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INTRODUCTION. 17

tion, in order that it might be afterwards presented in
"a more systematic form, which I have here attempted
to do.

Scientific Ideas are the Conditions of the derivation
of Sciences from Facts: but can any method or methods
be given by which such a Derivation can be ensured, or
at least, aided? Many such methods have been pro-
posed; of which the most celebrated is the Nowum
Organon of Bacon, of which the title was intended to
imply that its scope goes much beyond the Organon of
Aristotle.  'With the experience of the formation of
Science which the world has had since Bacon’s time, it
does not appear presumptuous to suppose that we can
now improve or correct his methods; nor to term such
an attempt Novum Organon Renovatum.
~ The Philosophy of the Inductive Sciences, then,
contains these two parts, The History of Scientific Ideas,
and the Novum Organon Renovatum.]






THE

PHILOSOPHY

OF THE

INDUCTIVE SCIENCES.

PART I

HISTORY OF SCIENTIFIC IDEAS.

‘We have just spoken of T%eories and Facts, of Ideas
and Facts, and of Inductive Sciences, which imply the
opposition of Induction and Deduction. The explana-
tion of these antitheses must be the starting point of
our Philosophy.]

c2



[Knowledge grows, and] through the ages ome increasing pur-
pose runs,

And the thoughts of men are widen'd with the process of the
Suns.
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Quz adhuc inventa sunt in Scientiis, ea hujusmodi sunt ut
Notionibus Vulgaribus fere subjaceant : ut vero ad interiora et
remotiora Naturse penetretur, necesse est ut tam NOTIONES
quam AXIOMATA magis certd et munit4 vid a particularibus
abstrahantur ; atque omnino melior et certior intellects adope-
ratio in usum veniat.

BacoN, Nov. Oryg., Lib. 1. Aphor. xviii.






































































































56 OF IDEAS IN GENERAL.

grasp them, even if that were made the sole object of
its efforts. By this remarkable effect of Technical Lan-
guage, we have the results of all the labours of past
times not only always accessible, but so prepared that
we may (provided we are careful in the use of our in-
strument) employ what is really useful and efficacious
for the purpose of further success, without being in any
way impeded or perplexed by the length and weight of
the chain of past connexions which we drag along
with us.

By such means,—by the use of the Inductive Pro-
cess, and by the aid of Technical Terms,—man has
been constantly advancing in the path of scientific
truth. In a succeeding part of this work we shall
endeavour to trace the general rules of this advance,
and to lay down the maxims by which it may be most
successfully guided and forwarded. But in order that
we may do this to the best advantage, we must pursue
still further the analysis of knowledge into its elements;
and this will be our employment in the first part of the
work.








































































80 OF IDEAS IN GENERAL.

of forming the idea of space, we at least, by such a
commencement, circumscribe a certain portion of the
field of our investigations, which, we shall afterwards
endeavour to show, requires and rewards a special ex-
amination. And though we shall thus have to sepa-
rate the domain of our philosophy into many provinces,
these are, as we trust it will appear, neither arbitrarily
assigned, nor vague in their limits, nor infinite in

number.









PHILOSOPHY OF SCIENCES. 83

the Ideas of Resemblance, and of its gradations, and of
Natwral Affinity (Books vin. vIIL):

Finally, of those Ideas on which the Physiological
Sciences are founded; the Ideas of separate Vital
Powers, such as Assimilation and Irritability; and
the Idea of Final Cause (Book 1x.):

‘We have, besides these, the Palsetiological Sciences,
which proceed mainly on the conception of Historical
Causation (Book x.):

It is plain that when we have proceeded so far as
this, we have advanced to the verge of those specula-
tions which have to do with mind as well as body.
The extension of our philosophy to such a field, if it
can be justly so extended, will be one of the most im-
portant results of our researches; but-on that very
account we must fully study the lessons which we
learn in those fields of speculation where our doctrines
are most secure, before we venture into a region where
our principles will appear to be more precarious, and
where they are inevitably less precise.

