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It is to our immortal countryman, Bacon, that we owe the
broad announcement of this grand and fertile principle; and the
developement of the idea, that the whole of natural philosophy
consists entirely of a series of inductive generalizations, com-
mencing with the most circumstantially stated particulars, and
carried up to universal laws, or axioms, which comprehend in
their statements every subordinate degree of generality; and of
a corresponding series of inverted reasoning from generals to
particulars, by which these axioms are traced back into their
remotest consequences, and all particular propositions deduced
from them; as well those by whose immediate considerations we
rose to their discovery, as those of which we had no previous
knowledge. I 0w’

" HERScHEL, Discourse on Natural Philosophy, Art. 96.

CAMBRIDGE : PRINTED BY C.J. Ci’aAY, M.A. AT THE UNIVERSITY PRESS.
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PREFACE.

~

Even if Bacon's Novum Organon had possessed the
character to which it.aspired as completely as was
possible in its own day, it would at present need reno-
vation: and even if no such book had ever been writ-
ten, it would be a worthy undertaking to determine
the machinery, intellectual, social and material, by
which human knowledge can best be augmented.
Bacon could only divine how sciences might be con-

structed; we can trace, in their history, how their.

construction has taken place. However sagacious were
his conjectures, the facts which have really occurred
must give additional instruction: however large were
his anticipations, the actual progress of science since
his time has illustrated them in all their extent. And
as to the structure and operation of the Organ by
which truth is to be collected from nature,—that is,
the Methods by which science is to be promoted—we

~ kmow that, though Bacon’s general maxims are saga-

cious and animating, his particular precepts failed in

his hands, and are now practically useless. This,

perhaps, was not wonderful, seeing that they were, as

I have said, mainly derived from conjectures respect-

ing knowledge and the progress of knowledge; but at
a2
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the present day, when, in several provinces of know-
ledge, we have a large actual progress of solid truth
to look back upon, we may make the like attempt
with the prospect of better success, at least on that
ground. It may be a task, not hopeless, to extract
from the past progress of science the elements of an
effectual and substantial method of Scientific Disco-
L very- The advances which have, during the last three
centuries, been made in the physical sciences;—in
Astronomy, in Physics, in Chemistry, in Natural His-
tory, in Physiology ;—these are allowed by all to be
real, to be great, to be striking; may it not be that
the steps of progress in these different cases have in
them something alike? " May it not be that in each
advancing movement of such knowledge there is some
common principle, some common process? May it
not be that discoveries are made by an Orgarn which
has something uniform in its working? If we can
shew that this is'so, we shall have the New Organ,
which Bacon aspired to construct, renovated according
to our advanced intellectual position and office.

It was with the view of opening the way to such
an attempt that I undertook that survey of the past
progress of physical knowledge, of which I have given
the results in the History of the Sciences, and the
History of Scientific Ideas'; the former containing
the history of the sciences, so far as it depends on

1 Published in two former editions as part of the Philosophy of the
Inductive Sciences (b. L—x.).
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observed Facts; the latter containing the history of
those Ideas by which sach Facts are bound into
Theories. )

It can hardly happen that & work which treats of
Methods of Scientific Discovery, shall not seem to
fail in the positive results whiech it offers. For an ]

Art of Discovery is not possible. At each step of the .

investigation are needed Invention, Sagacity, Genius,
—elements which no art can give. We may hope in
vain, as Bacon hoped, for an Organ which shall enable p
all men to construct Scientific Truths, as a pair of |,
compasses enables all men to construct exact circles®. Ii
This cannot be. The practical results of the Philoso-
phy of Science must be rather -classification and
analysis of what has been done, than precept and
method for future doing. Yet I think that the me-
thods of discovery which I have to recommend, though
gathered from a wider survey of scientific history,
both as to subjects and as to time, than (so far as I am
aware) has been elsewhere attempted, are quite as
definite and practical asany others which have been
proposed ; with the great additional advantage of being
the methods by which all great discoveries in science
have really been made. This may be said, for instance,
of the Method of Gradation and the Method of Natural
Classification, spoken of b. iii. ¢. viii; and in a nar-
rower sense, of the Method of Curves, the Method of

3 Nov. Org. lib. 1. aph. 61.
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Means, the Method of Least Squares and the Method
of Residues, spoken of in chap. vil. of the same Book.
Also the Remarks on the Use of Hypotheses and on
the Tests of Hypotheses (b. il. c. v) point out features
which mark the usual course of discovery.

But one of the principal lessons resulting from our
views is undoubtedly this:—that different sciences
may be expected to advance by different modes of
procedure, according to their present condition; and
that in many of these sciences, an Induction performed
by any of the methods which have Just been referred
to is not the next step which we may expect to see
made. Several of the sciences may not be in a condi-
tion which fits them for such a Colligation of Facts;
(to use the phraseology to which the succeeding ana-
lysis has led me). The Facts may, at the present
time, require to be more fully observed, or the Idea
by which they are to be colligated may require to be
more fully unfolded.

But in this point also, our speculations are far from
being barren of practical results. The examination
to which we have subjected each science, gives us the
means of discerning whether what is needed for the

“ further progress of the science, has its place in the
Observations, or in the Ideas, or in the union of the
| two. If observations be wanted, the Methods of Ob-
servation, given in b. iii. c. ii. may be referred to. If
those who are to make the next discoveries need, for
that purpose, a developement of their Ideas, the modes
in which such a developement has usually taken
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place are treated of in Chapters iii. and iv. of that
Book.

No one who has well studied the history of science
can fail to see how important a part of that history
is the explication, or as I might call it, the clarifica-
- tion of men’s Ideas. This, the metaphysical aspect of
each of the physical sciences, is very far from being,
as some have tried to teach, an aspect which it passes
through at an early period of progress, and previously
to the stage of positive knowledge. On the contrary,
the metaphysical movement is a necessary part of the

inductive movement. This, which is evidently so by

the nature of the case, was proved by a copious collec-
tion of historical evidences, in the History of Scientific
Ideas. The ten Books of that History contain an
account of the principal philosophical controversies
which have taken place in all the physical sciences,
from Mathematics to Physiology. These controversies,
which must be called metaphysical if anything be so
called, have been conducted by the greatest discoverers
in each science, and have been an essential part of the
discoveries made. Physical discoverers have differed
from barren speculators, not by having no metaphysics
in their heads, but by having good metaphysics in
their heads while their adversaries had bad; and by
binding their metaphysics to their physics, instead of
keeping the two asunder. I trust that the History of
Scientific Ideas is of some value, even as a record of a
number of remarkable controversies; but I conceive
that it also contains an indisputable proof that there
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is, in progressive science, a metaphysical as well as a
physical element ;—ideas as well as facts ;—thoughts
as well as things. Metaphysics is the proocess of as-
certaining that thought is consistent with itself : and
if it be not so, our supposed knowledge is not know-
ledge.

In Chapter vi. of the S8econd Book, I have spoken of
the Logic of Induction. Several writers® have quoted
very emphatically my assertion that the Logic of Induc-
tion does not exist in previous writers: using it as an
introduction to Logical Schemes of their own. They
seem to have overlooked the fact that at the same time
that I noted the deficiency, I offered a scheme which I

‘think fitted to supply this want. And I am obliged to

say that I do not regard the schemes proposed by any
of those gentlemen as at all satisfactory for the purpose.
But I must defer to a future occasion any criticism of
authors who have written on the subjects here treated.
A critical notice of such authors formed the Twelfth
Book of the former edition of the Philosophy of the
Soiences. 1 have there examined the opinions concern-
ing the Nature of Real Knowledge and the mode of
acquiring it, which have been promulgated in all ages,
from Plato and Aristotle, to Roger Bacon, to Francis
Bacon, to Newton, to Herschel. Such a survey, with
the additions which I should now have to make to it,
may hereafter be put forth as a separate book: but I

3 Apelt Die Theorie der Induction: Gratry Logigue.
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have endeavoured to confine the present volume to such
positive teaching regarding Knowledge and Science as
results from the investigations pursued in the other
works of this series. But with regard to this matter,
of the Logic of Induction, I may venture to say, that
we shall not find anything deserving the name ex-
plained in the common writers on Logic, or exhibited
under the ordinary Logical Forms. ZAa¢ in previous
writers which comes the nearest to the notice of such a
Logic as the history of science has suggested and veri-
fied, is the striking declaration of Bacon in two of his
Aphorisms (b. i. aph. civ. cv.).

“There will be good hopes for the Sciences then,
and not till then, when by a true scALE or Ladder,
and by successive steps, following continuously without
gaps or breaks, men shall ascend from particulars to
the narrower Propositions, from those to intermediate
ones, rising in order one above another, and at last to
the most general.

“But in establishing such propositions, we must de-
vise some other Form or INDUCTION than has hitherto
been in use; and this must be one which serves not
only to prove and discover Principles, (as very general
Propositions are called,) but also the narrower and the
intermediate, and in short, all true Propositions.”

And he elsewhere speaks of successive Froors of
Induction.

All the truths of an extensive science form a Series
of such Floors, connected by such Scales or Ladders;
and a part of the Logic of Induction consists, as I
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conceive, in the construction of a Scheme of such
Floors. Converging from a wide basis of various
classes of particulars, at last to one or a few general
truths, these schemes necessarily take the shape of
a Pyramid. I have constructed such Pyramids for
Astronomy and for Optics*; and the illustrious Von -
Humboldt in speaking of the former subject, does me

>( the honour to say that my attempt in that depart-

ment is perfectly successful’. The Logic of Induction
contains other portions, which may be seen in the
following work, b. ii. ¢. vi.

I have made large additions to the present edition,
especially in what regards the Application of Science,
(b. iii. ¢ ix.) and the Language of Science. The
former subject I am aware that I have treated very
imperfectly. It would indeed, of itself, furnish mate-
rial for a large work ; and would require an acquaint-
ance with practical arts and manufactures of the most
exact and extensive kind. But even & general ob-
server may see how much more close the union of Art
with Science is now than it ever was before; and what
large and animating hopes this union inspires, both
for the progress of Art and of Science. On another
subject also I might have dilated to a great extent,
—what I may call (as I have just now called it) -the
social machinery for the advancement of science. There
can be no doubt that at certain stages of sciences,

4 See the Tables at the end of book ii.
8 Cosmos, vol. 1L n. 3s.
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Societies and Associations may do much to promote
their further progress; by combining their observa-
tions, comparing their views, contributing to provide
material means of observation and calculation, and
dividing the offices of obsetver and generalizer. We
have had in Europe in general, and especially in this
country, very encouraging examples of what may be
done by such Associations. For the present I have
only ventured to propound one Aphorism on the sub-
ject, namely this; (Aph. LV.) That it is worth con-
sidering whether a continued and connected system of
observation and calculation, like that of Astronomy,
might not be employed in improving our knowledge
of other subjects; as Tides, Currents, Winds, Clouds,
Rain, Terrestrial Magnetism, Aurora Borealis, compo-
sition of crystals, and the like. In saying this, I have
mentioned those subjects which are, as appears to
me, most likely to profit by continued and connected
observations.

I have thrown the substance of my results into
Aphorisms, as Bacon had done in his Novum Or-
ganum. This I have done, not in the way of deliver-
ing dogmatic assertions or oracular sentences; for
the Aphorisms are all supported by reasoning, and
were, in fact, written after the reasoning, and ex-
tracted from it. I have adopted this mode of gather-
ing results into compact sentences, because it seems to
convey lessons with additional clearness and emphasis.

I have only to repeat what I have already said; that
this task of adapting the Nowvum Organum to the



xil PREFACE.

present state of Physical Science, and of constructing a

Newer Orgamn which may answer the purposes at which

Bacon aimed, seems to belong to the present genera-

tion; and being here founded upon a survey of the
X past history and present condition of the Physical

Sciences, will I hope, not be deemed presumptuous.

TrintrY Lobes,
1 November, 1858.
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NOVUM ORGANON
RENOVATUM.

NOV. ORG.



DE Scientiis tum demum bene sperandum est, quando per
ScALAM veram et per gradus continuos, et non intermissos aut
higlcos, a particularibus ascendetur ad Axiomata minora, et
deinde ad media, alia aliis superiora, et postremo demum ad
generalissima.

In constituendo autem Axiomate, Forma INDUCTIONIS alia
quam adhuc in usu fuit, excogitanda est ; et qus non ad Principia
tantum (quze vocant) probanda et invenienda, sed etiam ad Axio-
mata minora, et media, denique omnia.

BacoN, Nov. Org., Aph. civ. cv.



NOVUM ORGANON RENOVATUM.

THE name Organon was applied to the works of
Avristotle which treated of Logic, that is, of the method
of establishing and proving knowledge, and of refuting
errour, by means of Syllogisms. Francis Bacon, hold-
ing that this method was insufficient and futile for
the augmentation of real and useful knowledge, pub-
lished his Novum Organon, in which he proposed for
that purpose methods from which he promised a better
success. Since his time real and useful knowledge has
made great progress, and many Sciences have been
greatly extended or newly constructed; so that even
if Bacon’s method had been the right one, and had
been complete as far as the progress of Science up to
his time could direct it, there would be room for the
revision and improvement of the methods of arriving
at scientific knowledge.

Inasmuch as we have gone through the Histories
of the principal Sciences, from the earliest up to the
present time, in a previous work, and have also traced
the History of Scientific Ideas in another work, it
may perhaps be regarded as not too presumptuous if
we attempt this revision and improvement of the
methods by which Sciences must rise and grow. This

1—2
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is our task in‘the’present.volume; and to mark the
reference of this undertaking to the work of Bacon, we
name our book Novum Organon Renovatum.

Bacon has delivered his precepts in Aphorisms,
some of them stated nakedly, others expanded into
dissertations. The general results at which we have
arrived by tracing the history of Scientific Ideas are
the groundwork of such Precepts as we have to give:
and I shall therefore begin by. summing up these
results in Aphorisms, referring to the former work
for the historical proof that these Aphorisms are true.
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NOVUM ORGANON RENOVATUM.

BOOK 1.

APHORISMS CONCERNING IDEAS DERIVED FROM
THE HISTORY OF IDEAS,

L

MAN is the Interpreter of Nature, Science the right
interpretation. (History of Scientific Ideas: Book 1. Chap-
ter 1.)

II.

The Senses place before us the Characters of the Book
of Nature; but these convey no knowledge to us, till we
have discovered the Alphabet by which they are to be read.
(Ibid. 1. 2.)

IIL

The Alphabet, by means of which we interpret Pheno-
mena, consists of the Ideas existing in our own minds; for
thess give to the phenomena that coherence and significance
which is not an object of eense, (1. 2.)

Iv.

The antithesis of Sense.and Ideas is the foundation of
the Philosophy of Science. No knowledge can exist without
the union, no philosophy without the separation, of these two
elements. (1. 2.)
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Y.

Fact and Theory correspond to Sense on the one hand,
and to Ideas on the other, so far as we are conscious of our
Ideas : but all facts involve ideas unconsciously; and thus
the distinction of Facts and Theories is not tenable, as that
of Sense and Ideas is. (1. 2.)

VI
Sensations and Ideas in our knowledge are like Matter
and Form in bodies. Matter cannot exist without Form,
nor Form without Matter : yet the two are altogether dis-
tinct and opposite.  There is no possibility either of separat-
ing, or of confounding them. The same is the case with
Sensations and Ideas. (1. 2.)

VIL
Ideas are not transformed, but informed Sensations; for
without ideas, sensations have no form. (1. 2.)
VIIL
The Sensations are the Objective, the Ideas the Subjec-
tive part of every act of perception or knowledge. (1. 2.)
IX,

General Terms denote Ideal Conceptions, as a circle, an
orbit, a rose. These are not Images of real things, as was
held by the Realists, but Cunceptions : yet they are concep-
tions, not bound together by mers Name, as the Nominalists
held, but by an Idea. (1. 2.)

X.

It has been said by some, that all Conceptions are merely
states or feelings of the mind, but this assertion only tends
to confound what it is our business to distinguish. (1. 2.)

XI.

Observed Facts are connected so as to produce new truths,
by superinducing upon them an Idea: and such truths are
obtained by Induction. (1. 2.)
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XII1.

Truths once obtained by legitimate Induction are Facts :
these Facts may be again connected, 80 as to produce higher
truths : and thus we advance to Successive Generalizations.
(. 2)

XIIL

Truths obtained by Induction are made compact and
permanent by being expressed in Technical Terms. (1. 3.)

XIV.

Ezperience cannot conduct us to universal and necessary
truths :—Not to universal, because she has mot tried all
cases :—Not to necessary, because necessity is not a matter
to which experience can testify. (1. &.)

XYV.

Necessary truths derive their necessity from the Ideas
whick they involve; and the existence of necessary truths A
proves the existence of Ideas not gemerated by experience.

(1. 5.)
XVL

In Deductive Reasoning, we cannot have any truth in,,
the conclusion which is not virtually contained in the pre-
mises. (1. 6.)

XVIL

In order to acquire any ezact and solid knowledge, the
student must possess with perfect precision the ideas appro-
priate to that part of knowledge: and this precision is X
tested by the student’s perceiving the axiomatic evidence of -
the axioms belonging to each Fundamental Idea. (1. 6.)

XVIIIL

The Fundamental Ideas which it is most important to
consider, as being the Bases of the Material Sciences, are the
Ideas of Space, Time (including Number), Cause (includ-
ing Force and Matter), Outness of Objects, and Media of
Perception of Secondary Qualities, Polarity (Contrariety),
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Chemical Composition and Affinity, Substance, Likeness
and Natural Affinity, Means and Ends (whence the Notion
of Organization), Symmetry, and the Ideas of Vital Powers.
(1. 8.)

XIX.

The Sciences which depend upon the Ideas of Space and
Number are Pure Scionces, not Inductive Sciences: they do
not infer special Theories from Facts, but deduce the con~
ditions of all theory from Ideas. The Elementary Pure
Sciences, or Elementary Mathematics, are Geometry, Theo-
retical Arithmetic and Algebra. (11 1.)

XX.

The Ideas on which the Pure Sciences depend, are those
of Space and Number; but Number is a modification of
the conception of Repetition, which belongs to the Idea of
Time. (. 1.)

XXI.

The Idea of Space is not derived from experience, for
experience of external objects presupposes bodies to exist in
Spacs.  Space is a condition under which the mind receives
the impressions of sense, and therefore the relations of space
are necessarily and universally true of all perceived objects.
Space is a form of our perceptions, and regulates them,
whatever the matter of them may be. (1. 2.)

XXII.

Space is not a General Notion collected by abstraction
Jrom particular cases; for we do mot speak of Spaces in
general, but of universal or absolute Space. Absolute Space
is infinite. All special spaces are in absolute space, and are
parts of it. (1. 3.)

XXIIL

Space 18 not a real object or thing, distinct from the
objects which exist in it; but it is a real condition of the
existence of external objects. (1. 3.)
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XXIV.

We have an Intuition of objects in space; that is, we
contemplate objects as made up of spatial parts, and appre-
hend their spatial relations by the same act by which we
apprehend the objects themselves. (1. 3.)

XXV. )

Form or Figure is space limited by boundaries. Space
has necessarily three dimensions, length, breadth, depth ; and
10 others whick cannot be resolved into these. (1. 3.)

XXVI.

The Idea of Space is exhibited for scientific purposes, by
the Definitions and Axioms of Geometry; such, for instance,
as these :—the Definition of a Right Angle, and of a Circle;
—the Definition of Parallel Lines, and the Axiom con-
cerning them ;—the Axiom that two straight lines cannot
inclose a space. These Definitions are necessary, not arbi-
trary ; and the Azioms are needed as well as the Definitions,
in order to express the necessary conditions which the Idea of

Space imposes. (1. 4.)

' XXVIL

The Definitions and Axioms of Elementary Geometry do
not completely exhibit the Idea of Space. In proceeding
to the Higher Geometry, we may introduce other additional
and independent Azioms ; such as that of Archimedes, that
a curve line which joins two points is less than any
broken line joining the same points and including the
curve line. (u. 4.)

XXVIIL
The perception of a solid object by sight requires that act
of mind by which, from figure and shade, we infer distance
and position in space. The perception of figure by sight
requires that act of mind by which we give an outline
to each object. (i1 6.)
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XXIX.

The perception of Form by touch is not an impression’on
the passive sense, but requires an act of our muscular frame
by which we become aware of the position of our own limbs.
The perceptive faculty involved in this act has been called
the muscular sense. (i1. 6.)

. XXX, .

The Idea of Time $8 not derived from experience, for
experience of changes presupposes occurrences to take place in
Time. Time is a condition under which the mind receives
the impressions of sense, and therefore the relations of time
are necessarily and universally true of all perceived occur-
rences. Time is a form of our perceptions, and regulates
them, whatever the matter of them may be. (1. 7.)

XXXI.

Time is not a General Notion collected by abstraction
Jrom particular cases. For we do not speak of particular
Times as examples of time in general, but as parts of a
single and infinite Time. (i1. 8.)

XXXII.

Time, liks Space, is a form, not only of perception, but
of Intuition. We consider the whole of any time as equal
to the sum of the parts; and an occurrence as coinciding
with the portion of time whick it occupies. (11. 8.)

XXXIIIL

Time is analogous to Space of one dimension: portions
of both have a beginning and an end, are long or short.
There is nothing in Time whickh s analogous to Space of
two, or of three, dimensions, and thus nothing which corre-

sponds to Figure. (m. 8.)
XXXIV,

The Repetition of a set of occurrences, as, for example,
strong and weak, or long and short sounds, according to a
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steadfast order, produces Rhythm, which is a conception
peculiar to Time, as Figure is to Space. (1. 8.)
XXXV,

The simplest form of Repetition is that in which there is
no variety, and thus gives rise to the conception of Number.
(. 8.)

XXXVI.

The simplest numerical truths are seen by Intuition; when
we endeavour to deduce the more complew from these sim-
nplest, we employ such mawims as these:—If equals be added
to equals the wholes are equal:—1If equals be subtracted

from equals the remainders are equal:—The whole is
equal to the sum of all its parts, (. 9.)

XXXVIL

The Perception of Time involves a constant and latent
kind of memory, which may be termed a Sense of Succes.
sion. The Perception of Number also involves this Sense of
Succession, although in small numbers we appear to appre-
hend the units simultaneously and not successively. (1. 10.)

XXXVIIL
The Perception of Rhythm i8 not an impression on the
passive sense, but requires an act of thought by whick we
connect and group the strpkes which form the Rhythm.
(. 10.)
XXXIX.

Intuitive is opposed to Discursive reason. In intuition,
we obtain our conclusions by dwelling upon one aspect of
the fundamental Idea; in discursive reasoning, we combine
several aspects of the Idea, (that is, several axioms,) and
reason from the combination. (1. 11.)

XL,
Geometrical deduction (and deduction in general) is call-
¢d Synthesis, becauss we introduce, at successive steps, the
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results of new principles. But in reasoning on the relations
of space, we sometimes go on separating truths into their
component truths, and these into other component truths; and
0 on: and this is geometrical Analysis. (m. 11.)

XLI
Among the foundations of the Higher Mathematics, is the
Idea of Symbols considered as general Signs of Quantity.
This idea of & Sign is distinct from, and independent of
other ideas. The Aziom to which we refer in reasoning by
means of Symbols of quantity is this:—The interpretation
of such symbols must be perfectly general.  This Idea of
Aziom are the bases of Algebra in its most general form.
(. 12.)
XLIL
Among the foundations of the Higher Mathematics is
also the Idea of a Limit. The Idea of a Limit cannot be
superseded by any other definitions or Hypotheses. The
Aziom which we employ in introducing this Idea into our
reasoning is this:—What is true up to the Limit is true
at the Limit. This Idea and Aziom are the bases of all
Methods of Limils, Flu.nom, Differentials, Variations, and
the like. (m. 12.)

XLIIL

There is a pure Science of Motion, which does not depend
~ upon obsmedfacts,butupontheIdeaquom It may
also be termed Pure Mechanism, in opposition to Mechanics
Proper, or Machinery, which involves the mechanical con-
ceptions of force and matter. It has been proposed to name
this Pure Science of Motion, Kinematics. (1. 13.)
XLIV.

The pure Mathematical Sciences must be successfully cul-
. tivated, in order that the progress of the principal Inductive
Sciences may take place. This appears in the case of Astro-
nomy, in which Science, both in ancient and in modern
times, each advance of the theory has depended wpon the pre-
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vious solution of problems in pure mathematics. It appears
also inversely in the Science of the Tides, in which, at pre-
sent, we cannot advancs in the theory, because we cannot
solve the requisite problems in the Integral Caleulus. (11. 14.)

XLYV.
The Idea of Cause, modified into the £ iongdof me-
chanical cause, or Force, and resistance or Matter,

is the foundation of the Mechanical Sciences; that is, Me-
chanics, (including Statics and Dynamics,) Hydrostatics,
and Physical Astronomy. (1L 1.)

XLVIL
* The Idea of Cause is not derived from experience; for in
judging of occurrences which we contemplate, we consider
them as being, universally and necessarily, Causes and Ef-
JSects, which a finite experience could not authorize us to do.
The Azxiom, that every event must have a cause, i true in-
dependently of experience, and beyond the limits of experi-
ence. (1. 2.)
XLVII
The Idea of Cause is expressed for purposes of science by
these three Azioms:—Every Event must have a Cause:—
Causes are measured by their Effects:—Reaction is equal
and opposite to Action. (mI. 4.)

XLVIIL

The Conception\of Force involves the Idea of Cause, as
applied to the motion and rest of bodies. The conception of
force is suggested by muscular action exerted: the conception
of matter arises from muscular action resisted. We neces-
sarily ascribe to all bodies solidity and inertia, since we
conceive Matter as that which cannot be compressed or moved
without resistance. (11 5.)

XLIX.

Mechanical Science depends on the Conception of Force;
and is divided into Statics, the doctrine of Force preventing

A
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motion, and Dynamics, the doctrins of Force producing
motion. (uI. 6.)

L

The Science of Statics depends upon the Axiom, that Ac-
tion and Reaction are equal, which in Statics assumes this
Jorm:—When two equal weights are supported on the
middle point between them, the pressure on the fulcrum
is equal to the sum of the weights. (u. 6.)

LI

The Science of Hydrostatics depends upon the Fundamen-

tal Principle that fluids press equally in all directions.

il This principle necessarily results from the conception of a

' Fluidy as & body of which the parts are perfectly moveable

in all directions. For since the Fluid is a body, it can

transmit pressure; and the transmitted pressure is equal to

the original pressure, in virtus of the Axiom that Reaction

18 equal to Action. That the Fundamental Principle is not

X derived from erperience, i3 plain both from its evidence and
. from its history. (uI. 6.) .

LIL

The Science of Dynamics depends upon the three Aaioms
above stated respecting Cause. The First Axziom,—that every
change must have a Cause,—gives rise to the First Law of
Motion,—that a body not acted upon by a force will move
with a uniform velocity in a straight line. ZThe Second
Auxiom,—that Causes are measured by their Effects,—gives
rise to the Second Law of Motion,—that when a force acts
upon a body in motion, the effect of the force is com-
pounded with the previously existing motion. The Third
Aziom,—that Reaction is equal and opposite to Action,—
gives rise to the Third Law of Motion, which s expressed
in the same terms as the Aziom; Action and Reaction
being understood to signify momentum gained and lost.
(. 7.)
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LIII.

The above Laws of Motion, historically speaking, were
established by means of experiment: but since they have been
discovered and reduced to their simplest form, they have been
considered by many philosophers as self-evident. This result
is principally dus to the introduction and establishment of
~ terms and definitions, which enable us to express the Laws in
a very simple manner. (UL 7.)

LIV.

In the establishment of the Laws of Motion, it happened,
in several instances, that Principles were assumed as self-
evident which do mot mow appear evident, but which have
since been demonstrated from the simplest and most evident
principles. Thus it was assumed that a perpetual motiony
is impossible;—that the velocities of bodies acquired by
falling down planes or curves of the same vertical height
are equal;—that the actual descent of the center of gra-
vity is equal to its potential ascent, But we are not hence
to suppose that these assumptions were made without ground:
Jor since they really follow from the laws of motion, they
were probably, in the minds of the discoverers, the results of
undeveloped demonstrations which their sagacity led them to
divine. (. 7.)

.

Lv.

It i3 a Paradox that Ezperience should lead us to truths
confessedly universal, and apparently necessary, such as the
Laws of Motion are. The Solution of this paradoz is,
that these laws are interpretations of the Azioms of Causa-
tion. The axioms are universally and necessarily true, but
the right interpretation of the terms which they involve, is
learnt by experience. Our Idea of Cause supplies the Form,
Experience, the Matter, of thess Laws. (1. 8.)

LVIL

Primary Qualities of Bodies are those which we can con-
ceive as directly perceived; Secondary Qualities are those
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which we conceive as perceived by means of a Medium,
(v. 1.)

LVIL
We necessarily perceive bodies as without us; the Ideg of
Externality is one of the conditions of perception, (1v.-1.)

LVIIL
We necessarily agsume a Medium for the perceptions of
Light, Colour, S’ound, Hcat, Odours, Tastes; and this Me-
dium must convey tmpressions by means of its mechanical

(v. 1.)

LIX,

Secondary Qualities are not extended dut intensive:
their effects are not augmented by addition of parts, dbut by
increased operation of the medium. Hence they are not
measured directly, but by scales; not by units, but by de-
grees. (1v. 4.)

LX.

In the Scales of Secondary Qualities, it is a condition
(in order that the scals may be complete,) that every example
of the quality must either agree with one of the degrees of
the Scale, or lie between two contiguous degrees, (1v. 4.)

LXIL

We perceive by means of a medium and by means of
{mpressions on the nerves: but we do not (by our senses) per-
ceive either the medium or the impressions on the nerves,
(tv. 1)

LXII

The Prerogatives of the Sight are, that by this sense we
necessarily and immediately apprehend the position of its
objects: and that from visible circumstances, we infer the
distance of objects from us, so readily that we seem to per-
ctive and not to infer. (1v. 2.)
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LXIIL

The Prerogatives of the Hearmg are, that by this sense
we perceive relations perfectly precise and definite between
two motes, namely, Musical Intervals (as an Octave, a
Fifth); and that when two notes are perceived together, they
are apprehended as distinet, ( Chord,) and as having a
certain relation, (Concord or Discord.) (v. 2.)

LXIV.

