirely for sober reflection and rigorous examination.
In the tivst instance consistency passes for truth. When
principles in some instances have proved suflicient to
give at unexpected explanation of facts, the delighted
reader is content to aceept as true all other deductions
from the principles. Specious premises heing assumed
to be true, nothing more can be required than logical
inference. Mathematical forms pass current as the
equivalent of mathematical certainty. The unwary
admirer is satisfied with the cosupleteness and sym-
metry of the plan of his house, unmindful of the nced
of examining the firness of the foundation and the
soundness of the materials. The system-maker, like
the conqueror, long dazzles and overawes the world;
but when their sway is past, the vulgar herd, unable
to measure their astonishing faculties, take revenge
by trampling on fullen greatuess.” Bacon showed
his wisdom in his reflections on this subject, when
he said that *Method, carrying a show of total and
perfect knowledge, hath a tendency to genemte ac-
quiescence.”

The muin value of Descartes’ physical doctnnas-
Consisted in their being arrived at in a way incon-

10 Mnckintosh, Dissertaion on Kthioal Science.
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sistent with his own professed method, namely, by a
reference to observation. But though he’did in reality
begin from facts, his system was nevertheless a glarin
cxample of that error which Bacon had called Anti-
cipation ; that illicit generalization which leaps at once
from special facts to principles of the widest and
remotest kind; such, for instance, as the Cartesian
doctrine, that the world is an absolute plenum, every
part Leing full of matter of sume kind, and that all
uatural effects depend on the laws of motion. Against
this fault, to which the human wind is s¢ prone, Bacon
had lifted his warning voice in‘vain, so far as the
Cartesians were concerned; as indeed, to this day, one
theorist after another pursues his course, and turns
a deaf ear to the Verulamian injunctions; perhaps
even complacently boasts that he founds his theory
upon observation; and forgets that therc are, as the
aphorism of the Novum OUrganon declares, two ways
by which this may be donc ;—the one hitherto in
use and suggested by our common tendencies, but
barren and worthless ; the other almost untrvied, to
be pursued only with effort and self-denial, but alone
capable of producing true knowledge.

3. Gassendi.— Thus the lessons which Bacon
taught were far frum being generally accepted and
applied at first. The amount of the influence of these
two men, Bacon and Descartes, upon their age, has
often been a subject of discussion. The fortunes of
the Cartesian school have been in some measure traced
in the History of Science. But I may mention the
notice taken of these two philosophers by Gassendi,
a contemporary and countryman of Descartes. Gas-
sendi, as I have elsewhere stated!, was associated with
Descartes in public opinion, as an opponent of the
Aristotelian dogmatism ; but was not in fact a follower
or profound admirér of that writer. In a Treatise

,.on ic, Gassendi gives an account of the Logic of
various sects and authors; treating, in order, of the

n Higt. Ind. Se. b. vil. ¢ &
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Logic of Zeno (the Eleatic), of Euclid (the Megarean),
of Plato, of Aristotle, of the Stoics, of Epicurus, of
Lullius, of Ramus; and to these he adds the Logie
of Vegulam, and the Logic of Cartesius. ¢ We must
not,” he says, “on account of the celobrity it has
obtnined, pass over the Organon or Logic of Francis
Bacon Lord Verulam, High Cliancellor of England,
whose noble purpose in our time it has been, to make
an Instauration of the Sciences.” He then gives a
brief account of the Novum Organon, noticing the prin-
cipal features it its rufes, and especially the distinction
between the vulgar induction which leaps at once from
particulat experiments to the more general axioms,
and the chastised and gradual induction, whick the
author of the Organon recommends. In his account
of the Cartesian Logic, he justly observes, that “He
too imitated Verulam in this, that being about to build
up a new philosophy from the foundation, he wished
in the first place to lay aside all prejudice : and
. having then found some solid principle, to make that
the ground-wqrk of his whole structure. But he pro-
ceeds by a very different path from that which Veru-
lam follows ; for whiis Verulam seeks aid from things,
to perfect the cogitation of the intellect, Cartesius con-
ceives, that when we have laid aside all knowledge of
thingy, there i3, in our ‘thoughts alone, such a resource,
that the intellect may by its own power arrive at a per-
fect knowledge of all, even the most abstruse things.”
The writings of Descartes have been most admired,
and his method most commended, by those authors
who have employed themselves upon metaphysical ra-
ther than physical subjects of inquiry. Perhaps we
might say that, in reference to such subjects, this
method is not so vicious as at first, when contrasted
with the Baconian induction, it seems to be: for it
might be urged that the thoughts from which Descartes
begins his reasonings are, in reality, experiments of the
kind which the subject requires us to consider : each"
such thought is a fact in the intellectual world; and
of such facts, the metaphysician seeks to discover the
laws.. I shall not here examine the validity of this.
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plea; but shall turn to the consideration of the actual
progress of physical science, and its éffect on men’s
minds.

4. Actual progress in Science.—The practical dis-
coverers were indeed very active and very succesaful
during the seventeenth century, which opened with
Bacon’s survey and exhortations. The laws of nature,
of which men had begun to obtain a glimpse in the
preceding century, werc investigated with zeal and
sagacity, and the consequence was that the foundations
of most of the modern physichl scierkes were laid.
That mode of research by experiment and observation,
which had, a little time ago, been a strange, and to
many, an unwelcome innovation, was now become the
habitual course of philosophers. The revolution from
the philosophy of tradition to the philosophy of ex-
perience was completed. The great discoveries of Kep-
ler belonged to the preceding century. They are not,
I believe, noticed, either by Bacon or by Deseartes;
but they gave a strong impulse to astronomical and
mechanical speculators, by showing the necessity of a
sound science of motion. Such a science Galileo had
already begun to construct. At the time of which I
speak, his disciples'? were still labouring at this task,
and at other problems which rapidly suggested them-
selves. They hud already convinced themselves that
air had weight; in 1643 Torricelli proved this practi-
cally by the invention of the Barometer; in 1647 Pas-
cal proved it still further by sending the Barometer to
the top of a mountain. Pascal and Boyle brought into
clear view the fundamental laws of fluid equilibrium;
Boyle and Mariotte determined the law of the com-
pression of air as regulated by its elasticity. Otto
Guericke invented the air-pump, and by his “ Madge-
burg Experiments” on a vacuum, illustrated still fur-
ther the effects of the air. Guericke pursued what
. Qilbert had begun, the observation of electrical pheno-

" 23 Qastellt, Torrleelli, Viviani, Balixil, Gassendl, Morsenne, Borelll, Ca-
el . \ .
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mens; and these {wo physicists made an important
step, by detecting repuldion as well as attraction in
these’ phenomena. Gilbert had already laid the founda~
tions pf the science of Magnetism., The law of refrac-
tion, at which Kepler had laboured in vain,” was, as
we have seen, discovered by Snell (about 1621), and
published by Descartes. Merseune had discovered
some of the more important parts of the theory of
Harmonics. In sciences of a different kind, the same
movement was visible, Chewical doctrines tendel to
assume a proplr degree of generality, when Sylvius in
1679 taught the opposition of acid and alkali, and
Stabl, soon after, the phlogistic theory of combustion.
Steno had remarked the most important law of e1ystal-
lography in 1669, that the angles of the same kind of
crystals are always equal. In the sciences of clussifi-
cation, about 1680, Ray and Moricon in England
resumed the attempt to form a systcmatic botany,
which had been interrupted for a hundred years, from
the time of the memoruble essay of Cwsalpinus. The
grand discovery of the circulation of the blood by
Harvey about 1619. was followed in 1631 by Pecquet’s
discovery of the course of the chyle. There could now
no longer be any question whether science was pro-
gressive, or whether observation could lead to new
truths. '

Among these cultivators of science, such sentiments
a8 have boen already quoted becamo very familiar j—
that knowledge is to be sought from nature horself by
observation and experiment;-—that in such matters
tradition is of no force when opposed to experience,
and that mere reasonings without facts cannot lead to
solid knowledge. But I do not know that we find in
these writers any more special rules of induction and
scientific research which have since been confirmed
and universally adopted. Perhups too, as was natural
in so great a revolution, the writers of this time, espe-
cielly the second-rate ones, were somewhat too prone
to disparage the labours and talents of Aristotle and
the ancients in general, and to overlook the ideal
element of our knowlédge, in their zealous study of
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phenomena. They urged, sometimes in an exagge-
rated manner, the superiotity of modern times in all
that regards science, and the supreme and sole im-
portance of facts in scientific investigations. There
prevailed among them also a lofty and dignified tone
of speaking of the condition and prospects of science,
such a8 we are accustomed to admire in the Verula-
mian writings; for this, in a less degree, is epidemic
among those who a little after his time spuak of the
new philosophy. »

5. Otto Guericke, &'e.—I need not illustrate these
characteristics at any great length. I may as an ex-
ample notice Otto Guericke’s Preface to his Euperi-
menta Magdeburgica (1670). He quotes a passage
from Kircher's Treatise on the Magnetic Art, in which
the author says, “Hence it appears how all philosophy,
cxcept it be supported by experiments, is empty, fal-
lacious, and useless; what monstrosities philosophers,
in other respects of the highest and subtlest genius,
may produce in philosophy by neglecting experiment.
Thus Experience nlone is the Dissolver of Doubts, the
Reconciler of Difficulties, the sole Mistress of Truth,
who holds a torch before us in obscurity, untics our
knots, teaches us the true causes of things.” Guericke
himself reiteratgs the samo remark, adding that  phi-
losophers, insisting upon their own thoughts and argu-
ments merely, cannot come to any sound conclusion
respecting the natural constitution of tho world.” Nor
were the Cartesians slow in taking up the same train
of reflection. Thus Gilbert Clark who, in 1660, pub-
lished® a defence of Descartes’ doctrine of a plenum
in the universe, speaks in a tone which reminds us
of Bacon, and indeed was very probably caught from
him: “Natural philosophy formerly consisted entirely
of loose and most doubtful controversios, carried on in
high-sounding words, fit rather to delude than to in-
struct men. gBut at last (by the favour of the Deit):)

-

* 1% De Plenitudine Mundsi, és qxa defenditur Carlesiana Philosophia contre
sendentins Prancisel Bucond, Th, Hobbii et Sethi IPardi,
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there shone forth some more divine intellects, who
taking as their counsellors reason and experience to-
gether, exhibited a new method of philosophizing.
Heuce has been conceived a strong hope that philoso-
phers may embrace, not a shadow or empty image of

Truth, but Truth herself: and that Physiology (Physics)
soattering these controversies to the winds, will con-
tract an alliance with Mathematics. Yet this is hardly
the work of one ago; still less of one man. Yet let
not the mind despond, or doubt not that, one party of
investigators after another following the same method
of philosophizing, at last, under good auguries, the
mysteries of nature being daily unlocked as far as
human feebleness will allow, Truth may at last uppear
in full, and these nuptial torches may be lighted.”

As anuther instance of the same kind, I may quote
the preface to the First volume of the Transactions
of the Academy of Sciences at Paris: “It is ouly
since the present century,” says the writer, ¢that we
can reckon the revival of Mathematics and Physics,
M. Dencartes and other great men have laboured at
this work with so much success, that in this depart-
ment of litcrature, ihe whole face of things has been
changed. Men have quitted a sterile system of physics,
which for several generations had beep alwuys at the
same point; the reign of words and térns is passed;
men will bavo things; they establish principles which
they understand, they follow those principles; and
thus they make progress. Authority has ceased to
have more weight than Reason: that which was re-
ceived without contradiction because it had been long
received, is now examined, and often rejected: and
philosophers have made it their business to consult,
respecting natural things, Nature horself rather than
the Ancients,” These had now become the common-
placos of those who spoke concerning the course and
method of the Sciences.