‘We now proceed to the examination of the above
Ideas, and to such essays towards the philosophy of
each Science as this course of investigation may sug-
gest.
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The way in which we are led to regard human knowledge is
like the way in which Copernicus was led to regard the heavens.
‘When the explanation of the celestial motions could not be made
to go right so long as he assumed that all the host of stars turns
round the spectator, he tried whether it would not answer better
if he made the spectator turn, and left the stars at rest. We
may make a similar trial in Metaphysics, as to our way of look-
ing at objects. If our view of them must be governed alto-
gether by the properties of the objects themselves, I see not how
man can know anything about them & priori. But if the thing,
a8 an object of the senses, is regulated by the constitution of our
power of knowing, I can very readily represent to myself this
possibility. .

KaNT, Kritik d. R. V. Pref.
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or some of the other ideas which penetrate further

into the principles of nature. We have thus, in the

History, distinguished Formal Astronomy and Formal

Optics from Physical Astronomy and Physical Optics.
‘We now proceed to our examination of the Ideas

which constitute the foundation of these formal or

]smre mathematical sciences, beginning with the Idea of
pace.
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is not necessary to the exposition of our doctrines.
‘Whether we call the conception of space a Condition of
perception, a Form of perception, or an Idea, or by any
other term, it is something originally inherent in the
mind perceiving, and not in the objects perceived. And
it is because the apprehension of all objects is thus sub-
jected to certain mental conditions, forms or ideas, that
our knowledge involves certain inviolable relations and
necessary truths. The principles of such truths, so far
as they regard space, are derived from the idea of space,
and we must endeavour to exhibit such principles in
their general form. But before we do this, we may
notice some of the conditions which belong, not to our
Ideas in general, but to this Idea of Space in par-
ticular.




























































116 PHILOSOPHY OF THE PURE SCIENCES.

by asserting the latter to be derived from the former.
This bond of connexion exists in the mind of the rea-
soner, in his conception of that to which both defini-
tion and axiom refer, and consequently in the general
Fundamental Idea of which that conception is a medi-
fication.










































130 PHILOSOPHY OF THE PURE SCIENCES.

number of cases our knowledge of form and position is
acquired from the muscular sense, and not from sight
directly :—for instance, in all cases in which we have
before us objects so large and prospects so extensive
that we cannot see the whole of them in one position

of the eye’.

‘We now quit the consideration of the properties of
Space, and consider the Idea of Time.

 The expression in the first edition
was ‘large objects and extensive
spaces.” In the text as now given, I
state a definite size and extent, with-
in which the sight by itself can judge
of position and figure.

The doctrine, that we require the
assistance of the muscular sense to
enable us to perceive space of three
dimensions, is not at all inconsistent
with this other doctrine, that within
the space which is seen by the fixed
eye, we perceive the relative positions
of points directly by vision, and that,
consequently, we have a perception
of visible figure.

Sir Charles Bell has said, (Phil.
Trans. 1823, p. 181,) ‘It appears to
me that the utmost ingenuity will be
at a loss to devise an explanation of
that power by which the eye becomes
acquainted with the position and re-
lation of objects, if the sense of mus-
cular activity be excluded which ac-
companies the motion of the eyeball.”
But surely we should have no diffi-
culty in perceiving the relation of the
sides and angles of & small triangle,
placed before the eye, even if the
muscles of the eyeball were severed.
This subject is resumed b. iv. ¢ ii.
sect. 11.