The Sight cannot decompose a compound colour into
simple colours, or distinguish a compound from a simple
colour. The Hearing cannot directly perceive the place, still
less the distance, of its objects: we infer these obscurely and
vaguely from audible circumstances. (Iv. 2.)

LXYV.

The First Paradox of Vision is, that we ses objects up-
right, though the images on the retina are inverted. The
solution s, that we do not ses the image on the retina at all,
we only ses by means of it. (v, 2.)

L]
LXVI

The Second Paradox of Vision is, that we see objects
single, though there are two images on the retinas, one in
each eye. The explanation is, that it is a Law of Vision
that we see (small or distant) objects singls, when their images
Jall on corresponding points of the two retinas. (1v. 2.)

LXVIL
The law of singls vision for near objects is this:—When
the two images in the two eyes are situated, part for part,
nearly but not exactly, upon corresponding points, the object
is apprehended as single and solid if the two objects are such
as would be produced by a single solid object seen by the eyes
separately. (1v. 2.)
LXVIIL
The ultimats object of each of the Secondary Mechanical
Sciences i3, to determine the nature and laws of the processes
NOV. ORG. 2
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by which the impression of the Secondary Quality treated of
is conveyed: but before we discover the cause, it may be
necessary to determine the laws of the phenomena; and for
this purpose a Measure or Scale of each quality s necessary.
@v. 4.)

LXIX.

Secondary qualities are measured by means of such efects
as can be estimated in number or space. (Iv. 4.)

LXX,

The Measure of Sounds, as high or low, is the Musical
Scale, or Harmonic Canon, (Iv. 4.)

LXXT.

The Measures of Pure Oolours are the Prismatic Scale;
the same, including Fraunhofer’s Lines; and Newton’s
Scale of Colours. The principal Scales of Impure Colours
are Werner's Nomenclature of Colours, and Merimée’s
Nomenclature of Colours, (1v. 4.)

LXXII.

The Idea of Polarity involves the conception of contrary
properties in contrary directions:—the properties being, for
example, attraction and repulsion, darkness and light, syn-
thesis and analysis ; and the contrary directions being those
which are directly opposite, or, in some cases, those which are
at right angles. (v.1.)

LXXIII. (Doubtful.)
Coezistent polarities are fundamentally identical. (V. 2.)

LXXIV.,

The Idea of Chemical Affinity, as implied in Elementary
Composition, involves peculiar conceptions. It is not properly
expressed by assuming the qualities of bodies to resemble
those of the elements, or to depend on the figure of the ele-
ments, or on their attractions, (V1. 1.)
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LXXYV..
Attractions take place between bodies, Affinities between
the particles of a body. The former may be compared to the
alliances of states, the latter to the ties of family. (V1. 2.)

LXXVI.

The governing principles of Chemical Affinity are, that it
is elective; that it is definite; that it determines the pro-
perties of the compound; and that analysis is possible.
(1. 2.)

LXXVII

We have an idea of Substance: and an axiom involved '
in this Idea is, that the weight of a body is the sum of the
weights of all its elements. (V1. 3.)

LXXVIIIL

Hence Imponderable I:Vuida are not to be admitted as
chemical elements. (V1. 4.)

LXXIX.

The Doctrine of Atoms is admissible as a mode of express-
ing and caleulating laws of nature; but is not proved by any
Jact, chomical or physical, as a philosophical truth. (V1. 5.)

-LXXX,

We have an Idea of Symmetry; and an aziom involved
in this Idea is, that in a symmetrical natural body, if there
be a tendency to modify any member in any manner, there is
a tendency to modify all the corresponding members in the
same manner. (ViL. 1.)

LXXXI.

AU hypotheses respecting the manner in whick the elements
of inorganic bodies are arranged in space, must be con-
structed with regard to the general facts of crystallization,

(vi.. 3.)
2—2
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LXXXIL
When we consider any object as One, we give unity to it
by an act of thought. The condition which determines what
this unity shall include, and what it shall exclude, is this ;
—that assertions concerning the one thing shall be possible.
(v 1.)
LXXXIIL
We collect individuals into Kinds by applying to them
the Idea of Likeness. Kinds of things are not determined
by definitions, but by this condition :—that general assertions
concerning such kinds of things shall be possible. (V. 1.)

LXXXIV.

The Names of kinds of things are governed by their use;
and that may be a right name in one use which is not so in
another. A whals is not a fish in natural history, but it is
a fish in commerce and law. (vil 1.)

LXXXYV.

We take for granted that each kind of things has a special
character which may be espressed by a Definition. The
ground of our assumption is this ;—that reasoning must be
possible. (vim. 1.)

¢

LXXXVL

The  Five Words,” Genus, Species, Difference, Pro-
perty, Accident, were used by the Aristotelians, in order to
exprass the subordination of Kinds, and to describe the nature
of Definitions and Propositions. In modern times, thess
technical expressions have been more referred to by Natural
Historians than by Metaphysicians. (v, 1.)

LXXXVIIL

The construction of a Classificatory Secience includes
Terminology, the formation of a descriptive language ;—
Diataxis, the Plan of the System of Classification, called
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also the Systematick ;—Diagnosis, the Scheme of the Cha-
racters by which the different Classes are known, called also
the Characteristick. Physiography is the knowledge which
the System is employed to convey. Diatais includes Nomen-
clature. (v 2.)

LXXXVIIL

Terminology must be conventional, precise, constant;
copious in words, and minute in distinctions, according to
the needs of the sciencs. The student must understand the
terms, directly according to the convention, not through the
modium of ezplanation or comparison. (VL 2.)

LXXXIX.

The Diataxis, or Plan of the System, may aim at a
Natural or at an Artificial System. But no classes can be
absolutely artificial, for if they were, no assertions could be
made concerning them. (vi. 2.)

XC.

An Artificial System is one in which the smaller groups
(the Genera) are natural ; and in which the wider divisions
(Classes, Orders) ars constructed by the peremptory appli-
cation of selected Characters; (selected, however, s0 as not to
break up the smaller groups,) (vur 2.)

XCL

A Natural System is one which attempts to make all the
divistons natural, the widest as well as the narrowest; and
therefore applies no characters peremptorily. (vin. 2.)

XCII.

Natural Groups are best described, not by any Definition
which marks their boundaries, but by a Type which marks
their center. Thes Type of any natural group is an example
which possesses in a marked degres all the leading characters
of the class. (vmm. 2.)
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XCIIL

A Natural Group is steadily fixed, though mot precisely
limited; it is given in position, though not circumscribed ; it
18 determined, not by @ boundary without, but by a central
point within;—not by what it strictly excludes, but by what
it eminently includes;—by & Type, not by a Definition.
(v 2.)

XCIV.

The prevalence of Mathematics as an element of educa-
tion has made us think Definition the philosophical mode
of fixing the meaning of a word: if (Scientific) Natural
History weres introduced into education, men might become
JSamiliar with the fixation of the signification of words by
Types; and this process agrees more nearly with the com-
mon pracesses by which words acquire their significations.
(vim. 2.)

XCV.

The attempts at Natural Classification are of thres sorts;
according as they are made by the process of blind trial, of
general comparison, or of subordination of characters.
The process of Blind Trial professes to make its classes by
attention to all the characters, but without proceeding metho-
dically. The process of General Comparison professes to
enumerate all the characters, and jforms its classes by the
majority. Neither of these methods can really be carried
into effect. The method of Subordination of Characters
considers some characters as more important than others;
and this method gives more consistent results than the others.
This method, however, doss mot depend upon the Ides of
Likeness only, but introduces the Idea of Organization or
Function. (vurL 2.)

XCVIL

A Species is a collection of individuals which are de-
scended from a common stock, or which resemble such a
collection as much as these resembdle each other: the resom~
blance being opposed to a definite difference. (Vi 2.)
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XCVIL

A Genus is a collection of species which resemble each
other more than they resemble other species : the resemblance
being opposed to a definite difference. (vim. 2.)

XCVIIL

The Nomenclature. of a Classificatory Science is the col-
lection of the names of the Species, Genera, and other divi-
sions. The binary nomenclature, which denotes a species by
the generic and specific name, is now commonly adopted in
Natural History. (vir 2.)

XCIX.

The Diagnosis, or Scheme of the Characters, comes, in
the order of philosophy, after the Classification. The cha-
racters do not make the classes, they only enable us to recog-
nize them. The Diagnosis is an Artificial Key to a Natural
System. (vio. 2.)

C.

The basis of all Natural Systems of Classification is the . .

Idea of Natural Afinity. The Principle which this Idea
involves is this :—Natural arrangements, obtained jfrom
different sets of characters, must coincide with each other.
(v 4.)
CIL

In order to obtain a Science of Biology, we must analyse
the Idea of Life. It has been proved by the biological specu~
lations of past time, that Organic Life cannot rightly be
solved into Mechanical or Chemical Forces, or the operation
of a Vital Fluid, or of a Soul. (1x. 2.)

CIL

Life is a System of Vital Forces; and the conception of
such Forces involves a peculiar Fundamental Idea. (1. 3.)

-—
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CIIL

Mechanioal, chemical, and vital Forces form an ascending
progression, each including the preceding. Chemical Affinity
includes in its nature Mechanical Force, and may often be
practically resolved into Mechanical Forca. (Thus the ingre-
dients of gunpowder, liberated from their chemical union,
exert great mechanical Force: a galvanic battery acting by
chemical process does the liks.) Vital Forces include in
their nature both chemical Affinities and mechanical Forces :
Jor Vital Powers produce both chemical changes, (as diges-
tion,) and motions which imply considerable mechanical
Jorce, (as the motion of the sap and of the blood.) (1x. 4.)

CIV.

In voluntary motions, Sensations produce Actions, and
the connexion i¢ mads by means of Ideas: in reflected
motions, the conmexion neither seems to be nor is made by
means of Ideas: in instinctive motions, the connezion is
such as requires Ideas, but we cannot belicve the Ideas to
exist. (1x. 5.)

CV.

The Assumption of a Final Cause in the structure of each
part of animals and plants is as inevitable as the assumption
of an Efficient Cause for every event. The maxim that in
organized bodies nothing is in vain, is as necessarily true as
the mazim that nothing happens by chance. (ix. 6.)

-CVL
The Idea of living beings as subject to disease includes &
recognition of & Final Cause in organization ; for disease is
a state in which the vital forces do not attain their proper
ends. (ix. 7.)

CVIL
The Palestiological Sciences depend upon the Idea of
Cause; but the leading conception which they involve is that
of historical cause, not mechanical cause. (x. 1.)
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CVIIL

Each Palatiological Science, when complete, must possess
threg members: the Phenomenology, the Ktiology, and the
Theory. (x.2.)

CIX.

There are, in the Palwmtiological Sciences, two antagonist
doctrines : Catastrophes and Uniformity. The doctrine |
of a uniform course of nature is tenable only when we !
extend the notion of Uniformity so far that it shall in- |
clude Catastrophes. (x. 3.)

CX.

The Catastrophist constructs Theories, the Uniformitarian
demolishes them. The former adduces evidence of an Origin,
the latter explains the evidence away. The Catastrophist’s *
dogmatism is undermined by the Uniformitarian’s skeptical
hypotheses. But when these hypotheses are asserted dogma-
tically, they cease to be consistent with the doctrine of Uni-
Jormity, (x. 3.)

CXIL

In each of the Paleetiological Sciences, we can ascend to
remots periods by a chain of causes, but in none can we
ascend to a beginning of the chain. (x. 3.)

CXIIL
Since the Paletiological sciences deal with the conceptions
of historical cause, History, including Tradition, is an im-
portant source of materials for such sciences. (x. 4.)

-

'CXIIL

The history and tradition which present to us the provi-
dential course of the world form a Sacred Narrative ; and
in reconciling the Sacred Narrative with the results of sci-
ence, arise inevitable difficulties which disturb the minds of
those who reverence the Sacred Narrative. (x. 4.)
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CXIV.

The disturbance of reverent minds, arising from scientific
views, ceases when such views become familiar, the Sacred
Narrative being then interpreted anew in accordance with
such views, (x. 4.)

CXYV.

4 new interpretation of the Sacred Narrative, made for
the purpose of reconciling it with doctrines of science, should
mot be insisted on tll such doctrines are clearly proved; and
when they are so proved, should be frankly accepted, in the
confidence that a reverence for the Sacred Narrative s con-
sistent with a reverence for the Truth. (x. 4.)

CXVI.
In contemplating the series of causes and effects which
constitutes the world, we necessarily assume a First Cause
o{ the whole series. (x. 5.)

CXVIL
The Paletiological Sciences point backwards with lines)
which are broken, but which all converge to the same invisible
point: and this point is the Origin of the Moral and
Spiritual, as well as of the Natural World. (x. 5.)
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BOOK II

OF THE CONSTRUCTION OF SCIENCE.

CHAPTER I

OF TWO PRINCIPAL PROCESSES BY WHICH SCIENCE
IS CONSTRUCTED.

ArmorisM I

THE two processes by which Science 8 constructed are
the Explication of Conceptions, and the Colligation of
Facts.

O the subject of the present and next Book all that
has preceded is subordinate and preparatory. In
former works we have treated of the History of Scientific
Discoveries and of the History of Scientific Ideas. We
have now to attempt to describe the manner in which
discoveries are made, and in which Ideas give rise to
knowledge. It has already been stated that Knowledge
requires us to possess both Facts and Ideas;—that
every step in our knowledge consists in applying the
¥ Ideas and Conceptions furnished by our minds to the
Facts Which observation and experiment offer to us.
‘When our Conceptions are clear and distinct, when our
Facts are certain and sufficiently numerous, and when
the Conceptions, being suited to the nature of the
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Facts, are applied to them so as to produce an exact
and universal accordance, we attain knowledge of a
precise and comprehensive kind, which we may term
Science. And we apply this term to our knowledge
still more decidedly when, Facts being thus included
in exact and general Propositions, such Propositions
are, in the same manner, included with equal rigour
in Propositions of a higher degree of Generality; and
these again in others of a still wider nature, so as to
form a large and systematic whole.

But after thus stating, in a general way, the nature
of science, and the elements of which it consists, we
have been examining with a more close and extensive
scrutiny, some of those elements; and we must now
return to our main subject, and apply to it the results
of our long investigation. We have been exploring
the realm of Ideas; we have been passing in review
the difficulties in which the workings of our own minds
involve us when we would make our conceptions con-
sistent with themselves: and we have endeavoured to
get a sight of the true solutions of these difficulties.
‘We have now to inquire how the results of these long
and laborious efforts of thought find their due place in
the formation of our Knowledge. What do we gain
by these attempts to make our notions distinct and
consistent; and in what manner is the gain of which
we thus become possessed, carried to the general trea-
sure-house of our permanent and indestructible know-
ledge? After all this battling in the world of ideas,
all this struggling with the shadowy and changing
forms of intellectual perplexity, how do we secure to

-, ourselves the fruits of our warfare, and assure ourselves

+

that we have really pushed forwards the frontier of

. the empire of Science? It is by such an appropria-
i ‘tion, that the task which we have had in our hands

during the two previous works, (the History of the

" Indhictivs Seiénces and the History of Scientific Ideas,)

must acquire its real value and true place in our design.

In order to do this, we must reconsider, in a more
definite and precise shape, the doctrine which has
already been laid down ;—that our Knowledge consists
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in applying Ideas to Facts; and that the conditions of
real knowledge are that the ideas be distinct and ap-
propriate, and exactly applied to clear and certain
facts. The steps by which our knowledge is advanced
are those by which one or the other of these two pro-
cesses is rendered more complete;—by which Concep-
tions are made more clear in themselves, or by which
the Conceptions more strictly bind together the Facts.
These two processes may be considered as together con-

1

stituting the whole formation of our knowledge; and -

the principles which have been established in the His-
tory of Scientific Ideas bear principally upoh the former
of these two operations ;—upon the business of elevating
our conceptions to the highest possible point of pre-
cision and generality. But these two portions of the
progress of knowledge are so clearly connected with
each other, that we shall deal with them in immediate
succession. And having now to consider these opera-
tions in a more exact and formal manner than it was
before possible to do, we shall designate them by cer-
tain constant and technical phrases. 'We shall speak
of the two processes by which we arrive at science, as
the Explication of Conceptions and the Colligation of
Facts: we shall show how the discussions in which we
have been engaged have been necessary in order to
promote the former of these offices; and we shall
endeavour to point out modes, maxims, and principles
by which the second of the two tasks may also be fur-
thered.

\h
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CHAPTER IL

OF THE ExpLICATION OF CONCEPTIONS.

Arpnorism IL
The Explication of Conceptions, as requisite for the pro-
gress of scienbe, has been effected by means of discussions and
controversies among scientistss often by debates concerning
definitions ; these controversies have frequently led io the
establishment of & Definition ; but along with the Definition,
a corr ling Proposition has always been ewpressed or

-tmplisd. The essential requisite for the advance of science

13 the clearness of the Conception, not the establishment of a
Definition. The construction of an exact Definition is often
very difficult.  The requisite conditions of clear Conceptions
may often be exprossed by Azioms as well as by Definitions.

Arnorism III,

Conceptions, for purposes of science, must be appropriate
as well as clear : that is, they must be modifications of that
Fundamental Idea, by which the phenomena can really be in-
terpreted. This mazim may warn us from errour, though
it may not lead to discovery. Discovery depends upon the
previous cultivation or natural clearness of the appropriate
Idea, and therefore no discovery is the work of accident.

Secr. L—Historical Progress of the Explication of
Conceptions.

I 'WE have given the appellation of Jdeas to cer-

tain comprehensive forms of thought,—as
space, number, cause, composition, resemblance,—which
we apply to the phenomena which we contemplate.
But the special modifications of these ideas which are
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exemplified in particular facts, we have termed Con-
ceptions; a8 a circle, a square number, an accelerating
Jorce, a meutral combination of elements, a genus.
Such Conceptions involve in themselves certain neces-
sary and universal relations derived from the Ideas.
just enumerated; and these relations are an indispen-
sable portion of the texture of our knowledge. But to.
determine the contents and limits of this iportion of
our knowledge, requires an examination of the Ideas
and Conceptions from which it proceeds. The Con-
ceptions must be, as it were, carefully unfolded, so as
to bring into clear view the elements of truth with
which they are marked from their ideal origin. This
is one of the processes by which our knowledge is ex-
tended and made more exact; and this I shall describe
as the Explication of Conceptions.

In the several Books of the History of Ideas we
have discussed a great many of the Fundamental Ideas
of the most important existing sciences. We have, in
those Books, abundant exemplifications of .the process
now under our consideration. We shall here add a
few general remarks, suggested by the survey which
we have thus made.

2. Such discussions as those in which we have been
engaged concerning our fundamental Ideas, have been
the course by which, historically speaking, those Con-
ceptions which the existing sciences involve have been
rendered so clear as to be fit eleinents of exact know-
ledge. Thus, the disputes concerning the various kinds
and measures of Force were an important part of the
progress of the science of Mechanics. The struggles by
which philosophers attained a right general conception
of plame, of circular, of elliptical Polarization, were
some of the most difficult steps in the modern discove~
ries of Optics. A Conception of the Atomic Constitu-
tion of bodies, such as shall include what we know,
and assume nothing more, is even now a matter of
conflict among Chemists. The debates by which, in
recent times, the Conceptions of Species and Genera
have been rendered more exact, have improved the
science of Botany: the imperfection of the science of
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Mineralogy arises in a great measure from the circum-
stance, that in that subject, the Conception of a Species
is not yet fixed. In Physiology, what a vast advance
would that philosopher make, who should establish a
precise, tenable, and consistent Conception of Lifel

Thus discussions and speculations concerning the
import of very abstract and general terms and notions,
may be, and in reality have been, far from useless and
barren. Such discussions arose from the desire of men
to impress their opinions on others, but they had the
effect of making the opinions much more clear and dis-
tinct. In trying to make others understand them, they
learnt to understand themselves. Their speculations
were begun in twilight, and ended in the full brilliance
of day. It was not easily and at once, without expen-
diture of labour or time, that men arrived at those
notions which now form the elements of our know-
ledge; on the contrary, we have, in the history of
science, seen how hard, discoverers, and the forerunners
of discoverers, have had to struggle with the indistinct-
ness and obscurity of the intellect, before they could
advance to the critical point at which truth became
clearly visible. And so long as, in this advance, some
speculators were more forward than others, there was
a natural and inevitable ground of difference of opi-
nion, of argumentation, of wrangling. But the ten-
dency of all such controversy is to diffuse truth and to
dispel errour. Truth is consistent, and can bear the
tug of war; Errour is incoherent, and falls to pieces
in the struggle. True Conceptions can endure the
sun, and become clearer as a fuller light is obtained ;
confused and inconsistent notions vanish like visionary
spectres at the break of a brighter day. And thus
all the controversies concerning such Conceptions as
science involves, have ever ended in the establishment
of the side on which the truth was found.

3. Indeed, so complete has been the victory of
truth in most of these instances, that at present we
can hardly imagine the struggle to have been neces-
sary. The very essence of these triumphs is that they
lead us to regard the views we reject as not only false,
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but inconceivable. And hence we are led rather to
look back upon the vanquished with contempt than
upon the victors with gratitude. 'We now despise those
who, in the Copernican controversy, could not conceive
the apparent motion of the sun on the heliocentric
hypothesis ;—or those who, in opposition to Galileo,
thought that a uniform force might be that which
generated a velocity proportional to the space;—or
those who held there was something absurd in New-
ton’s doctrine of the different refrangibility of differ-
ently coloured rays;—or those who imagined that
when elements combine, their sensible qualities must
be manifest in the compound;—or those who were
reluctant to give up the distinction of vegetables into
herbs, shrubs, and trees. 'We cannot help thinking that
men must have been singularly dull of comprehension,
to find a difficulty in admitting what is to us so plain
and simple. 'We have a latent persuasion that we in
their place should have been wiser and more clear- |
sighted ;—that we should have taken the right side,
and given our assent at once to the truth.

4. Yet in reality, such a persuasion is a mere delu-
sion. The persons who, in such instances as the above,
were on the losing side, were very far, in most cases,

. from being persons more prejudiced, or stupid, or nar-
row-minded, than the greater part of mankind now
are; and the cause for which they fought was far
from being a manifestly bad one, till it had been so
decided by the result of the war. It is the peculiar
character of scientific contests, that what is only an
epigram with regard to other warfare is a truth in
this ;—They who are defeated are really in the wrong.
But they may, nevertheless, be men of great subtilty,
sagacity, and genius; and we nourish a very foolish
self-complacency when we suppose that we are their
superiors. That this is so, is proved by recollecting
that many of those who have made very great disco-
veries have laboured under the imperfection of thought
which was the obstacle to the next step in knowledge.
Though Kepler detected with great acuteness the
Numerical Laws of the solar system, he laboured in

NOV. ORG. 3
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vain to conceive the very simplest of the Laws of
Motion by which the paths of the planets are governed.
Though Priestley made some important steps in chemis-
try, he could not bring his mind to admit the doctrine
of a general Principle of Oxidation. How many in-
genious men in the last century rejected the New-
tonian Attraction as an impossible chimera! How
many more, equally intelligent, have, in the same man-
ner, in-our own time, rejected, I do not now mean as
false, but as inconceivable, the doctrine of Luminife-
rous Undulations! To err in this way is the lot, not
only of men in general, but of men of great endow-
ments, and very sincere love of truth.

5 And those who liberate themselves from such
perplexities, and who thus go on in advance of their
age in such matters, owe their superiority in no small
degree to such discussions and controversies as those
to which we now refer. In such controversies, the
Conceptions in question are turned in all directions,
examined on all sides; the strength and the weakness
of the maxims which men apply to them are fully test-
ed; the light of the brightest minds is diffused to other
minds. Inconsistency is unfolded into self-contradic-
tion; axioms are built up into a system of necessary
truths; and ready exemplifications are accumulated of
that which is to be proved or disproved, concerning
the ideas which are the basis of the controversy.

The History of Mechanics from the time of Kepler
to that of Lagrange, is perhaps the best exemplifica-
tion of the mode in which the progress of a science
depends upon such disputes and speculations as give
clearness and generality to its elementary conceptions.
This, it is to be recollected, is the kind of progress of
which we are now speaking; and this is the principal
feature in the portion of scientific history which we
have mentioned. For almost all that was to be done
by reference to observation, was executed by Galileo
and his disciples. What remained was the task of
generalization and simplification. And this was pro-
moted in no small degree by the various controversies
which took place within that period concerning me-
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chanical conceptions:—as, for example, the question
concerning the measure of the Force of Percussion ;—
the war of the Vis Viva ;—the controversy of the Cen-
ter of Oscillation ;—of the independence of Statics and
Dynamics ;—of the principle of Least Action ;—of the
evidence of the Laws of Motion ;—and of the number
of Laws really distinct. None of these discussions was
without its influence in giving generality and clearness
to the mechanical ideas of mathematicians: and there-
fore, though remote from general apprehension, and
dealing with very abstract notions, they were of emi-
nent use in the perfecting the sciefce of Mechanics.
Similar controversies concerning fundamental notions,
those, for example, which Galileo himself had to main-
tain, were no less useful in the formation of the science
of Hydrostatics. And the like struggles and conflicts,
whether they take the form of controversies between
several persons, or only operate in the efforts and fluc-
tuations of the discoverer’s mind, are always requisite,
before the conceptions acquire that clearness which
makes them fit to appear in the enunciation of scien-
tific truth. This, then, was one object of the History
of Ideas;—to bring under the reader’s notice the main
elements of the controversies which have thus had so
important a share in the formation of the existing
body of science, and the decisions on the controverted
points to which the mature examination of the subject
has led; and thus to give an abundant exhibition of
that step which we term the Explication of Conceptions.

Seor. IL—Use of Definitions.

6. The result of such controversies as we have
been speaking of, often appears to be summed up in a
Definition; and the controversy itself has often as-
sumed the form of a battle of definitions. For ex-
ample, the inquiry concerning the Laws of Falling
Bodies led to the question whether the proper Defi-
nition of a uniform force is, that it generates a velocity
proportional to the space from rest, or to the zime.
The controversy of the Vis Viva was, wha.t:;)’ was the

—2
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proper Definition of the measure of force. A principal
question in the classification of minerals is, what is
the Definition of & mineral species. Physiologists have
endeavoured to throw light on their subject, by De-

fining orgamization, or some similar term. '

7. It is very important for us to observe, that
these controversies have never been questions of insu-
lated and arbitrary Definitions, as men seem often
tempted to suppose them to have been. In all cases
there is a tacit assumption of some Proposition which
is to be expressed by means of the Definition, and
which gives it its'importance. The dispute concerning
the Definition thus acquires a real value, and becomes
a question concerning true and false. Thus in the dis-
cussion of the question, What is a Uniform Force? it
was taken for granted that ‘gravity is a uniform
force ’—in the debate of the Vis Viva, it was assumed
that ‘in the mutual action of bodies the whole effect
of the force is unchanged ’—in the zoological definition
of Species, (that it consists of individuals which have,
or may have, sprung from the same parents,) it is pre-
sumed that ¢individuals so related resemble each other
more than those which are excluded by such a defi-
nition; or perhaps, that ‘species so defined have per-
manent and definite differences’ A definition of Or-
ganization, or of any other term, which was not em-
ployed to express some principle, would be of no value.

The establishment, therefore, of a right Definition
of a Term may be a useful step in the Explication of
our Conceptions; but this will be the case then only
when we have under our consideration some Propo-
sition in which the Term is employed. For then the
question really is, how the Conception shall be under-
stood and defined in order that the Proposition may be
true.

8. The establishment of a Proposition requires an
attention to observed Facts, and can never be rightly
derived from our Conceptions alone. We must here-
after consider the necessity which exists that the Facts
should be rightly bound together, as well as that our
Conceptions should be clearly employed, in order to
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lead us to real knowledge. But we may observe here
that, in such cases at least as we are now considering,
the two processes are co-ordinate. To unfold our Con-
ceptions by the means of Definitions, has never been y
serviceable to science, except when it has been asso-
ciated with an immediate use of the Definitions. The
endeavour to define a Uniform Force was combined
with the assertion that ¢gravity is a uniform force:’
the attempt to define Accelerating Force was imme-
diately followed by the doctrine that ¢accelerating
forces may be compounded: the process of defining
Momentum was connected with the principle that
‘momenta gained and lost are equal :’ naturalists would
have given in vain the Definition of Species which we
have quoted, if they had not also given the ¢ characters’
of species so separated. Definition and Proposition '
are the two handles of the instrument by which we
apprehend truth; the former is of no use without the
latter. Definition may be the best mode of explaining
our Conception, but that which alone makes it worth
while to explain it in any mode, is the opportunity of
using it in the expression of Truth. When a Defi-
nition is propounded to us as a useful step in know-
ledge, we are always entitled to ask what Principle it
serves to enunciate. If there be no answer to this in-
quiry, we define and give clearness to our conceptions
in vain. While we labour at such a task, we do but
light up a vacant room;—we sharpen a knife with
which we have nothing to cut;—we take exact aim,
while we load our artillery with blank cartridge;—
we apply strict rules of grammar to sentences which
have.no meaning.