* 6. Hooke.—In England, as might be expected, the
influence of Francis Bacon was more directly visiblé.
We find many writers, about this tinie, repeating the
truths which Bacon had proclaimed, and in almoet
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every case showing the same imperfections in their
views which we have noticed in bim. We may take
as an example of this Hooke’s Essay, entitled “ A
General Scheme or Idea of the present state of Natural
Philosophy, and how its defects may be remedied by a
Methodical proceeding in the making Expetiments and
collecting Observations ; whereby to compile a Natural -
History as a solid basis for the superstructure of
true Philosophy.” This Essay may be looked wpon as
an attempt to adapt the Novum Organon to the age
which succeeded its publication. We*have in this
imitation, as in the original, an' enumeration of vari-
ous mistakes and impediments which had in preceding
times prevented the progress of knowledge; exhorta-
tions to experiment and observation as the only solid
basis of Science ; very ingenious suggestious of trains of
inquiry, and modes of pursuing them; and a promise
of obtaining scientific truths when facts have been
duly accumulated. This last part of his scheme the
author calls @ Philosoplical Algebra; and he appears
to have imagined that it might answer the purpose of
finding unknown caunses from known facts, by means
of certain regular processes, in the same manner as
Common Algebra finds unknown from known quanti-
tis. But this part of the plan appears to have re-
mained unexecited. The suggestion of such a method
wag a result of the Baconian notion that invention
in a discoverer might be dispensed with. We find
Hooke adopting the phrases in which this notion is
implied : thus he speaks of the understanding as “being
very prone to run into the affirmative way of judging,
and wanting patience to follow and prosecute the nega- .
tive way of inquiry, by rejection of disagreeing natures,”
And he follows Bacon also in the error of attempting
at once to obtain from the facts the discovery of a
“nature,” instead of investigating first the measures
.and the Inws of phenomena. I return to more general
notices of the course of men’s thoughts on.this subject. -
7.- Royal Society.—Those who- associated them-
selves together for the prosecution ef acience quoted
Bacon' as their leader, and exulted in the progress.
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made by the philosophy which proceeded upon his
rinciples. Thus in Oldenburg’s Dedication of the
ransactions of the Royal Society of London for 1670,
to Robert Boyle, he says; “I am informed by such
as well remember the best and worst days of the
famous Lord Bucon, that though hé wrote his Ad-
vancement of Learning and his Instauratio Magna in
the time of his greatest power, yet his greatest re-
putation rebounded first fromm the most intelligent
foreigners in many pgrts of Christendom:” and after
speaking of his practical talents and his public em-
ployments, he adds, “ much more justly still may we
wonder how, without any great skill in Chemistry,
without much pretence to the Mathematics or Me-
chanics, without optic aids or other engines of late
invention, he should so much transcend the philoso-
phers then living, in judicious and clear instructions,
in so many useful observations and discoveries, I think
I may say beyond the records of many ages.” And
in the end of the Preface to the same volume, he
speaks with great exultation of the advance of science
all over Europe, referring undoubtedly to facts then
familiar. “And new let envy snarl, it cannot stop
the wheels of active philosophy, in no part of the
known world;~—not in France, either in Paris or in
Caen :—not in Italy, either in Rome, Naples, Milan,
Florence, Venice, Bononia or Padua ;—in none of the
Universities ¢ither on this or on that side of the seas,
Madrid and Lisbon, all the best spirits in Spain and
Portugal, and the spacious and remote dominions to
them belonging ;—the Imperial Court and the Princes
of Germany; the Northern Kinge and their best lumi-
naries; and even the frozen Muscovite and Russian
have all talken the operative ferment: and it works
high and prevails every way, to the encourngement.
of all sincere lovers of knowledge and virtue.” .
Agnin, in the Preface for 1673, he pursues the
st?a:thought ﬁt: detail : “Wel mualt: g&:: that in
t! age, when operative philosop n to re-
gover grotind, and t9, trgad on.I;he h_qelsyof triumphant
Philology } emergent adventures and great sucoesses
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were encountered by dangerous oppositions and strong
obstructions. Galileeus and others in' Italy suffered
extremities for their celestial discoveries; and here in
England Sir Walter Raleigh, when he was in his
greatest lustre, was notoriously slandered to have
erected a school of atheism, because he gave counte-
nance to chemistry, to practical arts, and to curivus
mechanical operations, and designed to form the best
of them into a college. And Quecn Elizabeth’s Gilhert
was a long time esteemed extravagant for his magnet-
isms; and Harvey for his diligent resdarches in pur-
suance of the circulation of the blood. But when our
renowned Lord Bacon had demonstrated the methods
for a perfect restoration of all parts of real knowledge;
and the generous and philosophieal Peiveskius had,
soon after, agitated in all parts to redeem the most
instructive antiquities, and to excite experimental
essays and fresh discoveries; the success became vn a
sudden stupendous; and effective philosophy began to
sparkle, and even to flow into beams of shining light
all over the world.”

The formation of the Royal Society of London and
of the Academy of Sciences of Paris, from which pro-
cecded the declamations just quoted, were among many
indications, belonging to this period, of the importance
which states as well as individuals had by this time
begun to attach to the cultivation of science. The
English Suciety was established almost immediately
when tho restoration of the monarchy appeared to
give a promise of tranquillity to the nation (in 1660),
and the French Academy very scon afterwards (in.
1666). These measures were very soon followed by
the establishment of the Observatories of Paris and
Greenwich (in 1667 and 1655); which may be con-
sidered to be a kind of public recoguition of the astro-
.nomy of observation, as an object on which it was the
advantago and the duty of mations to bestow their
wealth, C ..

8. Bacow's New Atalontis.-—— When philosophe
‘had their attention turned to the boundless prospect of
increase to the knowledge and powers and pleasures of
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man which the cultivation of experimental philosophy
seemed to promise, it was natural that they should
think of devising institutions and associativns by which
such bunefits might be secured. Bacon had drawn a
picture of a sotiety organized with a view to such pur-
pose, in his fiction of the “ New Ataluntis.” The
imaginary teacher who explains this institution to the
inquiring traveller, describes it by the name of Solo-
mon’s House; and says', ““The end of our founda-
tion is the knowledgg of causes and secret motions of
things; and the enlarging the bounds of the human
empire to cffecting of things possible.” And, as parts
of this House, he describes caves and wells, chwnbers
and towers, baths and gardens, parks aud pools, dis-
pensatories and furnaces, and many other contrivances,
provided for the purpose of making experiments of
many kinds. He describes also the various employ-
ments of the Fellows of this College, who take a share
in its vesearches. There are merchants of light, who
bring books and inventions from foreign countries ;
depredators, who gather the experiments which exist
in books ; mystery-men, who collect the experiments of
the mechanical arts; pioneers or miners, who invent
new experimenis; and compilers, “who draw the ex-
periments of the former into titles and tables, to give
the better light for the drawing of observations and
axioms out of them.” There are also dowry-men or
benefactors, that cast about how to draw out of the
experiments of their fellows things of use and prac-
tice for man's life; lamps, that dircet new cxperiments
of a more penctrating light than the former; in-
oculators, that exeoute the experiments so directed.
Finally, there are the interpreters of nature, that raise
the former discoveries by experiments into greater ob-
servations (that is, more general truths), axioms and
aphorisms. Upon this schome we may remark, that
fictitious a8 it undisguisedly is, it still serves to exhibit
very clearly some of the main features of the author’s

14 Bacon's Wor ks, vol, i, 113,
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philosophy :-—namely, his steady view of the necessity
of ascending from facts to the most general truths by
several stages ;—an exaggerated opinion of the aid that
could be derived in such a task from technical sepa-
ration of the phenomena and a distribution of them
into tables;—a belief, probably incorrect, that the
offices of experimenter and interpreter may be entirely
separated, and pursued by different persons with a
cortainty of obtaining success!—and a strong determi-
nation to make knowledge congtantly subservient to
the uses of life. ’

9. Cowley.—Another projéct of the same kind,
Jess ambitious but apparently more directed to prac-
tice, was published a little later (1657) by annther
cminent man of letters in this country. I speak of
Cowley’s “ Proposition for the Advancement of Experi-
mental Philosophy.” -He suggests that a College should
be established at a short distance from Iondon, en-
dowed with a revenue of four thousand pounds, and
consisting of twenty professors with other members.
The objects of the labours of these professors he de-
scribes to be, first, to examine all knowlegge of nature
delivered to us from former ages and to pronounce it
sound or worthless; second, to recover the lost inven-
tions of the ancients; third, to improve all arts that
wo now have; lastly, to discover others that we yet
have not. In this proposal we cannot help marking
the visible declension from Bacon’s more philosophical
view. For we have here only a very vague indication
of improving old arts and discovering new, instead of
the two clear Verulamian antitheses, Experiments and
Axioms deduced from them, on the one hand, and on
the other an ascent to general Laws, and a derivation,
from these, of Arts for daily use. Moreover the
minent place which Cowley has assigned to the verify-
ing the knowledge of former ages and recovering ¢ the
lost inventions and drowned lands of the ancients”
implies a disposition to think too highly of traditionary
knowledge; a weakness which Bacon’s scheme shows
him to have fully overcome. And thus it his been up
to the present day, that with all Bacon’s mistakes, in
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the philosophy of scientific method few have comeup .
to him, and perhaps none Lave gone beyond him.

Cowley exerted himself to do justice to the mew
philosophy in verse as well as prose, and his Poem to
the Royal Socicty expresses in a very noble manner
those views of the history and prospects of philosophy
which prevailed among the men by whom the Royal
Society was founded. The fertility and ingenuity of
comparison which characterize Cowley's poetry are
well known ; and these qualities are in this instance
largely employed for the embellishinent of his subject.
Many of the comparisuns which he exhibits are apt
ang] striking. Philosophy is a ward whose estate (hu-
map knowledge) is, in his nonage, kept from him by
his guardians and tutors; (a case which the ancient
rhetoricians were fond of taking as o subject of decla-
mation ;) and these wrong-doers rotain him in unjust
tutelage and constraint for their own purposes; until

Dacon at last, a_mighty moan, arose,
(Whom a wise King, and Nature, chose
Lord Chancellor of hoth their laws,)

And boldly undertork the injured pupil’s cause.

[ ]

Again, Bacon is one who breaks a scarecrow Priapus
which stands in ihe garden of knowledge. Again,
Bacon is one who, instead of a picture of painted
grupes, gives us real grapes from which we press “the
thirsty soul’s refreshing wine.” Agaiu, Bacon is like
Mosu:s, who led the Hebrows forth from the barren
wilderness, and ascended Pisgah;— -

Did on the very border stand

Of the blest promised land,
And from the mountain’s top of his exalted wit
Saw it bimself and showed wus it.