OF THE IDEA OF TIME. 133

way. If we contemplate the same body as being in
different places at different times, and connect these
observations, we have the conception of motion, which
thus presupposes the necessary conditions that exist-
ence in time implies. And thus we see that it is pos-
sible there should be necessary truths concerning all
Motion, and consequently, concerning those motions
which are the objects of experience; but that the
source of this necessity is the Ideas of Time and Space,
which, being universal conditions of knowledge re-
siding in the mind, afford a foundation for necessary
truths.



















































150 PHILOSOPHY OF THE PURE SCIENCES.

exhaust the unexplored valleys, and finally obtain a
clear knowledge of the place whence the waters flow.
Analytical is sometimes confounded with symbolical
reasoning, on which subject we shall make a remark in
the next chapter. The object of that chapter is to
notice certain other fundamental principles and ideas,
not included in those hitherto spoken of, which we find
thrown in our way as we proceed in our mathematical
speculations. It would detain us too long, and involve
us in subtle and technical disquisitions, to examine
fully the grounds of these principles; but the Mathe-
matics hold so important a place in relation to the in-
ductive sciences, that I shall briefly notice the leading
ideas which the ulterior progress of the subject in-
volves.



















































INDUCTIVE APPLICATION OF MATHEMATICS. I 67

most curious confirmations of the theory (the laws of
Circular Polarization by reflection) through an inter-
pretation of an algebraical expression, which, according
to the original conventional meaning of the symbols,
involved an impossible quantity. 'We have already
remarked, that in virtue of the principle of the gene-
rality of symbolical language, such an interpretation
may often point out some real and important analogy.
9. From this rapid sketch it may be seen how
important an office in promoting the progress of the
physical sciences belongs to mathematics. Indeed in
the progress of many sciences, every step has been so
intimately connected with some advance in mathema-
tics, that we can hardly be surprised if some persons
have considered mathematical reasoning to be the most
essential part of such sciences; and have overlooked
the other elements which enter into their formation.
How erroneous this view is we shall best see by turn-
ing our attention to the other Ideas besides those of
space, number, and motion, which enter into some of
the most conspicuous and admired portions of what is
termed exact science; and by showing that the clear
and distinct development of such Ideas is quite as neces-
sary to the progress of exact and real knowledge as an
acquaintance with arithmetic and geometry.
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Ir is only because we subject trains of phenomens, that is,
all change whatever, to the law of causality—to the relation of
cause and effect—that experience or empirical knowledge becomes
possible.

KaNT, K7. d. R. V. 11 Th. 1 Abth. 11 Buch. 2 Haupt.

Quicquid premit vel trahit alterum, tantundem ab eo premitur
vel trahitur...Si corpus aliquod in corpus aliud impingens motum
ejus vi sul quomodocunque mutaverit, idem quoque vicissim in
motu proprio eandem mutationem in partem contrariam vi alte-
rius (ob sequalitatem pressionis mutuz) subibit...Obtinet etiam
hec Lex in attractionibus.

NEwtoN, Princip. ad init.
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ples and their consequences, forms the science of Phy-
sical Astronomy. These are the principal examples of
mechanical science; although some other portions of
Physics, as Magnetism and Electrodynamics, introduce
mechanical doctrines very largely into their specula-
tions.

Now in all these sciences we have to consider
Forces. In all mechanical reasonings forces enter,
either as producing motion, or as prevented from doing
so by other forces. Thus force, in its most general
sense, is the cause of motion, or of tendency to motion ;
and in order to discover the principles on which the
mechanical sciences truly rest, we must examine the
nature and origin of our knowledge of Causes.

In these sciences, however, we have not to deal
with Cause in its more general acceptation, in which it
applies to all kinds of agency, material or immaterial ;—
to the influence of thought and will, as well as of
bodily pressure and attractive force. Our business at
present is only with such causes as immediately ope-
rate upon matter. We shall nevertheless, in the first
place, consider the nature of Cause in its most general
form; and afterwards narrow our speculations so as
to direct them specially to the mechanical sciences.















OF THE IDEA OF CAUSE. 177

Action. These maxims we shall soon have to ex-
amine; but we may observe here, that the necessary
truth which belongs to them, shows that they, and the
Ideas which they involve, are not the mere fruits of
observation ; while their meaning, including, as it does,
something quite different from the mere conception of
succession of events, proves that such a conception is
far from containing the whole import and signification
of our Idea of Cause.