If, on the other hand, we have under our considera-
tion a proposition probably established, every step
which we can make in giving distinctness and exact-
ness to the Terms which this proposition involves, is
an important step towards scientific truth. In such
cases, any improvement in our Definition is a real
advance in the explication of our Conception. The
clearness of our Expressions casts a light upon the
Ideas which we contemplate and convey to others.
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9. But though Definition may be subservient to a
right explication of our conceptions, it is not essential
to that process. It is absolutely necessary to every
advance in our knowledge, that those by whom such
advances are made should possess clearly the concep-
tions which they employ: but it is by no means neces-
sary that they should unfold these conceptions in .the
words of a formal Definition. It is easily seen, by
examining the course of Galileo’s discoveries, that he
had a distinct conception of the Moving Force which
urges bodies downwards upon an inclined plane, while
he still hesitated whether to call it Momentum, Energy,
Impetus, or Force, and did not venture to offer a Defi-
nition of the thing which was the subject of his
thoughts. The Conception of Polarization was clear
in the minds of many optical speculators, from the

. time of Huyghens and Newton to-that of Young and

Fresnel. This Conception we have defined to be ¢ Op-
posite properties depending upon opposite positions;’
but this notion was, by the discoverers, though con-
stantly assumed and expressed by means of superfluous
hypotheses, never clothed in definite language. And
in the mean time, it was the custom, among subordi-
nate writers on the same subjects, to say, that the
term Polarization had no definite meaning, and was
merely an expression of our ignorance. The Definition
which was offered. by Haiiy and others of a Mineralo-
gical Species;—¢The same elements combined in the
same proportions, with the same fundamental form ;'—
was false, inasmuch as it was incapable of being rigor-
ously applied to any one case; but this defect did not
prevent the philosophers who propounded such a Defi-
nition from making many valuable additions to mine-
ralogical knowledge, in the way of identifying some
species and distinguishing others. The right Concep-
tion which they possessed in their minds prevented
their being misled by their own very erroneous Defi-

_nition. The want of any precise Definitions of Strata,

and Formations, and Epochs, among geologists, has
not prevented the discussions which they have carried
on upon such subjects from being highly serviceable
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in the promotion of geological knowledge. For how-
ever much the apparent vagueness of these terms
might leave their arguments open to cavil, there was a
general understanding prevalent among the most in-
telligent cultivators of the science, as to what was
meant in such expressions; and this common under-
standing sufficed to determine what evidence should
be considered conclusive and what inconclusive, in
these inquiries. And thus the distinctness of Con-
coption, which is a real requisite of scientific progress,
existed in the minds of the inquirers, although Defi-
nitions, which are a partial and accidental evidence
of this distinctness, had not yet been hit upon. The
Idea had been developed in men’s minds, although a

2

clothing of words had not been contrived for it, nor, »

perhaps, the necessity of such a vehicle felt: and thus
that essential condition of the progress of knowledge,
of which we are here speaking, existed; while it was
left to the succeeding speculators to put this unwritten
Rule in the form of a verbal Statute.

10. Men are often prone to consider it as a thought-
less omassion of an essential circumstance, and as a
neglect which involves some blame, when knowledge
thus assumes a form in which Definitions, or rather
Conceptions, are implied but are not expressed. But in
such a judgment, they assume that to be a matter of
choice requiring attention only, which is in fact as
difficult and precarious as any other portion of the task
of discovery. To define, so that our Definition shall
have any scientific value, requires no small portion of
that sagacity by which truth is detected. As we have
already said, Definitions and Propositions are co-ordi-
nate in their use and in their origin. In many cases,
perhaps in most, the Proposition which contains a
scientific truth, is apprehended with confidence, but
with some vagueness and vacillation, before it is put in
a positive, distinct, and definite form. It is thus known
to be true, before it can be enunciated in terms each of
which is rigorously defined. The business of Defini-
tion is part of the business of discovery. When it has
been clearly seen what ought to be our Definition, it’
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must be pretty well known what truth we have to
state. The Definition, as well as the discovery, sup-
poses a decided step in our knowledge to have been
made. The writers on Logic in the middle ages, made’
Definition the last stage in the progress of knowledge;
and in this arrangement at least, the history of science,
and the philosophy derived from the history, confirm
their speculative views. If the Explication of our
Conceptions ever assume the form of a Definition, this
will come to pass, not as an arbitrary process, or as a
matter of course, but as the mark of one of those happy
efforts of sagacity to which all the successive advances
of our knowledge are owing.

Secr. TIT.— Use of Awioms.

11.  Our Conceptions, then, even when they hecome
o clear as the progress of knowledge requires, are not
adequately expressed, or necessarily expressed at all, by
means of Definitions. We may ask, then, whether there
is any other mode of expression in which we may look
for the evidence and exposition of that peculiar exact-
ness of thought which the formation of Science demands.
And in answer to this inquiry, we may refer to the
discussions respecting many of the Fundamental Ideas
of the sciences contained in our History of such Ideas.
It has there been seen that these Ideas involve many
elementary truths which enter into the texture of our
knowledge, introducing into it connexions and relations
of the most important kind, although these elementary
truths cannot be deduced from any verbal definition of
the idea. It has been seen that these elementary truths
may often be enunciated by means of Axioms, stated in
addition to, or in preference to, Definitions. For exam-
ple, the Idea of Cause, which forms the basis of the
science of Mechanics, makes its appearance in our elemen-
tary mechanical reasonings, not as a Definition, but by
means of the Axioms that ¢Causes are measured by
their effects,’ and that ¢ Reaction is equal and opposite
" to action.’” Such axioms, tacitly assumed or occa-
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sionally stated, as maxims of acknowledged validity,
belong.to all the Ideas which form the foundations of
the sciences, and are constantly employed in the reason-
ing and speculations of those who think clearly on
such subjects. It may often be a task of some diffi-
culty to detect and enunciate in words the Principles
which are thus, perhaps silently and unconsciously,
taken for granted by those who have a share in the
establishment of scientific truth: but inasmuch as
these Principles are an essential element in our know-
ledge, it is very important to our present purpose
to separate them from the associated materials, and
to trace them to their origin. This accordingly I
attempted to do, with regard to a considerable num-

ber of the most prominent of such Ideas, in the His-.

tory. The reader will there find many of these Ideas

resolved into Axioms and Principles by means of.)

which their effect upon the elementary reasonings of
the various sciences may be expressed. That Work
is intended to form, in some measure, a representation
of the Ideal Side of our physical knowledge ;—a Table
of those contents of our Conceptions which are not
received directly from facts;—an exhibition of Rules
to which we know that truth must conform.

Secr. IV.—Clear and appropriate Ideas.

12. In order, however, that we may see the neces-
sary cogency of these rules, we must possess, clearly and
steadily, the Ideas from which the rules flow. In order
to perceive the necessary relations of the Circles of the
Sphere, we must possess clearly the Idea of Solid
Space :—in order that we may see the demonstration of
the composition of forces, we must have the Idea of
Cause moulded into a distinet Conception of Statical
Force. This is that Clearness of Ideas which we stipu-
late for in any one’s mind, as the first essential con-
dition of his making any new step in the discovery of
truth. And we now see what answer we are able to
give, if we are asked for a Criterion of this Clearness of
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© Idea. The Criterion is, that the person shall see the
necessity of the Axioms belonging to each Idea ;—shall
accept them in such a manner as to perceive the cogency
of the reasonings founded upon them. Thus, a person
~ has a clear Idea of Space who follows the reasonings of
geometry and fully apprehends their conclusiveness.
The Explication of Conceptions, which we are speaking
of as an essential part of real knowledge, is the process
hy which we bring the Clearness of our Ideas to bear
upon the Formation of our knowledge. And this is
done, as we have now seen, not always, nor generally,
vor principally, by laying down a Definition of the
Conception ; but by acquiring such a possession of it
in our minds as enables, indeed compels us, to admit,
along with the Conception, all the Axioms and Prin-
ciples which it necessarily implies, and by which it
L_ produces its effect upon our reasonings.

13. Butin order that we may make any real advance
in the discovery of truth, our Ideas must not only be
clear, they must also be appropriate. Each science has

) for its basis a different class of Ideas; and the steps
which constitute the progress of one science can never
be made by employing the Ideas of another kind of
science. No genuine advance could ever be obtained
in Mechanics by applying to the subject the Ideas of
Space and Time merely :—no advance in Chemistry, by
the use of mere Mechanical Conceptions:—no discovery
in Physiology, by referring facts to mere Chemical and
. Mechanical Principles. Mechanics must involve the
Conception of Force,—Chemistry, the Conception of
Elementary Composition ;—Physiology, the Conception
of Vital Powers. Each science must advance by means
of its appropriate Conceptions. Each has its own field,
which extends as far as its principles can be applied. I
have already noted the separation of several of these
fields by the divisions of the Books of the History of Ideas.
The Mechanical, the Secondary Mechanical, the Che-
mical, the Classlﬁcatory, the Biological Sciences form so
many great Provinces in the Kingdom of knowledge,
each in & great measure possessing its own peculiar
fundamental principles. Every attempt to build up a
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new science by the application of principles which be-
long to an old one, will lead to frivolous and barren
speculations.

This trath has been exemplified in all the instances
in which subtle speculative men have failed in their
attempts to frame new sciences, and especially in the
essays of the ancient schools of philosophy in Greece,
as has already been stated in the History of Science.
Aristotle and his followers endeavoured in vain to
account for the mechanical relation of forces in the
lever by applying the inappropriate geometrical con-
ceptions of the properties of the circle :—they specu-
lated to no purpose about the elementary composition
of bodies, because they assumed the inappropriate K
l@.@gﬂi\o;\‘of likeness between the elements and the
compound, instead of the genuine notion of elements
merely determining the qualities of the compound. And
in like manner, in modern times, we have seen, in the
history of the fundamental ideas of the physiological
sciences, how all the inappropriate mechanical and
chemical and other ideas which were applied in succes-
sion to the subject failed in bringing into view any
genuine physiological truth.

14. That the real cause of the failure in the in-
stances above mentioned lay in the Conceptions, is
plain. It was not ignorance of the facts which in
thesecasesprevented thediscovery of the truth. Aristotle
was a8 well acquainted with the fact of the proportion
of the weights which balance on a Lever as Archimedes
was, although Archimedes alone gave the true me-
chanical reason for the proportion.

‘With regard to the doctrine of the Four Elements
indeed, the inapplicability of the conception of compo-
sition of qualities, required, perhaps, to be proved by
some reference to facts. But this conception was
devised at first, and accepted by succeeding times, in a
blind and gratuitous manner, which could hardly have
happened if men had been awake to the mnecessary
condition of our knowledge;—that the conceptions
which we introduce into our doctrines are not arbitrary
or accidental notions, but certain peculiar modes of
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.appreheusion strictly determined by the subject of our
speculations.

15. It may, however, be said that this injunction
that we are to employ appropriate Conceptions only in
the formation of our knowledge, cannot be of practical
use, because we can only determine what Ideas are
appropriate, by finding that they truly combine the
facts. And this is to a certain extent true. Scientific
discovery must ever depend upon some happy thought,
of which we cannot trace the origin ;—some fortunate
cast of intellect, rising above all rules. No maxims
can be given which inevitably lead to discovery. No
precepts will elevate a man of ordinary endowments
to the level of a man of genius: nor will an inquirer
of truly inventive mind need to come to the teacher
of inductive philosophy to learn how to exercise the
faculties which nature has given him. Such persons
as Kepler or Fresnel, or Brewster, will have their
powers of discovering truth little augmented by any
injunctions respecting Distinct and Appropriate Ideas;
and such men may very naturally question the utility
of rules altogether.

16. But yet the opinions which such persons may
entertain, will not lead us to doubt concerning the
value of the attempts to analyse and methodize the
process of discovery. 'Who would attend to Kepler if
he had maintained that the speculations of Francis
Bacon were worthless? Notwithstanding what has
been said, we may venture to assert that the Maxim
which points out the necessity of Ideas appropriate
as well as clear, for the purpose of discovering truth, is
not without its use. It may, at least, have a value as
a4 caution or prohibition, and may thus turn us away
from labours certain to be fruitless. 'We have already
seen, in the History of Ideas, that this maxim, if duly
attended to, would have at once condemned, as wrongly
directed, the speculations of physiologists of the mathe-
matical, mechanical, chemical, and vital-fluid schools;
sir;::le the Ideas which the teachers of these schools in-
troduce, cannot suffice for the purposes of physiology,
which seeks truths respecting the vital powers. Again,
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it is clear from similar considerations that no definition
of a mineralogical species by chemical characters alone
can answer the end of science, since we seek to make
mineralogy, not an analytical buta classificatory science’.
Even before the appropriate conception is matured in
men’s minds so that they see clearly what it is, they
may still have light enough to see what it is not.

17. Another result of this view of the necessity
of appropriate Ideas, combined with a survey of the
history of science is, that though for the most part, as
'we shall see, the progress of science consists in accu-
mulating and combining Facts rather than in debating
concerning Definitions; there are still certain periods
when the discussion of Definitions may be the most
useful mode of cultivating some special branch of
science. This discussion is of course always to be cou-
ducted by the light of facts; and, as has already been
said, along with the settlement of every good Defi-
nition will occur the corresponding establishment of
some Proposition. But still at particular periods, the
want of a Definition, or of the clear conceptions which
Definition supposes, may be peculiarly felt. A good
and tenable Definition of Species in Mineralogy would
at present be perhaps the most important step which
the science could make. A just conception of the
nature of Life, (and if expressed by means of a Defini-
tion, so much the better,) can hardly fail to give its
possessor an immense advantage in the speculations
which now come under the considerations of physio-
logists. And controversies respecting Definitions, in
these cases, and such as these, may be very far from
idle and unprofitable.

Thus the knowledge that Clear and Appropnate
Ideas are requisite for discovery, although it does not
lead to any very precise precepts, or supersede the
value of natural sagacity and inventiveness, may still

1 This agrees with what M. Necker science, have substituted the analysis
has well observed in his Régne of substances for the classification of
Mineral, that those who have treat- individuals. See History of Ideas,
ed mineralogy as a merely chemical b, viil chap. iif.
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be of use to us in our pursuit after truth. It may

. show us what course of research is, in each stage of

science, recommended by the general analogy of the
history of knowledge; and it may both save us from
hopeless and barren paths of speculation, and make us
advance with more courage and confidence, to know
that we are looking for discoveries in the manner in
which they have always hitherto been made.

Secr. V.—Accidental Discoveries.

18. Another consequence follows from the views
presented in this Chapter, and it is the last I shall at
present mention. No scientific discovery can, with any
justice, be considered due to accident. In whatever
manner facts may be presented to the notice of a disco-
verer, they can never become the materials of exact
knowledge, except they find his mind already provided
with precise and suitable conceptions by which they may
be analysed and connected. Indeed, as we have already
seen, facts cannot be observed as Facts, except in virtue
of the Conceptions which the observer® himself uncon-
sciously supplies; and they are not Facts of Observa-
tion for any purpose of Discovery, except these familiar
and unconscious acts of thought be themselves of a
just and precise kind. But supposing the Facts to be
adequately observed, they can never be combined into
any new Truth, except by means of some new Concep-
tions, clear and appropriate, such as I have endeavoured
to characterize. When the observer’s mind is pre-
pared with such instruments, a very few facts, or it
may be a single one, may bring the process of disco-
very into action. But in such cases, this previous
condition of the intellect, and not-the single fact, is
really the main and peculiar cause of the success. The
fact is merely the occasion by which the engine of
discovery is brought into play sooner or later. It is,
as I have elsewhere said, only the spark which dis-
charges a gun already loaded and pointed; and there

2 B. i. of this vol. Aphorism IIL
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is little propriety in speaking of such an accident as
the cause why the bullet hits the mark. If it were
true that the fall of an apple was the occasion of New-
ton’s pursuing the train of thought which led to the
doctrine of universal gravitation, the habits and con-
stitution of Newton’s intellect, and not the apple, were
the real source of this great event in the progress of
knowledge. The common love of the marvellous, and
the vulgar desire to bring down the greatest achieve-
ments of genius to our own level, may lead men to
ascribe such results to any casual circumstances which
accompany them; but no one who fairly considers the
real nature of great discoveries, and the intellectual
processes which they involve, can seriously hold the
opinion of their being the effect of accident.

19. Such accidents never happen to common men.
Thousands of men, even of the most inquiring and
speculative men, had seen bodies fall ; but who, except
Newton, ever followed the accident to such conse-
quences? And in fact, how little of his train of
thought was contained in, or even directly suggested
by, the fall of the apple! If the apple fall, said the
discoverer, ‘why should not the moon, the planets, the
satellites, fall?” But how much previous thought,—
what a steady conception of the universality of the
laws of motion gathered from other sources,—were
requisite, that the inquirer should see any connexion
in these cases! Was it by accident that he saw in the
apple an image of the moon, and of every body in the
solar system?

20. The same observations may be made with re-
gard to the other cases which are sometimes adduced
as examples of accidental discovery. It has been said,
‘By the accidental placing of a rhomb of calcareous
spar upon a book or line Bartholinus discovered the
property of the Double Refraction of light.” But Bar-
tholinus could have seen no such consequence in the
accident if he had not previously had a clear concep-
tion of single refraction. A lady, in describing an
optical experiment which had been shown her, said of
her teacher, ‘He told me to increase and diminish
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the angle of refraction, and at last I found that he only
meant me to move my head up and down.’ At any
rate, till the lady had acquired the notions which the
technical terms convey, she could not have made
Bartholinus’s discovery by means of his accident. ‘By
accidentally combining two rhombs in different posi-
tions,’ it is added, ¢ Huyghens discovered the Polari-
zation of Light.” Supposing that this experiment had
been made without design, what Huyghens really
observed was, that the images appeared and disap-
peared alternately as he turned one of the rhombs
round. But was it an easy or an obvious business to
analyze this curious alternation into the circumstances
of the rays of light having sides, as Newton expressed
it, and into the additional hypotheses which are im-
plied in the term ¢polarization’? Those will be able
to answer this question, who have found how far from
easy it is to understand clearly what is meant by
¢ polarization’ in this case, now that the property is
fully established. Huyghens’s success depended on his
clearness of thought, for this enabled him to perform
the intellectual analysis, which never would have occur-
red -to most men, however often they had ‘accidentally
combined two rhombs in different positions.” ¢ By acci-
dentally looking through a prism of the same sub-
stance, and turning it round, Malus discovered the
polarization of light by reflection.” Malus saw that,
in some positions of the prism, the light reflected
from the windows of the Louvre thus seen through
the prism, became dim. A common man would have
supposed this dimness the result of accident; but
Malus’s mind was differently constituted and disci-
plined. He considered the position of the window,
and of the prism ; repeated the experiment over and
over; and in virtue of the eminently distinct concep-
tions of space which he possessed, resolved the pheno-
mena into its geometrical conditions. A believer in
accident would not have sought them; a person of
less clear ideas would not have found them. A person
must have a strange confidence in the virtue of chance,
and the worthlessness of intellect, who can say that



EXPLICATION OF CONCEPTIONS. 49

‘in all these fundamental discoveries appropriate ideas
had no share,” and that the discoveries ‘might have
been made by the most ordinary observers.’

21. I have now, I trust, shown in various ways,

how the Explication of Conceptions, including in this.

term their clear development from Fundamental Ideas

in the discoverer's mind, as well as their precise ex-

pression in the form of Definitions or Axioms, when
that can be done, is an essential part in the establish-
ment of all exact and general physical truths. In doing
this, I have endeavoured to explain in what sense the
possession of clear and appropriate ideas is a main
requisite for every step in scientific discovery. That it
is far from being the only step, I shall soon have to
show; and if any obscurity remain on the subject
treated of in the present chapter, it will, I hope, be
removed when we have examined the other elements
which enter into the constitution of our knowledge.

NOV. ORG. 4



CHAPTER III.

OF FACTS A8 THE MATERIALS OF SCIENCE.

Avrnorisy IV.

Facts are the materials of science, but all Facts involve
Ideas. Since, in observing Facts, we cannot exclude Ideas,
we must, for the purposes of science, take care that the Ideas
are clear and rigorously applied.

AprHORISM V.

The last Aphorism leads to such Rules as the following :—
That Facts, for the purposes of material science, must involve
Conceptions of the Intellect only, and not Emotions:—That
Facts must be observed with reference to our most exact con-
ceptions, Number, Place, Figure, Motion:—That they must
also be observed with reference to any other exact conceptions
which the phenomena suggest, as Force, in mechanical pheno-
mena, Concord, in musical.

ArHORISM VI

The resolution of complezx Facts into precise and measured
partial Facts, we call the Decomposition of Facts. This
process i requisite for the progress of science, but does not
necessarily lead to progress.

I. E have now to examine how Science is built
up by the combination of Facts. In doing this,
we suppose that we have already attained a supply of
definite and certain Facts, free from obscurity and doubt.
‘We must, therefore, first consider under what condi-
tions Facts can assume this character.
‘When we inquire what Facts are to be made the
materials of Science, perhaps the answer which we
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should most commonly receive would be, that they
must be ZTrue Facts, as distinguished from any mere
inferences or opinions of our own. We should pro-
bably be told that we must be careful in such a case to
consider as Facts, only what we really observe ;—that
we must assert only what we see; and believe nothing
except upon the testimony of our senses.

But such maxims are far from being easy to apply,
as a little examination will convince us.

2. It has been explained, in preceding works,
that all perception of external objects and occur-
rences involves an active as well as a passive process
of the mind ;—includes not only Sensations, but also
Ideas by which Sensations are bound together, and
have a unity given to them. From this it follows, that
there is a difficulty in separating in our perceptions -
what we receive from without, and what we ourselves
contribute from within ;—what we perceive, and what
we infer. In many cases, this difficulty is obvious to
all: as, for example, when we witness the performances
of a juggler or a ventriloquist. In these instances, we
imagine ourselves to see and to hear what certainly we
do not see and hear. The performer takes advantage
of the habits by Which our minds supply interruptions
and infer connexions; and by giving us fallacious indi-
cations, he leads us to perceive as an actual fact, what
does not happen at all. In these cases, it is evident
that we ourselves assist in making the fact; for we
make one which does not really exist. In other cases,
though the fact which we perceive be true, we can
easily see that a large portion of the perception is our
own act; as when, from the sight of a bird of prey we
infer a carcase, or when we read a half-obliterated in-
scription. In the latter case, the mind supplies the
meaning, and perhaps half the letters; yet we do not
hesitate to say that we actually read the inscription.
Thus, in many cases, our own inferences and interpre-
tations enter into our facts. But this happens in
many instances in which it is at first sight less obvious.
When any one has seen an oak-tree blown down by a
strong gust of wind, he does not think of the ozcurrence

—2
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any otherwise than as a Fact of which he is assured by
his senses. Yet by what sense does he perceive the
Force which he thus supposes the wind to exert? By
what sense does he distinguish an Oak-tree from all
other trees? It is clear upon reflexion, that in such
a case, his own mind supplies the conception of extra-
neous impulse and pressure, by which he thus inter-
prets the motions observed, and the distinction of
different kinds of trees, according to which he thus
names the one under his notice. The Idea of Force,
and the idea of definite Resemblances and Differences,
are thus combined with the impressions on our senses,
and form an undistinguished portion of that which we
consider as the Fact. And it is evident that we can in
no other way perceive Force, than by seeing motion;
and cannot give a Name to any object, without not
only seeing a difference of single objects, but supposing
a difference of classes of objects. When we speak as
if we saw impulse and attraction, things and classes,
we really see only objects of various forms and colours,
more or less numerous, variously combined. But do
we really perceive so much as this? When we see the
form, the size, the number, the motion of objects, are
these really mere impressions on our senses, unmo-
dified by any contribution or operation of the mind
itself? A very little attention will suffice to convince
us that this is not the case. When we see a windmill
turning, it may happen, as we have elsewhere noticed’,
that we mistake the direction in which the sails turn:
when we look at certain diagrams, they may appear
either convex or concave: when we see the moon first
in the horizon and afterwards high up in the sky, we
judge her to be much larger in the former than in the
latter position, although to the eye she subtends the
same angle. And in these cases and the like, it has
been seen that the errour and confusion which we thus
“incur arise from the mixture of acts of the mind itself
with impressions on the senses. But such acts are, as
we have also seen, inseparable portions of the process

1 History of Ideas, B. ii. ¢. Vi 8. 6.
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of perception. A certain activity of the mind is in-
volved, not only in seeing objects erroneously, but in
seeing them at all. 'With regard to solid objects, this
is generally acknowledged. 'When we seem to see an
edifice occupying space in all dimensions, we really see
only a representation of it as it appears referred by
perspective to a surface. The inference of the solid
form is an operation of our own, alike when we look at
a reality and when we look at a picture. But we may
go further. Is plane Figure really a mere Sensation?
If we look at a decagon, do we see at once that it has
ten sides, or is it not necessary for us to count them:
and is not counting an act of the mind? All objects
are seen in space ; all objects are seen as one or many :
but are not the Idea of Space and the Idea of Number
requisite in order that we may thus apprehend what
we see? That these Ideas of Space and Number in-y

volve a connexion derived from the mind, and not from "

the senses, appears, as we have already seen, from this,

that those Ideas afford us the materials of universal -

and necessary truths :—such truths as the senses can-

not possibly supply. And thus, even the perception of

such facts as the size, shape, and number of objects,

cannot be said to be impressions of sense, distinct from

all acts of mind, and cannot be expected to be free

f;tm errour on the ground of their being mere observed
acts.

Thus the difficulty which we have been illustrating,
of distinguishing Facts from inferences and from inter-
pretations of facts, is not only-great, but amounts to an
impossibility. The separation at which we aimed in
the outset of this discussion, and which was supposed
to be necessary in order to obtain a firm groundwork
for science, is found to be unattainable. We cannot
obtain a sure basis of Facts, by rejecting all inferences
and judgments of our own, for such inferences and
judgments form an unavoidable element in all Facts.
We cannot exclude our Ideas from our Perceptions,
for our Perceptions involve our Ideas.

3. But still, it cannot be doubted that in selecting
the Facts which are to form the foundation of Science,
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we must reduce them to their most simple and certain
form ; and must reject everything from which doubt or
errour may arise. Now .since this, it appears, cannot
be done, by rejecting the Ideas which all Facts in-
volve, in what manner are we to conform to the ob-
vious maxim, that the Facts which form the basis of
Science must be perfectly definite and certain?

The analysis of facts into Ideas and Sensations,
which we have so often referred to, suggests the an-
swer to this inquiry. We are not able, nor need we
endeavour, to exclude Ideas from our Facts; but we
may be able to discern, with perfect distinctness, the
Tdeas which we include. 'We cannot observe any phe-
nomena without applying to them such Ideas as Space
and Number, Cause and Resemblance, and usually,
several others; but we may avoid applying these Ideas
in a wavering or obscure manner, and confounding
Tdeas with one another. We cannot read any of the
inscriptions which nature presents to us, without in-
terpreting them by means of some language which we
ourselves are accustomed to speak; but we may make
it our business to acquaint ourselves perfectly with the
language which we thus employ, and to interpret it ac-
cording to the rigorous rules of grammar and analogy.

This maxim, that when Facts are employed as the
basis of Science, we must distinguish clearly the Ideas
which they involve, and must apply these in a distinct
and rigorous manner, will be found to be a more pre-
cise guide than we might perhaps at first expect. We
may notice one or two Rules which flow from it.

4. In the first place, Facts, when used as the mate-
rials of physical Science, must be referred to Concep-
tions of the Intellect only, all emotions of fear, admira-
tion, and the like, being rejected or subdued. Thus,
the observations of phenomena which are related as
portents and prodigies, striking terrour and boding
evil, are of no value for purposes of science. The tales
of armies seen warring in the sky, the sound of arms
heard from the clouds, fiery dragons, chariots, swords
seen in the air, may refer to meteorological pheno-
mena; but the records of phenomena observed in the
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state of mind which these descriptions imply can be
of no scientific value. 'We cannot make the poets our
observers.

Armorum sonitum toto Germania ccelo
Audiit ; insolitis tremuerunt motibus Alpes.
Vox quoque per lucos vulgo exaudita silentes
Ingens, et simulacra modis pallentia miris
Visa sub obscurum noctis: pecudesque locute.

The mixture of fancy and emotion with the observation
of facts has often disfigured them to an extent which
is too familiar to all to need illustration. 'We have an
example of this result, in the manner in which Comets
are described in the treatises of the middle ages. In
such works, these bodies are regularly distributed into
several classes, accordingly as they assume the form of
a sword, of a spear, of a cross, and so on. When such
resemblances had become matters of interest, the im-
pressions of the senses were governed, not by the rigor-
ous conceptions of form and colour, but by these as-
sumed images; and under these circumstances, we can
attach little value to the statement of what was seen.

In all such phenomena, the reference of the objects
to the exact Ideas of Space, Number, Position, Motion,
and the like, is the first step of Science: and accord-
ingly, this reference was established at an early period
in those sciences which made an early progress, as, for
instance, Astronomy. Yet even in astronomy there
appears to have been a period when the predominant
conceptions of men in regarding the heavens and the
stars pointed to mythical story and supernatural in-
fluence, rather than to mere relations of space, time,
and motion : and of this primeval condition of those
who gazed at the stars, we seem to have remnants in
the Constellations, in the mythological Names of the
Planets, and in the early prevalence of Astrology. It
was only at a later period, when men had begun to
measure the places, or at least to count the revolutions
of the stars, that Astronomy had its birth.

g And thus we are led to another Rule :—that in
collecting Facts which are to be made the basis of
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Science, the Facts are to be observed, as far as possible,

\ with reference to place, figure, number, motion, and the
like Conceptions; which, depending upon the Ideas of

\Spa/ce and Time, are the most universal, exact, and
simple of our conceptions. It was by ea.rly attention to
these relations in the case of the heavenly bodies, that
the ancients formed the science of Astronomy: it was
by not making precise observations of this kind in the
case of terrestrial bodies, that they failed in framing a
science of the Mechanics of Motion. They succeeded
in Optics as far as they made observations of this na-
ture; but when they ceased to trace the geometrical
paths of rays in the actual experiment, they ceased to
go forwards in the knowledge of this subject.

6. But we may state a further Rule:—that though
these relations of Time and Space are highly important
in almost all Facts, we are not to confine ourselves to
these: but are to consider the phenomena with reference
to other Conceptions algo: it being always understood
that these conceptions are to be made as exact and
rigorous as those of geometry and number. Thus the
science of Harmonics arose from considering sounds
with reference to Concords and Discords; the science
of Mechanics arose from not only observing motions as
they take place in Time and Space, but further, refer-
ring them to Force as their Cause. And in like man-
ner, other sciences depend upon other Ideas, which, as
I have endeavoured to show, are not less fundamental
than those of Time and Space; and like them, capable
of leading to rigorous consequences.

4. Thus the Facts which we assume as the basis of
Science are to be freed from all the mists which ima-
gination and passion throw round them; and to be
separated into those elementary Facts which exhibit
simple and evident relations of Time, or Space, or
Cause, or some other Ideas equally clear. We resolve
the complex appearances which nature offers to us,
and the mixed and manifold modes of looking at these
appearances which rise in our thoughts, into limited,
definite, and clearly-understood portions. This process
we may term the Decomposition of Faets. It is the
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beginning of exact knowledge,—the first step in the
formation of all Science. This Decomposition of Facts
into Elementary Facts, clearly understood and surely
ascertained, must precede all discovery of the laws of
nature.