The poet howgver adds, that Bacon discoveted, but
did net conquer this new warld; and that the men
whom he addresses must subdue these regions. These
“champions” are thtn ingeniously compared to Gi-
deon’s band: '

Their old and empty pitchers first they brake,
And with their bands then lifted upotia light.
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" Thore were still at this time some who sneered at or’
eondemned the now philosophy; but the tide of popular -
opinion was soon strongly in its favour. 1 have else-
where’® noticed a pasquinade of the poet Boileau in
1682, directed against the Aristotelians. At this time,
and indeed for long afterwards, the philosophers of
rance were Cartesians. The English men of science,
although partinlly and for a time they accepted some
of Descurtes’ opinions, for the most part carried on
the reform independently, and jn pursuance of their
own views. And they very soon found a’much greater
loader than Descartes to place at their head, and to
take ag their authority, so far as they acknowledged
authority, in their speculations, T speak of Newton,
whose influence upon the philosophy of science [ must
now consider,

Barrow.—T will, however, first mention one other
writer who may, in more than one way, be regarded
a8 the predecessor of Newton. T speak of Isanc Bar-
row, whom Newton succeeded as Professor of Mathe-
matics in the University of Cambridge, and who in his
mathematical speculations approached very near to
Newton's method of Fluxiond, He afterwards (in 1673)
became Master of Trinity College, which office he held
til his death in 1677. DBut the passages which I
shall quote belong to an earlier period, (when Barrow
was about 22 years old,) and may be regarded as ex-
pressions of the opiniong which were then current
among active-minded and studious young men. They .
manifest a complete familiarity with the writings both
of Bacon and of Descartes, and a very just appreciation
of both. The discourse of which I speak is an aca-
demical excreise delivered in 1652, ou the thesis Car-
tesiana hypothesis haud satisfacit pracipyis nogure
phenomenis. By the © Cartesian hypothesis,” he does
not mean the hypothesis that the planets are moved
by vortices of etherial matter : I believe that this Car-
tesian tenet mever had any disciples in England; it

1 Hist. Ind. Sc. b. vit. . 1,
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certainly never took any hold of Cambridge. By the
Cartesian hypothesis, Barrow means the doctrine that
all the phenomena of nuture can be accounted for by
matter and motion; and allowing that the motions of
the planets are to be so accounted for, (which is New-
tonian as well as Cartesian doctrine,) he denies that
the Cartesian hypothesis accounts for “the genorations,
properties, and specific operations of animals, plants,
mincerals, stones, and other natwral bodies,” in doing
which he shows a sound philosophical judgment. But
amony the parts of this discourse most bearing on our
present purpuse are thosc where he mentions Bucon.
“ Agninst Cartesius,” he says, I pit the chymists and
others, but especially as the foremost champion of this
battle, our Verulam, a man of great namne and of great
judgment, who condemned this philosophy before it
was born.” “He,” adds Barrow, “several times in his
Organon, warned men against all hypotheses of this
kind, and noticed beforehand that there was not much
to he expected from those priuciples which are brought
into being by violent efforts of argumentation from the
brains of particular men: for that, as upon the pheno-
mena of the stars, various constructions of the heavens
may be devised, so also upon the phenomena of the
Universe, still more dogmas may be founded and con-
structed ; and yet all such are mere inventions: and as
many philosophics of this kind as arc or shall be ex-
tant, 50 many fictitious and theatrical worlds are made.”
The reforence is doubtless t& A phorism LX1e of the first
Book of the Novum Orgmicon, in which Bacon is
speaking of his “Idols of the Theutre.” After making
the remark which Barrvw has adopted, Bacon andds,
% Such theatrical fables have also this in common with
those of drematic poets, that tho dramatic story is
more regular and elegant than truo histories are, and
is made 80 as to be agreeable.” Barrow, huving this
in his mind, goes on to say: “And though Curtesins
dias dressed up the stago of his theatre more pretsily
than any other person, and made his drama more like
history, still he is not exempt from the like censure.”
And he then refers to Cartesius’s owa declaration, that
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he did not leaxn his system from things themselves,
but tried to impose his own laws upon things; thus in-
verting the order of true philosophy.

Other parts of Bacon’s work to which Barrow refers
are those where le speaks of the Form, or Formal
Cause of a body, and says that in comparison’ with
that, the Efficient Cause and the Material Cause are
things unimportant and superficial, and contribute
little to true and active science'. And again, his
clussification of the various kinds of motions'’,—the
motus lihertatis, motus nexus,®motus *continuitatis,
motus ad lucrum, fugwre, unionis, congregationis; and
the explanation of clectrical attraction (about which
Gilbert and others had written) as motus ad lucrim.

These passages show that Barrow had rcad the
Novum Organon in a careful and intelligent manner,
and presumed his Cambridge hearers to be acquainted
with the work. Nor is his judguent of Descartes
less wise and philosophieal. He rejects, as we have
scen, his system as a truce scheme of the universe, and
condemns altogether his & priori mode of philosophiz-
ing; but this does not prevent his accepting Descartes’
real discoveries, and admiring the boldness and vigour
of his attempts to reform philosophy. There is, in
Barrow’s works, academic verse, as well as prose, on
the subject of the Cartesian hypothesis. In this, Des-
cartes himself is highly praised, though his doctrines
are very partially accepted. The writer says: “Par-
don us, great Cartesius, if the Muso resists you. Par-
don! Wo follow you, Inguiring Spirit that you are,
while we reject your system. As you have taught us
free thought, and broken down the rule of tyranny,
we undauntedly speculate, even in opposition to you.”

Descartes is vven yet spoken of, especially by French
writers, as the person who first asserted and estab-
lished the freedom of inguiry which is the boast of
Jnodern philosophy ; but this is said with reference to
etaphysics, not to physics. In physical philosophy,

10 Nov. Ory. lib. i1, Apb. 2. 7 Ib. b 18, Aph. 4.
N2
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though he caught hold of some of the discoveries
which were then coming into view, the method in
which he reasoned or professed to reason was alto-
gether vicious; and was}as I have already said, an
attempt to undo what the reformers, both theoretical
and practical, had been doing:—te discredit the philo-
sophy of experience, and to restore the reign of @ priors
systems.

It was, however, now, too late to make any such
attempt ; and nothing came of it to interrupt the pro-
gress of a better philosophy of discovery.



CHAPTER XVIIIL
NEwToN.

L. BOLD and extensive as had beeh the antici-

pations of those whose minds were excited
by the promise of the new philosophy, the discoveries
of Newton respecting the mechanics of the universe,
brought into view truths more general and profound
than those earlier philosophers had hoped or imagined.
With these vast accessions to human knowledge, men’s
thoughts were again set in action; and philosophers
made earnest and various attempts to draw, from these
extraordinary advances in science, the true moral with
regard to the conduct and limits of the human under-
standing. They not only cndeavoured to verify and
illustrate, by these new portions of science, what had
recently been taught concerning the methods of ob-
taining sound knowledge; but they were also led to
speculate concerning many new and more interesting
questions relating to this subject. They saw, for the
first time, or at least far more clearly than before, the
distinction between the inquiry into the laws, and into
the cawuses of phenomena. They were tempted to ask,
how fur the discovery of causes could be carried; and
whether it would soon reach, or clearly point to, the
ultimate cause. They were driven to consider whether
the properties which they discovered were essential
properties of all watter, necessarily and primarily in-
volved in its essence, though revealed to us at a late
Jeriod by their derivative effects. These questions
even now agitate the thoughts of speculative mens
Some of them have already, in this work, been dis-
cussed, or arranged inthe places which our view of the
philosophy of these subjects assigns to them. But we



182 PHILOSOPHY OF DISCOVERY.

must here notice them as they occurred to Newton
himself and his immediate followers.

2. The general Baconian notion of the method of
philosophizing,—that it consists in ascending from phe-
nomena, through various stages of generalization, to
truths of the highest order,—received, in Newton's dis-
covery of the universal mutual gravitation of every
particle of matter, that pointed actual exemplification,
for want of which it had hitherto been almost over-
looked, or as least very vaguely undorstood. That
great truth, and the steps hy which it was established,
afford, even now, by far the best example of the suc-
cessive ascent, from one scientific truth to another,—
of the repeated transition from less to more genoral pro-
positions,—which we can yet produce; as may be seen
in the Table which exhibits the relation of these steps
in Book 11. of the Novum Organon Renovatum. Newton
himself did not fail to recognize this feature in the
truths which he exhibited. Thus he says', “ By the
way of Analysis we proceed from compounds to ingre-
dients, as from motions to the forces producing them;
and in general, from effects to their causes, and from
particular causes Lo more general ones, till the argument
ends in the most general.” And in like manner in ano-
ther Query®: “The main business of natural philoso-
phy is to argue from phenomena without feigning hypo-
theses, and to deduce causes from effects, till we come
to the First Causc, which is certainly not mechanieal.”

3. Newton appears to have had a horror of the
term Aypothesis, which probably arose from his ac-
quaintance with the rash and illicit general assump-
tions of Descartes. Thus in the passage just quoted,
after declaring that gravity must have some other
causo than matter, he says, ¢ Later philosophers banish
the consideration of such a cause out of Nataural Phi-
losophy, feigning hypotheses for explaining all things
mechanically, and referring otﬁt cauges to meta-
physics.” In the celebrated Scholium at the end of

. 3 Optics, qu. 31, near theend. < 2 Qu A8
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the Principia he says, “Whatever is not deduced
from the phenomena, is to be termed Aypothesis ; and
hypotheses, whether metaphysical or physical, or oc-
cult causes, or mechanical, have no place in experi-
mental philosophy. In this philosophy, propositions
are Jdeduced from phenomena, and rendered general by

induction.” And in another place, he arrests the-

course of his own suggestions, saying, “Verum hypo-
theses non fingo.,” T have already attempt:d to show
that this is, in reality, a superstidious ang self-destruc-
tive spirit of speeulation. me  hypotheses are neces-
sary, in order to connect the facts which are observed;
some new principle of unity must be applied to the
phenomena, before induction can be attempted. What
is requisite is, that the hypothesis should be close to
the fucts, and not connected with them by the interme-
diation of other arbitrary and untried facts; and that
the philosopher should be ready to resign it as soon as
the facts refuse to contirm it. We have seen in the
History", that it was by such a usc of hypotheses, that
both Newton himself, and Kepler, on whose disenveries
those of Newton were based, made their discoveries,
The suppositions of a force tending to the sun and vary-
ing inversely as the square of the distance ; of a mutual

force between all the bodies of the solar system ; of the -

foree of each body arising from the attraction of all its
parts; not to mention others, also propounded by
Newton,—were all hypotheses before they were veri-
fied as theorics. It is related that when Newton was
asked how it was that he saw into the laws of nature
80 uch further than other men, ho replied, that if it
were 8o, it resulted from his keeping his thoughts
steadily occupied upon the subject which was to be
thus penetrated. But what is this occupation of the
thoughts, if it be not the.process of keeping the phe-
nomena clearly in view, and trying, one after another,
«all the plausible hypitheses which seem likely to con:
nect them, till at last the true law is discovered? Hy-
potheses so used are a nocessary element of discovery.

8 Hist, Ind., Se. ). v. and b. vil
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4 With regard to the dectails of the process of
discovery, Newton has given us some of his views,
which are well worthy of notice, on account of their
coming from him ; and which are real additious to the
philosophy of this subject. Hu speaks repeatedly of
the analysis and synthesis of observed facts ; and thus
marks certain steps in scientific research, very import-
ant, and not, I think, clearly pointed out by his prede-
cessors. Thus he says*, “ As in Mathematics, so in
Natural Philosophy, the investigation of difficult things
by the method of analysis ought ever to precede the
method of composition. This analysis consisty in mak-
ing experiments and observations, and in drawing
goneral conclusions from them by induction, and ad-
mibting of no ohjections against the conclusions, but
such as are taken from experiments or other certain
truths. And although the arguing from experiments
and observations by induction be no demonstration of
geueral conclusions ; yet it is the best way of arguing
which the nature of things admits of, and may be lovk-
ed upon as so much the stronger, by how much the
induction is more general” And he then observes, as
we have quoted above, that by this way of analysis we
proceed from compounds to ingredients, from motions
to forces, fromn eftects to causes, and from less to more
general causes. The analysis here spoken of includes
the steps which in our Novum Organon we call the
deconposition of facts, the exact observation and mea-
surgmenst of the phenomena, and the colligativn of facts;
the necessary intermediate step, the selection and expli-
cation of the appropriate conception, being passed over
by Newton, in the fear of seeming to encourage the
fabrication of hypotheses. The synthesis of which New-
ton here speaks consists of those steps of deductive rea~
soning, proceeding from the conception once assumed,
which are requisite for the comparison of its conse-
quences with the observed facts. This, his statement

of the process of research, is, as far as it goes, perfectly
exact,

« Optlcs, qu. 3z,
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5. In speaking of Newton's precepts on the subject,
we are nuturally led to the celebrated “Rules of Phi-
losophizing,” inserted in the second edition of the Prin-
cipiu. These rules have generally been quoted and
commented on with an almost unquestioning reverence,
Such Rules, coming from such an aathority, cannot
fail to be highly interesting to us; but at the same
time, we cannot here evade the necessity of scrutinie-
ing their truth and value, according to the principles
which our survey of this subject has brought into view.
The Rules stand at the beginning of that part of the
Principia (the Third Book) in which he infers the mu-
tual gravitation of the sun, moon, planets, and all parts -
of each. They are as follows :

“Rule I. We are not to admit other causey of na-
tural things thau such as both are true, and suffice for
explaining their phenomena.