The progress of the opinions of philosophers on the
points discussed in this chapter, has been one of the
most remarkable parts of the history of Metaphysics in
modern times: and I shall therefore briefly notice some
of its features.
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and complex changes of the being and feelings of the characters
occupy, we should say, that, measured on its own scale, the event
is of great extent ;—that the transaction is of considerable magni-
tude in all ways., But if, with previous critics, we look into the
progress of time by the day and the hour—what is the measure
of this history? Forty-eight hours.





















CONCEPTIONS OF FORCE AND MATTER. 2I1I

5. We have thus seen, I trust in a satisfactory
manner, the origin of our conceptions of Force, Matter,
Solidity, and Inertness. It has appeared that the
organ by which we obtain such conceptions is that
very muscular frame, which is the main instrument
of our perceptions of space; but that, besides bodily
sensations, these ideal conceptions, like all the others
which we have hitherto considered, involve also an
habitual activity of the mind, giving to our sensations
a meaning which they could not otherwise possess.
And among the ideas thus brought into play, is an
idea of action with an equal and opposite reaction,
which forms a foundation for universal truths to be
hereafter established respecting the conceptions thus
obtained.

‘We must now endeavour to trace in what manner
these fundamental principles and conceptions are un-
folded by means of observation and reasoning, till they
become an extensive yet indisputable science.
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limits, and the very naturé of our kmowledge. And
though these doctrines require to be considered with
reference to the whole body of science, yet the peculiar
manner in which they are illustrated by the survey of
the history of Mechanics, on whioh we have just been
engaged, appears to make this a convenient place for
introducing them to the reader.
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those general questions and doctrines, those antitheses
brought into view and again resolved, which a view of
the whole territory of human knowledge suggests, and
by which the nature and conditions of knowledge are
exhibited.

Before we quit the subject of mechanical science we
shall make a few remarks on another doctrine which
forms part of the established truths of the science,
namely, the doctrine of universal gravitation.
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their principles are derived in a mode amalogous, at
least in a certain degree, to the mode in which the
principles of the mechanical sciences are derived from
the fundamental ideas of causation and reaction. We
proceed now to consider these Fundamental Ideas,
their nature, development, and consequences.
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very strange opinions, all resting upon the doctrine
that the coloured spaces on the retina are the objects
which we perceive; and there are some supposed diffi-
culties and paradoxes on the same subject which have
become quite celebrated (as upright vision with in-
verted images), arising from the same confusion of
thought.

As the consideration of the difficulties which have
arisen respecting the Philosophy of Perception may
serve still further to illustrate the principles on which
we necessarily reason respecting the secondary quali-
ties of bodies, I shall here devote a few pages to that
subject.
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eye, constructed in a very complex and wonderful
manner in order that it may give to us directly the
perception of position as well as of colour, has it for
one of its prerogatives to give us this information ; and
the perception of the relative position of each part of
the visible boundary of an object constitutes the per-
ception of its apparent figure; which faculty we can-
not deny to the eye without rejecting the plain and
constant evidence of our senses, making the mechanism
of the eye unmeaning, copfounding the object with the
means of vision, and rendering the mental process of
vision utterly unintelligible.

Having sufficiently discussed the processes of per-
ception, I now return to the consideration of the Ideas
which these processes assume.
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But at present it does not appear safe to proceed.
upon such a principle, although many writers, in their
speculations both concerning Light and Heat, and con-
cerning other properties, have not hesitated to do so.

Some other consequences follow from the Idea of
a Medium which must be the subject of another
chapter.
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I speak of the differences of sound considered as arti-
culate. Classifications of the sounds of the usual alpha-
bets have been frequently proposed; for instance, that
which arranges the Consonants in the following groups,:

Sharp. Flat. Sharp Aspirate. Flat Aspirate. Nasal.