8. But though this step is necessary, it is not infal-
libly sufficient. It by no means follows that when we
have thus decomposed Facts into Elementary Truths .
of observation, we shall soon be able to combine these,
80 a8 to obtain Truths of a higher and more specula-
tive kind. We have examples which show us how
far this is from being a necessary consequence of the
former step. Observations of the weather, made and
recorded for many years, have not led to any general
truths, forming a science of Meteorology : and although
great numerical precision has been given to such ob-
servations by means of barometers, thermometers, and
other instruments, still, no general laws regulating the
cycles of change of such phenomena have yet been
discovered. In like manner the faces of crystals, and
the sides of the polygons which these crystals form,
were counted, and thus numerical facts were obtained,
perfectly true and definite, but still of no value for
purposes of science. And when it was discovered
what Element of the form of crystals it was important
to observe and measure, namely, the Angle made by
two faces with each other, this discovery was a step of
a higher order, and did not belong to that depart-
ment, of mere exact observation of manifest Facts,
with which we are here concerned.

9- When the Complex Facts which nature offers to
us are thus decomposed into Simple Facts, the decom-
position, in general, leads to the introduction of Terms
and Phrases, more or less technical, by which these
Simple Facts are described. When Astronomy was
thus made a science of measurement, the things mea-
sured were soon described as Hours, and Days, and
Cycles, Altitude and Declination, Phases and Aspects.
In the same manner, in Music, the concords had names
assigned them, as Diapente, Diatessaron, Diapason ; in
studying Optics, the Rays of light were spoken of as
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having their course altered by Reflexion and Refrac-
tion,; and when useful observations began to be made
in Mechanics, the observers spoke of Force, Pressure,
Momentum, Inertia, and the like.

10. When we take phenomena in which the lead-
ing Idea is Resemblance, and resolve them into precise
component Facts, we obtain some kind of Classifica-
tion ; as, for instance, when we lay down certain Rules
by which particular trees, or particular animals are to
be known. This is the earliest form of Natural His-
tory; and the Classification which it involves is that
which corresponds, nearly or exactly, with the usual
Names of the objects thus classified.

11. Thus the first attempts to render observation

, certain and exact, lead to a decomposition of the ob-
vious facts into Elementary Facts, connected by the

i Ideas of Space, Time, Number, Cause, Likeness, and
| others: and into a Classification of the Simple Facts;
a classification more or less just, and marked by Names
either common or technical. Elementary Facts, and
Individual Objects, thus observed and classified, form
the materials of Science; and any improvement in
Classification or Nomenclature, or any discovery of a
Connexion among the materials thus accumulated,
leads us fairly within the precincts of Science. We
must now, therefore, consider the manner in which
Science is built up of such materials ;—the process by
which they are brought into their places, and the tex-
ture of the bond which unites and cements them.



CHAPTER IV.

Or THE COLLIGATION OF FacTs.

Arnmorism VII.

Science begins with common observation of facts; but
even at this stage, requires that the observations be precise.
Hence the sciences which depend upon space and number
were the earliest formed, After common observation, come
Scientific Observation and Experiment.

ApsoRisM VIIIL

The Conceptions by which Facts are bound together, are
suggested by the sagacity of dis ers. This sagacity can-
not be taught. It commonly succeeds by guessing; and this
success seems to consist in framing several tentative hypo-
theses and selecting the right one. But a supply of appro-
priate kypotheses cannot be constructed by rule; -nor without
inventive talent.

Avrmorisy IX.

The truth of tentative hypotheses must be tested by their
application to facts. The discoverer must be ready, care-
Jully to try his hypotheses in this manner, and to reject
them if they will not bear the test, in spite of indolence and
vanity.

1. TYACTS such as the last Chapter speaks of are, by

means of such Conceptions as are described in
the preceding Chapter, bound. together so as to give
rise to those general Propositions of which Science
consists. Thus the Facts that the planets revolve
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about the suun in certain periodic times and at certain
distances, are included and connected in Kepler’s Law,
by means of such Conceptions as the squares of num-
bers, the cubes of distances, and the proportionality of
these quantities. Again the existence of this propor-
tion in the motions of any two planets, forms a set of
Facts which may all be combined by means of the
Conception of a certain central accelerating force, as
was proved by Newton. The whole of our physical
knowledge consists in the establishment of such pro-
positions; and in all such cases, Facts are bound to-
gether by the aid of suitable Conceptions. This part
of the formation of our knowledge I have called the
Colligation of Facts: and we may apply this term to
every case in which, by an act of the intellect, we
establish a precise connexion among the phenomena
which are presented to our senses. The knowledge of
such connexions, accumulated and systematized, is
Science. On the steps by which science is thus col-
lected from phenomena we shall proceed now to make
a few remarks.

2. Science begins with Common Observation of
facts, in which we are not conscious of any peculiar
discipline or habit of thought exercised in observing.
Thus the common perceptions of the appearances and
recurrences of the celestial luminaries, were the first
steps of Astronomy: the obvious cases in which bodies
fall or are supported, were the beginning of Mechanics;
the familiar aspects of visible things, were the origin
of Optics; the usual distinctions of well-known plants,
first gave rise to Botany. Facts belonging to such
parts of our knowledge are noticed by us, and accumu-
- lated in our memories, in the common course of our
habits, almost without our being aware that we are
observing and collecting facts, Yet such facts may
lead to many scientific truths; for instance, in the first
stages of Astronomy (as we have shown in the History)
such facts led to Methods of Intercalation and Rules
of the Recurrence of Eclipses. In succeeding stages
of science, more especial attention and preparation on
the part of the observer, and a selection of certain
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kinds of facts, becomes necessary ; but there is an early
period in the progress of knowledge at which man is
a physical philosopher, without seeking to be so, or
being aware that he is so.

3. But in all stages of the progress, even in that
early one of which we have just spoken, it is neces-
sary, in order that the facts may be fit materials of
any knowledge, that they should be decomposed into
Elementary Facts, and that these should be observed
with precision. Thus, in the first infancy of astro-
nomy, the recurrence of phases of the moon, of places
of the sun’s rising and setting, of planets, of eclipses,
was observed to take place at intervals of certain defi-
nite numbers of days, and in a certain exact order;
and thus it was, that the observations became portions
of astronomical science. In other cases, although the
facts were equally numerous, and their general aspect
equally familiar, they led to no science, because their
exact circumstances were not apprehended. A vague
and loose mode of looking at facts very easily observ-
able, left men for a long time under the belief that a
body, ten times as heavy as another, falls ten times as
fast ;—that objects immersed in water are always mag-
nified, without regard to the form of the surface;—
that the magnet exerts an irresistible force;—that
crystal is always found associated with ice;—and the
like. These and many others are examples how blind
and careless men can be, even in observation of the
plainest and commonest appearances; and they show
us that the mere faculties of perception, although con-
stantly exercised upon innumerable objects, may long
fail in leading to any exact knowledge.

4 If we further inquire what was the favourable
condition through which some special classes of facts
were, from the first, fitted to become portions of sci-
ence, we shall find it to have been principally this;—
that these facts were considered with reference to the
Ideas of Time, Number, and Space, which are Ideas
possessing peculiar definiteness and precision; so that
with regard to them, confusion and indistinctness are
hardly possible. The interval from new moon to new:
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moon was always a particular number of days: the
sun in his yearly course rose and set near to a known
succession of distant objects: the moon’s path passed
among the stars in a certain order:—these are obser-
vations in which mistake and obscurity are not likely
to ocour, if the smallest degree of attention is bestowed
upon the task. To count a number is, from the first
opening of man’s mental faculties, an operation which
no science can render more precise. The relations of
space are nearest to those of number in obvious and
universal evidence. Sciences depending upon these
Ideas arise with the first dawn of intellectual civiliza-
tion. But few of the other Ideas which man employs
in the acquisition of knowledge possess this clearness
!in their common use. The Idea of Resemblance may
, be noticed, as coming next to those of Space and Num-
+ ber in original precision; and the Idea of Cause, in a
/i certain vague and general mode of application, suffi-
cient for the purposes of common life, but not for the
ends of science, exercises a very extensive influence
over men’s thoughts. But the other Ideas on which
science depends, with the Conceptions which arise out
of them, are not unfolded till a much later period of
intellectual progress; and therefore, except in such
limited cases as I have noticed, the observations of
common spectators and uncultivated nations, however
numerous or varied, are of little or no effect in giving
rise to Science.

5. Let us now suppose that, besides common every-
day perception of facts, we turn our attention to some
other occurrences and appearances, with a design of
obtaining from them speculative knowledge. This
process is more peculiarly called Observation, or, when
we ourselves occasion the facts, Fxperiment, But the
same remark which we have already made, still holds
good here. These facts can be of no value, except
they are resolved into those exact Conceptions which
contain the essential circumstances of the case. They
must be determined, not indeed necessarily, as has
sometimes been said, ‘according to Number, Weight,
and Measure; for, as we have endeavoured to show
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in the preceding Books', there are many other Con-
ceptions to which phenomena may be subordinated,
quite different from these, and yet not at all less defi-
nite and precise. But in order that the facts obtained
by observation and experiment may be capable of
being used in furtherance of our exact and solid know-
ledge, they must be apprehended and analysed accord-
ing to some Conceptions which, applied for this pur-
pose, give distinct and definite results, such as can be
steadily taken hold of and reasoned from ; that is, the
facts must be referred to Clear and Appropriate Ideas,
according to the manner in which we have already ex-
plained this condition of the derivation of our know-
ledge. The phenomena of light, when they are such
as to indicate sides in the ray, must be referred to the
Conception of polarization; the phenomena of mix-
ture, when there is an alteration of qualities as well
as quantities, must be combined by a Conception of
elementary composition. And thus, when mere posi-
tion, and number, and resemblance, will no longer an-
swer the purpose of enabling us to connect the facts,
we call in other Ideas, in such cases more efficacious,
though less obvious.

6. But how are we, in these cases, to discover such
Ideas, and to judge which will be efficacious, in leading
to a scientific combination of our experimental data?
To this question, we must in the first place answer,
that the first and great instrument by which facts, so
observed with a view to the formation of exact know-
ledge, are combined into important and permanent
truths, is that peculiar Sagacity which belongs to the
genius of a Discoverer; and which, while it supplies
those distinct and appropriate Conceptions which lead
to its success, cannot be limited by rules, or expressed
in definitions. It would be difficult or impossible to
describe in words the habits of thought which led Ar-
chimedes to refer the conditions of equilibrium on the
Lever to the Conception of pressure, while Aristotle
could not see in them anything more than the results

1 Hiel. of Sci. Id. Bs. v. vi. vii. viil. ix. x,
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of the strangeness of the properties of the circle ;—
ot which impelled Pascal to explain by means of the
Conception of the weight of air, the facts which his
predecessors had connected by the notion of nature’s
horrour of a vacuum ;—or which caused Vitello and
Roger Bacon to refer the magnifying power of a con-
vex lens to the bending of the rays of light towards
the perpendicular by refraction, while others conceived
the effect to result from the matter of medium, with

. no consideration of its form. These are what are com-

monly spoken of as felicitous and inexplicable strokes
of inventive talent; and such, no doubt, they are. No .

. rules can ensure to us similar success in new cases; or

can enable men who do not possess similar endow-

" ments, to make like advances in knowledge.

7. Yet still, we may do something in tracing the
process by which such discoveries are made; and this
it is here our business to do. We may observe that
these, and the like discoveries, are not improperly de-
scribed as happy Guesses; and that Guesses, in these
as in other instances, imply various suppositions made,
of which some one turns out to be the right one. We
may, in such cases, conceive the discoverer as invent-
ing and trying many conjectures, till he finds one
which answers the purpose of combining the scattered
facts into a single rule. The discovery of general
truths from special facts is performed, commonly at
least, and more commonly than at first appears, by
the use of a series of Suppositions, or Hypotheses,
which are looked at in quick succession, and of which
the.one which really leads to truth is rapidly detected,
and when caught sight of, firmly held, verified, and
followed to its consequences. In the minds of most
discoverers, this process of invention, trial, and accept-
ance or rejection of the hypothesis, goes on so rapidly
that we cannot trace it in its successive steps. But in
some instances, we can do so; and we can also see that
the other examples of discovery do not differ essen-
tially from these. The same intellectual operations
take place in other cases, although this often happens
so instantaneously that we lose the trace of the pro-
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gression. In the discoveries made by Kepler, we have
a curious and memorable exhibition of this process in
its details. Thanks to his communicative disposition,
we know that he made nineteen hypotheses with re-
gard to the motion of Mars, and calculated the results
of each, before he established the true doctrine, that
the planet’s path is an ellipse. 'We know, in like man-
ner, that Galileo made wrong suppositions respecting
the laws of falling bodies, and Mariotte, concerning
the motion of water in a siphon, before they hit upon
the correct view of these cases.

8. But it has very often happened in the history of
science, that the erroneous hypotheses which preceded
the discovery of the truth have been made, not by the
discoverer himself, but by his precursors; to whom he
thus owed the service, often an important one in such
cases, of exhausting the most tempting forms of errour.
" Thus the various fruitless suppositions by which Kep-
ler endeavoured to discover the law of refraction, led
the way to its real detection by Snell; Kepler's nume-
rous imaginations concerning the forces by which the
celestial motions are produced,—his ¢physical reason-
ings’ as he termed them,—were a natural prelude to
the truer physical reasonings of Newton. The various
hypotheses by which the suspension of vapour in air
had been explained, and their failure, left the field
open for Dalton with his doctrine of the mechanical
mixture of gases. In most cases, if we could truly
analyze the operation of the thoughts of those who
make, or who endeavour to make discoveries in sci-
ence, we should find that many more suppositions pass
through their minds than those which are expressed
in words; many a possible combination of conceptions
is formed and soon rejected. There is a constant in-
vention and activity, a perpetual creating and selecting

wer at work, of which the last results only are ex-
hibited to us. Trains of hypotheses are called up and
pass rapidly in review; and the judgment makes its
choice from the varied group.

It would, however, be a great mistake to sup-
pose that the hypotheses, among which our choice thug
NOV. ORG. 5
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lies, are constructed by an enumeration of obvious
cases, or by a wanton alteration of relations which
occur in some first hypothesis. It may, indeed, some-
times happen that the proposition which is finally
established is such as may be formed, by some slight
alteration, from those which are justly rcjected. Thus
Kepler's elliptical theory of Mars's motions, involved
relations of lines and angles much of the same nature
as his previous false suppositions: and the true law of
refraction so much resembles those erroneous ones
which Kepler tried, that we cannot help wondering
how he chanced to miss it. But it more frequently
happens that new truths are brought into view by the
application of new Ideas, not by new modifications of
old ones. The cause of the properties of the Lever
was learnt, not by introducing any new geometrical
combination of lines and circles, but by referring the
properties to genuine mechanical Conceptions. When
the Motions of the Planets were to be explained, this
was done, not by merely improving the previous no-
tions, of cycles of time, but by introducing the new
conception of epicycles in space. The doctrine of the
Four Simple Elements was expelled, not by forming
any new scheme of elements which should impart,
according to new rules, their sensible qualities to their
compounds, but by considering the elements of bodies
as neutralizing each other. The Fringes of Shadows
could not be explained by ascribing new properties to
the single rays of light, but were reduced to law by
refeiring them to the interference of several rays.

Since the true supposition is thus very frequently
something altogether diverse from all the obvious con-
jectures and combinations, we see here how far we are
from being able to reduce discovery to rule, or to give
any precepts by which the want of real invention and
sagacity shall be supplied. 'We may warn and en-
courage these faculties when they exist, but we cannot
create them, or make great discoveries when they are
absent.

10. The Conceptions which a true theory requires
are very often clothed in a Hypothesis which connects
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with them several superfluous and irrelevant circum-
stances. Thus the Conception of the Polarization of
Light was originally represented under the image of
particles of light having their poles all turned in the
same direction, The Laws of Heat may be made out

rhaps most conveniently by conceiving Heat to be
a Fluid. The Attraction of Gravitation might have
been successfully applied to the explanation of facts, if
Newton had throughout treated Attraction as the re-
sult of an Ether diffused through space; a supposition
which he has noticed as a possibility. The doctrine of
Definite and Multiple Proportions may be conveniently
expressed by the hypothesis of Atoms. In such cases,
the Hypothesis may serve at first to facilitate the in-
troduction of a new Conception. Thus a pervading
Ether might for a time remove a difficulty, which some
persons find considerable, of imagining a body to exert
force at a distance. A Particle with Poles is more
easily conceived than Polarization in the abstract.
And if hypotheses thus employed will really explain
the facts by means of a few simple assumptions, the
laws so obtained may afterwards be reduced to a sim-
pler form than that in which they were first suggested.
The general laws of Heat, of Attraction, of Polariza-
tion, of Multiple Proportions, are now certain, what-
ever image we may form to ourselves of their ultimate
causes.

11. In order, then, to discover scientific truths, sup-
positions consisting either of new Conceptions, or of
new Combinations of old ones, are to be made, till we
find one supposition which succeeds in binding together
the Facts. But how are we to find this? How is the
trial to be made? What is meant by ‘success’ in these
cases? To this we reply, that our inquiry must be,
whether the Facts have the same relation in the Hypo-
thesis which they have in reality ;—whether the results
of our suppositions agree with the phenomena which
nature presents to us. For this purpose, we must
both carefully observe the phenomena, and steadily
trace the consequences of our assumptions, till we can

5—2
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bring the two into comparison. The Conceptions which
our hypotheses involve, being derived from certain
- Fundamental Ideas, afford a basis of rigorous reasoning,
- a8 we have shown in the Books of the History of those
Ideas. And the results to which this reasoning leads,
will be susceptible of being verified or contradicted by
observation of the facts. .Thus the Epicyclical Theory
of the Moon, once assumed, determined what the
moon’s place among the stars ought to be at any given
time, and could therefore be tested by actually observ-
ing the moon’s places. The doctrine that musical
strings of the same length, stretched with weights of
1, 4, 9, 16, would give the musical intervals of an oc-
tave, a fifth; & fourth, in succession, could be put to the
trial by any one whose ear was capable of appreciating
~ those intervals: and the inference which follows from
- this doctrine ‘by numerical reasoning,—that there must
be certain imperfections in the concords of every mu-
sical scalé,—could in like manner be confirmed by try-
ing various modes of Temperament. In like manner
all received theories in science, up to the present time,
have been established by taking up some supposition,
and comparing it, directly or by means of its remoter
consequences, with the facts it was intended to embrace:
Its agreement, under certain cautions and conditions,
of which we may hereafter speak, is held to be the evi-
dence of its truth. It answers its genuine purpose,
the Colligation of Facts. .

12. When we have, in any subject, succeeded in one
attempt of this kind, and obtained some true Bond of
Unity by which the phenomena are held together, the
subject is open to further prosecution; which ulterior
process may, for the most part, be conducted in & more
formal and technical manner. The first great outline
of the subject is drawn; and the finishing of the re-
semblance of nature demands & more minute pencilling,
but perhaps requires less of genius in the master. In
the pursuance of this-task, rules and precepts may be
given, and features and leading circumstances pointed
out, of which it may often be useful to the inquirer to
be aware,
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Before proceeding further, I shall speak of some
characteristic ‘marks which belong to such scientific
processes as are now the subject of our consideration,
and which may sometimes aid us in determining when
the task has been rightly executed.
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CHAPTER V.

OF CERTAIN CHARACTERISTICS OF SCIENTIFIC
INDUCTION.

ApHorisM X.'

The process of scientific discovery is cautious and rigorous,
not by abstaining from hypotheses, but by rigorously com-
paring hypotheses with facts, and by resolutely rejecting all
which the comparison does not confirm.

ArpHorIsM XI.

Hypotheses may be useful, though involving much that is
superfluous, and even erromeous: for they may supply the
true bond of connexion of the facts; and the superfluity and
errour may afterwards be pared away.

AvpnorisM XIIT.

It i3 @ test of true theories mot cmly to account for, but to/
predict phenomena.

ApsorisM XIII.

Induction is a term applied to describe the process of a
true Colligation of Facts by means of an exact and appro-
priate Conception. An Induction is also employed to denote
the proposition which results from this process.

AvrnorisM XIV.

The Cousilience of Inductions takes place when an
Induction, obtained from one class of facts, coincides with
an Induction, obtained from another different class. This
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Consilience is a test of the truth of the Theory in which it
occurs. ’

APHORISM XV'.

An Induction is not the mere sum of the Facts which are
colligated. The Facts are not only brought together, but seen
in @ new point of view. A new mental Element is super-
induced; and a peculiar constitution and discipline of mind
are requisite in order to make this Induction.

ArnorisM XVI.

Although in Every Induction a new conception is super-
induced upon the Facts; yet this once effectually done, the
Rovelty of the conception is overlooked, and the conception is |,

considered as a part of the fact.

Secr. IL—Invention a part of Induction.

"1. [PHE two operations spoken of in the preceding
chapters,—the Explication of the Conceptions

of our own minds, and the Colligation of observed Facts
by the aid of such Conceptions,—are, as we have just
said, inseparably connected with each other. When
united, and employed in collecting knowledge from the
phenomena which the world presents to us, they con-
stitute the mental process of [nduction ; which is usu-
ally and justly spoken of as the genuine source of all
our real general knowledge respecting the external
world. And we see, from the preceding analysis of
this process into its two constituents, from what origin
it derives each of its characters. It is real, because it
arises from the combination of Real Facts, but it is
general, bedause it implies the possession of General
Ideas. Without the former, it would not be know-
ledge of the External World; without the latter, it
would not be Knowledge at all. 'When Ideas and
Facts are separated from each other, the negleot of
Facts gives rise to empty speculations, idle subtleties,
visionary inventions, false opinions concerning the laws
of phenomena, disregard of the true aspect of nature:
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‘while the want of Ideas leaves the mind overwhelmed,
bewildered, and stupified by particular sensations, with
no means of connecting the past with the future, the
absent with the present, the example with the rule;
open to the impression of all appearances, but capable
. of appropriating none. Ideas are thesForm, facts the
Material, of our structure. Knowledge does not con-
sist in the empty mould, or in the brute mass of mat-
ter, but in the rightly-moulded substance. Induction
gathers general truths from particular facts ;—and in
her harvest, the corn and the reaper, the solid ears and
the binding band, are alike requisite. ~All our know-
ledge of nature is obtained by Induction; the term
being understood according to the explanation we have
now given. And our knowledge is then most com-
plete, then most truly deserves the name of Science;
when both its elements are most perfect ;—when the
Ideas which have been concerned in its formation have,
at every step, been clear and consistent; and when
they have, at every step also, been employed in bind-
ing together real and certain Facts. Of such Induc-
tion, I have already given so many examples and illus-
trations in the two preceding chapters, that I need not
now dwell further upon the subject.

2. Induction is familiarly spoken of as the process
by which we collect a General Proposition from a num-
ber of Particular Cases: and .it appears to be fre-
quently imagined that the general proposition results
from a mere juxta-position of the cases, or at most, from
merely conjoining and extending them. But if we
consider the process more closely, as exhibited in the
cases lately spoken of, we shall perceive that this is an
inadequate account of the matter. The particular
facts are not merely brought together, but there is a
New Element added to the combination by the very
act of thought by which they are combined. There is
a Conception of the mind introduced in the general
proposition, which did not exist in any of the observed
facts. 'When the Greeks, after long observing the
motions of the planets, saw that these motions might
be rightly considered as produced by the motion of one
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wheel revolving in the inside of another wheel, these
‘Wheels were Creations of their minds, added to the
Facts which they perceived by sense. And even if the
wheels were no longer supposed to be material, but
were reduced to mere geometrical spheres or circles,
they were not the less products of the mind alone,—
something additional to the facts observed. The same
is the case in all other discoveries. The facts are
known, but they are insulated and unconnected, till
the discoverer supplies from his own stores a Principle
of Connexion. The pearls are there, but they will not
hang together till some one provides the String. The
distances and periods of the planets were all so many
separate facts; by Kepler's Third Law they are con-
nected into a single truth: bat the Conceptions which
this law involves were supplied by Kepler’s mind, and
without these, the facts were of no avail. The planets
described ellipses round the sun, in the contemplation
of others as well as of Newton ; but Newton conceived
the deflection from the tangent in these elliptical mo-
tions in a new light,—as the effect of a Central Force
following a certain law ; and then it was, that such a
force was discovered truly to exist.

Thus' in each inference made by Induction, there is
introduced some General Conception, which is given,
not by the phenomena, but by the mind. The con-
clusion is not contained in the premises, but includes
them by the introduction of a New Generality. In
order to obtain our inference, we travel beyond the
cases which we have before us; we consider them as

mere exemplifications of some Ideal Case in which the ¥

relations are complete and intelligible. We take a
Standard, and measure the facts by it; and this
Standard is constructed by us, not offered by Nature.
We assert, for example, that a body left to itself will
move on with unaltered velocity ; not because our
senses ever disclosed to us a body doing this, but be-
cause (taking this as our Ideal Case) we find that all

1 T repeat here remarks made at the end of the Mechanical Euclid, p. 178.

-
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actual cases are intelligible and explicable by means of
the Conception of Forces, causing change and motion,
and exerted by surrounding bodies. In like manner,
we see bodies striking each other, and thus moving and
stopping, accelerating and retarding each other: but
in all this, we do not perceive by our senses that
abstract quantity, Momentum, which is always lost by
one body as it is gained by another. This Momentum
is a creation of the mind, brought in among the facts,
in order to convert their apparent confusion into order,
their seeming chance into certainty, their perplexing
variety into simplicity. This the Conception of Mo-
mentum gained and lost does: and in like manner, in
any other case in which a truth is established by In-
duction, some Conception is introduced, some Idea is
applied, as the means of binding together the facts,
and thus producing the truth.

3. Hence in every inference by Induction, there is
some Conception superinduced upon the Facts: and
we may henceforth conceive this to be the peculiar
import of the term Induction. I am not to be under-
stood as asserting that the term was originally or
anciently employed with this notion of its meaning ;
for the peculiar feature just pointed out in Induction
has generally been overlooked. This appears by the
accounts generally given of Induction. ¢Induction,’
says Aristotle®, ‘is when by means of one extreme
term ® we infer the other extreme term to be true of
the middle term.” Thus, (to take such exemplifications
a8 belong to our subject,) from knowing that- Mercury,
Venus, Mars, describe ellipses about the Sun, we infer
that all Planets describe ellipses about the Sun. In
making this inference syllogistically, we assume that
the evident proposition, ¢ Mercury, Venus, Mars, do
what all Planets do, may be taken conversely, ‘ All

2 Analyt. Prior. lib. ii. ¢ xxiil. ITept mijs émaywyis.

3 The syllogism here alluded to would be this:—
Mercury, Venus, Mars, describe ellipses about the Sun;
All Planets do what Mercury, Venus, Mars, do ;
Therefore all Planets describe ellipses about the Sun,
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Planets do what Mercury, Venus, Mars, do.” But we
may remark that, in this passage, Aristotle (as was
natural in his line of discussion) turns his attention
entirely to the evidence of the inference ; and overlooks
a step which is of far more importance to our know-
ledge, namely, the invention of the second extreme
term. In the above instance, the particular luminaries,
Mercury, Venus, Mars, are one logical Extreme,; the
general designation Planets is the Middle Term; but
having these before us, how do we come to think of
description of ellipses, which is the other Extreme
of the syllogism? When we have once invented this
‘second Extreme Term,” we may, or may not, be satis-
fied with the evidence of the syllogism; we may, or
may not, be convinced that, so far as this property
goes, the extremes are co-extensive with the middle
term*; but the statement of the syllogism is the im-
portant step in science. We know how long Kepler
laboured, how hard he fought, how many devices be
tried, before he hit upon this Zerm, the Elliptical
Motion. He rejected, as we know, many other ¢second
extreme Terms,’ for example, various combinations of
epicyclical constructions, because they did not represent
with sufficient accuracy the special facts of observa-
tion. When he had established his premiss, that ‘Mars
does describe an Ellipse about the Sun,” he does not
hesitate to guess at least that, in this respect, he might
convert the other premiss, and assert that ¢ All the
Planets do what Mars does” But the main business
was, the inventing and verifying the proposition re-
specting the Ellipse. The Invention of the Conception
was the great step in the discovery,; the Verification of
the Proposition was the great step in the proof of the
discovery. If Logic consists in pointing out the con-
ditions of proof, the Logic of Induction must consist in
showing what are the conditions of proof, in such infer-
ences as this : but this subject must be pursued in the
next chapter; I now speak principally of the act of

-8 Ei odv dvriorpéper T T 7¢ B xail puy Smeprelves 75 péoov.—Aristot. Ihid,
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Invention, which is requisite in every inductive in-
ference.

4 Although in every inductive inference, an act of
invention is requisite, the act soon slips out of notice.
Although we bind together facts by superinducing
upon them a new Conception, this Conception, once
introduced and applied, is looked upon as inseparably
connected with the facts, and necessarily implied in
them. Having once had the phenomena bound to-
gether in their minds in virtue of the Conception, men
can no longer easily restore them back to the detached
and incoherent condition in which they were before
they were thus combined. The pearls once strung,
they seem to form a chain by their nature. Induction
has given them a unity which it is so far from costing
us an effort to preserve, that it requires an effort to -
imagine it dissolved. For instance, we usually repre-
sent to ourselves the Earth as round, the Earth and
the Planets as revolving about the Sun, and as drawn
to the Sun by a Central Force; we can hardly under-
stand how it could cost the Greeks, and Copernicus,
and Newton, so much pains and trouble to arrive at a
view which to us is so familiar. These are no longer .
to us Conceptions caught hold of and kept hold of by
a severe struggle; they are the simplest modes of con-
ceiving the facts: they are really Facts. We are will-
ing to own our obligation to those discoverers, but we
hardly feel it : for in what other manner (we ask in
our thoughts) could we represent the facts to our-
selves 1

Thus we see why it is that this step of which we
now speak, the Invention of a new Conception in
every inductive inference, is so generally overlooked
that it has hardly been noticed by preceding philoso-
phers. Wheun once performed by the discoverer, it
takes a fixed and permanent place in the understanding
of every one. It is a thought which, once breathed
forth, permeates all men’s minds. All fancy they
nearly or quite knew it before. It oft was thought, or
almost thought, though never till now expressed. Men
accept it and retain it, and know it cannot be taken
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from them, and look upon it as their own. They will not
and cannot part with it, even though they may deem
it trivial and obvious. It is a secret, which once
uttered, cannot be recalled, even though it be despised
by those to whom it is imparted. As soon as the lead-
ing term of a new theory has been prouounced and
understood, all the phenomena change their aspect.
There is a standard to which we cannot help referring
them. We cannot fall back into the helpless and
bewildered state in which we gazed at them when we
possessed no principle which gave them unity. Eclipses
arrive in mysterious confusion: the notion of a Cycle
dispels the mystery. The Planets perform a tangled
and mazy dance; but Epicycles reduce the maze to
order. The Epicycles themselves run into confusion ;
the conception of an Ellipse makes all clear and simple.
And thus from stage to stage, new elements of intel-
ligible order are introduced. But this intelligible order
is so completely adopted by the human understanding,
as to seem part of its texture. Men ask Whether
Eclipses follow a Cycle; Whether the Planets describe
Fllipses; and they imagine that so long as they do not
answer such questions rashly, they take nothing for
granted. They do not recollect how much they assume
in asking the question:—how far the conceptions of
Cycles and of Ellipses are beyond the visible surface of
the celestial phenomena :—how many ages elapsed,
how much thought, how much observation, were
needed, before men’s thoughts were fashioned into the
words which they now so familiarly use. And thus
they treat the subject, as we have seen Aristotle treat-
ing it; as if it were a question, not of invention, but
of proof ; not of substance, but of form : as if the main
thing were not what we assert, but how we assert it.
But for our purpose, it is requisite to bear in mind the
feature which we have thus attempted to mark ; and
to recollect that, in every inference by induction, there
is a Conception supplied by the mind and superinduced
upon the Facts.