“Rule 11. Natural effects of the samne kind are
to be referred to the same cuuses, as far as can be
done,

*“Rule III. The qualities of bodies which cannot

be increased or diminished in intensity, and which be-
long to all bodies in which we can institute experi-
ments, are to be held for qualities of all bodies what-
ever.
“Rule IV. In experimental philosophy, proposi-
tions collected from phenomena by induction, are to
be held as true either accurately or approximately, not-
withstanding contrary hypotheses ; till other pheno-
moena occur by which they may be rendered either
more accurate or liable to exception.”

In considering these Rules, we cannot help remark-
ing, in the first place, that they are constructed with
an intentional adaptation to tho cuse with which New-
ton has to deal,—the induction of Universal Gravita~
tion ; and are jntended to protect the reasonings before
which they stand. Thus the first Rule is designed to
strengthen the inference of gravitation from the celet-
tial phenomena, by describing it as a vera causa, a true
cause; the second Rule countenances the doctrine that
the planctary motfons are governed by mechanical
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forces, as terrestrial motions are; the third rule ap-
pears’ intended to justify the assertion of gravitation,
as & universal quality of bodies; and the fourth con-
tains, along with a general declaration of the authority
of induction, the author's usual protest against hypo-
theses, levelled at the Cartesian hypotheses especially.

6. Of the First Rule.—We, however, must consi-
der these Rules in their general application, in which
point of view they have often been referred to, and
have had very great awthority allowed them. One of
the . points which has been most discussed, is that
maxim which requires that the causes of phenomena
which we assign should be true causes, veraw causc.
"Of course this does not mean that they should be the
true or right canse; for although it is the philnsopher’s
.aim to discover such causes, he would be little aided
in his scarch of truth, by being told that it is truth
which he is to seek. The rule has generally been un-
derstood to prescribe that in attempting to aécount for
any class of phenomena, we inust assume such causes
ouly,. as from other considerations, we know to exist.
Thus gravity, which was employed in explaining the
motions of the moon and planets, was already known
to exist aijd operate at the earth’s surface.

Now the Rule thus interpreted is, I conceive, an
injurious limitation of the field of induction. For it
forbids us te.look for a cause, except among the causes
with which we are already familiar. But if we follow
this rule, how shall we ever become acquainted with
any new cause! Or how do we know that the pheno-
mena which we contemplate do really arise from some
cause which we already truly know? If they do not,
must we still insist upon making them depend upon
some of our known causes; or must we abandon the
study of them eltogether? Must we, for example,
resolve to refer the action of radiant heat to the air,
rather than to any peouliar fluid or ether, hecause the
former is known to exist, the latter is merely assumed
for the purpose of explanation But why should we
do this? Why should we not endeavour to learn the
cause from the effacts, even if it be not already known
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tous? We can infer causes, which are new when we
first become acquainted with them. Chemical Forces,
Optical Forces, Vital Forces, are known to us only by
chemical and optical and vital phenomena; must we,
therefore, reject their existence or abandon their study?
They do not conform to the double condition, that they
shall be sufficient and also real: they are true, only so
far as they explain the facts, but are they, thercfore,
unintelligible or useless? Ave they noi highly im-
portant and instructive subjectsyof specplation? And
if the gravitation which rules the motions of the pla-
nets had not existed at the earth’s surface ;}—if it had
been there masked and concealed by the superior effect
of magnetism, or some other extrancous force,—1aight
not Newton still ‘have inferred, from Kepler's laws,
the tendency of the planets to the sun; and from their
perturbations, their tendency to each other? His dis-
coverics would still have been immense, if the cause
which he assigned had not been a vera c¢ausa in the
sense now contemplated. , '

7. But what do we mean by calling gravity a “true
cause”? How do we learn its reality?” Of course, by
its effects, with which we are familiar ;—by the weight
and full of bodies about us. These strike even the
most careless observer. No one can fail to see that all
bodies which we come in contact with are heavy ;—
that gravity acts in our neighbourhood here upon
earth. Hence, it may be said, this cause is at any
rate a true cause, whether it explains the celestial
phenomena or not. ‘

But if this -be what is meant by a vera causa, it
appears strange to require that in all cases we should
find such a one to account for all classes of pheno-
mena. It it reasonable or prudent to.demand that we
shall reduce every set of phenomena, however minute,
or abstruse, or complicated, to causes so obviously ex-
isting as to strike the most incurious, 'and to bé fami-
liar among men? How can we expect to find subh
vere cause for the delicate.and recondite phenomena
which an exact and skilful observer detects in chemi-
cal, or optical, or electrical experignents} .The facts
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themselves are too fine for vulgar apprehension; their
relations, their symwmetries, their measures require a
previous discipline to understand them. How then
can their causes be found among those agencies with
which the common unscientific herd of mankind are
familiar? 'What likelihood is there that causes held
for real by such persons, shall explain facts which such
persons cannot see or cannot-understand?

Again: if we give authority to such a rule, and
require that the causeg by which science explains the
facts which she‘notes and measures and analyses, shall
be causes which men, without any special study, have
already come to believe in, from the effects which they
cusually see around them, what is this, except to make
our first rade and unscientific persuasions the criterion
and test of our most laborious and thoughtful infer-
ences? What is it, but to give to ignorance and
thoughtlessness the right of pronouncing upon the con-
victions of intense study and long-disciplined thought?
“ Electrical atmospheres” surrounding electrized bo-
dies, were at one time held to be a “true cause” of
the effects which such bodies produce. These atmo-
spheres, it was said, are obvious to the senses; we
feel them like a spider’s web on the hands and face.
Apinus had to answer such persons, by proving that
there are no atmospheres, no effluvia, byt only repul-
sion. He thus, for a true cause in the vulgar sense of
the term, substituted an Aypothesis; yet who doubts
that what he did was an advance in the science of
electricity?

8. Perhaps some persons may be disposed to say,
that Newton’s Rule does not enjoin us to take those
causes only which we clearly know, or suppose we
know, to be really existing and operating, but only
causes of such kinds as we have already satisfied our-
selves do exist in nature. It may be urged that we
are entitled to infer that the planets are governed im
their motions by an attractive force, because we find, .
in the bodies immediately subject to observation and
experiment, that such motiens are produced by attracs
five forces, for exaple, by that of the earth, It may
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be said that we might on similar grounds infer forces
which unite particles of chemical eompounds, or deflect
particles of light, because we see adhosion and deflec-
tion produced by forces.

But it is easy to show that the Rule, thus laxly un-
derstood, loses all significance. Tt prohibits no hypo-
thesis; for all hypothoses suppose causes suck as, in
some case or other, we have scen in action. No one
would think of explaining phenomena by referving
them to forces and agencies aljogether, different from
any which are known; for on this supposition, how
could he pretend to renson about the effects of the
assumed causes, or undertake to prove that they would
explain the facts? Some close similarity with some
known kind of cause is requisite, in order that the
hypothesis may have the appearance of an explana-
tion. No forces, or virtues, or sympathics, or fluids,
or ethers, would be excluded by this interpretation of
vere causce. Least of all, would such aun interpreta-
tion reject the Cartesian hypothesis of vortices; which
updoubtedly, as I conceive, Newton intended to con-
demn by his Rule. For that such a case as a whirling
fluid, carrying bodies round a centre in orbits, does
oceur, is too obvious to require proof Every eddying
stream, or blast that twirls the dust in the road, ex-
hibits examples of such action, and would justify the
agsumption of the vortices which carry the planets in
their courses; as indeed, without doubt, such facts
suggested the Cartesian explanation of the solar sys-
tem. The vortices, in this mode of considering the
subject, are at the least as real a causc of motion as
gravity itself.

9. Thus the Rule which enjoins true causes,” is
nugatory, if we take verw cause in the extended sense
of any causes of a real kind, and unphilosophical, if we
understand the termn of those very causes which we
familiarly suppose to exist. But it may be said that
we are to designate as ‘ true causes,” not these whidh
are collected in a-Joose, confused and precarious man-
ner, by undisciplined minds, from obvious s%)henomena,
but ‘those which are justly and rigorously inferred.
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Such a cause, it may be added, gravity is; for the
facts of the downward pressures and downward mo-
tions of bodios at the earth’s surface leand us, by the
plainest and strictest induction, to the assertion of
such a force. Now to this interpretation of the Rule
there is no objection; but then, it must be observed,
that on this view, terrestrial gravity is inferred by the
same process as celestinl gravitation; and the cause is
no more entitled to be called “true,” because it is
obtained from the forper, than because it is obtained
from the lattel class of facts. We thus obtain an in-
telligible and tcnable explanation of a vera causa;
but then, by this explanation, its wverify ceases to be
distinguishable from its other condition, that it “sut-
fices for the explanation of the phenomena.” The
assumption of universal gravitation accounts for the
fall. of a stone; it also accounts for the revolutions of
the Moon or of Saturn; but since both these explana-
tions are of the same kind, we cannot with justice
make the one a criterion or condition of the admis-
sibility of the other. .
10. But still, the Rule, so understood, is so far
from being unmeaning or frivolous, that it expresses
one of the most inporiant tests which can be given of
a sound physical theory. It is true, the explanation
of one set of facts may be of the same nature as the
explanation of the other class: but then, that the
cause explaius both classes, gives it a very different
claim upon our attention and assent from that which
it would have if it explained one cluss only. The
very circumstance that the two explanations coincide,
is a most weighty presumption in their favour. It is
the testiwmony of two witnesses in behalf of the hypo--
thesis; and in proportion as these two witnesses are
separate and independent, the conviction produced by
their agreement is more and more complete. When
the explanation of two kinds of phenomens, distinct,
afid not apparently connected, leads us to the same
cause, such a‘coincidence does give a reality to the
cause, which it has not while it merely accounts for
those appearunces which suggested the supposition,
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This coincidence of propositions inferred from sepa-
rate clasges of facts, is exactly what we voticed in the
Novum Organon Renovatum (b. ii. c. 5, sect. 3), as
one of the most decisive characteristics of a true
theory, under the name of Consilience of Inductions.
That Newton’s First Rule of Philosophizing, so un-
derstood, authorizes the inferences which he himself
made, is really the ground on which they are so tirmly
believed by philosophers. Thus when the doclrine of
a gravity varying inversely as the square of the dis-
tance from the body, accounted at the' same time for
the relations of timnes and distances iu the planetary
orbits and for the amount of the moon’s deflection
fromn the tangent of her orbit, such a doctrine became
most convincing: or again, when the doctriue of the
universal gravitation of all parts of matter, which
explained so adwmirably the inequalities of the moon’s
motions, also gave a satisfuctory account of a pheno-
menon utterly different, the precession of the cqui-
noxes. And of the same kind is the evidence in
favour of the undulatory theory of light, when the
assumption of the length of an undulation, to which
we are led by the colours of thin plates, is found to be
identical with that length which explains the pheno-
mena of diffraction; or when the hypothesis of trans-
verse vibrations, suggested by the facts of polarization,
explains also the laws of double refraction. When
such a cunvergence of two trains of induction points
to the same spot, we can no longer suspect that we
are wrong. Such an accumulation of proof really
persuades us that we have to do with a vera cuusa.
And if this kind of proof be multiplied ;—if we again
find other facts of a sort uncontemplated in framing
our hypothesis, but yet clearly accounted for when we
have adopted the supposition;}—we are still further
confirmed in our belief ; and by such accumulation of
proof we may be so far satisfied, as to believe without
* conceiving it possible to doubt. In this case, when
the validity of the opinion adopted by us has been
repeatedly confirmed by its sufficiency in unforeseen
cages, 80 that all doubt is removed and forgotten, the
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theoretical cause takes its place among the realities of
the world, and becomes a true cause,

11. Newton's Rule then, to avoid mistakes, might
be thus expressed : That “we may, provisorily, assume
such hypothetical cause as will account for any given
class of natural phenomena; but that when two dif-
ferent classes of facts lead us to the same hypothesis,
we may hold it to be a true cause.” And this Rule
will rarcly or never mislead us. There are no in-
stances, in which a doctrine recommended in thig
manuer has afterwards been discovered to be false.
There have been hypotheses which have explained
many phenomena, and kept their ground long, and
have afterwards been rejected. But these have been
hypotheses which explained ouly one class of pheno-
mena; and their fall took place when another kind of
facts was examined and brought into conflict with the
former. Thus the system of cccentrics and epicycles
accounted for all the observed motions of the planets,
and was the means of expressing and transmitting all
astronomical knowledge for two thousand years.  But
then, how was it overthrown? By considering the
distarces as well as motions of the heavenly bodics.
Here was a second cluss of facty; and when the sys-
temn was adjusted so as to agree with the one class, it
was at variance with the other. These cycles and
epicycles could not be true, because they could not be
made a just representation of the facts. But if the
measures of distance as well as of position had con-
spired in pointing out the cycles and epicycles, as the
paths of the planets, the paths so determined could
not have been otherwise than their real paths; and
the epicyclical theory would have been, at lcast geo-
metrically, true.