P b ph (f) bh (v) m
k g (hard)  kh gh ng
t d th (sharp) th (flat) n
8 z sh zh

It is easily perceived that the relations of the sounds
in each of these horizontal lines are analogous; and
accordingly the rules of derivation and modification of
words in several languages proceed upon such ana-
logies. In the same manner the Vowels may be arranged
in an order depending on their sound. But to make
such arrangements fixed and indisputable, we ought to
know the mechanism by which such modifications are
caused. Instruments have been invented by which
some of these sounds can be imitated; and if such
instruments could be made to produce the above
series of articulate sounds, by connected and regular
processes, we should find, in the process, a measure of
the sound produced. This has been in a great degree
effected for the Vowels by Professor Willis’s artificial
mode of imitating them. For he finds that if a musical
reed be made to sound through a cylindrical pipe, we
obtain by gradually lengthening the cylindrical pipe,
the series of vowels I, E, A, 0, U, with intermediate
sounds', In this instrument, then, the length of the
pipe would determine the vowel, and might be used
numerically to express it. Such an instrument so
employed would be a measure of vowel quality, and
might be called a Phthongometer.

Our business at present, however, is not with instru-
ments which might be devised for measuring sensible
qualities, but with those which have been so used,
and have thus been the basis of the sciences in which

13 Camd. Trans. vol. iii. p. 239
AA2
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such qualities are treated of ; and this we have now
done sufficiently for our present purpose.

24. There is another Idea which, though hitherto
very vaguely entertained, has had considerable influ-
ence in the formation, both of the seiences spoken of
in the present Book, and on others which will here-
after come under our notice: namely, the Idea of
Polarity. This Idea will be the subject of the ensuing
Book. And although this Idea forms a part of the
basis of various other extensive portions of science, as
Optics and Chemistry, it occupies so peculiarly con-
spicuous a place in speculations belonging to what I
have termed the Mechanico-Chemical Sciences, (Mag-
netism and Electricity,) that I shall designate the dis-
cussion of the Idea of Polarity as the Philosophy of
those Sciences.
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En donnant ) ces cotés le nom de poles, j'appelerai polarisation
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cette nouvelle expression, qui signifie simplement la modification
que la lumidre a subie en acquérant de nouvelles propriétés qui
ne sont pas relatives & la direction du rayon, mais seulement &
ses cOtés considérés b angles droits et dans un plan perpendicu-
laire & sa direction.

Malus (1811), Mém. de Inst. tom. xi. p. 106.



BOOK V.

THE PHILOSOPHY OF THE MECHANICO-CHEMICAL
SCIENCES.

CHAPTER 1.

ATTEMPTS AT THE SCIENTIFIC APPLICATION OF THE
IpEA oF PoLariTy.

1. [N some of the mechanical sciences, as Magnet-

ism and Optics, the phenomena are found to de-
pend upon position (the position of the magnet, or of
the ray of light,) in a peculiar alternate manner. This
dependence, as it was first apprehended, was repre-
sented by means of certain conceptions of space and
force, as for instance by considering the two Poles of a
magnet. But in all such modes of representing these
alternations by the conceptions borrowed from other
ideas, a closer examination detected something super-
fluous and something defective ; and in proportion as
the view which philosophers took of this relation was
gradually purified from these incongruous elements,
and was rendered more general and abstract by the
discovery of analogous properties in new cases, it was
perceived that the relation could not be adequately
apprehended without considering it as involving a
peculiar and independent Idea, which we may designate
by the term Polarity.