5. In collecting scientific truths by Induction, we
often find (as has already been observed) a Definition
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and a Proposition established at the same time,—in-
troduced together, and mutually dependent on each
other. The combination of the two constitutes the
Inductive act; and we may consider the Definition as
representing the superinduced Conception, and the
Proposition as exhibiting the Colligation of Facts,

Secr. IL— Use of Hypotheses.

6. To discover a Conception of the mind which will
justly represent a train of observed facts is, in some
measure, a process of conjecture, as I have stated al-
ready; and as I then observed, the business of conjee-
ture is commonly conducted by calling up before our
minds several suppositions, and selecting that one which
most agrees with what we know of the observed facts.
Hence he who has to discover the laws of nature may
have to invent many suppositions before he hits upon
the right one; and among the endowments which lead
to his success, we must reckon that fertility of inven-
tion which ministers to him such imaginary schemes,
till at last he finds the one which conforms to the true
order of nature. A facility in devising hypotheses,
therefore, is so far from being a fault in the intellec-
tual character of a discoverer, that it is, in truth, a
faculty indispensable to his task. It is, for his pur-
poses, much better that he should be too ready in con-
triving, too eager in pursuing systems which promise
to introduce law and order among a mass of unarranged
facts, than that he should be barren of such inventions
and hopeless of such success. Accordingly, as we have
already noticed, great discoverers have often invented
hypotheses which would not answer to all the facts, as
well as those which would; and have fancied them-
selves to have discovered laws, which a more careful
examination of the facts overturned.

The tendencies of our speculative nature’, carrying

8 I here take the liberty of charac- the History of Science, I have em-
terizing inventive minds in general ployed in reference to particular ex-
in the same phraseology which, in amples, These expressions are what
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us onwards in pursuit of symmetry and rule, and thus
producing all true theories, perpetually show their
vigour by overshootmg the mark. They obtain some-
thing, by a.lmmg at much more. They detect the order
and connexion which exist, by conceiving

relations of order and connexion which have no exist-
ence. Real discoveries are thus mixed with baseless
assumptions; profound sagacity is combined with fan-
ciful conjecture; not rarely, or in peculiar instances,
but commonly, and in most cases ; probably in all, if we
could read the thoughts of discoverers as we read the
books of Kepler. -To try wrong guesses is, with most
persons, the only way to hit upon right ones. The
character of the true philosopher is, not that he never
conjectures hazardously, but that his conjectures are
clearly conceived, and brought into rigid contact with
facts. He sees and compares distinctly the Ideas and
the Things ;—the relations of his notions to each other
and to phenomena. Under these conditions, it is not
only excusable, but necessary for him, to snatch at
every semblance of general rule,—to try all promising
forms of simplicity and symmetry.

Hence advances in knowledge® are not commonly
made without the previous exercise of some boldness
and license in guessing. The discovery of new truths
requires, undoubtedly, minds careful and scrupulous in
examining what is suggested; but it requires, no less,
such as are quick and fertile in suggesting. What is
Invention, except the talent of rapidly calling before us
the many possibilities, and selecting the appropriate
one? It is true, that when we have rejected all the
inadmissible suppositions, they are often quickly for-
gotten; and few think it necessary to dwell on these
discarded hypotheses, and on the process by which they
were condemned. But all who discover truths, must
have reasoned upon many errours to obtain each truth ;

1 have used in speaking of the disco- ion of Kepler’s speculations, and

veries of Copernicus.—Hist. Ind. Sc. are illustrated by reference to his

b.v.c il discoveries.—Hist. Ind. Sc. b. v. ¢. iv,
4 These observations are made on sect. r.
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every accepted doctrine must have been one chosen
out of many candidates. If many of the guesses of
philosophers of bygone times now appear fanciful and
absurd, because time and observation have refuted them,
others, which were at the time equally gratuitous, have
been confirmed in a manner which makes them appear
- marvellously sagacious. To form hypotheses, and then
to employ much labour and skill in refuting them, if
they do not succeed in establishing them, is a part of
the usual process of inventive minds. Such a proceed-
ing belongs to the rule of the genius of discovery,
rather than (as has often been taught in modern times)
to the exception. :

- 4. But if it be an advantage for the discoverer of
truth that he be ingenious and fertile in inventing
hypotheses which may connect the phenomena of na-
ture, it is indispensably requisite that he be diligent
and eareful in comparing his hypotheses with the facts,
and ready to abandon his invention as soon as it ap-
pears that it does not agree with the course of actual
occurrences. This constant comparison of his own
conceptions and supposition with observed facts under
all aspects, forms the leading employment of the dis-
coverer: this candid and simple love of truth, which
makes him willing to suppress the most favourite pro-.
duction of his own ingenuity as soon as it appears to
be at variance with realities, constitutes the first cha-
racteristic of his temper. He must have neither the
blindness which cannot, nor the obstinacy which will
not, perceive the discrepancy of his fancies and his
facts. He must allow no indolence, or partial views,
or self-complacency, or delight in seeming demonstra-
tion, to make him tenacious of the schemes which he
devises, any further than they are confirmed by their
accordance with nature. The framing of hypotheses
is, for the inquirer after truth, not the end, but the
beginning of his work. Each of his systems is in-
vented, not that he may admire it and follow it into
all its consistent consequences, but that he may make
it the occasion of a course of active experiment and
observation. And if the results of this process contra-



CHARACTERISTICS OF SCIENTIFIC INDUCTION. 81

dict his fundamental assumptions, however ingenious,
however symmetrical, however elegant his system may
be, he rejects it without hesitation. He allows no
natural yearning for the offspring of his own mind to
draw him aside from the higher duty of loyalty to his
sovereign, Truth: to her he not only gives his affec-
tions and his wishes, but strenuous labour and scrupu-
lous minuteness of attention.

‘We may refer to what we have said of Kepler, New-
ton, and other eminent philosophers, for illustrations
of this character. In Kepler we have remarked’ the
courage and perseverance with which he undertook and
executed the task of computing his own hypotheses:
and, as a still more admirable characteristic, that he
never allowed the labour he had spent upon any con-
jecture to produce any reluctance in abandoning the
hypothesis, as soon as he had evidence of its inac-
curacy. And in the history of Newton’s discovery
that the moon is retained in her orbit by the force of
gravity, we have noticed the same moderation in main-
taining the hypothesis, after it had once occurred to
the author’s mind. The hypothesis required that the
peon~ghould fall from the tangent of her orbit every
second/through a space of sixteen feet; but according
to His first calculations it appeared that in fact she only
fell through a space of thirteen feet in that time. The
difference seems small, the approximation encouraging,
the theory plausible; a man in love with his own fan-
cies would readily have discovered or invented some
probable cause of the difference. But Newton acqui-
esced in it as a disproof of his conjecture, and ‘laid
aside at that time any further thoughts of this matters.’

8. It has often happened that those who have under-
taken to instruct mankind have not possessed this pure
love of truth and comparative indifference to the main-
tenance of their own inventions. Men have frequently
adhered with great tenacity and vehemence to the hy-
potheses which they have once framed; and in their

7 Hist. Ind. Se. b. v. ¢ iv, sect. 1.
8 Hist, Ind. Sc. b. vil. c. il sect. 3.
NOV. ORG. 6
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affection for these, have been prone to overlook, to dis-
tort, and to misinterpret facts. In this manner, Hypo-
theses have so often been prejudicial to the genuine
pursuit of truth, that they have fallen into a kind of
obloquy; and have been considered as dangerous temp-
tations and fallacious guides. Many warnings have
been uttered against the fabrication of hypotheses, by
those who profess to teach philosophy ; many disclaimers
of such a course by those who cultivate science.

Thus we shall find Bacon frequently discommending
this habit, under the name of ‘anticipation of the mind,’
and Newton thinks it necessary to say emphatically
¢ hypotheses non fingo.” It has been constantly urged
that the inductions by which sciences are formed must
be cautious and rigorous,; and the various imaginations
which passed through Kepler’'s brain, and to which he
has given utterance, have been blamed or pitied, as
lamentable instances of an unphilosophical frame of
mind. Yet it has appeared in the preceding remarks
that hypotheses rightly used are among the helps, far
more than the dangers, of science ;—that scientific in-
duction is not a ‘cautious’ or a ‘rigorous’ process in
the sense of abstaining from such suppositions, but in
not adhering to them till they are confirmed by fact, and
in carefully seeking from facts confirmation or refuta-
tion. Kepler's distinctive character was, not that he was
peculiarly given to the construction of hypotheses, but
that he narrated with extraordinary copiousness and
candour the course of his thoughts, his labours, and
his feelings. In the minds of most persons, as we have
said, the inadmissible suppositions, when rejected, are
soon forgotten: and thus the trace of them vanishes
from the thoughts, and the successful hypothesis alone
holds its place in our memory, But in reality, many
other transient suppositions must have been made by
all discoverers;—hypotheses which are not afterwards
asserted as true systems, but entertained for an in-
stant ; — ‘ tentative hypotheses’ as they have been
called. Each of these hypotheses is followed by its
corresponding train ‘of observations, from which it de-
rives 1ts power of leading to truth. The hypothesis is
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like the captain, and the observations like the soldiers
of an army: while he appears to command them, and
in this way to work his own will, he does in fact derive
all his power of conquest from their obedience, and be-
comes helpless and useless if they mutiny.

Since the discoverer has thus constantly to work his
way onwards by means of hypotheses, false and true,
it is highly important for him to possess talents and
means for rapidly festing each supposition as it offers
itself. In this as in other parts of the work of disco-
very, success has in general been mainly owing to the
native ingenuity and sagucity of the discoverer’s mind.
Yet some Rules tending to further this object have
been delivered by eminent philosophers, and some
others may perhaps be suggested. Of these we shall
here notice only some of the most general, leaving for
a future chapter the consideration of some more
limited and detailed processes by which, in certain
cases, the discovery of the laws of nature may be
materially assisted,

Sectr, TIL—Tests of Hypotheses.

. A maxim which it may be useful to recollect is
this ;—that hypotheses may often be of service to science,
when they involve a certarn portion of incompleteness,
and even of errour. The object of such inventions is to
bind together facts which without them are loose and
detached ; and if they do this, they may lead the way
to a perception of the true rule by which the pheno-
mena are associated together, even if they themselves
somewhat misstate the matter. The imagined arrange-
ment enables us to contemplate, as a whole, a collection
of special cases which perplex and overload our minds
when they are considered in succession; and if our
scheme has so much of truth in it as to conjoin what is
really connected, we may afterwards duly correct or
limit the mechanism of this connexion, If our hypo-
thesis renders a reason for the agreement of cases
really similar, we may afterwards find this reason to be

6—2
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false, but we shall be able to translate it into the lan-
guage of truth.

A conspicuous example of such an hypothesis,—one
which was of the highest value to science, though very
incomplete, and as a representation of nature alto-
gether false,—is seen in the Doctrine of epicycles by
which the ancient astronomers explained the motions
of the sun, moon, and planets. This doctrine con-
nected the places and velocities of these bodies at par-
ticular times in a manner which was, in its general
features, agreeable to nature. Yet this doctrine was
erroneous in its assertion of the circular nature of all
the celestial motions, and in making the heavenly
bodies revolve round the earth. It was, however, of
immense value to the progress of astronomical science ;
for it enabled men to express and reason upon many
important truths which they discovered respecting the
motion of the stars, up to the time of Kepler. Indeed
we can hardly imagine that astronomy could, in its
outset, have made so great a progress under any other
form, as it did in consequence of being cultivated in
this shape of the incomplete and false epicyclical hypo-
thesis.

‘We may notice another instance of an exploded
hypothesis, which is generally mentioned only to be
-ridiculed, and which undoubtedly is both false in the
extent of its assertion, and unphilosophical in its
expression ; but which still, in its day, was not with-
out merit. I mean the doctrine of Nature's horrour
of @ vacuum (fuga vacws), by which the action of
‘siphons and pumps and many other phenomena were
explained, till Mersenne and Pascal taught a truer
doctrine. This hypothesis was of real service; for it
brought together many facts which really belong to
the same class, although they are very different in their
first aspect. A scientific writer of modern times® ap-

to wonder that men did not at once divine the
weight of the air, from which the phenomena formerly
-ascribed to the fuga vacut really result. ¢ Loaded, com-

? Deluc, Modifications de I Atmosphére, Partie 1.
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pressed by the a.tmosphere, he says, ‘they did not
recognize its action. In vain all nature testified that
air was elastic and heavy; they shut their eyes to her
testimony. The water rose in pumps and flowed in
siphons at that time, as it does at this day. They
could not separate the boards of a pair of bellows of
which the holes were stopped; and they could not
bring together the same boards without difficulty, if
they were at first separated. Infants sucked the milk
of their mothers; air entered rapidly into the lungs
of animals at every inspiration; cupping-glasses pro-
duced tumours on the skin; and in spite of all these
striking proofs of the weight and elasticity of the air,
the ancient philosophers maintained resolutely that air
was light, and explained all these phenomena by the
horrour which they said nature had for a vacuum.
It is curious that it should not have occurred to the
author while writing this, that if these facts, so nu-
merous and various, can all be accounted for by one
principle, there is a strong presumption that the prin-
ciple is not altogether baseless. And in reality is it
not true that nature does abhor a vacuum, and does all
she can to avoid it? No doubt this power is not un-
limited ; and moreover we can trace it to a mechanical
cause, the pressure of the circumambient air. But the
tendency, arising from this pressure, which the bodies
surrounding a space void of air have to rush into it,
may be expressed, in no extravagant or unintelligible
manner, by saying that nature has a repugnance to a
vacuum.,

That imperfect and false hypotheses, though they
may thus explain some phenomena, and may be useful
in the progress of science, cannot explain all pheno-
mena ;—and that we are never to rest in our labours
or acquiesce in our results, till we have found some
view of the subject which s consistent with all the ob-
served facts ;—will of course be understood. We shall
afterwards have to speak of the other steps of such a
progress.

10. Thus the hypotheses which we accept ought to
explain phenomena which we have observed. But they
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ought to do more than this: our hypotheses ought to
Joretel phenomena which have not yet been observed ;
at least all phenomena of the same kind as those which
the hypothesis was invented to explain. For our assent
to the hypothesis implies that it is held to be true of all
particular instances. That these cases belong to past or
to future times, that they have or have not already
occurred, makes no difference in the applicability of the
rule to them. Because the rule prevails, it includes all
cases; and will determine them all, if we can only cal-
culate its real consequences. Hence it will predict the
results of new combinations, as well as explain the ap-
pearances which have occurred in old ones. And that
it does this with certainty and correctness, is one mode
in which the hypothesis is to be verified as right and
useful.

The scientific doctrines which have at various periods
been established have been verified in this manner.
For example, the Epicyclical Theory of the heavens
was confirmed by its predicting truly eclipses of the
sun and moon, configurations of the planets, and other
celestial phenomena; and by its leading to the con-
struction of Tables by which the places of the heavenly
bodies were given at every moment of time. The truth
and accuracy of these predictions were a proof that the
hypothesis was valuable, and, at least to a great extent,
true; although, as was afterwards found, it involved a
false representation of the structure of the heavens.
In like manner, the discovery of the Laws of Refrac-
tton enabled mathematicians to predict, by calculation,
what would be the effect of any new form or combina-
tion of transparent lenses. Newton’s hypothesis of
Fits of Easy Transmission and Easy Reflection in the
particles of light, although not confirmed by other
kinds of facts, involved a true statement of the law of
the phenomena which it was framed to include, and
served to predict the forms and colours of thin plates
for a wide range of given cases. The hypothesis that
Light operates by Undulations and Interferences, af-
forded the means of predicting results under a still
larger extent of conditions. In like manner in the
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progress of chemical knowledge, the doctrine of Phlo-
giston supplied the means of foreseeing the consequence
of many combinations of elements, even before they
were tried ; but the Oxygen Theory, besides affording
predictions, at least equally exact, with regard to the .
general results of chemical operations, included all the
facts concerning the relations of weight of the elements
and their compounds, and enabled chemists to foresee
such facts in untried cases. And the Theory of Electro-
magnetic Forces, as soon as it was rightly understood,
enabled those who had mastered it to predict motions
such as had not been before observed, which were ac-
cordingly found to take place.

Men cannot help believing that the laws laid down
by discoverers must be in a great measure identical
with the real laws of nature, when the discoverers thus
determine effects beforehand in the same manner in
which nature herself determines them when the occa-
sion occurs. Those who can do this, must, to a con-
siderable extent, have detected nature’s secret ;—must
have fixed upon the conditions to which she attends,
and must have seized the rules by which she applies
them. Such a coincidence of untried facts with specu-
lative assertions cannot be the work of chance, but im-
plies some large portion of truth in the principles on
which the reasoning is founded. To trace order and
Jaw in that which has been observed, may be considered
as interpreting what nature has written down for us,
and will commonly prove that we understand her
alphabet. But to predict what has not been observed,
is to attempt ourselves to use the legislative phrases of
nature; and when she responds plainly and precisely
to that which we thus utter, we cannot but suppose
that we have in a great measure made ourselves masters
of the meaning and structure of her language. The
prediction of results, even of the same kind as those
which have been observed, in new cases, is a proof of
real success in our inductive processes.

11. We have here spoken of the prediction of
facts of the same kind as those from which our rule
was collected. But the evidence in favour of our
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induction is of a much higher and more forcible cha-
racter when it enables us to explain and determine
cases of a kind different from those which were con-
templated in the formation of our hypothesis. The

. instances in which this has occurred, indeed, impress
us with a conviction that the truth of our hypothesis
is certain. No accident could give rise to such an
extraordinary coincidence. No false supposition could,
after being adjusted to one class of phenomena, exactly
represent a different class, where the agreement was
unforeseen and uncontemplated. That rules springing
from remote and unconnected quarters should thus
leap to the same point, can only arise from that being
the point where truth resides.

Accordingly the cases in which inductions from
classes of facts altogether different have thus jumped
together, belong only to the best established theories
which the history of science contains. And as I shall
have occasion to refer to this peculiar feature in their
evidence, I will take the liberty of describing it by a
particular phrase; and will term it the Consilience of
Inductions.

It is exemplified principally in some of the greatest
discoveries. Thus it was found by Newton that the
doctrine of the Attraction of the Sun varying accord-
ing to the Inverse Square of this distance, which ex-
plained Kepler's Third Law, of the proportionality of
the cubes of the distances to the squares of the periodic
times of the planets, explained also his First and
Second Lanws, of the elliptical motion of each planet;
although no connexion of these laws had been visible
before. Again, it appeared that the force of Universal
Gravitation, which had been inferred from the Pertur-
bations of the moon and planets by the sun and by
each other, also accounted for the fact, apparently
altogether dissimilar and remote, of the Precession of
the equinoxes. Here was a most striking and sur-
prising coincidence, which gave to the theory a stamp
of truth beyond the power of ingenuity to counterfeit.
In like manner in Optics; the hypothesis of alternate
Fits of easy Transmission and Reflection would explain
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the colours of thin plates, and indeed was devised and
adjusted for that very purpose; but it could give no
account of the phenomena of the fringes of shadows.
But the doctrine of Interferences, constructed at first
with reference to phenomena of the nature of the
F'ringes, explained also the Colours of thin plates better
than the supposition of the Fits invented for that very
purpose. And we have in Physical Optics another
example of the same kind, which is quite as striking
as the explanation of Precession by inferences from the
facts of Perturbation. The doctrine of Undulations
propagated in a Spheroidal Form was contrived at first
by Huyghens, with a view to explain the laws of
Double Refraction in cale-spar; and was pursued with
the same view by Fresnel. But in the course of the
investigation it appeared, in a most unexpected and
wonderful manner, that this same doctrine of sphe-
roidal undulations, when it was so modified as to
account for the directions of the two refracted rays,
accounted also for the positions of their Planes of
Polarization; a phenomenon which, taken by itself,
it had perplexed previous mathematicians, even to
represent.

The Theory of Universal Gravitation, and of the
Undulatory Theory of Light, are, indeed, full of exam-
ples of this Consilience of Inductions. With regard to
the latter, it has been justly asserted by Herschel, that
the history of the undulatory theory was a succession
of felicities’’. And it is precisely the unexpected coin-
cidences of results drawn from distant parts of the
subject which are properly thus described. Thus the
Laws of the Modification of polarization to which
Fresnel was led by his general views, accounted for
the Rule respecting the Angle at which light is polar-
1zed, discovered by Sir D. Brewster'®. The concep-
tions of the theory pointed out peculiar Modifications
of the phenomena when Newton’s rings were produced
by polarised light, which modifications were ascer-

10 Hist. Ind. Sec. b. ix. c. xi. sect. 4.
11 Bee Hist. Ind. Sc. b. ix. c¢. xii. 12 Ib. c. xL sect. 4.
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tained to take place in fact, by Arago and Airy'.
When the beautiful phenomena of Dipolarized light
were discovered by Arago and Biot, Young was able
to declare that they were reducible to the general laws
of Interference which he had already established '
And what was no less striking a confirmation of the
truth of the theory, Measures of the same element
deduced from various classes of facts were found to
coincide. Thus the ZLength of a luminiferous undu-
lation, calculated by Young from the measurement of
Fringes of shadows, was found to agree very nearly
with the previous calculation from the colours of Thin
plates™.

No example can be pointed out, in the whole his-
tory of science, so far as I am aware, in which this
Consilience of Inductions has given testimony in
favour of an hypothesis afterwards discovered to be
false. If we take one class of facts only, knowing the
law which they follow, we may construct an hypothe-
sis, or perhaps several, which may represent them :
and as new circumstances are discovered, we may often
adjust the hypothesis so as to correspond to these also.
But when the hypothesis, of itself and without adjust~
ment for the purpose, gives us the rule and reason of a
class of facts not contemplated in its construction, we
have a criterion of its reality, which has never yet
been produced in favour of falsehood.

12. In the preceding Article I have spoken of the
hypothesis with which we compare our facts as being
framed all at once, each of its parts being included in
the original scheme. In reality, however, it often hap-
pens that the various suppositions which our system
contains are added upon occasion of different re-
searches. Thus in the Ptolemaic doctrine of the hea-
vens, new epicycles and eccentrics were added as new
inequalities of the motions of the heavenly bodies were
discovered ; and in the Newtonian doctrine of mate-
rial rays of light, the supposition that these rays had

13 See Hist. Ind. Sc. b. ix. c. xili. sect. 6.
4 Ib. ¢ xl. sect. 5. 15 Jb. c. xi. sect. 2.
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‘fits was added to explain the colours of thin plates;

and the supposition that they had ¢sides’ was intro-

duced on occasion of the phenomena of polarization.

In like manner other theories have heen built up of
devised at different times.

This being the mode in which theories are often
framed, we have to notice a distinction which is found
to prevail in the progress of true and false theories.
In the former class all the additional suppositions tend
to simplicity and harmony; the new suppositions re-
solve themselves into the old ones, or at least require
only some easy modification of the hypothesis first
assumed : the system becomes more coherent as it is
further extended. The elements which we require for
explaining a new class of facts are already contained
in our system. Different members of the theory run
together, and we have thus a constant convergence to
unity. In false theories, the contrary is the case. The
new suppositions are something altogether additional ;
—not suggested by the original scheme; perhaps diffi-
cult to reconcile with it. Every such addition adds to
the complexity of the hypothetical system, which at
last becomes unmanageable, and is compelled to sur-
render its place to some simpler explanation.

Such a false theory, for example, was the ancient
doctrine of eccentrics and epicycles. It explained the
general succession of the Places of the Sun, Moon,
and Planets; it would not have explained the pro-
portion of their Magnitudes at different times, if these
could have been accurately observed; but this the an-
cient astronomers were unable to do. 'When, however,
Tycho and other astronomers came to be able to ob-
serve the planets accurately in all positions, it was
found that no combination of equable circular motions
would exactly represent all the observations. We may
see, in Kepler’s works, the many new modifications of
the epicyelical hypothesis which offered themselves to
him; some of which would have agreed with the phe-
nomensa with a certain degree of accuracy, but not with
so great a degree as Kepler, fortunately for the pro-
gress of science, insisted upon obtaining. After these
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epicycles had been thus accumulated, they all dis-
appeared and gave way to the simpler conception of an
elliptical motion. In like manner, the discovery of new
inequalities in the Moon’s motions encumbered her
system more and more with new machinery, which was
at last rejected all at once in favour of the elliptical
theory. Astronomers could not but suppose them-
selves in a wrong path, when the prospect grew darker
and more entangled at every step.

Again; the Cartesian system of Vortices might be
said to explain the primary phenomena of the revolu-
tions of planets about the sun, and satellites about
planets. But the elliptical form of the orbits required
new suppositions. Bernoulli ascribed this curve to the
shape of the planet, operating on the stream of the
vortex in a manner similar to the rudder of a boat.
But then the motions of the aphelia, and of the nodes,
—the perturbations,—even the action of gravity to-
wards the earth,—could not be accounted for without
new and independent suppositions. Here was none of
the simplicity of truth. The theory of Gravitation,
on the other hand, became more simple as the facts to
be explained became more numerous. The attraction
of the sun accounted for the motions of the planets;
the attraction of the planets was the cause of the mo-
tion of the satellites. But this being assumed, the
perturbations, and the motions of the nodes and aphelia,
only made it requisite to extend the attraction of the
sun to the satellites, and that of the planets to each
other :—the tides, the spheroidal form of the earth,
the precession, still required nothing more than that
the moon and sun should attract the parts of the earth,
and that these should attract each other;—so that
all the suppositions resolved themselves into the single
one, of the universal gravitation of all matter. It is
difficult to imagine a more convincing manifestation of
simplicity and unity.

Again, to take an example from another science;—
the doctrine of Phlogiston brought together many facts
in a very plausible manner,—combustion, acidification,
and others,—and very naturally prevailed for a while.
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But the balance came to be used in chemical opera-
tions, and the facts of weight as well as of combination
were to be accounted for. On the phlogistic theory, it
appeared that this could not be done without a new
supposition, and that, a very strange one;—that phlo-
giston was an element not only not heavy, but ab-
solutely light, so that it diminished the weight of the
compounds into which it entered. Some chemists for a
time adopted this extravagant view; but the wiser of
them saw, in the necessity of such a supposition to the
defence of the theory, an evidence that the hypothesis
of an element phlogiston was erroneous. And the
opposite hypothesis, which taught that oxygen was
subtracted, and not phlogiston added, was accepted
because it required no such novel and inadmissible
assumption.

Again, we find the same evidence of truth in the
progress of the Undulatory Theory of light, in the
course of its application from one class of facts to an-
other. Thus we explain Reflection and Refraction by
undulations; when we come to Thin Plates, the requi-
site ‘fits’ are already involved in our fundamental
hypothesis, for they are the length of an undulation :
the phenomena of Diffraction also require such inter-
vals; and the intervals thus required agree exactly
with the others in magnitude, so that no new property
is needed. Polarization for a moment appears to re-
quire some new hypothesis; yet this is hardly the case ;
for the direction of our vibrations is hitherto arbitrary :
—we allow polarization to decide it, and we suppose
the undulations to be transverse. Having done this
for the sake of Polarization, we turn to the phenomena
of Double Refraction, and inquire what new hypothesis
they require. But the answer is, that they require
none: the supposition of transverse vibrations, which
we have made in order to explain Polarization, gives
us also the law of Double Refraction. Truth may give
rise to such a coincidence; falsehood cannot. Again,
the facts of Dipolarization come into view. But they
hardly require any new assumption ; for the difference
of optical elasticity of crystals in different directions,
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which is already assumed in uniaxal crystals!6, is ex-
tended to biaxal exactly according to the law of sym-
metry; and this being done, the laws of the pheno-
mena, curious and complex as they are, are full
explained, The phenomena of Circular Polarization
by internal reflection, instead of requiring a new hypo-
thesis, are found to be given by an interpretation of
an apparently inexplicable result of an old hypothesis.
The Circular Polarization of Quartz and its Double
Refraction does indeed appear to require & new assump-
tion, but still not one which at all disturbs the form
of the theory; and in short, the whole history of this
theory is a progress, constant and steady, often striking
and startling, from one degree of evidence and consist-
ence to another of a higher order.

In the Emission Theory, on the other hand, as in
the theory of solid epicycles, we see what we may
consider as the natural course of things in the career
of a false theory. Such a theory may, to a certain
extent, explain the phenomena which it was at first
contrived to meet; but every new class of facts requires
a new supposition—an addition to the machinery: and
as observation goes on, these incoherent appendages
accumulate, till they overwhelm and upset the original
frame-work. Such has been the hypothesis of the
Material Emission of light. In its original form, it
explained Reflection and Refraction: but the colours
of Thin Plates added to it the Fits of easy Transmis-
sion and Reflection; the phenomena of Diffraction
further invested the emitted particles with complex
laws of Attraction and Repulsion; Polarization gave
them Sides: Double Refraction subjected them to
peculiar Forces emanating from the axes of the crystal :
finally, Dipolarization loaded them with the complex
and unconnected contrivance of Moveable Polarization :
and even when all this had been done, additional
mechanism was wanting. There is here no unexpected
success, no happy coincidence, no convergence of prin-
ciples from remote quarters. The philosopher builds

.