12. Of the Second Rule.—Newton’s Sccond Rule
directs that “natural events of the same kind are to
be referred to the same causes, so far as can be done.”
Such a precept at first appears to help us' but little;
for all systems, however little solid, profcss to conform
to such a rule. 'When any theorist undertakes to ex~
plain a clasg of facts, he assigns causes which, according
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to himn, will by their natural action, as seen in other
cases, produce the effects in question. The events
which he accounts for -by his hypothetical cause, are,
he holds, of tho same kind as these which such a cause’
is known to produce. Kepler, in ascribing the pla-
netary motions to magnetism, Descartes, in explaining
them by means, of vortices, held that they were re-
ferring oclestial motiony to the causes which give rise
to terrestrial motions of the same kind. The question’
is, Are tho offects of the same kind? This once settled,
there will be no question about the propriety of assign-
ing them to the same cause. But the difficulty s, to
determine when events are of the same kind. Are
the motions of the planets of the same kind with the
motion of a body moving freely in a cwrvilinear
path, or do they not rather resemble the motion of a
.floating body swept round by a whirling eurrent? The
Newtonian and the Cartesian answered this question
differently. How then can wo apply this Rule with
any advantage? )

13. To this we reply, that there is no way of escap-
ing this uncertainty and ambiguity, but by obtaining
a clear possession of the ideas which our hypothesis
involves, and by reasoning rigorously from them.
Newton asserts that the planets move in frec paths,
acted on by certain forces. The most exact caleula-
tien gives the closest agreement of the results of this
hypothesis with the facts. Descartes asserts that the
planets are carried round By a fluid. The more rigor-
ously the conceptions of force and the laws of motion are
applied to this hypothesis, the more signal is its failure
in reconciling the facts to one another. Without such
calculation, we can come to no decision between the
two hypotheses. If the Newtonian hold that the
motions of the planets are evidently of the same kind
as those of a body describing a curve in freo s

,and therefore, like that, to be explained by a foroe
acting upon®the body; the Cartesian denies that the
planets do move in free space. They are, he main.
tains, immersed in a plenum. It is only when it
appears that comets pass through this plenum in all

o
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directions with no impediment, and that no possible
form and motion of its whirlpools can explain the forces
and motions which are observed in the solar system,
that he is compelled to allow the Newtonian's classifi-
cation of events of the same kind.

Thus it does not appear that this Rule of Newton
¢éan be interpreted in any distinct and positive manner,
otherwise than as enjoining that, in the task of induc-
tion, we employ clear ideas, rigorous reasoning, and
close and fuir comparison of the resnlts of the hypo-
thesis with tHe facts. These are, no doubt, important
and fundamental conditions of a just induction; but
in this injunction we find no peculiar or technical
criterion by which we may satisfy ourselves that we
are right, or detect our errors. Still, of such general
prudential rules, none can be more wise than one
which thus, in the task of connecting facts by ns
of ideas, recommends that the ideas be clear, the facts,
correct, and the chain of reasoning which connects
them, without a flaw.

14. Of the Third Rule.—The Third Raule, that
“qualities which are observed without exception be
held to be universal,” as T have already snid, seems to
bé intended to authorize the asscrtion of gravitation
asa unjversal attribute of matter. We formerly stated,
in treating of Mechanical Ideas®, that this application
of such a Rule appears to be a mode of reasoning far
from conclusive. The assertion of the universality of
any property of bodies mtst be grounded upon the
reason of the case, and not upon any arbitrary maxim.
Is it intended by this Rule to prohibit any further ex-
amination how far gravity is an original property of
matter, and how far it may be resolved into the result
of other agenciea’? We know perfectly well that this
was not Newton's intention ; since the cause of gravity
was a point which he proposed to himself as a subject
of inquiry. It would certainly be very unphilosophical,
to pretend, by this Rule of Philosophizing} to prejudge
the question of such hypotheses as that'of Monotti,

8 Hisiory of Idsas, 1, il o x.
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That gravity is the excess of the electrical attraction
over electrical repulsion, and yet to adopt this hy-
pothesis, would be to suppose electrical forces more
truly universal than gravity; for according to the
hypothesis, gravity, being the inequality of the attrac-
tion and repulsion, is only an accidental and partial
relation of these forces. Nor would it be allowable to
urge this Rule as a reason of assuming that donlile
stars are attracted to each other by a force varying
according to the inverse square of the digtance; with-
out examining, as Herschel and others have done, the
orbits which they really deseribe. DBut if the Rule
is not available in such cases, what is its real value and
authority? and in what cases are they exemplified?

15. In a former work® it was shown that the
fundamental laws of motion, and the properties of
mattgr which these involve, are, after a full considera-
tion of the subject, unavoidably assumed as universally
true. Tt was further shown, that although our know-
ledge of these laws and propertics be gathered from ex-
perience, we are strongly impelled, (some philosophers
think, authorized,) to look upon these as not only uni-
versally, but necessarily true. It was also stated, that
the law of gravitation, though its unlversality may be
deemed probable, does not apparently iuvolve the same
necessity as the fandamental laws of motion. But it
wag pointed out that these are some of the' most
abstruse and difticult questions of the whole ef phi-
losophy; involving the profound, perhaps insoluble,
problem of the identity or diversity of Ideas and
Things, It cannot, therefore, be deemed philosophical
to cut these Gordian knots by peremptory maxims,
which encourage us to decide without rendering a
reason. Moreover, it appears clenr that the reason
which is rendered for this Rule by the Newtonians is
quite untenable; namely, that we know extension,
bardness, and inertia, to be universal qualities of bo-,
dies by experience alone, and that we have the same

¢ Ibid, b. it e ix x xh
02
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evidence of experience for the universality of gravita-
tion. 'We have already observed that we cannot, with
any propriety, say that we find by experience all bodies
are cxtended. This could not be a just assertion,
unless we conceive the possibility of our finding the
contrary. But who can conceive our finding by ex-
perience some bodies which are not extended? It
appears, then, that the reason given for the Third
Rule of Newton involves a mistake respecting the
nature and guthority of cxpericnee. And the Rule
itself canmot be applied withont attempting to decide,
by the casual limits of observation, questions which
necessarily depend upon the relations of ideas.

16.  Of the Fourth Rule.—~Newton’s Fourth Rule
is, that ¢ Propositions collected from phenomenn by
induction, shall be held to be true, notwithstanding
contrary hypotheses; but shall be liable to be rendered
more accurate, or to have their exceptions pointed out,
by additional study of phienomena.” This Rule con-
taing little more than a general assertion of the antho-
rity of induction, accumpanied by Newton’s usual
protest against hypotheses,

« The really valizable part of the Fourth Rule 18 that
which implics that o constant veritication, and, if neces-
sary, rectification, of truths discovered by induction,
should go oun in the scientific world. Even when the
law is, or appears to be, most certainly exact and uni-
versal, it should be constantly exhibited to us afresh in
the form of experience and observation. This is neces-
sary, in order to discover exceptions and modifications
if such exist: and if the law be rigorously true, the
contemplation of it, as exemplitied in tho world of
phenomena, will best give us that clear apprehension
of its beariugs whish may lead us to see the ground of
its truth.

The concluding clause of this Fourth Rule appears,
,ab first, to imply that all inductive propositions are tg
be considered as merely provisional and limited, and
never secure from exception. But to judge thus would
be to underrate the stability and generality of scientific
truths; for what man of science can supposc that we
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shall hereafter discover exceptions to the universal
gravitation of all parts of the solar system? And it
is plain that the author did not inteud the restric-
tion to be applied so rigorously; for in the Third Rule,
as we have just seen, he authorizes us to infer uni-
versal properties of matter from observation, and car-
rics tho liberty of inductive inference to its full
extent. The Third Rule appears to encourage us to
assert a law to be universal, even in cases iu which
it has not been tried; the Fourfh Rule seems to warn
us that the law may be inaccurate, even in cases in
which it has been tried. Nor is cither of these sug-
gestions erroneous; but both the universality and the
rigorous accuracy of our laws are proved by reforence
to Ideas rather than to Expericnce; a truth, which,
perhaps, the philosophers of Newton’s time were some-
what disposed to uverlook.

r7. The disposition to aseribe all our knowledge to
Experience, appears in Newton and the Newtonians
by other indications; for instance, it is seen in their
extreme dislike to the ancient expressions by which
the principles and causes of phenomena were described,
a8 the occult causes of the Schoolmen, and the forms
of the Aristotelians, which had been adopted by Bacon.
Newton says?, that the particles of matter not ouly
possess inertin, but also active priuciples, as gravity,
fermentation, cobesion; he adds, “These principles T
cousider not as Occult Qualities, supposed to result
from the Specific Forms of things, but as Geueral
Laws of Nuture, by which the things themselves are
formed: their truth appearing to us by phenomena,
though their causes be not yet discovered. For these
are manifest qualities, and their causes only are occult.
And the Aristotelians gave the name of occult qualities,
not to manifest qualities, but to such qualities only as
they supposed to lie hid in bodics, and to the unknown
 causes of manifest effects: such as would be the causes
of gravity, and of magnetick and electrick attractiofs,

" Upticks, qu. 31,



]98 PHILOSOPHY OF DISCOVERY.

and of fermentations, if we should suppose that these
forces or actions arose from qualities unknown to us,
and incapable of being discovered and made manifest.
Such occult qualities put a stop to the improvement of
Natural Philosophy, and therefore of late years have
been rejected. To tell us that every species of things
is endowed with an occult specific quality by which it
acts and produces manifest effects, is to tell us no-
thing : but to derive two or three general principles of
motion from phenomgna, and afterwards to tell ns how
the properties and actions of all corporeal things fol-
low from these manifest principles, would be a great
step in philosophy, though the causes of those prin-
ciples were not yet discovered: and therefore T scruple
not to propose the principles of motion above main-
tained, they being of very general extont, and leave
their causes to be found out.”