‘We shall trace some of the forms in which this Idea
has manifested itself in the history of science. In
doing so we shall not begin, as in other Books of this
work we have done, by speaking of the notion as it is
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distributed in bodies. and supplying them, so w speak,
with their polar forces. This hypothesis not onlvu—
plains electrical attraction. but also the electrical
namely. thus : when two bodies, of"hdnbenaghbour
ing surfaces are charged with the two opposite fruids,

near 0 each other. the mutual attraction of
the fluids becomes more and more intense, till at last
the excess of fluid on the one body breaks through the
air and rushes w0 the other body. in a form accompa-
nied by light and noise. When this transfer has taken
place, the attraction ceases. the positive and the nega-
tive fluid having neutralized each other. Their effort
was t0 unite; and this union being effected, there is
no longer any force in action. Bodies in their natuaral
unexcited condition may be considered as occupied by
a combination of the two fluids: and hence we see
how the production of either kind of electricity is
necessarily accompanied with the production of an equi-
valent amount of the opposite kind.

4 Foltaic Electricity—Such is the case in Frank-
linic electricity,—that which is excited by the common
electrical machine. In studyving Voltaic electricity, we
are led to the conviction that the fluid which is in a
condition of momentary equilibrium in electrized con-
ductors, exists in the state of a Current in the voltaic
circuitt And here we find polar relations of a new
kind existing among the forces. Two voltaic Carrents
attract each other when they are moving in the same,
and repel each other when they are moving in oppo-
site, directions.

But we find, in addition to these, other polar rela-
tions of a more abstruse kind, and which the sapposi-
tion of two fluids does not so readily explain. For in-
stance, if such fluids existed, distinct from each other,
it might be expected that it would be possible to ex-
hibit one of them separate from the other. Yet in all
the phenomena of electromotive currents, we attempt
in vain to obtain one kind of electricity separately. ‘I
have not,” says Mr. Faraday?, ¢been able to find a

2 Besearches, 516
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9. There is one other remark which we may here
make. It was a maxim commonly received in the an-
cient schools of philosophy, that ‘Like attracts Like:’
but as we have seen, the universal maxim of Polar Phe-
nomena is, that Like repels Like, and attracts Unlike.
The north pole attracts the south pole, the positive
fluid attracts the negative fluid; opposite elements
rush together; opposite motions reduce each other to
rest. The permanent and stable course of things is
that which results from the balance and neutralization
of contrary tendencies. Nature is constantly labouring
after repose by the effect of such tendencies; and so
far as Polar Forces enter into her economy, she seeks
harmony by means of discord, and unity by opposition.

Although the Idea of Polarity is as yet somewhat
vague and obscure, even in the minds of the cultivators
of physical science, it has nevertheless given birth to
some general principles which have been accepted as
evident, and have had great influence on the progress
of science. These we shall now consider.
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tially from each other, yet all agreeing with the state-
ment there given” When Davy and others proceeded
to give a little more definiteness and precision to the
statement of their views, they soon introduced into
the theary features which it was afterwards found
DECeSSAry “to abandon. Thus’ both Davy, Grotthus,
Riffault, and Chompré, ascribed electrical decompo-
sition to the action of the poles, and some of them
even pretended to assigm the proportion in which the
force of the pole diminishes as the distance from it
increases. Faraday, as I have already stated. showed
that the polarity must be considered as residing not
only in what had till then been called the poles, but
at every point of the circuit. He ascribed® electro-
chemical decompesition to internal forces, residing in
the particdles of the matter under decompusition, not
to external forces, exerted by the poles Hence he
shortly afterwards® propesed to reject the word poles
altogether, and to employ instead, the term elecfrode,
the doars or passages (of whatever surface
formed) by which the decomposed elements pass out
‘What have been called the poasitive and negative poles
he farther termed the dnode and Cathode : and be in-
troduced some other changes in nomenclature con-
nected with these. He then, as I have related in
the History™, invented the Volta-electrometer, which
enabled him to measure the quantity of valtaic action,
and this he foand to be identical with the quantity of
chemical affinity ; and he was thus led to the clearest
view of the trath wwards which he and his predeces-
sors had s long been travelling, that electrical and
chemical forces are identical *'.
7-  In will perhaps, be said that this beautifal train
of discovery was entirely due to experiment. and not
to any @ prwvy conviction that co-existent polarities

T See Paradays Historical Shetch, Rrvarches, fr—ge.
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