1¢ Hist. Ind. Sc. b. ix. c. xi. sect. 5,
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the machine, but its parts do not fit. They hold
together only while he presses them, This is not the
character of trath,

As another example of the application of the Maxim
now under consideration, I may perhaps be allowed to
refer to the judgment which, in the History of Ther-
motics, I have ventured to give respecting Laplace’s
Theory of Gases. I have stated, that we cannot help
forming an uufavourable judgment of this theory, by
looking for that great characteristic of true theory;
namely, that the hypotheses which were assumed to
account for one class of facts are found to explain
another class of a different nature. Thus Laplace’s first
suppositions explain the connexion of Compression
with Density, (the law of Boyle and Mariotte,) and
the connexion of Elasticity with Heat, (the law of
Dalton and Gay Lussac). But the theory requires
other assumptions when we come to Latent Heat ; and
yet these new assumptions produce no effect upon the
caleulations in any application of the theory, When
the hypothesis, constructed with reference to the Elas-
ticity and Temperature, is applied to another class of
facts, those of Latent Heat, we have no Simplification
of the Hypothesis, and therefore no evidence of the
truth of the theory.

13. The last two sections of this chapter direct our
attention to two circumstances, which tend to prove, in
a manner which we may term irresistible, the truth of
the theories which they characterize :—the Consilience
of Inductions from different and separate classes of
facts;—and the progressive Simplification of the Theory
as it is extended to new cases. These two Characters
are, in fact, hardly different ; they are exemplified by
the same cases. For if these Inductions, collected from
one class of facts, supply an unexpected explanation of
a new class, which is the case first spoken of, there
will be no need for new machinery in the hypothesis
to apply it to the newly-contemplated facts; and thus,
we have a case in which the system does not become

17 Hist. Ind. Sc. b. x. ¢. iv.
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more complex when its application is extended to a
wider field, which was the character of true theory
in its second aspect. The Consiliences of our Induc-
tions give rise to a constant Convergence of our Theory
towards Simplicity and Unity.

But, moreover, both these cases of the extension of
the theory, without difficulty or new suppositions, to a
wider range and to new classes of phenomena, may be
conveniently considered in yet another point of view ;
namely, as successive steps by which we gradually
ascend in our speculative views to a higher and higher
point of generality. For when the theory, either by
the concurrence of two indications, or by an extension
. without complication, has included a new range of
‘phenomena, we have, in fact, a new induction of a
more general kind, to which the inductions formerly
obtained are subordinate, as particular cases to a gene-
ral proposition. 'We have in such examples, in short,
an instance of successive generalization. This is a sub-
ject of great importance, and deserving of being well
illustrated ; it will come under our notice in the next
chapter.
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Or taE Logic oF INDUCTION.

ArsaorisM XVII.

The Logic of Induction consists n stating the Facts and —
the Inference in such a manner, that the Evidence of the In-
Jerence is manifest; just as the Logic of Deduction consists®
in stating the Premises and the Conclusion in such a manner
that the Evidence of the Conclusion is manifest.

ArsorisM XVIIL

The Logic of Deduction is exhibited by means of a certain
Formula; namely, a Syllogism; and every train of deductive
reasoning, to be demonstrative, must be capable of resolution
into a series of such Formule legitimately constructed. In
like manner, the Logic of Induction may be exhibited by
means of certain Formule; and every train of inductive in-
Jerence, to be sound, must be capable of resolution into a
“scheme of such Formule, legitimately constructed. )

ArHorisM XIX.

The inductive act of thought by which several Facts are
colligated into one Proposition, may be expressed by saying: .
The several Facts are exactly expressed as one Fact, if, M
and only if, we adopt the Conceptions and the Assertion
of the Proposition.

Apnorism XX,

The One Fact, thus inductively obtained from several
Facts, may be combined with other Facts, and colligated
with them by a new act of Induction. This process may be

NOV. ORG. 7
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indefinitely repeated: and these successive processes are the
Steps of Induction, or of Generalization, from the lowest to
the highest.

ApHorIsM XXI.

The relation of the successive Steps of Induction may be
exhibited by means of an Inductive Table, in which the
several Facts are indicated, and tied together by a Bracket,
and the Inductive Inference placed on the other side of the
Bracket; and this arrangement repeated, so as to form a
genealogical Table of each Induction, from the lowest to the
highest.

. Arnorisy XXTL

The Logic of Induction is the Criterion of Truth inferred
Jrom Facts, as the Logic of Deduction is the Criterion of
Truth deduced from necessary Principles. The Inductive
Table enables us to apply such a Criterion; for we can de-
termine whether each Induction is verified and justified by
the Facts which its Bracket includes; and if each induction
in particular be sound, the highest, which merely combines
them all, must necessarily be sound also.

Apsorisy XXIII.

The distinction of Fact and Theory is only relative.
Events and phenomena, considered as Particulars which may
be colligated by Induction, are Facts; considersd as Generali-
ties already obtained by colligation of other Facts, they are
Theories. The same event or phenomenon is a Fact or a
Theory, according as it is considered as standing on one side
or the other of the Inductive Bracket.

1. THE subject to which the present chapter refers

is described by phrases which are at the present
day familiarly used in speaking of the progress of
knowledge. We hear very frequent mention of as-
cending jfrom particular to general propositions, and
from these to propositions still more general ;—of
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truths included in other truths of a higher degree of
generality ;—of different stages of generalization,— -
and of the highest step of the process of discovery, to
which all others are subordinate and preparatory. As
these expressions, so familiar to our ears, especially
since the time of Francis Bacon, denote, very signifi-
cantly, processes and relations which are of great im-
portance in the formation of science, it is necessary for
us to give a clear account of them, illustrated with
general exemplifications; and this we shall endeavour
to do.

‘We have, indeed, already explained that science con-
sists of Propositions which include the Facts from which
they were collected ; and other wider Propositions, col-*
lected in like manner from the former, and including
them. Thus, that the stars, the moon, the sun, rise,
culminate, and set, are facts included in the proposition
that the heavens, carrying with them all the celestial
bodies, have a diurnal revolution about the axis of the
earth. Again, the observed monthly motions of the
moon, and the annual motions of the sun, are included
in certain propositions concerning the movements of
those luminaries with respect to the stars. But all
these propositions are really ¢ncluded in the doctrine
that the earth, revolving on its axis, moves round the
sun, and the moon round the earth. These move-
ments, again, considered as facts, are explained and
included in the statement of the forces which the earth
exerts upon the moon, and the sun upon the earth.
Again, this doctrine of the forces of these three bodies
is encluded in the assertion, that all the bodies of the
solar system, and all parts of matter, exert forces, each
upon each. And we might easily show that all the
leading facts in astronomy are comprehended in the
same generalization. In like manner with regard to
any other science, so far as its truths have been well
established and fully developed, we might show that it
consists of a gradation of propositions, proceeding from
the most special facts to the most general theoretical

. assertions. We shall exhibit this gradation in some of

the principal branches of science.
‘ T—2
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2. This gradation of truths, successively included
in other truths, may be conveniently represented by
Tables resembling the genealogical tables by which the
derivation of descendants from a common ancestor is
exhibited ; except that it is proper in this case to in-
vert the form of the Table, and to make it converge to
unity downwards instead of upwards, since it has for
its purpose to express, not the derivation of many from
one, but the collection of one truth from many things.
Two or more co-ordinate facts or propositions may be
ranged side by side, and joined by some mark of con-
nexion, (a bracket, as ~~—— or ——,) beneath
which may be placed the more general proposition
which is collected by induction from the former. Again,
propositions co-ordinate with this more general one
may be placed on a level with it; and the combination
of these, and the result of the combination, may be
indicated by brackets in the same manner; and so on,
through any number of gradations. By this means
the streams of knowledge from various classes of facts
will constantly run together into a smaller and smaller
number of channels; like the confluent rivulets of a
great river, coming together from many sources, uniting
their ramifications so as to form larger branches, these
again uniting in a single trunk. The genealogical tree
of each great portion of science, thus formed, will
contain all the leading truths of the science arranged
in their due co-ordination and subordination. Such
Tables, constructed for the sciences of Astronomy and
of Optics, will be given at the end of this chapter.

3. The union of co-ordinate propositions into a pro-
position of a higher order, which occurs in this Tree of
Science wherever two twigs unite in one branch, is, in
each case, an example of Induction. The single pro-
position is collected by the process of induction from
its several members. But here we may observe, that
the image of a mere union of the parts at each of these
points, which the figure of a tree or a river presents, is
very inadequate to convey the true state of the case;
for in Induction, as we have seen, besides mere collec-
tion of particulars, there is always a new conception, a
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principle of connexion and unity, supplied by the
mind, and superinduced upon the particulars. There
is not merely a juxta-position of materials, by which
the new proposition contains all that its component
parts contained; but also a formative act exerted by
the understanding, so that these materials are con-
tained in a new shape. We must remember, there-
fore, that our Inductive Tables, although they repre-
sent the elements and the order of these inductive
steps, do not fully represent the whole signification of
the process in each case.

4. The principal features of the progress of science
spoken of in the last chapter are clearly exhibited in
these Tables; namely, the Consilience of Inductions,
and the constant Tendency to Simplicity observable in
true theories. Indeed in all cases in which, from pro-
positions of considerable generality, proposxtlons of a
still higher degree are obtained, there is a convergence
of inductions; and if in one of the lines which thus
converge, the steps be rapidly and suddenly made in
order to meet the other line, we may consider that we
have an example of Consilience. Thus when Newton
had collected, from Kepler's Laws, the Central Force of
the sun, and from these, combined with other facts,
the Universal Force of all the heavenly bodies, he
suddenly turned round to include in his generalization
the Precession of the Equinoxes, which he declared to
arise from the attraction of the sun and moon upon
the protuberant part of the terrestrial spheroid. The
apparent remoteness of this fact, in its nature, from the
other facts with which he thus associated it, causes this
part of his reasoning to strike us as a remarkable ex-
ample of Consilience. Accordingly, in the Table of
Astronomy we find that the columns which contain
the facts and theories relative to the sun and planets,
after exhibiting several stages of induction within
themselves, are at length suddenly connected with
a column till then quite distinct, containing the pre-
cession of the equinoxes. In like manner, in the Table
of Optics, the columns which contain the facts and
theories relative to double refraction, and those which
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include polarization by crystals, each go separately
through several stages of induction; and then these
two sets of columns are suddenly connected by Fres-
nel’s mathematical induction, that double refraction and
polanzatmn arise from the same cause: thus exhibit-
ing a remarkable Consilience.

5. The constant Tendency to Simplicity in “the
sciences of which the progress is thus represented,
appears from the form of the Table itself; for the
single trunk into which all the branches converge,
contains in itself the substance of all the propositions
by means of which this last generalization was arrived
at. It is true, that this ultimate result is sometimes
not so simple as in the Table it appears: for instance,
the ultimate generalization of the Table exhibiting the
progress of Physical Optics,—namely, that Light con-
sists in Undulations,—must be understood as includ-
ing some other hypotheses; as, that the undulations
are transverse, that the ether through which they are
propagatéd has its elasticity in crystals and other
transparent bodies regulated by certain laws; and the
like. Yet still, even acknowledging all the comphca-
tion thus implied, the Table in question evidences
clearly enough the constant advance towards unity,
consistency, and simplicity, which have marked the
progress of this Theory. The same is the case in the
Inductive Table of Astronomy in a still greater
degree.

6. These Tables naturally afford the opportunity of
assigning to each of the distinct steps of which the
progress of science consists, the name of the Dis-
coverer to whom it is due. Every one of the inductive
processes which the brackets of our Tables mark,
directs our attention to some person by whom the in-
duction was first distinctly made. These names I
have endeavoured to put in their due places in the
Tables; and the Inductive Tree of our knowledge in
each science becomes, in this way, an exhibition of the
claims of each discoverer to distinction, and, as it
were, a Genealogical Tree of scientific nobility. It is
by no means pretended that such a tree includes the
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names of all the meritorious labourers in each depart-
ment of science. Many persons are most usefully
employed in collecting and verifying truths, who do
not advance to any new truths. The labours of a
number of such are included in each stage of our
ascent. But such Tables as we have now before us
will present to us the names of all the most eminent
discoverers: for the main steps of which the progress
of science consists, are transitions from more particu-
lar to more general truths, and must therefore be
rightly given by these Tables; and those must be the
greatest names in science to whom the principal events
of its advance are thus due.

7. The Tables, as we have presented them, exhibit
the course by which we pass from Particular to General
through various gradations, and so to the most general.
They display the order of discovery. But by reading
them in an inverted manner, beginning at the single
comprehensive truths with which the Tables end, and
tracing these back into the more partial truths, and
‘these again into special facts, they answer another
purpose ;—they exhibit the process of werification of
discoveries once made. For each of our general pro-
positions is true in virtue of the truth of the narrower
propositions which it involves; and we cannot satisfy
ourselves of its truth in any other way than by ascer-
taining that these its constituent elements are true.
To assure ourselves that the sun attracts the planets
with forces varying inversely as the square of the dis-
tance, we must analyse by geometry the motion of a
body in an ellipse about the focus, so as to see that such
a motion does imply such a force. 'We must also verify
those calculations by which the observed places of each
planet are stated to be included in an ellipse. These cal-
culations involve assumptions respecting the path which
the earth describes about the sun, which assumptions
must again be verified by reference to observation. And
thus, proceeding from step to step, we resolve the most
general truths into their constituent parts; and these
again into their parts; and by testing, at each step, both
the reality of the asserted ingredients and the propriety
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of the conjunction, we establish the whole system of
truths, however wide and various it may be.

8. It is a very great advantage, in such a mode of
exhibiting scientific truths, that it resolves the verifi-
cation of the mast complex and eomprehensive theories,
into a number of small steps, of which almost any one
falls within the reach of common talents and industry.
That if the particulars of any one step be true, the
generalization also is true, any person with a mind
properly disciplined may satisfy himself by a little
study. That each of these particular propositions s
true, may be ascertained, by the same kind of atten-
tion, when this proposition is resolved into 7¢s consti-
tuent and more special propositions. And thus we
may proceed, till the most general truth is broken up
into small and manageable portions. Of these por-
tions, each may appear by itself narrow and easy ; and
yet they are so woven together, by hypothesis and con-
Jjunction, that the truth of the parts necessarily assures
us of the truth of the whole. The verification is of
the same nature as the verification of a large and com-
plex statement of great sums received by a mercantile
office on various accounts from many quarters. The
statement is separated into certain comprehensive heads,
and these into others less extensive; and these again
into smaller collections of separate articles, each of
which can be inquired into and reported on by separate
persons. And thus at last, the mere addition of
numbers performed by these various persons, and the
summation of the results which they obtain, executed
by other accountants, is a complete and entire security
that there is no errour in the whole of the process.

9. This comparison of the process by which we
verify scientific truth to the process of Book-keeping
in a large commercial establishment, may appear to
some persons not sufficiently dignified for the subject.
But, in fact, the possibility of giving this formal and
business-like aspect to the evidence of science, as in-
volved in the process of successive generalization, is an
inestimable advantage. For if no one could pronounce
concerning a wide and profound theory except he who
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could at once embrace in his mind the whole range of
inference, extending from the special facts up to the
most general principles, none but the greatest geniuses
would be entitled to judge concerning the truth or
errour of scientific discoveries. But, in reality, we
seldom need to verify more than one or two steps of
such discoveries at one time; and this may commonly
be done (when the discoveries have been fully esta-
blished and developed,) by any one who brings to the
task clear conceptions and steady attention. The pro-
gress of science is gradual: the discoveries which are
successively made, are also verified successively. We
have never any very large collections of them on our
bhands at once. The doubts and uncertainties of any
one who has studied science with care and perseverance
are generally confined to a few points. If he can
satisfy himself upon these, he has no misgivings re-
specting the rest of the structure; which has indeed
been repeatedly verified by other persons in like man-
ner. The fact that science is capable of being resolved
into separate processes of verification, is that which
renders it possible to form a great body of scientific
truth, by adding together a vast number of truths, of
which many men, at various times and by multiplied
efforts, have satisfied themselves. The treasury of
Science is constantly rich and abundant, because it
accumulates the wealth which is thus gathered by so
many, and reckoned over by so many more: and the
dignity of Knowledge is no more lowered by the mul-
tiplicity of the tasks on which her servants are em-
ployed, and the narrow field of labour to which some
confine themselves, than the rich merchant is degraded
by the number of offices which it is necessary for him
to maintain, and the minute articles of which he re-
quires an exact statement from his accountants.

10. The analysis of doctrines inductively obtained,
into their constituent facts, and the arrangement of
them in such a form that the conclusiveness of the in-
duction may be distinctly seen, may be termed the
Logic of Induction. By, Logic has generally been
meant a system which tesehes us so to arrange our

«
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reasonings that their truth or falsehood shall be evi-
dent in their form. In deductive reasonings, in which
the general principles are assumed, and the question is
concerning their application and combination in parti-
cular cases, the device which thus enables us to judge
whether our reasonings are conclusive is the Syllogism ;
and this form, along with the rules which belong to it,
does in fact supply us with a criterion of deductive or
demonstrative reasoning. The Inductive Table, such
as it is presented in the present chapter, in like manner
supplies the means of ascertaining the truth of our
tnductive inferences, so far as the form in which our
reasoning may be stated can afford such a criterion. Of
course some care is requisite in order to reduce a train
of demonstration into the form of a series of syllogisms;
and certainly not less thought and attention are re-
quired for resolving all the main doctrines of any great
department of science into a graduated table of co-
ordinate and subordinate inductions. But in each
case, when this task is once executed, the evidence or
want of evidence of our conclusions appears immedi-
ately in a most luminous manner. In each step of
induction, our Table enumerates the particular facts,
and states the general theoretical truth which includes
these and which these constitute. The special act of
attention by which we satisfy ourselves that the facts
are so included,—that the general truth s so consti-
tuted, —then affords little room for errour, with
moderate attention and clearness of thought.

11.  We may find an example of this act of atten-
tion thus required, at any one of the steps of induction
in our Tables; for instance, at the step in the early
progress of astronomy at which it was inferred, that
the earth is a globe, and that the sphere of the heavens
(relatively) performs a diurnal revolution round this
globe of the earth. How was this established in the be-
lief of the Greeks, and how is it fixed in our conviction?
As to the globular form, we find that as we travel to
the north, the apparent pole of the heavenly motions,
and the constellations which are near it, seem to mount
higher, and as we proceed southwards they descend.
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Again, if we proceed from two different points consi-
derably to the east and west of each other, and travel
directly northwards from each, as from the south of
Spain to the north of Scotland, and from Greece to
Scandinavia, these two north and south lines will be
much nearer to each other in their northern than in
their southern parts. These and similar facts, as soon
as they are clearly estimated and connected in the
mind, are seen to be consistent with a convex surface of
the earth, and with no other: and this notion is further
confirmed by observing that the boundary of the earth’s
shadow upon the moon is always circular; it being
supposed to be already established that the moon re-
ceives her light from the sun, and that lunar eclipses
are caused by the interposition of the earth. As for
the assertion of the (relative) diurnal revolution of the
starry sphere, it is merely putting the visible phenomena
in an exact geometrical form : and thus we establish and
verify the doctrine of the revolution of the sphere of
the heavens about the globe of the earth, by contem-
plating it 8o as to see that it does really and exactly
include the particular facts from which it is collected.

‘We may, in like manner, illustrate this mode of
verification by any of the other steps of the same Table.
Thus if we take the great Induction of Copernicus, the
heliocentric scheme of the solar system, we find it in the
Table exhibited as including and explaining, first, the
diurnal revolution just spoken of; second, the motions
of the moon among the fixed stars; third, the motions
of the planets with reference to the fixed stars and the
sun; fourth, the motion of the sun in the ecliptic.
And the scheme being clearly conceived, we see that all
the particular facts are faithfully represented by it;
and this agreement, along with the simplicity of the
scheme, in which respect it is so far superior to any
other conception of the solar system, persuade us that
it is really the plan of nature.

In exactly the same way, if we attend to any of the
several remarkable discoveries of Newton, which form
the principal steps in the latter part of the Table, as
for instance, the proposition that the sun attracts all
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the planets with a force which varies inversely as the
square of the distance, we find it proved by its includ-
ing three other propositions previously established ;—
Jfirst, that the sun’s mean force on different planets
follows the specified variation (which is proved from
Kepler’s third law); second, that the force by which
each planet is acted upon in different parts of its orbit
tends to the sun (which is proved by the equable de-
scription of areas); third, that this force in different
parts of the same orbit is also inversely as the square
of the distance (which is proved from the elliptical
form of the ‘orbit). And the Newtonian generaliza-
tion, when its consequences are mathematically traced,
is seen to agree with each of these particular proposi-
tions, and thus is fully established.

12. But when we say that the more general propo-
sition ¢ncludes the several more particular ones, we
must recollect what has before been said, that these
particulars form the general truth, not by being merely
enumerated and added together, but by being seen in a
new light. No mere verbal recitation of the particu-
lars can decide whether the general proposition is true;
a special act of thought is requisite in order to deter-
mine how truly each is included in the ‘supposed in-
duction. In this respect the Inductive Table is not
like a mere schedule of accounts, where the rightness
of each part of the reckoning is tested by mere addi-
tion of the particulars. On the contrary, the Inductive
truth is never the mere sum of the facts. It is made
into something more by the introduction of a new
mental element; and the mind, in order to be able to
supply this element, must have peculiar endowments
and discipline. Thus looking back at the instances
noticed in the last article, how are we to see that a
convex surface of the earth is necessarily implied by
the convergence of meridians towards the north, or by
the visible descent of the north pole of the heavens as
we travel south? Manifestly the student, in order to
see this, must have clear conceptions of the relations
of space, either naturally inherent in his mind, or
established there by geometrical cultivation,—by study-
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ing the properties of circles and spheres. When he
is so prepared, he will feel the force of the expressions
we have used, that the facts just mentioned are seen o
be consistent with a globular form of the earth; but
without such aptitude he will not see this consistency :
and if this be so, the mere assertion of it in words
will not avail him in satisfying himself of the truth of
the proposition.

In like manner, in order to perceive the force of the
Copernican induction, the student must have his mind
so disciplined by geometrical studies, or otherwise, that
he sees clearly how absolute motion and relative motion
would alike produce apparent motion. He must have
learnt to east away all prejudices arising from the seem-
ing fixity of the earth; and then he will see that there
is nothing which stands in the way of the induction,
while there is much which is on its side. And in the
same manner the Newtonian induction of the law of
the sun’s force from the elliptical form of the orbit,
will be evidently satisfactory to him only who has such
an insight into Mechanics as to see that a curvilinear
path must arise from a constantly deflecting force;
and who is able to follow the steps of geometrical
reasoning by which, from the properties of the ellipse,
Newton proves this deflection to be in the proportion
in which he asserts the force to be. And thus in all
cases the inductive truth must indeed be verified by
comparing it with the particular facts; but then this
comparison is possible for him only whose mind is
properly disciplined and prepared in the use of those
conceptions, which, in addition to the facts, the act of
induction requires.

13. In the Tables some indication is given, at
several of the steps, of the act which the mind must
thus perform, besides the mere conjunction of facts, in
order to attain to the inductive truth. Thus in the
cases of the Newtonian inductions just spoken of, the
inferences are stated to be made ‘By Mechanics;’
and in the case of the Copernican induction, it is said
that, ¢ By the nature of motion, the apparent motion is
the same, whether the heavens or the earth have a
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diurnal motion; and the latter is more simple.’ But
these verbal statements are to be understood as mere
hints®: they cannot supersede the necessity of the stu-
dent’s contemplating for himself the mechanical prin-
ciples and the nature of motion thus referred to.

14. In the common or Syllogistic Logic, a certain
Formula of language is used in stating the reasoning,
and is useful in enabling us more readily to apply the
Criterion of Form to alleged demonstrations. This
formula is the usual Syllogism; with its members,
Major Premiss, Minor Premiss, and Conclusion. It
may naturally be asked whether in Inductive Logic
there is' any such Formula? whether there is aty
standard form of words in which we may most pro-
perly express the inference of a general truth from
particular facts?

At first it might be. supposed that the formula of
Inductive Logic need only be of this kind : ¢These
particulars, and all known particulars of the same
kind, are exactly included in the following general
proposition.” But a moment’s reflection on what has
just been said will show us that this is not sufficient :
for the particulars are not merely included in the
general proposition. It is not enough that they apper-
tain to it by enumeration. It is, for instance, no ade-
quate example of Induction to say, ¢ Mercury describes
an elliptical path, so does Venus, so do the Earth,
Mars, Jupiter, Saturn, Uranus; therefore all the
Planets describe elliptical paths’ This is, as we have
seen, the mode of stating the evidence when the propo-
sition is once suggested; but the Inductive step con-
sists in the suggestion of a conception not before
apparent. When Kepler, after trying to connect the
observed places of the planet Mars in many other
ways, found at last that the conception of an ellipse
would include them all, he obtained a truth by induc-
tion: for this conclusion was not obviously included
in the phenomena, and had not been applied to these

1 In the Inductive Tables they are marked by an asterisk.
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facts previously. Thus in our Formula, besides stating
that the particulars are included in the general propo-
sition, we must also imply that the generality is consti-
tuted by a new Conception,—mnew at least in its
application.

Hence our Inductive Formula might be something

like the following : ¢ These particulars, and all known :
particulars of the same kind, are exactly expressed by’

adopting the Conceptions and Statement of the follow-
ing Proposition.” It is of course requisite that the
Conceptions should be perfectly clear, and should pre-
cisely embrace the facts, according to the explanation
we have already given of those conditions.

15. It may happen, as we have already stated, that
the Explication of a Conception, by which it acquires
its due distinctness, leads to a Definition, which Defi-
nition may be taken as the summary and total result
of the intellectual efforts to which this distinctness is
due. In such cases, the Formula of Induction may be
modified according to this condition ; and we may state
the inference by saying, after an enumeration and
analysis of the appropriate facts, ¢These facts are
completely and distinctly expressed by adopting the
following Definition and Proposition.’

This Formula has been adopted in stating the In-
ductive Propositions which constitute the basis of the
science of Mechanics, in a work intitled The Mecha-
nical Euclid. The fundamental truths of the subject
are expressed in Inductive Pairs of Assertions, con-
sisting each of a Definition and a Proposition, such as
the following :

Der.—A Uniform Forceis that which acting in the
direction of the body’s motion, adds or subtracts equal
velocities in equal times.

Prop.—Gravity is a Uniform Force.

Again,

Der.—Two Motions are compounded when each
produces its separate effect in a direction parallel to
itself.

Pror.—When any Force acts upon a body in mo-
tion, the motion which the Force would produce in the
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body at rest is compounded with the previous motion
of the body.

And in like manner in other cases.

In these cases the proposition is, of course, esta-
blished, and the definition realized, by an enumeration
of the facts. And in the case of inferences made in
such a form, the Definition of the Conception and the
Asgertion of the Truth are both requisite and are cor-
relative to one another. Each of the two steps con-
tains the verification and justification of the other.
The Proposition derives its meaning from the Defini-
tion ; the Definition derives its reality from the Pro-
position. If they are separated, the Definition is arbi-
trary or empty, the Proposition vague or ambiguous.

16. But it must be observed that neither of the
preceding Formule expresses the full cogency of the
inductive proof. They declare only that the results
can be clearly explained and rigorously deduced by the
employment of a certain Definition and a certain Pro-
position. But in order to make the conclusion demon-
strative, which in perfect examples of Induction it is,
we ought to be able to declare that the results can be
clearly explained and rigorously declared only by the
Definition and Proposition which we adopt. And in
reality, the conviction of the sound inductive reasoner
does reach to this point. The Mathematician asserts
the Laws of Motion, seeing clearly that they (or laws
equivalent to them) afford the only means of clearly
expressing and deducing the actual facts. But this
conviction, that the inductive inference is not only
consistent with the facts, but necessary, finds its place
in the mind gradually, as the contemplation of the
consequences of the proposition, and the various rela-
tions of the facts, becomes steady and familiar. It
is scarcely possible for the student at once to satisfy
himself that the inference is thus inevitable. And
when he arrives at this conviction, he sees also, in
many cases at least, that there may be other ways of
expressing the substance of the truth established,
besides that special Proposition which he has under
his notice.
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‘We may, therefore, without impropriety, renounce
the undertaking of conveying in our formula this final x
conviction of the necessary truth of our inference. We
may leave it to be thought, without insisting upon say-
ing it, that in such cases what can be true, ¢s true.
But if we wish to express the ultimate significance of
the Inductive Act of thought, we may take as our
Formula for the Colligation of Facts by Induction,|
this :—¢ The several Facts are exactly expressed as one, ,~ v’
Fact if, and only if, we adopt the Conception and the’
Assertion’ of the inductive inference.

17. I have said that the mind must be properly
disciplined in order that it may see the necessary con-
nexion between the facts and the general proposition
in which they are included. And the perception of
this connexion, though treated as one stgp in our
inductive inference, may imply many steps of demon-
strative proof. The connexion is this, that the parti-
cular case is included in the general one, that is, may
be deduced from it: but this deduction may often
require many links of reasoning. Thus in the case of
the inference of the law of the force from the elliptical
form of the orbit by Newton, the proof that in the
ellipse the deflection from the tangent is inversely as
the square of the distance from the focus of the ellipse,
is a ratiocination consisting of several steps, and in-
volving several properties of Conic Sections; these pro-
perties being supposed to be previously established by
a geometrical system of demonstration on the special
subject of the Conic Sections. In this and similar
cases the Induction involves many steps of Deduction.
And in such cases, although the Inductive Step, the
Invention of the Conception, is really the most im-
portant, yet since, when once made, it occupies a.
familiar place in men’s minds; and since the Deductive
Demonstration is of considerable length and requires
intellectual effort to follow it at every step; men often
admire the deductive part of the proposition, the geo-
metrical or algebraical demonstration, far more than
that part in which the philosophical merit really resides.