18. All that is here said is highly philosophical and
valuable; but we may observe that the investigution of
speeific forms in the sense in which some writers had
used the phrase, was by no means a frivolous or un-
meaning object of inquiry. Bacon and others had used
Jorm as equivalent to law® If we could ascertain
that arrangement of the particles of a crystal from
which its external erystalline form and other proper-
ties arise, this arrangement would be the internal form
of the erystal. 1f the undulatory theory be true, the
JSorm of light is transverse vibrations: if the emission
theory bo maintained, the form of light is particles
moving in straight lines, and deflected by various
forces. Both the terms, form and law, imply an ideal
connexion of sensible phenomena; form supposes mat-

8 Nov. Ory. L. i1, Aph, 2. “Licet
enim in natura nihil existet preeter
carpors Individua, edentia actus pu-
rps individuos ex lege; in doctrinis
tamen illa ipsa lex, ejusque inquisi-
tio, et inventio, et explicatio, pro
fundamento est tam ad sciondum
quam ad opersndum. Esm autem

legem, ejusque paragraphos, forma-
rum nomine intelligimus; preesertim
cum hoe vocabulum invaluerit, et
familiariter ocourrat.” Lt

Aph. 17. “Eadem res est formo
calidi vel forma Tumins, et Jox calldl
aut lez laminis.”
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ter which is moulded to the form ; law supposes objects
which are governed by the law. The former term
refers more precisely to existences, the latter to occur-
ronces. The latter terin is now the more familiar, and
is, perhaps, the better metaphor: but the former also
contains the essential antithesis which belongs to the
subjeot, and might be used in expressing the same con-
clusions,

But occult causes, employed in the way iu which
Newton desoribes, had certainly, been very prejudicial
to the progress of knowledge, by stopping inquiry with
a mere word.  The absurdity of such pretended expla-
nations had not escaped ridicule. The pretended phy-
sician in the comedy gives an example of an occult
cause or virtue.

Mihi demandatur
A doctissimo Doctore
Quare Opium facit dormire:
Et ego respondeo,
Quic est in eo
Virtus dormitiva,
Cujus natura est sensus assoupire.

19. But the most valuable part of the view present-
ed to us in the quotation just given from Newton is
the distinct separation, already noticed as peculiarly
brought into preminence by him, of the determination
of the laws of phenomena, and the investigation of
their cawses. The maxim, that the former inquiry
must precede the latter, and that if the general laws
of facts be discovered, the result is highly valuable,
although the causes remain unknown, is extremely
important ; and had not, I think, ever been so strongly
and clearly stated, till Newton both repeatedly pro-
mulgated the precept, and added to it the weight of
the most striking examples.

We have seen that Newton, along with views the
most just and important concerning the nature and
methods of science, had something of the tendency,
prevalent in his time, to suspect or reject, at least
speculatively, all elements of knowledge except ob-
servation. This tendency wuas, however, in him so
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carrected and restrained by his own wonderful

and mathematical habits, that it scarcely led to any
opinion which we mxght not safely adopt. But we
must now consider the éases in which this tendency
oporated in a more.unbalanced manner, and led to the
assertion of doctines which, if consistently followed,
would destroy the very foundations of all general and
certain knowledge.



CHAPTER XIX..
LOCKE AND n;s Frexc FoLLOWERS.

B

I. IN the constant opposition and étruggle of the
schools of philosophy, which considor our Senses
and our Ideas respeetively, as the principal sources of
our knowledge, we have secu that at the period of
which we now treat, the tendency was to exalt the
external und disparage the internal element. The dis-
position to aseribe our knowledge to observation alone, -
had already, in Bacon’s time, led him to dwell to a
disproportionate degree upon that balf of his subject;
and had tinged Newton’s expressions, though it had
not biassed his practice. But this partiality soon as-
sumed a more prominent shape, becoming extreme in
Locke, and extravagant in those who professed to
follow him. i
Indecd Locke appears to owe his popularity and
influence as & popular writer mainly to his being one
of the first to express, in a plain and unhesitating
manner, opinions which had for some time been ripen-
ing in the minds of a large portion of the cultivated
public. Hobbes had already promulgated the main
doctrines which Locke afterwards urged, on the sub-
ject of tho origin and nature of our kunowledge: but
in him these doctrines were combined with offensive
opinions on points of morals, government, and religion,
8o that their access to gencral favour was impeded:
and it was to Locke that they were indebted for the
cxtensive influence which they scon after obtained.
Locke owed this authority mainly to the intellectuml
circumstances of the time. Although a writer of
great merit; he by no means possesses such. metaphysi-
cal acuteness or such philosophical largeness of view,
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or such a charm of writing, as must necessarily give
him the high place he has held in the literature of
Europe. DBut he came at a period when the reign of
Ideas was tottering to its full. All the most active
and ambitious spirits had gone over to the new opinions,
and were prepared to follow the fortunes of the Philo-
sophy of Experiment, then in the most prosperous
and brilliant condition, and full of  still brighter pro-
mise. There were, indeed, a few learned and thought-
ful men who still remained faithful to the empire of
Ideas; partly,’it may be, from a too fond attachment
to ancient systems; but partly, also, because they knew
that there were subjects of vast importance, in which
experience did not form the whole foundation of our
knowledge. They knew, too, that many of the plau-
sible tenets of the new philosophy were revivals of
fallacies which had been discussed and refuted in an-
cient times. But the advocates of mere experience
came on with a vast store of weighty truth among
their artillery, and with the cnergy which the advance
usually bestows. The idesl systemn of philosophy could,
for the present, make no effcctual resistance; Locke,
by putting himself 2t the head of the assault, became
the hero of his day : and his name has been used as
the watchword of those who adhere to the philosophy
of the senses up to our own times. :

2. Locke himself did not assert the exclusive au-
thority of the scnses in the extreme unmitigated
manner in which some who cul] themseclves his disci-
ples have done. , But this is the common lot of the
leaders of revolutions, for they are usually bound by
some ties of affection and habit to the previous state
of things, and would not destroy all traces of that
condition : while their followers attend, not to their
inconsistent wishes, but to the meaning of the revolu-
tion itself ; and carry out, to their genuine and com-
plete results, the principles which won the victory,
and which have been brought out more sharp from.
the conflict. Thus Locke himself does not assert that
all our ideas are derivpd from Bensation, but from
.Sensation and Reflection. . But it was easily seen that,
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in this assertion, two very heterogencous elements
were conjoined : that while to pronounce Sensation
the origin of ideas, is a clear decided tenet, the ac-
ceptance or rejection of which determines the general
character of our philosophy; to make the same decla-
ration concerning Reflection, is in the highest degree
vague and ambiguous; since reflection may either be
resolved into a mere modification of sensation, as was
done by one school, or may mean all that the opposite
school opposes to sensation, uuder the name of Ideas.
Hence the clear and strong impression which fustened
upon men’s minds, and which does in fact represent
all the systematic and consistent part of Locke’s phi-
losophy, was, that in it all our ideas are represented
as derived from Sensation.

3. We need not spend much time in pointing out
the inconsistencies into which Locke fell; as all must
fall into inconsistoncies who recognize no source of
knowledge except the senses.  Thus he maintains that
our Iden of Spacc is derived from the senses of sight
and touch; our Tdea of Solidity from the touch alone.
Our Notion of Substance is an unknown support of
unknown qualities, and is illusirated by the Indian
fable of the tortoise which supports the elephant, which,
supports the world. Our Notion of Tower or Cause
is in like manner got from the senses. And yet,
though these ideas are thus mere fragments of our
experience, Locke does not- hesitate to ascribe to them
necessity and universality when they occur in pro-
positions. Thus he maintains the necessary truth of
geometrical properties: he asserts that the resistance
arising fromn solidity is absolutely insurmountable’; he
conceives that nothing short of Ommipotence can
annihilate a particle of matter®; and he has no mis-
givings in arguing upon the axiom that Every thing
must have a cause. He does not perceive that, upon
bis own account of tho origin of our knowledge, we
can huve no right to make any of these assertions. If

1 Kssay, b, xi, c. iv. sect. 3. 3 Ibid. c. xill sect. 2a.
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our knowledge of the truths which concern the exter-
nal world were wholly derived from experience, all
that we could venture to say would be,—that geome-
trical properties of figures are true as fur as we have
tried them ;—that we have seen no example of a solid
body being reduced to occupy less space by pressure,
or of a material substance annihilated by natural
means ;-—and that wherever we have examined, we have
found that every change has had a cause. Experience
can never entitle us tp declare that what she has not
seen is impossible; still less, that things which she can
not see are certain, Locke himself intended to throw
no doubt upoun the certuinty of eithor human or divine
knowledge; but his principles, when nen discarded
the temper in which he applied them, and the checks
to their misapplication which he conceived that he
had provided, easily led to a very comprehcusive skep-
ticism. His doctrines tended to dislodge from their
true bases the most indisputable parts of knowledge;
as, for example, pure and mixed mathematics. It may
well be supposed, therefere, that they shook the fouu-
dations of many other parts of knowledge in the minds
of common thinkers.

It was not long before these consequences of the
overthrow of ideas showed themselves in the specula-
tive world. I have already in a previous work®
mentioned Hume's skeptical inferences from Locke’s
maxim, that we have no.ideas cxcept those which
we acquire by experience; and the doctrines set up
in opposition to this by the metaphysicians of Ger-
many. I might trace the. progress of the sensational
opinions in Britain till the reaction took place here
also : but they were so much more clearly and deci-
dedly followed out in France, that I shall pursue
their history in that country.

4. T'he French Followers of Locke, Condillac, d&:c.—
Mot of the Freuch writers who adopted Locke’s lead- ,
isg doctrines, rejected the “ Reflection,” which formed

* History of Idoas, b. iiL c. 1. Modern Opirdons respocting the Ides of
Cause, , oo )
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an anomalous part of his philosophy, and declared that
Sensation alone was the source of ideas. Among these
writers, Condillac was the most distinguished. He
expressed the leading tenet of their school in a clear
and pointed manner by saying that “All ideas are
transformed sensations.” We have already considered
this phrase?, and need not here dwell upon it.

Opinions such as these tend to annihilate, as we
have seen, one of the two co-ordinate elcruents of our
knowledge. Yet they were far, from being so preju-
dicial to the progress of science, or even of the philo-
sophy of scicnce, us might have been anticipated.  One
reason of this was, that they were practically corrected,
especially among the cultivators of Natural Philosophy,
by the study of mathematics; for that study did really
supply all that was requisite on the ideal side of sci-
ence, so far as the ideas of space, time, and number,
were concerned, and partly also with regard to the idea
of cause and some others.  And the methods of disco-
very, though the philosophy of them made no material
advance, were practically employed with so much ac-
tivity, and in so many various subjects, that a certain
kind of prudence and skill in this employment was
very widely diffused.

§.  Importance of Language.—1n one respect this
school of metaphysicians rendered a very valuable ser-
vice to the philosophy of science. They brought into
prominent notice the great importance of words and
terms in the formation and progress of knowledge, and
pointed out that the oftice of Janguage is not only to
convey and preserve our thoughts, but to perform the
anulysis in which reasoning consists. They were led
to this train of speculation, in a great measure, by
taking puro mathematical science as their standard
example of substantinl knowledge. Condillae, reject-
ing, as wo have said, almost all those ideas on which
universal and demonstrable truths must be based,

“was still not at all disposed to question the reality®of

¢ Ibid. b. L. ¢. iv.
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human knowledge ; but was, on the eontrary, a zealous
admirer of the cvidence and connexion which appear
in those sciences which have the ideas of space and
number for their foundation, especially the latter. He
looked for the grounds of the certainty and reality of
the knowledge which these sciences cohtain; and found
them, as he conceived, in the nature of the language
which they employ. The Signs which are used in
arithmetic and algebra enable us to keep steadily in
view the identity of the same quantity under all the
forms which, by composition and decomposition, it
may be made to assume; and these Signs also not
only express the operations which are performed, but
suggest the extension of the operations according to
analogy. Algebra, according to him, is only a very
perfect language ; and language answers its purpose of
leading us to truth, by possessing the characteristics of
algebra. Words are the symbols of certain groups of
impressions or facts ; they are so selected and applied
as to exhibit the analogies which prevail among these
facts; and these analogies are the truths of which our
knowledge consists “ Every language is an analytical
method; every ansaiytical method is a language®;”
these were the truths “alike new and simple,” as he
held, which he conceived that he had demonstrated.
“The art of speaking, the art of writing, the art of
reasoning, the art of thinking, are only, at bottom, one
and the same art®.” Each of these operations consists
in a succession of analytical operations; and words are
the marks by which we are able to fix our minds upon
the steg;‘of this analysis,

6. e analysis of our impressions and notions
does in reality lead to truth, not only in virtue of the
identity of the whole with its lpu.rm, as Condillac held,
but also in virtue of certain Ideas which govern the
synthesis of our sensations, and which contain the
elements of universal truths, as we have all along en-
deavoured to show. But although Condillac overlooked
or rejected this doctrine, the importance of words, as

* Langue des Culeuls, p. 1. ¢ Grammaire, p. xxxvi.
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marking the snccessive steps of this synthesis and
analysis, is not less than he represented it to be. Every
truth, once established by induction from facts, when
it is become familiar under a brief and precise form
of expression, becomeg itself a fact ; and is capable of
being employed, along with other facts of a like kind,
as the materials of fresh inductions, In this successive
process, the term, like the cord of a fagot, both binds
together the facts which it includes, and makes it pos-
sible to manage the assemblage gs a single thing. On
occasion of most discoveries in science, the selection of
a technical term is an essential part of the proceeding.
In the H/istory of Science, we have hal numerous op-
portunities of remarking this; and the List of technical
terms given as an Index to that work, refers us, by
almost every word, to one such occasion. And these
terms, which thus have had so large a share in the
formation of science, and which constitute its language,
do also offer the means of analyzing its truths, each
into ifs constituent truths; and these into facts more
special, till the original foundations of onr most gene-
ral propositions are clearly cxhibited. The relations
of general and particular truths are most evidently
represented by the Inductive Tables given in Book I1.
of the Novum Organon Renovatum. But each
in each of these Tables has its proper form of ex-
pression, familiar among the cultivators of science ;
and the analysis which our Tables display, is com-
monly performed in men’s minds, when it becomes
necessary, by fixing the attention successively upon a
series of words, not upon the lines of a Table. Lan-
guage offers to the mind such a scale or ladder as the
Table offers to the eye; and since such Tables present
to us, as we have said, the Logic of Induction, that is,
the formal conditions of the soundness of our reasoning
from facts, we may with propriety say that a just ana-
. lysis of the meaning of words is an essential portion of
Inductive Logic. . *
In saying this, we must not forget that a decom-
position of general truths into ideas, as well as into
facts, belongs to our philosophy; but the point we
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have here to remark, is the essential importance of
words to the latter of these processes. And this point
had not ever had its dile weight assigned to it till the
time of Condillac and other followers of Locke, who
pursucd their speculations in tRe spirit I have Just
described. The doctrine of the importance of terms is
the most considerable addition to the philosophy of
science which hay been made since the time of Bacon’.

7. The French Kncyclopedists.—The French Kney-
clopédie, published in,1751, of which Diderot and Da-
lembert were the editors, may be considered as repre-
senting the leading characters of European philosophy
during the greater part of the cightecuth century. The
writers in this work belong for the most part to the
school of Locke and Condillac; and we may make a’
few remarks upon them, in order to bring into view
one or two points in addition to what we have alrcady
said of that school. The Discours Préliminaire, written
by Dalembert, is celchrated as containing a view of
the origin of our knowledye, and the conncxion and
classification of the scieuces,

A tendcney of the speculations of the ]‘mcyclope»-
dists, as of the School of Locke in general, is to reject
all ideal principles of connexion among facts, as some-
thing which experience, the only source of true know-
ledge, decy not give. Hence all certain knowledge
consists ouly in the recognition of the same thing un-
der different aspects, or different forms of expression.
Axioms are not the result of an original relation of
ideas, but of the use, or it may be the abuse®, of words.
In like manner, tho propositions of Geometry are a
series of modifications,—of distortions, so to speak,—
of one original truth; much as if the proposition were
stated in the successive forms of expression presented
by a language which was constantly growing more and

.7 Bince the selection and construc- ciples, should be laid down for the
tion of terms is thus a matter of 50 performance of this operation. Some
much consequence in the fotmation such rules are accordingly suggested
of sclence, it iy proper that systema- in b. iv. of tho Nov. Org. Ren.
tie ruley, founded upon sound prin- 8 Disa, Prélim. p. vili.
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more artificial. Several of the sciences which rest
upon physical principles, that is, (says the writer,)
truths of experience or simple hypotheses, have only
an experimental or hypothetical certainty, Impene-
trability added to the idea of extent is a mystery in
addition: the nature of motion is a riddle for philoso-
phers: the metaphysical principle of the laws of per-
cussion is equally concealed from them. The more
profoundly they study the idea of matter and of the
properties which represent it, %he more obscure this
idea becomes; the more completely does it escape
them. o

8. This is a very common style of reflection, even
down to our own times. I have endeavoured to show
that concerning the Fundamental Ideas of space, of
force and resistance, of substunce, external quality,
and the like, we know enough to make these Ideas the
grounds of certain and universal truths;—enough to
supply us with axioms from which we can demonstra-
tively reason. If men wish for any other knowledge
of the nature of matter than that which ideas, and
facts conformable to ideas, give them, undoubtedly
their desire will be frustrated, and they will be left in
a mysterious vacancy; for it does not appear how such
knowledge as they ask for could be knowledge at all.
But in reality, this complaint of our ignorance of the
real nature of things proceeds from the rejection of
ideas, and the assmoption of the senses alone as the
ground of knowledge. “Observation and calculation
are the only sources of truth:” this is the motto of
the school of which we now speak. And its import’
amounts to this:—that they reject all ideas except the
idea of number, and recognize the modifications which
parts undergo by addition and subtraction as the only
modes in which true propositions are generated. The
laws of nature are assemblages of facts: the truths of
seience are assertions of the identity of things whi
are the same. “By the avqwal of almost all philoso-
phers,” says a writer of this school’, “the most publime

9 Helvetius Sur iﬂmc.nlﬂ.
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truths, when once simplified and reduced to their low-
est terms, are converted into facts, and thenceforth
present to the mind only this proposition ; the white is
white, the black is black.”

These statements are true imwhat they positively
assert, but they involve error in the denial which by
implication they convey. It is truo that observation
and demonstration are the only sources of scientific
truth; but then, demonstration may be founded on
other grounds besides the elementary properties of
number. It is true that the theory of gravitation is
but the assertion of a general fact; but this is so, not
because a sound theory docs not involve ideas, but be-
cause our approhension of a fact does.

9. Another characteristic indication of the temper
of the Encyclopedists and of the age to which they
belong, is the importance by them assigned to those
practical Arts which minister to man’s comfort and
convenicuce. Not only, in the bedy of the Encyclo-
pedia, are the Mechanical Arts placed side by side
with the Sciences, and treated at great length; but in
the Preliminary Discourse, the preference assigned to
the liberal over the mechanical Arts is treated as a
prejudice’, and the value of science is spoken of as
measured by its utility. ¢ The discovery of the Mari-
ner's Compass is not less advantageous to the human
race than the explanation of its properties would be to
physics.—Why should we not esteem those to whom
we owe, the fusee and the escapement of watches as
much as the inventors of Algebra?” And in the clas-
sification of sciences which accompanies the Discourse,
the labours of artisans of all kinds have a place.

This classification of the various branches of science
contained in the Dissertation is often spoken of. It
has for its basis the classification proposed by Bacon,
in which the parts of human kuowledge. are arranged
fecording to the faculties of the mind in which they.
originate; and these faculties are taken, both by Bacon
and by Dalembert, as Memory, Reason, and Imagi-

» P xilt, e
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nation. ' The insufficiency of Bacon’s arrangement as a
scientific classification is so glaring, that the adoption
of it, with only superficial modifications, at the period
of the Encyclopedia, is a remarkable proof of the want
of original thought amd real philosophy at the time of
which we speak.

10. 'We need not trace further the opinion which
derives all our knowledge from the senses in its appli-
cation to the philosophy of Science. Its declared aim
is to reduce all knowledge to the knowledge of Facts;
and it rejects all inquiries which involve the Idea of
Cause, and similar Ideas, describing them as ‘“meta-
physical,” or in some other dammatory way. It pro-
fesses, indeed, to discard all Ideas; but, as we have
long ago seen, some Ideas or other are inevitably in-
cluded even in the simplest Facts. Accordingly the
speculations of this school are compelled to retain the
relations of Position, Succession, Number and Resem-
blance, which are rigorously ideal relations. The phi-
losophy of Scnsation, in order to be consistent, ought
to reject these Ideas along with the rest, and to deny
altogether the possibility of general knowledge.

When the opiniouns of the Sensational School had
gone to an extreme length, a Reaction naturally began
to take place in men’s minds. Such have been the
alternations of opinion, from the earliest ages of human
speculation. Man may perhaps have existed in an
original condition in which he was only aware of the
impressions of Sense; but his first attempts tqanalyse
his perceptions brought under hLis notice Ideas as a
separate element, essential to the existence of know-
ledge. Ideas were thenceforth almost the sole subject
of the study of philosophers; of Plato and his disci-
ples, professedly; of Aristotle, and still more of the
followers and commentators of Aristotle, practically.
And this continued till the time of Galileo, when the

«authority of the Senses again began to be asserted;
for it was shown by the great discoveries which were
then made, that the Senses had at least some share in
the promotion of knowledge. As discoveries more
numerous and more striking were supplied by Qbser-

P2
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vation, the world gradually passed over to the opinion
that the share which had been ascribed to Ideas in the
formation of real knowledge was altogether a delusion,
and that Sensation alone was true. But when this
was asserted as a general doctrine, both its manifest
falsity and its alarming consequences roused men’s
minds, and made them recoil from the extreme point
to which they wore approaching. Philosophy again
oscillated back towards Ideas; and over a great part of
Europe, in the clearestand most comprehensive minds,
this regression from the dogmas of the Sensational
School is at present the prevailing movement. We
shall conclude our review by noticing a few indications
of this state of things.



CHAPTER XX,

THE REACTION AGAINST THE SENSATIONAL SCHOOL.

I WIIEN Locke’s Essay appeared, it was easily
seon that its tendency was to urge, in 2 much
more rigorous semse than had previously been usual,
the ancient maxim of Aristotle, adopted by the school-
men of the middle ages, that “nothing exists in the
intellect but what has entered by the senses.” Leib-
nitz expressed in a pointed manuer the limitation with
which this doctrine had always been understood. “Ni-
hil est in intellectu quod non prius fuerit in sensu;—
nempe,” he added, “nisi intellectus ipse.” To this it
has been objected’, that we cannot say that the in-
tellect is in the intellect. But this remark is obvi-
ously frivolous; for the faculties of the understanding
(which are what the argument against the Sensational
School requires us to veserve) may be said to be in the
understanding, with as much justice as we may assert
there are @n it the impressions derived from sense.
And when we take account of these faculties, and
of the Ideas to which, by their operation, we neces-
sarily subordinatce our apprehension of phenomena, we
are led to a refutation of the philosophy which makes
phenomena, unconnected by Ideas, the source of all
knowledge. The succeeding opponents of the Lockian
school insisted upon and developed in various ways
this remark of Leibnitz, or some equivalent view.
2. It was by inquiries into the foundations of
Morals that English philosgphers were led to question
* the truth of Locke's theory. Dr. Price, in his Revieo

V 8pe Mr Sharpe's Essays,
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of the Principal Questions in Morals, first published
in 1757, maintained that we cannot with propriety
assert all our ideas to be derived from sensation and
reflection. He pointed out, very steadily, the other
source. “The power, I assert, that understands, or
the faculty within us that discerns ¢ruth, and that
compares all the objects of thought And judges of them,
is a spring of new ideas®.” And he exhibits the anti-
thesis in various forms. “Were not seive and knowledge
entirely different, we should rest satisfied with sensible
impressions, such as light, colours and sounds, and in-
quire no further about them, at least when the im-
pressions are strong and vigorous: whercag, on theo
contrary, we necessarily desire some further aogunaing-
ance with them, and can never be satisfied till we have
subjected them to the survey of reason. Sense presents
particular forms to the mind, but cannot rise to any
general ideas. It is the intellect that examines and
compares the presented forms, that rises above indi-
viduals to universal and abstrict ideas; and thus looks
downward upon objects, takes in at one view an in-
finity of particulars, and is capable of discovering
general truths, Sease sces only the outside of things,
reason acquaints itself with their natures. Sensation
is only a mode of feeling in the mind; but knowledge
implies an active and vital energy in the mind?®”