NOV. ORG. 8
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18. Deductive reasoning is virtually a collection of
syllogisms, as has already been stated; and in such
reasoning, the general principles, the Definitions and
Axioms, necessarily stand at the beginning of the
demonstration. In an inductive inference, the Defi-
nitions and Principles are the final result of the reason-
ing, the ultimate effect of the proof. Hence when an
Inductive Proposition is to be established by a proof
involving several steps of demonstrative reasoning, the
enunciation of the Proposition will contain, explicitly
or implicitly, principles which the demonstration pro-
ceeds upon as axioms, but which are really inductive
inferences. Thus in order to prove that the -force
which retains a planet in an ellipse varies inversely as
the square of the distance, it is taken for granted that
the Laws of Motion are true, and that they apply to
the planets. Yet the doctrine that this is so, as well
a8 the law of the force, were established only by this and
the like demonstrations. The doctrine whith is the
hypothesis of the deductive reasoning, is the inference
of the inductive process. The special facts which are
the basis of the inductive inference, are the conclusion
of the train of deduction. And in this manner the
deduction establishes the induction. The principle
which we gather from the facts is true, because the
facts can be derived from it by rigorous demonstration.
Induction moves upwards, and deduction downwards,
on the same stair.

But still there is a great difference in the character
of their movements. Deduction descends steadily and
methodically, step by step: Induction mounts by a
leap which is out of the reach of method. She bounds
to the top of the stair at once; and then it is the busi-
ness of Deduction, by trying each step in order, to
establish the solidity of her companion’s footing. Yet
these must be processes of the same mind. The In-
ductive Intellect makes an assertion which is subse-
quently justified by demonstration; and it shows its
sagacity, its peculiar character, by enunciating the
proposition when as yet the demonstration does not
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exist: but then it shows that it ¢s sagacity, by also
producing the demonstration.

It has been said that inductive and deductive reason-
ing are contrary in their scheme; that in Deduction
we infer particular from general truths; while in In-
duction we infer general from particular: that Deduc-
tion consists of many steps, in each of which we apply
known general propositions in particular cases; while
in Induction we have a single step, in which we pass
from many particular truths to one general propo-
sition. And this is truly said; but though contrary
in their motions, the two are the operation of the same
mind travelling over the same ground. Deduction is
a necessary part of Induction. Deduction justifies by
calculation what Induction had happily guessed. In-
duction recognizes the ore of truth by its weight;
Deduction confirms the recognition by chemical ana-
lysis. Every step of Induction must be confirmed by
rigorous deductive reasoning, followed into such detail
as the nature and complexity of the relations (whether
of quantity or any other) render requisite. If not so
justified by the supposed discoverer, it is "not In-
duction. '

- 19. Such Tabular arrangements of propositions as
we have constructed may be considered as the Criterion
of T'ruth for the doctrines which they include.” They
are the Criterion of Inductive Truth, in the same
sense in which Syllogistic Demonstration is the Cri-
terion of Necessary Truth,—of the certainty of con-
clusions, depending upon evident First Principles.
And that such Tables are really a Criterion of the
truth of the propositions which they contain, will be
plain by examining their structure. For if the con- v/
nexion which the inductive process assumes be ascer-
tained to be in each case real and true, the assertion of
the general proposition merely collects together ascer-
tained truths; and in like manner each of those more
particular propositions is true, because it merely ex-
presses collectively more special facts: so that the most
general theory is only the assertion of a great body
of facts, duly classified and subordinated. ?’Vhen we
—2
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assert the truth of theCopernican theory of the motions
of the solar system, or of the Newtonian theory of the
forces by which they are caused, we merely assert the
groups of propositions which, in the Table of Astrono-
mical Induction, are included in these doctrines; and
ultimately, we may consider ourselves as merely as-
serting at once so many Facts, and therefore, of course,
expressing an indisputable truth.

20. At any one of these steps of Induction in the
Table, the inductive proposition is a ZTheory with re-
gard to the Facts which it includes, while it is to be
looked upon as a Fact with respect to the higher gene-
ralizations in which it is included. In any other
sense, a8 was formerly shown, the opposition of Fact
and Theory is untenable, and leads to endless per-
plexity and debate. Is it a Fact or a Theory that the
planet Mars revolves in an Ellipse about the Sun?
To Kepler, employed in endeavouring to combine the
separate observations by the Conception of an Ellipse,
it is a Theory; to Newton, engaged in inferring the
law of force from a knowledge of the elliptical motion,
it is & Fact. There are, as we have already seen, no
special attributes of Theory and Fact which distinguish
them from one another. Facts are phenomena appre-
hended by the aid of conceptions and mental acts, as
Theories also are. 'We commonly call our observations
Facts, when we apply, without effort or consciousness,
conceptions perfectly familiar to us: while we speak of
Theories, when we have previously contemplated the
Facts and the connecting Conception separately, and
have made the connexion by a conscious mental act.
The real difference is a difference of relation; as the
same proposition in & demonstration is the premiss of
one syllogism and the conclusion-in another ;—as the
same person is a father and a son. Propositions are
Facts and Theories, according as they stand above or
below the Inductive Brackets of our Tables.

2t. To obviate mistakes I may remark that the
terms higher and lower, when used of generalizations,
are unavoidably represented by their opposites in our
Inductive Tables. The highest generalization is that
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which includes all others; and this stands the lowest
on our page, because, reading downwards, that is the
place which we last reach.

There is a distinction of the knowledge acquired by
Scientific Induction into two kinds, which is so im-
portant that we shall consider it in the succeeding
chapter.



CHAPTER VIL

OF Laws oF PHENOMENA AND OF CAUSES.

ArsorisM XXIV.

Inductive truths are of two kinds, Laws of Phenomena,
and Theories of Causes. It is necessary to begin in every
science with the Laws of Phenomena; but it is impossible that
we should be satisfied to stop short of a Theory of Causes. In
Physical Astronomy, Physical Optics, Geology, and other
sciences, we have instances showing that we can make a great
advance in inquiries after true Theories of Causes.

N the first attempts at acquiring an exact and

connected knowledge of the appearances and ope-
rations which nature presents, men went no further
than to learn what takes place, not why it occurs.
They discovered an Order which the phenomena fol-
low, Rules which they obey; but they did not come in
sight of the Powers by which these rules are deter-
mined, the Causes of which this order is the effect.
Thus, for example, they found that many of the celes-
tial motions took place as if the sun and stars were
carried round by the revolutions of certain celestial
spheres; but what causes kept these spheres in con-
stant motion, they were never able to explain. In
like manner in modern times, Kepler discovered that
the planets describe ellipses, before Newton explained
why they select this particular curve, and describe it
in a particular manner. The laws of reflection, re-
fraction, dispersion, and other properties of light have
long been known; the causes of these laws are at
present under discussion. And the same might be
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said of many other sciences. The discovery of the
Laws of Phenomena is, in all cases, the first step in
exact knowledge ; these Laws may often for a long
period constitute the whole of our science; and it is
always a matter requiring great talents and great ef-

forts, to advance to a knowledge of the Causes of the

phenomena.

Hence the larger part of our knowledge of nature,
at least of the certain portion of it, consists of the
knowledge of the Laws of Phenomena. In Astronomy
indeed, besides knowing the rules which guide the ap-

ces, and resolving them into the real motions
from which they arise, we can refer these motions to
the forces which produce them. In Optics, we have
become acquainted with a vast number of laws by
which varied and beautiful phenomena are governed;
and perhaps we may assume, since the evidence of the
Undulatory Theory has been so fully developed, that
we know also the Causes of the Phenomena. But in
a large class of sciences, while we have learnt many
Laws of Phenomena, the causes by which these are
produced are still unknown or disputed. Are we to
ascribe to the operation of a fluid or fluids, and if so,
in what manner, the facts of heat, magnetism, elec-
tricity, galvanism? What are the forces by which the
elements of chemical compounds are held together?
What are the forces, of a higher order, as we cannot
help believing, by which the course of vital action in
organized bodies i8 kept up? In these and other cases,
we have extensive departments of science; but we are
as yet unable to trace the effects to their causes; and
our science, so far as it is positive and certain, consists
entirely of the laws of phenomena.

2. In those cases in which we have a division of
the science which teaches us the doctrine of the causes,
as well as one which states the rules which the effects
follow, I have, in the History, distinguished the two
portions of the science by certain terms. I bave thus
spoken of Formal Astronomy and Physical Astronomy.
The latter. phrase has long been commonly employed to
describe that department of Astronomy which deals with

Yo 4
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those forces by which the heavenly bodies are guided in
their motions; the former adjective appears well suited
to describe a collection of rules depending'on those ideas
of space, time, position, number, which are, as we have
already said, the forms of our apprehension of pheno-
mena. The laws of phenomena may be considered as
Jormulee, expressing results in terms of those ideas.
In like manner, I have spoken of Formal Optics and
Physical Optics; the latter division including all
speculations concerning the machinery by which the
effects are produced. Formal Acoustics and Physical
Acoustics may be distinguished in like manner, al-
though these two portions of science have been a good
deal mixed together by most of those who have treated
of them. Formal Thermotics, the knowledge of the
laws of the phenomena of heat, ought in like manner
to lead to Physical Thermotics, or the Theory of Heat
with reference to the cause by which its effects are
produced ;—a branch of science which as yet can hardly
be said to exist.

3. What kinds of cause are we to admit in science?
This is an important, and by no means an easy ques-
tion. In order to answer it, we must consider in what
manner our progress in the knowledge of causes has
hitherto been made. By far the most conspicuous in-
stance of success in such researches, is the discovery
of the causes of the motions of the heavenly bodies.
In this case, after the formal laws of the motions,—
their conditions as to space and time,—had become
known, men were enabled to go a step further; to re-
duce them to the familiar and general cause of motion
—mechanical force; and to determine the laws which
this force follows. That this was a step in addition to
the knowledge previously possessed, and that it was a
real and peculiar truth, will not be contested. And a
step in any other subject which should be analogous to
this in astronomy ;—a discovery of causes and forces
a8 certain and clear as the discovery of universal gravi-
tation ;—would undoubtedly be a vast advance upon
a body of science consisting only of the laws of phe-
nomena.
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4. But although physical astronomy may well be
taken as a standard in estimating the value and mag-
nitude of the advance from the knowledge of pheno-
mena to the knowledge of causes ; the peculiar features
of the transition from formal to physical science in
that subject must not be allowed to limit too narrowly
our views of the nature of this transition in other
cases. We are not, for example, to consider that the
step which leads us to the knowledge of causes in any
province of nature must necessarily consist in the dis-
covery of centers of forces, and collections of such cen-
ters, by which the effects are produced. The discovery
of the causes of phenomena may imply the detection
of a fluid by whose undulations, or other operations,
the results are occasioned. The phenomena of acoustics
are, we know, produced in this manner by the air;
and in the cases of light, heat, magnetism, and others,
even if we reject all the theories of such fluids which
have hitherto been proposed, we still cannot deny that
such theories are intelligible and possible, as the dis-
cussions concerning them have shown. Nor can it be
doubted that if the assumption of such a fluid, in any
case, were as well evidenced as the doctrine of univer-
sal gravitation is, it must be considered as a highly
valuable theory.

g But again; not only must we, in aiming at the
formation of a Causal Section in each Science of Phe-
nomena, consider Fluids and their various modes of
operation admissible, as well as centers of mechanical
force; but we must be prepared, if it be necessary, to
consider the forces, or powers to which we refer the
phenomena, under still more general aspects, and in-
vested with characters different from mere mechanical
force. For example; the forces by which the chemical
elements of bodies are bound together, and from which
arise, both their sensible texture, their crystalline form,
and their chemical composition, are certainly forces of
a very different nature from the mere attraction of
matter according to its mass. The powers of assimila-
tion and reproduction in plants and animals are obvi-
ously still more removed from mere mechanism ; yet
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these powers are not on that account less real, nor a
less fit and worthy subject of scientific inquiry.

6. In fact, these forces—mechanical, chemical and
vital,—as we advance from one to the other, each bring
into our consideration new characters; and what these
characters are, has appeared in the historical survey
which we made of the Fundamental Ideas of the various
sciences. It was then shown that the forces by which
chemical effects are produced necessarily involve the
Idea of Polarity,—they are polar forces; the particles
tend together in virtue of opposite properties which in
the combination neutralize each other. Hence, in at-
tempting to advance to a theory of Causes in chemistry,
our task is by no means to invent laws of mechanical
force, and collections of forces, by which the effects
may be produced. We know beforehand that no such
attempt can succeed. Our aim must be to conceive
such new kinds of force, including Polarity among
their characters, as may best render the results in-
telligible.

7. Thus in advancing to a Science of Cause in any
subject, the labour and the struggle is, not to analyse
the phenomena according to any preconceived and
already familiar ideas, but to form distinctly new con-
ceptions, such as do really carry us to a more intimate
view of the processes of nature. Thus in the case of
astronomy, the obstacle which deferred the discovery
of the true causes from the time of Kepler to that of
Newton, was the difficulty of taking hold of mechanical
conceptions and axioms with sufficient clearness and
steadiness; which, during the whole of that interval,
mathematicians were learning to do. In the question
of causation which now lies most immediately in the
path of science, that of the causes of electrical and
chemical phenomena, the business of rightly fixing and
limiting the conception of polarity, is the proper object
of the efforts of discoverers. Accordingly a large por-
tion of Mr Faraday’s recent labours' is directed, not to

@

1 Eleventh, Twelfth, and Thirteenth Series of Researches, Phil. Trans.
1837 and 8.
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the attempt at discovering new laws of phenomena, but
to the task of throwing light upon the conception of
polarity, and of showing how it must be understood, so
that it shall include electrical induction and other phe-
nomens, which have commonly been ascribed to forces
acting mechanically at a distance. He is by no means
content, nor would it answer the ends of science that
he should be, with stating the results of his experi-
ments; he is constantly, in every page, pointing out
the interpretation of his experiments, and showing how
the conception of Polar Forces enters into this inter-
pretation. I shall’ he says®, ‘use every opportunity
which presents itself of returning to that strong test of
truth, experiment; but, he adds, ‘I shall necessarily
have occasion to speak theoretically, and even hypo-
thetically.’ His hypothesis that electrical inductive
action always takes place by means of a continuous line
of polarized particles, and not by attraction and repul-
sion at a distance, if established, cannot fail to be a
great step on our way towards a knowledge of causes,
as well as phenomens, in the subjects under his con-
sideration.

8. The process of obtaining new conceptions is, to
most minds, far more unwelcome than any labour in
employing old ideas. The effort is indeed painful and
oppressive; it is feeling in the dark for an object which
we cannot find. Hence it is not surprising that we
should far more willingly proceed to seek for new causes
by applying conceptions borrowed from old ones. Men
were familiar with solid frames, and with whirlpools of
fluid, when they had not learnt to form any clear con-
ception of attraction at a distance. Hence they at
first imagined the heavenly motions to be caused by
Crystalline Spheres, and by Vortices. At length they
were taught to conceive Central Forces, and then they
reduced the solar system to these. But having done
this, they fancied that all the rest of the machinery of
nature must be central forces. We find Newton

$ Art. 1318,
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expressing this conviction®, and the mathematicians of
the last century acted upon it very extensively. We
may especially remark Laplace’s labours in this field.
Having explained, by such forces, the phenomena of
capillary attraction, he attempted to apply the same
kind of explanation to the reflection, refraction, and
double refraction of light;—to the constitution of
gases ;—to the operation of heat. It was soon seen that
the explanation of refraction was arbitrary, and that
of double refraction illusory ; while polarization entirely
eluded the grasp of this machinery. Centers of force
would no longer represent the modes of causation
which belonged to the phenomena. Polarization re-
quired some other contrivance, such as the undulatory
theory supplied. No theory of light can be of any
avail in which the fundamental idea of Polarity is not
clearly exhibited.

9. The sciences of magnetism and electricity have
given rise to theories in which this relation of polarity
is exhibited by means of two opposite fluids*;—a
positive and a negative fluid, or a vitreous and a resin-
ous, for electricity, and a boreal and an austral fluid
for magnetism. The hypothesis of such fluids gives
results agreeing in a remarkable manner with the
facts and their measures, as Coulomb and others have
shown. It may be asked how far we may, in such a
case, suppose that we have discovered the true cause of
the phenomena, and wliether it is sufficiently proved
that these fluids really exist. The right answer seems
to be, that the hypothesis certainly represents the
truth so far as regards the polar relation of the two
energies, and the laws of the attractive and repulsive
forces of the particles in which these energies reside;
but that we are not entitled to assume that the vehi-
cles of these energies possess other attributes of mate-
rial fluids, or that the forces thus ascribed to the
particles are the primary elementary forces from which

3 Multa me movent, &c.,—Pref to the Principia, already quoted in the
History.
4 Hist. Ind. 8¢. b. xi. ¢. i,
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the action origihates. We are the more bound to
place this cautious limit to our acceptance of the Cou-
lombian theory, since in electricity Faraday has in
vain endeavoured to bring into view one of the polar
fluids without the other : whereas such a result ought
to be possible if there were two separable fluids. The
impossibility of this separate exhibition of one fluid
appears to show that the fluids are 7eal only so far as
they are polar. And Faraday’s view above mentioned,
according to which the attractions at a distance are
resolved into the action of lines of polarized particles
of. air, appears still further to show that the concep-
tions hitherto entertained of electrical forces, according
to the Coulombian theory, do not penetrate to the real
and intimate nature of the causation belonging to this
case.

10. Since it is thus difficult to know when we have
seized the true cause of the phenomena in any depart-
ment of science, it may appear to some persons that
physical inquirers are imprudent and unphilosophical
in undertaking this Research of Causes; and that it
would be safer and wiser to confine ourselves to the
investigation of the laws of phenomena, in which field
the knowledge which we obtain is definite and certain.
Hence there have not been wanting those who have
laid it down a8 & maxim that ‘science must study only
the laws of phenomens, and never the mode of produc-
tion®” But it is easy to see that such a maxim would
confine the breadth and depth of scientific inquiries to
a most scanty and miserable limit. Indeed, such a
rule would defeat its own object; for the laws of phe-
nomena, in many cases, cannot be even expressed or
understood without some hypothesis respecting their
mode of production. How could the phenomena of
polarization have been conceived or reasoned upon,
except by imagining a polar arrangement of particles,
or transverse vibrations, or some equivalent hypothe-
sis? The doctrines of fits of easy transmission, the doc-
trine of moyeable polarization, and the like, even when

§ Comte, Philosophic Positive.
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erroneous as representing the whole of the phenomena,
were still useful in combining some of them into laws;
and without some such hypotheses the facts could not
have been followed out. The doctrine of a fluid caloric
may be false; but without imagining such a fluid, how
could the movement of heat from one part of a body to
another be conceived? It may be replied that Fourier,
Laplace, Poisson, who have principally cultivated the
Theory of Heat, have not conceived it as a fluid, but
have referred conduction to the radiation of the mole-
cules of bodies, which they suppose to be separate points.
But this molecular constitution of bodies is itself an
assumption of the mode in which the phenomena are
produced ; and the radiation of heat suggests inquiries
concerning a fluid emanation, no less than its conduc-
tion does. In like manner, the attempts to connect
the laws of phenomena of heat and of gases, have led
to hypotheses respecting the constitution of gases, and
the combination of their particles with those of caloric,
which hypotheses may be false, but are probably the
best means of discovering the truth.

To debar science from inquiries like these, on the
ground that it is her business to inquire into facts,
and not to speculate about causes, is a curious example
of that barren caution which hopes for truth without
daring to venture upon the quest of it. This temper
would have stopped with Kepler's discoveries, and
would have refused to go on with Newton to inquire
into the mode in which the phenomena are produced.
It would have stopped with Newton’s optical facts,
and would have refused to go on with him and his
successors to inquire into the mode in which these
phenomena are produced. And, as we have abundantly
shown, it would, on that very account, have failed in
seeing what the phenomena really are.

In many subjects the attempt to study the laws of
phenomena, independently of any speculations respect-
ing the causes which have produced them, is neither
possible for human intelligence nor for human temper.
Men cannot contemplate the phenomena without
clothing them in terms of some hypothesis, and will
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not be schooled to suppress the questionings which at
every moment rise up within them concerning the
causes of the phenomena. Who can attend to the
appearances which come under the notice of the geolo-
gist ;—strata regularly bedded, full of the remains of
animals such as now live in the depths of the ocean,
raised to the tops of mountains, broken, contorted,
mixed with rocks such as still flow from the mouths of
volcanos;—who can see phenomena like these, and
imagine that he best promotes the progress of our
knowledge of the earth’s history, by noting down the
facts, and abstaining from all inquiry whether these
are really proofs of past states of the earth and of sub-
terraneous forces, or merely an accidental imitation of
the effects of such causes? In this and similar cases,
to proscribe the inquiry into causes would be to anni-
hilate the science.

Finally, this caution does not even gain its own
single end, the escape from hypotheses. For, as we
have said, those who will not seek for new and appro-
priate causes of newly-studied phenomena, are almost
inevitably led to ascribe the facts to modifications of
causes already familiar. They may declare that they
will not hear of such causes as vital powers, elective
affinities, electric, or calorific, or luminiferous ethers or
fluids; but they will not the less on that account
assume hypotheses equally unauthorized ;—for instance
—universal mechanical forces; a molecular constitu-
tion of bodies; solid, hard, inert matter ;—and will
apply these hypotheses in a manner which is arbitrary
in itself as well as quite insufficient for its purpose.

11. It appears, then, to be required, both by the
analogy of the most successful efforts of science in past
times and by the irrepressible speculative powers of
the human mind, that we should attempt to discover
both the laws of phenomena, and their causes. In every
department of science, when prosecuted far enough,
these two great steps of investigation must succeed
each other. The laws of phenomena must be known
before we can speculate concerning causes; the causes
must be inquired into when the phenomena have been
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reduced to rule. In both these speculations the sup-
positions and conceptions which occur must be con-
stantly tested by reference to observation and experi-
ment. In both we must, as far as possible, devise
hypotheses which, when we thus test them, display
those characters of truth of which we have already
spoken ;—an agreement with facts such as will stand
the most patient and rigid inquiry; a provision for
predicting truly the results of untried cases; a consi-
lience of inductions from various elasses of facts; and
a progressive tendency of the scheme to simplicity and
unity.

‘We shall attempt hereafter to give several rules of a
more precise and detailed kind for the discovery of the
causes, and still more, of the laws of phenomena. But
it will be useful in the first place to point out the
Classification of the Sciences which results from the
principles already established in this word. And for
this purpose we must previously decide the question,
whether the practical Arts, as Medicine and Engineer-
ing, must be included in our list of Sciences.



CHAPTER VIII
OF *ART AND SCIENCE.

ArsORISM XXV,

Art and Science differ. The object of Science is Know-
ledge; the objests of Art, are Works. In Art, truth is a
means to an end; in Science, it is the only end. Hence the
Practical Arts are not to be classed among the Sciences.

ArnorisM XXVL

Practical Knowledge, such as Art implies, is not Know-
ledge such as Science includes. Brute animals have a prac-
tical knowledge of relations of space and force; but they have
no knowledge of G'eometry or Mechanics.

1. 'YHE distinction of Arts and Sciences very mate-

rially affects all classifications of the departments
of Human Knowledge. It is often maintained, ex-
pressly or tacitly, that the Arts are a part of our
knowledge, in the same sense in which the Sciences
are 80; and that Art is the application of Science to the
purposes of practical life. 1t will be found that these
views require some correction, when we understand
Sctence in the exact sense in which we have through-
out endeavoured to contemplate it, and in which alone
our examination of its nature can instruct us in the
true foundations of our knowledge.

‘When we cast our eyes upon the early stages of
the histories of nations, we cannot fail to be struck
with the consideration, that in many countries the
Arts of life already appear, at least in some rude form
or other, when, as yet, nothing of science exists. A

NOV. ORG. 9



130 CONSTRUCTION OF SCIENCE.

practical knowledge of Astronomy, such as enables them
to reckon months and years, is found among all nations .
except the mere savages. A practical knowledge of
Mechanics must have existed in those nations which
have left us the gigantic monuments of early architec-
ture. The pyramids and temples of Egypt and Nubia,
the Cyclopean walls of Italy and Greece, the temples
of Magna Gracia and Sicily, the-obelisks and edifices
of India, the cromlechs and Druidical circles of coun-
tries formerly Celtic,—must have demanded no small
practical mechanical skill and power. Yet those
modes of reckoning time must have preceded the rise
of speculative Astronomy ; these structures must have
been erected before the theory of Mechanics was
known. To suppose, as some have done, a great body
of science, now lost, to have existed in the remote
ages to which these remains belong, is not only quite
gratuitous and contrary to all analogy, but is a suppo-
sition which cannot be extended so far as to explain
all such cases. For it is impossible to imagine that
every art has been preceded by the science which ren-
ders a reason for its processes. Certainly men formed
wine from the grape, before they possessed a Science of
Fermentation ; the first instructor of every artificer in
brass and iron can hardly be supposed to have taught
the Chemistry of metals as a Science; the inventor
of the square and the compasses had probably no more
knowledge of demonstrated Geometry than have the
artisans who now use those implements; and finally,
the use of speech, the employment of the inflections
and combinations of words, must needs be assumed as
having been prior to any general view of the nature
and analogy of Language. Even at this moment, the
greater part of the arts which exist in the world are
not accompanied by the sciences on which they theo-
retically depend. 'Who shall state to us the general
chemical truths to which the manufactures of glass,
and porcelain, and iron, and brass, owe their existence?
Do not almost all artisans practise many successful
artifices long before science explains the ground of the
process? Do not arts at this day exist, in a high state
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of perfection, in countries in which there is no science,
. as China and India? These countries and many others
have no theories of mechanics, of optics, of chemistry,
of physiology ; yet they construct and use mechanical
and optical instruments, make chemical combinations,
take advantage of physiological laws. It istoo evident
to need further illustration that Art may exist without
Science ;—that the former has usually been anterior to
the latter, and even now commonly advances inde-
pendently, leaving science to follow as it can.

2. We here mean by Science, that exact, general,
speculative knowledge, of which we have, throughout
this work, been endeavouring to exhibit the nature
and rules. Between such Science and the practical
Arts of life, the points of difference are sufficiently
manifest. The object of Science is Knowledge; the
object of Art are Works. The latter is satisfied with
producing its material results; to the former, the ope-
rations of matter, whether natural or artificial, are
interesting only so far as they can be embraced by
intelligible principles. The End of Art is the Beginning
of Science; for when it is seen what is done, then
comes the question why it is done. Art may have
fixed general rules, stated in words; but she has
these merely as means to an end : to Science, the pro-
positions which she obtains are each, in itself, a suffi-
cient end of the effort by which it is acquired. 'When
Art has brought forth her product, her task is finished ;
Science is constantly led by one step of her path to
another: each proposition which she obtains impels
her to go onwards to other propositions more general,
more profound, more simple. Art puts elements toge-
ther, without caring to know what they are, or why
they coalesce. Science analyses the compound, and at
every such step strives not only to perform, but to
understand the analysis. Art advances in proportion
as she becomes able to bring forth products more
multiplied, more complex, more various; but Science,
straining her eyes to penetrate more and more deeply
into the nature of things, reckons her success in pro-
portion as she sees, in all the ;phenomena,9 however

—32
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multiplied, complex, and varied, the results of one or
two simple and general laws. ‘

3. There are many acts which man, as well as
animals, performs by the guidance of nature, without
seeing or seeking the reason why he does so; as, the
acts by which he balances himself in standing or
moving, and those by which he judges of the form and
position of the objects around him. These actions
have their reason in the principles of geometry and
mechanics; but of such reasons he who thus acts is
unaware: he works blindly, under the impulse of an
unknown principle which we call Instinct. When
man’s speculative nature seeks and finds the reasons
why he should act thus or thus;—why he should
stretch out his arm to prevent his falling, or assign a
certain position to an object in consequence of the
angles under which it is seen ;—he may perform the
same actions as before, but they are then done by the
aid of a different faculty, which, for the sake of dis-
tinction, we may call [nsight. Instinct is a purely
active principle; it is seen in deeds alone; it has no
power of looking inwards; it asks no questions; it has
no tendency to discover reasons or rules; it is the
opposite of Insight.

4. Art is not identical with Instinct: on the con-
trary, there are broad differences. Instinct is station-
ary; Art is progressive. Instinct is mute; it acts,
but gives no rules for acting: Art can speak; she can
lay down rules. But though Art is thus separate
from Instinct, she is not essentially combined with
Insight. She can see what to do, but she needs not
to see why it is done. She may lay down Rules, but it
is not her business to give Reasons. When man makes
that his employment, he enters upon the domain of
Science. Art takes the phenomena and laws of nature
as she finds them: that they are multiplied, complex,
capricious, incoherent, disturbs her not. She is con-
tent that the rules of nature’s operations should be
perfectly arbitrary and unintelligible, provided they
are constant, so that she can depend upon their effects.
But Science is impatient of all appearance’ of caprice,
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inconsistency, irregularity, in nature. She will not
believe in the existence of such characters. She re-
solves one apparent anomaly after another; her task is
not ended till every thing is so plain and simple, that
she is tempted to believe that she sees that it could by
no possibility have been otherwise than it is.

5. It may be said that, after all, Art does really
involve the knowledge which Science delivers;—that
the artisan who raises large weights, practically Anows
the properties of the mechanical powers;—that he
who manufactures chemical compounds is virtually
acquainted with the laws of chemical combination.
To this we reply, that it might on the same grounds
be asserted, that he who acts upon the principle that
two sides of a triangle are greater than the third is
really acquainted with geometry; and that he who
balances himself on one foot knows the properties of
the center of gravity. But this is an acquaintance
with geometry and mechanics which even brute ani-
mals possess. It is evident that it is mnot of such
knowledge as this that we have here to treat. It is
plain that this mode of possessing principles is alto-
gether different from that contemplation of them on
which science is founded. We neglect the most essen-
tial and manifest differences, if we confound our un-
conscious assumptions with our demonstrative reason-

1ngs.