3. The necessity of refuting Hume’s inferences from
the ere-sensation systemn led other writers to limit, in
various ways, their assent to Locke. Especially was
this the cave with a number of intelligent mctaphysi-
cians in Scotland, as Reid, Beattie, Dugald Btewart,
and Thomas Brown. Thus Reid asserts‘, “that the
account which Mr. Locke himself gives of the Idea of
Power cannot be reconciled to his favourite doctrine,
that all our simple idcas have their origin from sensa-
tion or reflection.” Reid remarks, that our memory
and our reasoning power come in for a share in the

2 Price’s Essays, p. 16. ¢ 3 P18
* Reid, Ersays on the Powers of the Human Mind, HL ;1.
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origin of this idea: and in speaking of reasoning, he
obviously assumes the axiom that every event must
have a cause. By succeeding writers of this school,
the assumption of the fundamental principles, to which
our nature in such cases irresistibly directs us, is more
clearly pointed out. Thus Stewart defeuds the form
of expression used by Price®: “A variety of intuitive
Judgments might be mentioned, involving simple ideas,
which it is impossible to trace to any origin hut to the
power which enables us to form these judgments. Thus
it is surely an intuitive truth that the sensations of
which I am conscious, and all those I remember, be-
long to one and the same being, which I call wyself.
Here is an intuitive judgment involving the simple
idea of Identity, In like manner, the changes which
1 perceive in the universe impress me with a convie-
tion that some cause must have operated to produce
them. Here is an intuitive judgment involving the
simple Idea of Cawusution. When we consider the
adjacent angles made by a straight line standing upon
another, and perceive that their sum is equal to two
right angles, the judgment we form involves a simple
idea of Kquality. To say, therefore, that the Reason
or the Understanding is a source of ndw ideas, is not
s0 exceptionable a mode of speaking as has been some-
times supposed. According to Locke, Sense furnishes
our ideas, and Reason perceives their agreements and
disagrcements. But the truth is, that these agree-
ments and disagrecments are in many instances, sim-
ple ideas, of which no analysis can be given; and of
which the origin must therefore be referred to Reuson,
according to Locke’s own doctrine.”  This view, ac-
cording to which the Reason or Understanding is the
source of certain simple ideas, such as Identity, Causa-
tion, Equality, which idens are necessarily involved
in the intuitive judgments which we form, when we
_ recognize fundamental truths of science, approaches
very near in effect to the doctrine which in several worles
I have presented, of Fundamental Ideas belonging to

» Stewart, Outlines of Moral Phik. p. 135,
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each acience, and manifesting themselves in the axioms
of the science. It may be observed, however, that by
attempting to enumerate these ideas and ‘axioms, so as
to lay the foundations of the whole body of physical
science, and by endeavouring, as far as possible, to
simplify apd connect each group of such Ideas, 1
have at least given a moro systemnatic form to this
doctrine, I bave, moreover, traced it into mgny
consequences to which it necessarily leads, but which
do not appear to have been contemplated Ly the meta-
physicians of the Seotch school. But I gladly acknow-
ledge my obligations to the writers of that school;
and T trust that in the near agreement of my views
on such points with theirs, there is ground for believ-
ing the system of philosophy which I have presented,
to be that to which the minds of thoughtful men;
who have meditated on such subjects, are generally
tending. 't

4. As a further instance that such a tendency is
at work, I may make a quotation from an eminent
English philosophical writer of another school. ¢ If
you will be at the pains,” says Archhishop Whately”,
“carefully to analy.e the simplest description you hear
of any transaction or state of things, you will find that
the process which almost invariably takes place is, in
logical language, this: that each individual has tn his
mind certain major premises or principles relative to
the subject in question ;—that observation of what
actually presents itself to the senses, supplies minor
premines; and that the statement given (and which is
reported as a thing experienced) consists, in fact, of
the conclusions drawn from the combinations of these
premises.” The major premises here spoken of are
the Fundamental Ideas, and the Axioms and Proposi-
tions to which they lead; and whatever is regarded
as a fuct of observation is necessarily a conclusion in
which those propositions are assumed; for these con-
tuin, as we have said, the conditions of our experience.

s

¢ Whately, Polit. Econ. i 76,
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Our experience conforms to these axioms and their
consequences, whether or not the connexion be stated
in a logical manuer, by means of premises and & con-
clusion. . :
5. The same persuasion is also, suggested by th
course which the study of metaphysics has taken of
late years in France. In ‘that country, as we have
seen, the Sensational System, which was considered as
the necessary consequence of the revolution begun by
Locke, obtained a more complete ascendancy than it
did in England; and in that country too, the reaction,
among metaphysical and moral writers, when its time
came, was more decided and rapid than it was among
Locke’s own countrymen. It would appear that M.
Laromiguitre was one of the first to give expression to
this feeling, of the necessity of a modification of the
seénsational philosophy. He began by professing himn-
self the disciple of Condilluc, even while he was almost
unconsciously subverting the fundamental principles
of that writer. And thus, as M. Cousin justly ob-
serves’, his opinions had the more powerful effect from
being presented, not as thwarting and contradicting,
but as sharing and following out the spirit of his age.
M. Laromiguitre’s work, entitled Essai sur les Facul-
tés de U Ame, consists of lectures given to the Faculty
of Letters of the Academy of Paris, in the years 1811,
1812 and 1813. In the views which these lectures
present, there is much which the author has in gom-
mon with Condillac. But he is led by his investiga-
tion to assert®, that it is net true that sensation is the
sole fundamental element of our thoughts and our un-
derstanding.  Attention also is requisite: and here we
have an element of quite another kind. For sensation
is passive; attention is active. Attention does-not
:gnn‘ g out of sensation; the passive principle is not
e reason of the active principle. Activity and pas-
sivity are two facts entirely diffcrent. Nor can this
activity be defined or derived; being, as the author

7 Couslin, Fragmens Philosophigucs, L. s3. 8 Ivid. L. 67.
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says, a fundamental idea. The distinction is manifest
by its own nature; and we may find evidence of it in
the very forms of langunge. To look is more than to
ses; to hearken is more than to Ahear. The French
language marks this distinction with respect to other
senses also. “On voit, et I'on regarde; on entend, et
V'on écoute; on sent, et 'on flaire; on godte, et 'on
savoure.” And thus the mere sensation, or capacity
of feeling, is only the occasion on which the attention
is exercised ; while the attention is the foundation of
all the operations of the understanding.

The reader of my works will have seen how much
I have imsisted *upon the activity of the mind,
as the necessary basis of all knowledge. In all ob-
servation and experience, the mind dis active, and
by its activity apprehends all sensations in subor-
dination to its own ideas; and thux it becomes capa-
ble of collecting knowledge from phenomena, since
ideas involve gencral relations and connexions, which
sensations of themselves cannot involve. And thus
we sec that, in this respect also, our philosophy
stands at that point to which the speculatious of the
most reflecting men have of late constantly been
veiging.

6. M. Cousin himself, from whom we have quoted
the above account of Laromiguiére, shares in this tend-
ency, and has argued very energetically and success-
fully aguinst the doctrines of the Sensational School.
He has made it his office once more to bring into
notice among his countrymen, the doctrine of ideas as
the sources of knowledge; and has revived the study
of Plato, who may still be considered as one of the.
great leaders of the ddeal school. But the larger
portion of M. Cousin’s works refers. to .questions
out of the reach of our present review, and it would
be lM:mmui!;z;,ble to dwell louger upon them in this
P

*7. 'We turn to speculations more closely connected
with our present subject. M. Amplre, a French man
of science, well entitled by his extensive knowmﬁ:
and large and profound views, to deal with the phi
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sophy of the sciences, published in 1834, his £ssai sur
la Philosophie des Sciences, ow Exposition analytique
d'une Classification Naturelle de toutes les Connaissances
Humaines. 1In this remarkable work wo see strong
evidence of the progress of the reaction against the
system which derives our knowledgo from sensation
only. The author starts from a maxim, that in class-
ing the sciences, we must not only regard the nature
of the objects about which each science is concerned,
but also the point of view undgr which it considers
them: that is, the ideas which each science involves.
M. Ampere also gives briefly his views of the intel-
lectual constitution of man; a subject on which he
had long and sedulously employed his thoughts, and
these views are far from belonging to the Sensational
School. Human thought, he says, is composed of phe-
nomena and of conceptions. Phenomena are external,
or sensitive; and internul, or active. (‘onceptions are
of four kinds; primitive, as space and motion, duration
and cause; objective, a3 our idea of matter and sub-
stance; onmomatic, or those which we associate with
tho general terms which language presents to us; and
explicative, by which we ascend to causes after a com-
parative study ef phenomenn. He teaches further,
that in deriving ideas fromn sensation, the mind is not
passive; but exerts an action which, when voluntary,
is called affention. but when it ix, as it often is, invo-
luntary, may be termed reaction.

I shall not dwell upon the examination of these
opinions®; but I may remark, that both in the recog-
nition of conceptions as an original and essential ele-
ment of the mind, and in giving a prominent place to
the active function of the miud, in the origin of our
knowledge, this view approaches to thut which I have
presented in preceding works; although undoubtedly
with considerable differences.

. 8. The clasification of the sciences which M.

¥ See also tho vigorous oritique of Lecke's Essay, by Lemaistre, Sois des de
8¢ Petereboury,
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Amplre proposes, is founded upon a consideration of
the sciences themselves; and is, the author conceives,
in accordanee with the conditions of natural classifi-
cations, as exhibited in Botany and other sciences, It
is of a more symmetrical kind, and exhibits more steps
of subordimation, than that to which I have been led;
it includes also practical Art as well as theoretical Sci-
ence; and it is extended to moral and political as well
as physical Sciences. It will'not be necessary for me
here to examine it iu detail: but T may remark, that
it is throughout & dichotomous division, each lngher
member being wubdivided into two lower ones, and so
on. In this way, M. Ampere obtains sciences of the
First Order, each of which is divided into two sciences
of the Second, and four of the Third Order. Thu#
Mechanices is divided into Cinematics, Statics, Dyua-
mics, and Molecular Mechanics; Physics is divided
into Experimental Physics, Chemistry, Stereometry, and
Atomology ; Geology is divided into Physical Geoyra-
ply, Muncralogy, Geonomy. and Theory of the Earth.
Without here criticizing these divisions or their prin-
ciple, 1 may observe that Cirematics, the doctrino of
niotion without reforence to the force which produces
it, is a portion of knowledge which our investigation
has led us olso to see the necessity of erecting into
a separate science; and which we have termed Pure
Mecharism. Of the divisions of Geology, LFhysical
Geography, especially as explained by M. Ampére, is
certainly a part of the subject, both important and
tolerably distinet from the rest. Geonomy contains
what we have termed in the Iistory, Descriptive Geo-
logy ;—the oxhibition of the facts separate from the
inquiry into their causes; while our Physical Geology
agrees with M. Ampdre’s ‘Theory of the Earth, Mine-
ralogy appears to be placed by him in a different place
from that which it occupies in our scheme: but in
fact, he uscs the term for a different science; he
applies it to the classification not of simple minerals,
but of rocks, which is a science auxiliary to geology,
and which has sometimes been called Petralogy. What
we have termed Mineralogy, M. Ampére unites with
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Chemistry. «Tt belongs,” he says™, “to Chemistry,
and not to Mineralogy, to inquire how many atoms of
silicium and of oxygen compose silica to tell us that
its primitive form is a rhombohedron of certain angles,
that it is called quartz, &c.; leaying, on one hand, to
Molecular Geometry the task of explaining the differ-
ent secondary forms.which may result from the pri-
mitive form ; and on the other hand, leaving to Mine-
ralogy the office of describing the different varieties of
quartz, and the rocks in which they 6ccur, according
as the quartz is crystallized, transparent, coloured,
amorphous, solid, or in sand.” But we may remar