6. The real state of the case is, that the principles
which Art snvolves, Science alone evolves. The truths
on which the success of Art depends, lurk in the
artist’s mind in an undeveloped state; guiding his
hand, stimulating his invention, balancing his judg-
ment, but not appearing in the form of enunciated
Propositions. Principles are not to him direct objects
of meditation: they are secret Powers of Nature, to
which the forms which tenant the world owe their
constancy, their movements, their changes, their luxu-
riant and varied growth, but which he can nowhere
directly contemplate. That the creative and directive
Principles which have their lodgment in the artist’s
mind, when unfolded by our speculative powers into
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systematic shape, become Science, is true; but it is
precisely this process of development which gives to
them their character of Science. In practical Art,
principles are unseen guides, leading us by invisible
strings through paths where the end alone is looked
at: it is for Science to direct and purge our vision so
that these airy ties, these principles and laws, generali-
zations and theories, become distinct objects of vision.
Many may feel the intellectual monitor, but it is only
to her favourite heroes that the Goddess of Wisdom
visibly reveals herself.

#. Thus Art, in its earlier stages at least, is widely
different from Science, is independent of it, and is ante-
rior to it. At a later period, no doubt, Art may borrow
aid from Science; and the discoveries of the philo-
sopher may be of great value to the manufacturer and
the artist. But even then, this application forms no
essential part of the science: the interest which be-
longs to it is not an intellectual interest. The aug-
mentation of human power and convenience may impel
or reward the physical philosopher; but the processes
by which man’s repasts are rendered more delicious,
his journeys more rapid, his weapons more terrible,
are not, therefore, Science. They may involve prinei-
ples which are of the highest interest to science; but
as the advantage is not practically more precious be-
cause it results from a beautiful theory, so the theore-
tical principle has no more conspicuous place in science
because it leads to convenient practical consequences.
The nature of Science is purely intellectual ; Knowledge
alone,—exact general Truth,—is her object; and we
cannot mix with such materials, as matters of the same
kind, the merely empirical maxims of Art, without
introducing endless confusion into the subject, and
making it impossible to attain any solid footing in our
philosophy.

8. I shall therefore not place, in our Classification
of the Sciences, the Arts, as has generally been done;
nor shall T notice the applications of sciences to art,
as forming any separate portion of each science. The
sciences, considered as bodies of general speculative
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truths, are what we are here concerned with; and
applications of such truths, whether useful or useless,
are important to us only as illustrations and examples.
‘Whatever place in human knowledge the Practical
Arts may hold, they are not Sciences. And it is only
by this rigorous separation of the Practical from the
Theoretical, that we can arrive at any solid conclusions
respecting the nature of Truth, and the mode of arriv-
ing at it, such as it is our object to attain.



CHAPTER IX,

Or THE CLASSIFICATION OF SCIENCES.

HE Classification of Sciences has its chief use in
pointing out to us the extent of our powers of
arriving at truth, and the analogies which may obtain
between those certain and lucid portions of knowledge
with which we are here concerned, and those other
portions, of a very different interest and evidence,
which we here purposely abstain to touch upon. - The
classification of human knowledge will, therefore, have
a more peculiar importance when we can include in it
the moral, political, and metaphysical, as well as the
physical portions of our knowledge. But such a sur-
vey does not belong to our present undertaking: and
a general view of the connexion and order of the
branches of sciences which our review has hitherto in-
cluded, will even now possess some interest; and may
serve hereafter as an introduction to a more complete
scheme of the general body of human knowledge.

2. In this, as in any other case, a sound classifica-
tion must be the result, not of any assumed principles
imperatively applied to the subject, but of an exami-
nation of the objects to be classified ;—of an analysis of
them into the principles in which they agree and differ.
The Classification of Sciences must result from the
consideration of their nature and contents. Accord-
ingly, that review of the Sciences in which the History of
the Sciences engaged us, led to a Classification, of which
the main features are indicated in that work. The
Classification thus obtained, depends neither upon the
faculties of the mind to which the separate parts of
our knowledge owe their origin, nor upon the objects
which each science contemplates; but upon a more
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natural and fundamental element ;—namely, the Jdeas
which each science involves. The Ideas regulate and
connect the facts, and are the foundations of the rea-
soning, in each science: and having in another work
more fully examined these /deas, we are now prepared
to state here the classification to which they lead. If
we have rightly traced each science to the Conceptions
which are really fundamental with regard to i, and
which give rise to the first principles on which it
depends, it is not necessary for our purpose that we
should decide whether these Conceptions are absolutely
ultimate principles of thought, or whether, on the con-
trary, they can be further resolved into other Funda-
mental Ideas. We need not now suppose it deter- \
mined whether or not Number is a mere modification
of the Idea of Time, and Force a mere modification of
the Idea of Cause: for however this may be, our Con-
ception of Number is the foundation of Arithmetio,
and our Conception of Forde is the foundation of Me-
chanics. - It is to be observed also that in our classifi-
cation, each Science may involve, not only the Ideas
or Conceptions which are placed opposite to it in the
list, but also all which precede it. Thus Formal Astro-
nemy involves not only the Conception of Motien, but
also those which are the foundation of Arithmetic and
Geometry. In like manner, Physical Astronomy em-
ploys the Sciences of Statics and Dynamics, and thus,
rests on their foundations; and they, in turn, depend
upon the Ideas of Space and of Time, as well as of
Cause.

3. We may further observe, that this arrangement
of Sciences according to the Fundamental Ideas which
they involve, points out the transition from those parts
of human knowledge which have been included in our
History and Philosophy, to other regions of speculation
into which we have not entered. 'We have repeatedly
found ourselves upon the borders of inquiries of a
psychological, or moral, or theological nature. Thus
the History of Physiology® led us to the consideration

1 Hist. Ind. Sc. b. xviL c. v. sect. 2.
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of Life, Sensation, and Volition; and at these Ideas we
stopped, that we might not transgress the boundaries of
our subject as then predetermined. It is plain that
the pursuit of such conceptions and their consequences,
would lead us to the sciences (if we are allowed to call
 them sciences) which contemplate not only animal, but
human principles of action, to Anthropology, and Psy-
chology. In other ways, too, the Ideas which we have
examined, although mamfestly the foundations of sci-
ences such as we have here treated of, also plainly
gomted to speculations of a different order, thus the
dea of a Final Cause is an indispensable guide in
Biology, as we have seen ; but the conception of Design
a8 directing the order of nature, once admitted, soon
carries us to higher contemplations. Again, the Class
of Paletiological Sciences which we were in, the His-
tory led to construct, although we there admitted only
one example of the Class, namely Geology, does in
reality include many vast* lines of research; as the
history and causes of the diffusion of plants and ani-
mals, the history of languages, arts, and consequently
of civilization. Along with these researches, comes
the question how far these histories point backwards to
a natural or a supernatural origin; and the Idea of a
First Cause is thus brought under our donsideration.
Finally, it is not difficult to see that as the Physical
Sciences have their peculiar governing Ideas, which
support and shape them, so the Moral and Political
Sciences also must similarly have their fundamental
and formative Ideas, the source of universal and cer-
tain truths, each of their proper kind. But to follow
out the traces of this analogy, and to verify the ex-
istence of those Fundamental Ideas in Morals and
Politics, is a task quite out of the sphere of the work
in which we are here engaged.

4. We may now place before the reader our Classi-
fication of the Sciences. I have added to the list of
Sciences, a few not belonging to our present subject,
that the nature of the transition by which we are to
extend our philosophy into a wider and higher region
mey be in some measure perceived.
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The Classification of the Sciences is given over leaf.

A few remarks upon it offer themselves. .

The Pure Mathematical Sciences can hardly be called
Inductive Sciences. Their principles are not obtained
by Induction from Facts, but are necessarily assumed
in' reasoning upon the subject matter which those
sciences involve.

The Astronomy of the Ancients aimed only at ex-
plaining the motions of the heavenly bodies, as a mecha-
nism. Modern Astronomy .explains these motions on
the principles of Mechanics.

The term Physics, when confined to & peculiar
class of Sciences, is usually understood to exclude the
Mechanical Sciences on the one side, and Chemistry
on the other; and thus embraces the Secondary Mecha-
nical and Analytico-Mechanical Sciences. But the ad-
Jjective Physical applied to any science and opposed
to Formal, as in Astronomy and Optics, implies those
speculations in which we consider not only the Laws
of Phenomena but their Causes; and generally, as
in those cases, their Mechanical Causes.

The term Metaphysics is applied to subjects in which
the Facts examined are emotions, thoughts and mental
conditions ; subjects not included in our present survey.
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B oo o Sclences. Clamification.

Space . . . Geometry . . .
Time . . .. . . . . .
Number . . . Arithmetic . . @ goiathematical
Sign . . .Algebra . . - . '
Limit . . . Differentials .

- Motion . . . Pure Mechanism . | Pure Motional Sci-

Formal Astronomy . ences,

Cause

Force . . .Staties . . .
Matter . . Dynamies. . .
Inertia . . . Hydrostatics . .
Fluid Pressure. . Hydrodynamics. .
Physical Astronomy .

Mechanical  Sei-
ences,

Outness
Medium of Sensation Acoustics . .

Intensity of Qualities Formal Optics . Secondary Mecha-

Scales of Qualities . Physical Optics. . nical Sciences.

Thermotics . . (Physics.)
- Atmology. - .

Polarity . . . Electricity . ) Analytico-Mecha-
Magnetism .« . nical Sciences,
Galvanism « . (Phystcs.)

Element (Composition)

Chemical Affinity

Substance (Atoms) . Chemistry. . . Analytical Science.

Symmetry . . Crystallography . | Analytico - Classifi-

Likeness . . . SystematicMineralogy catory Sciences.

Degrees of Likeness . Systematic Botany . ; s
/ Systematic Zoology . }» Clzl:;f:abory St

Natural Affinity . Comparative Anatomy :

(Vital Powers)

Assimilation

Trritability

(Orgamization) , ., Biology . . . Organical Sciences.

Final Cause

Instinct .
Emotion . .. . Psychology . (Metaphysics.)
Thought

Historical Causation Geology .
Distribution of Plants s Yoot ;.
and Animals , . Pa:f::.hgl“l Bef
Glossology * . .
~ Ethnography . .
First Cause . . Natural Theology.
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NOVUM ORGANON RENOVATUM.

BOOK III

OF METHODS EMPLOYED IN THE FORMATION
OF SCIENCE.

CHAPTER L
INTRODUCTION.

Avrmorisy XXVIL
The Methods by which the construction of Seience is pro- /
moted are, Methods of Observation, Methods of obtaining
clear Ideas, and Methods of Induction.

I IN the preceding Book, we pointed out certain

general Characters of scientific knowledge which
may often serve to distinguish it from opinions of a
looser or vaguer kind. In the course of the progress
of knowledge from the earliest to the present time, men
have been led to a perception, more or less clear, of
these characteristics. Various philosophers, from Plato
and Aristotle in the ancient world, to Richard de Saint
Viotor and Roger Bacon in the middle ages, Galileo
and Gilbert, Francis Bacon and Isaac Newton,in modern
times, were led to offer precepts and maxims, as fitted
to guide us to a real and fundamental knowledge of
nature. It may on another occasion be our business
to estimate the value of these precepts and maxims.
And other contributions of the same kind to the phi-
losophy of science might be noticed, and some which
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contain still more valuable suggestions, and indicate a
more practical acquaintance with the subject. Among
these,li especially distinguish Sir John Herschel’s
Discourse on the Smdy of Navural Philosophy. But my
object at present is not to relate the history, but to pre-
sent the really valuable results of preceding labours: and
I shall endeavour to collect, both from them and from
my own researches and reflections, such views and
such rules as seem best adapted to assist us in the
discovery and recognition of scientific truth; or, at
least, such as may enable us to understand the pro-
cess by which this truth is obtained. I would present
to the reader the Philosophy and, if possible, the Art
of Discovery.

2. But, in truth, we must acknowledge, before we
proceed with this sub_]ect, that, speaking with strict-
ness, an A7t of Discovery is not possible ;—that we can
give no Rules for the pursuit of truth which shall be
universally and peremptorily applicable ;—and that the
helps which we can offer to the inquirer in such cases
are limited and precarious. Still, we trust it will be
found that aids may be pointed out which are neither
worthless nor uninstructive. The mere classification
of examples of successful inquiry, to which our rules
give occasion, is full of interest for the philosophical
gpeculator. And if our maxims direct the discoverer
to no operations which might not have occurred to
his mind of themselves, they may still concentrate our
attention on that which is most important and cha-
racteristic in these operations, and may direct us to
the best mode of insuring their success. I shall,
therefore, attempt to resolve the Process of Discovery
into its parts, and to give an account as distinct as
may be of Rules and Methods which belong to each
portion of the process.

3. In Book IL we considered the three main
parts of the process by which science is constructed :
namely, the Decomposition and Observation of Com-
plex Facts; the Explication of our Ideal Concep-
tions; and the Colligation of Elementary Facts by
means of those Conceptions. The first and last of
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these three steps are capable of receiving additional
accuracy by peculiar processes. They may further the
advance of science in a more effectual manner, when
directed by special technical Methods, of which in the
present Book we must give a brief view. In this more
technical form, the observation of facts involves the
Measurement of Phenomena; and the Colligation of
Facts includes all arts and rules by which the process
of Induction can be assisted. Hence we shall have
here to consider Methods of Observation, and Methods
of Induction, using these phrases in the widest sense.
The second of the three steps above mentioned, the
Explication of our Conceptions, does not admit of be-
ing much assisted by methods, although something may
be done by Education and Discussion,

4. The Methods of Induction, of which we have to
speak, apply only to the first step in our ascent from
phenomena to laws of nature ;—the discovery of Laws
of Phenomena. A higher and ulterior step remains
behind, and follows in natural order the discovery of
Laws of Phenomena ; namely, the Discovery of Causes;
and this must be stated as a distinct and essential pro-
cess in a complete view of the course of science. Again,
when we have thus ascended to the causes of pheno-
mena and of their laws, we can often reason down-
wards from the cause so discovered; and we are thus
led to suggestions of new phenomena, or to new expla-
nations of phenomena already known. Such proceed-
ings may be termed Applications of our Discoveries;
including in the phrase, Verifications of our Doctrines
by such an application of them to observed facts.
Hence we have the following series of processes con-
cerned in the formation of science.

1.) Decomposition of Facts; )
2.) Measurement of Phenomena;
3.) Explication of Conceptions;

5.) Induction of Causes;
6.) Application of Inductive Discoveries.
. Of these six processes, the methods by which
the second and fourth may be assisted are here our

4.§ Induction of Laws of Phenomena;
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peculiar object of attention. The treatment of these
subjects in the present work must necessarily be scanty
and imperfect, although we may perhaps be able to add
something to what has hitherto been systematically
taught on these heads. Methods of Observation and
of Induction might of themselves form an abundant
subject for a treatise, and hereafter probably will do
80, in the hands of future writers. A few remarks,
offered as contributions to this subject, may serve to
show how extensive it is, and how much more ready
it now is than it ever before was, for a systematic dis-
cussion. .

Of the above steps of the formation of science, the
first, the Decomposition of Facts, has already been
sufficiently explained in the last Book: for if we
pursue it into further detail and exactitude, we find
that we gradually trench upon some of the succeed-
ing parts. I, therefore, proceed to treat of the second
step, the Measurement of Phenomena ;—of Methods
by which this work, in its widest sense, is executed,
and these I shall term Methods of Observation.

|



CHAPTER IIL

OF MEeTHODS OF .OBSERVATION.

ArnorisM XXVIII.

The Methods of Observation of Quantity in general are,
Numeration, which is precise by the nature of Number; the
Measurement of Space and of Time, which are easily made
precise; the Conversion cf Space and Time, by which each
aids the measurement of the other; the Method of Repe-
tition; the Method of Coincidences or Interferences. The
measurement of Weight is made precise by the Method of
Double-weighing. Secondary Qualities are measured by
means of Scales of Degrees; but in order to apply these
Scales, the student requires the Education of the Senses.
The Education of the Senses is forwarded by the practical
study of Descriptive Natural History, Chemical Manipu-
lation, and Astronomical Observation.

I. SHALL speak, in this chapter, of Methods

of exact and systematic observation, by which
such facts are collected as form the materials of precise
scientific propositions. These Methods are very vari-
ous, according to the nature of the subject inquired
into, and other circumstances: but a great portion of
them agree in being processes of measurement. These
I shall peculiarly consider: and in the first place those
referring to Number, Space, and Time, which are at

ment.

2. But though we have to explain "how observa-
tions may be made as perfect as possible, we must not
forget that in most cases complete perfection is unat-
tainable.  Observations are mnever perfect, l;or we

NOV. ORG,

Iy

the same time objects and instruments of measure- |
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observe phenomena by our senses, and measure their
relations in time and space; but our senses and our
measures are all, from various causes, inaccurate. If
we have to observe the exact place of the moon among
the stars, how much of instrumental apparatus is
necessary |  This apparatus has been improved by
many successive generations of astronomers, yet it is
still far from being perfect. And the senses of man,
as well as his implements, are limited in their exact-
ness. Two different observers do not obtain precisely
the same measurés of the time and place of a pheno-
menon ; as, for instance, of the moment at which the
moon occults a star, and the point of her limb at which
the occultation takes place. Here, then, is a source of
inaccuracy and errour, even in astronomy, where the
means of exact observation are incomparably more
complete than they are in any other department of
human research. In other cases, the task of obtaining
accurate measures is far more difficult. If we have
to observe the tides of the ocean when rippled with
waves, we can see the average level of the water first
rise and then fall ; but how hard is it to select the exact
moment when it is at its greatest height, or the exact
highest point which it reaches! It is very easy, in such
a case, to err by many minutes in time, and by several
inches in space.

Still, in many cases, good Methods can remove very
much of this inaccuracy, and to these we now proceed.

3. (I) Number.—Number is the first step of mea-
surement, since it measures itself, and does not, like
space and time, require an arbitrary standard. Hence
the first exact observations, and the first advances of
rigorous knowledge, appear to have been made by means
of number; as for example,—the number of days in a
month and in a year ;—the cycles according to which
eclipses occur ;—the number of days in the revolutions
of the planets; and the like. All these discoveries, as
we have seen in the History of Astronomy, go back to
the earliest period of the science, anterior to any dis-
tinet tradition ; and these discoveries presuppose a series,
probably a very-long series, of observations, made prin-
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cipally by means of number. Nations so rude as to
have no other means of exact measurement, have still
systems of numeration by which they can reckon to a
considerable extent. Very often, such nations have very
complex systems, which are capable of expressing num-
bers of great magnitude. Number supplies the means
of measuring other quantities, by the assumption of a
unit of measure of the appropriate kind: but where
nature supplies the unit, number is applicable directly
and immediately. Number is an important element in
the Classificatory as well as in the Mathematical Sci-

.ences. The History of those Sciences shows how the
formation of botanical systems was effected by the adop-
tion of number as a leading element, by Ceesalpinus ;
and how afterwards the Reform of Linnsus in classifi-
cation depended in a great degree on his finding, in the
pistils and stamens, a better numerical basis than those
before employed. In like manner, the number of rays
in the membrane of the gills', and the number of rays
in the fins of fish, were found to be important elements
in ichthyological classification by Artedi and Linnseus.
There are innumerable instances, in all parts of Natural
History, of the importance of the observation of num-
ber. And in this observation, no instrument, scale or
stgndard is needed, or can be applied; except the
scale of natural numbers, expressed either in words or
in figures, can be considered as an instrument.

4. (IL) Measurement of Space.—Of quantities ad-
mitting of continuous increase and decrease, (for num-
ber is discontinuous,) space is the most simple in its
mode of measurement, and requires most frequently to
be measured. The obvious mode of measuring space is
by the repeated application of a material measure, as
when we take a foot-rule and measure the length of a
room. And in this case the foot-rule is the unit of
space, and the length of the room is expressed by the
number of such units which it contains: or, as it may
not contain an exact number, by a number with a
JSraction. But besides this measurement of linear space,

1 Hist, Ind. Sc. b, xvi. ¢ vil.
10—2
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there is another kind of space which, for purposes of
science, it is still more important to measure, namely,
angular space. The visible heavens being considered
as a sphere, the portions and paths of the heavenly
bodies are determined by drawing circles on the surface
of this sphere, and are expressed by means of the parts
of these circles thus intercepted : by such measures the
doctrines of astronomy were obtained in the very begin-
ning of the science. The arcs of circles thus measured,
are not like linear spaces, reckoned by means of an
arbitrary unit; for there is a natural unit, the total
circumference, to which all arcs may be reforred.  For
the sake of convenience, the whole circumference is
divided into 360 parts or degrees; and by means of
these degrees and their parts, all arcs are expressed.
The arcs are the measures of the angles at the center,
and the degrees may be considered indifferently as
measuring the one or the other of these quantities.

5. In the History of Astronomy?®, I have described
the method of observation of celestial angles employed
by the Greeks. They determined the lines in which
the heavenly bodies were seen, by means either of
Shadows, or of Sights; and measured the angles be-
tween such lines by arcs or rules properly applied to
them. The Armill, Astrolabe, Dioptra, and Paral-
lactic Instrument of the ancients, were some of the
instruments thus constructed. Tycho Brahe greatly
1mproved the methods of astronomical observation by

ving steadiness to the frame of his instruments,

gvhxch were large quadranmts)) and accuracy to the

visions of the limb®. But the application of the tele-
scope to the astronomical quadrant and the fixation of
the center of the field by a cross of fine wires placed in
the focus, was an immense improvement of the instru-
wment, since it substituted a precise visual ray, pointing
to the star, instead of the coarse coincidence of Sights.
. The accuracy of observation was still further increased

2 Hist. Ind. Sc. b. iil. c. iv. sect. 3.
3 Ib. b. viL c. vi sect. 1.
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by applying to the telescope a micrometer which might
subdivide the smaller divisions of the arc.

6. By this means, the precision of astronomical ob-
servation was made so great, that very minute angular
spaces could be measured: and it then became a ques-
tion whether discrepancies which appeared at first as
defects in the theory, might not arise sometimes from
a bending or shaking of the instrument, and from the
degrees marked on the limb being really somewhat
unequal, instead of being rigorously equal. Accord-
ingly, the framing and balancing of the instrument, so
as to avoid all possible tremor or flexure, and the exact
division of an arc into equal parts, became great objects
of those who wished to improve astronomical observa-
tions. The observer no longer gazed at the stars from
a lofty tower, but placed his telescope on the solid
ground, and braced and balanced it with various con-
trivances. Instead of a quadrant, an entire circle was
iftroduced (by Ramsden;) and various processes were
invented for the dividing of instruments. Among
these we may notice Troughton’s method of dividing;
in which the visual ray of a microscope was substituted
for the points of a pair of compasses, and, by stepping
round the circle, the partial arcs were made to
their exact relation to the whole circumference.

4. . Astronomy is not the only science which de-
pends on the measurement of angles. Crystallography
also requires exact measures of this kind; and the
goniometer, especially that devised by Wollaston, sup-
plies the means of obtaining such measures. The
science of Optics also, in many cases, requires the mea-~
surement of angles.

8. In the measurement of linear space, there is no
natural standard which offers itself Most of the com-
mon measures appear to be taken from some part of
the human body ; as a foof, a cubit, a fathom; but such
measures cannot possess any precision, and are altered
by convention: thus there were in ancient times many
kinds of cubits; and in modern Europe, there are a
great number of different standards of the foot, as the
Rhenish foot, the Paris foot, the English foot. It is
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very desirable that, if possible, some permanent stand-
ard, founded in nature, should be adopted ; for the con-
ventional measures are lost in the course of ages; and
thus, dimensions expressed by means of them become
unintelligible. Two different natural standards have
been employed in modern times: the French have
referred their measures of length to the total circum-
ference of a meridian of the earth; a quadrant of this
meridian consists of ten million units or metres. The
English have fixed their linear measure by reference to
the length of a pendulum which employs an exact
second of time in its small oscillation. Both these
methods occasion considerable difficulties in carrying
them into effect; and are to be considered mainly as
means of recovering the standard if it should ever be
lost. For common purposes, some material standard is
adopted as authority for the time: for example, the
standard which in England possessed legal authority
up to the year 1835 was preserved in the House of
Parliament; and was lost in the conflagration which
destroyed that edifice. The standard of length now
generally referred to by men of science in England is
that which is in the possession of the Astronomical
Society of London.

9. A standard of length being established, the
artifices for applying it, and for subdividing it in the
most accurate manner, are nearly the same as in the
case of measures of arcs: as for instance, the employ-
ment of the visual rays of microscopes instead of the
legs of compasses and the edges of rules; the use of
micrometers for minute measurements; and the like.
Many different modes of avoiding errour in such mea-
surements have been devised by various observers,
according to the nature of the cases with which they
had to deal*.

1o. (IIL) Measurement of Time.—The methods of
measuring Time are not so obvious as the methods of

4 On the precautions employed in Astronomy, (in the Cabinet Cyclopee-
astronomical instruments for the dia,) Arts. ro3—110.
measure of space, see SirJ. Herschel'’s
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measuring space; for we cannot apply one portion of
time to another, so0 as to test their equality. We are
obliged to begin by assuming some change as the mea-
sure of time. Thus the motion of the sun in the sky,
or the length and position of the shadows of objects,
were the first modes of measuring the parts of the day.
But what assurance had men, or what assurance could
they have, that the motion of the sun or of the shadow
was uniform? They could have no such assurance,
till they had adopted some measure of smaller times;
which smaller times, making up larger times by repe-
tition, they took as the standard of uniformity ;—for
example, an hour-glass, or a clepsydra which answered
the same purpose among the ancients. There is no
apparent reason why the successive periods measured
by the emptying of the hour-glass should be unequal;
they are implicitly accepted as equal; and by reference
to these, the uniformity of the sun’s motion may be
verified. But the great improvement in the measure-
ment of time was the use of a pendulum for the pur-
pose by Galileo, and the application of this device to
clocks by Huyghens in 1656. For the successive oscil-
lations of a pendulum are rigorously equal, and a clock
is only a train of machinery employed for the purpose
of counting these oscillations. By means of this inven-
tion, the measure of time in astronomical observations
became as accurate as the measure of space,

11.  'What is the natural unit of time? It was as-
sumed from the first by the Greek astronomers, that
the sidereal days, measured by the revolution of a star
from any meridian to the same meridian again, are
exactly equal ; and all improvements in the measure of
time tended to confirm this assumption. The sidereal
day is therefore the natural standard of time. But the
solar day, determined by the diurnal revolution of the
sun, although not rigorously invariable, as the sidereal
day is, undergoes scarcely any perceptible variation;
and since the course of daily occurrences is regulated
by the sun, it is far more convenient to seek the basis
of our unit of time in Ais motions. Accordingly the
solar day (the mean solar day) is divided into 24 hours,
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and these, into minutes and seconds; and this is our
scale of time. - Of such time, the sidereal day has 23
hours 56 minutes 4'09 seconds. And it is plain that
by such a statement the length of the hour is fixed,
with reference to ‘a sidereal day. The standard of
time (and the standard of space in like manner) equally
answers its purpose, whether or not it coincides with
any whole number of units.

12. Since the sidereal day is thus the standard of
our measures of time, it becomes desirable to refer to
it, constantly and exactly, the instruments by which
time is measured, in order that we may secure our-
selves against errour. For this purpose, in astronomical
observatories, observations are constantly made of the
transit of stars across the meridian; the fransit in-
strument with which this is done being adjusted with
all imaginable regard to accuracy®.

13. When exact measures of time are required in
other than astronomical observations, the same instru-
ments are still used, namely, clocks and chronometers.
In chronometers, the regulating part is an oscillating
body; not, as in clocks, a pendulum oscillating by the
force of gravity, but a wheel swinging to and fro on
its center, in consequence of the vibrations of a slen-
der coil of elastic wire. To divide time into still
smaller portions than these vibrations, other artifices
are used ; some of which will be mentioned under the
next head.

14. (IV.) Conversion of Space and Time.—Space
and time agree in being extended quantities, which are
made up and measured by the repetition of homoge-
neous parts. If a body move uniformly, whether in
the way of revolving or otherwise, the space which any
point describes, is proportional to the time of its
motion; and the space and the time may each be
taken as a measure of the other. Hence in such cases,
by taking space instead of time, or time instead of

8 On the precantions employed in see Herschel's 4sironomy, Art. 115
the measure of time by astronomers, —127.
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space, we may often obtain more convenient and pre-
cise measures, than we can by measuring directly the
element with which we are concerned.

The most prominent example of such a conversion,
is the measurement of the Right Ascension of stars,
(that is, their angular distance from a standard meri-
dian® on the celestial sphere,) by means of the time
employed in their coming to the meridian of the place
of observation. Since, as we have already stated, the
visible celestial sphere, carrying the fixed stars, re-
volves with perfect uniformity about the pole; if we
observe the stars as they come in succession to a fixed
circle passing through the poles, the intervals of time
between these observations will be proportional to the
angles which the meridian circles passing through these
stars make at the poles where they meet; and hence,
if we have the means of measuring time with great
accuracy, we can, by watching the times of the transits
of successive stars across some visible mark in our own
meridian, determine the angular distances of the meri-
dian circles of all the stars from one another.

Accordingly, now that the pendulum clock affords
astronomers the means of determining time exactly, a
measurement of the Right Ascensions of heavenly
bodies by means of a clock and a transit instrument,
is a part of the regular business of an observatory. If
the sidereal clock be so adjusted that it marks the
beginning of its scale of time when the first point of
Right Ascension is upon the visible meridian of our
observatory, the point of the scale at which the clock
points when any other star is in our meridian, will
truly represent the Right Ascension of the star.

Thus as the motion of the stars is our measure of
time, we employ time, conversely, as our measure of
the places of the stars. The celestial machine and our
terrestrial machines correspond to each other in their
movements; and the star steals silently and steadily

¢ A meridian is a circle passing dian of any place on the earth is that
through the poles about which the meridian which is exactly over the
celestial sphere revolves. The meri- place. ’
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across our meridian line, just as the pointer of the
clock steals past the mark of the hour. 'We may judge
of the scale of this motion by considering that the full
moon employs about two minutes of time in sailing
across any fixed line seen against the sky, transverse
to her path: and all the celestial bodies, carried along
by the revolving sphere, travel at the same rate.

15. In this case, up to a certain degree, we render
our measures of astronomical angles more exact and
convenient by substituting time for space; but when,
in the very same kind of observation, we wish to pro-
ceed to a greater degree of accuracy, we find that it
is best done by substituting space for time. In observ-
ing the transit of a star across the meridian, if we
have the clock within hearing, we can count the beats
of the pendulum by the noise which they make, and
tell exactly at which second of time the passage of the
star across the visible thread takes place; and thus we
measure Right Ascension by means of time. But our
perception of time does not allow us to divide a second
into ten parts, and to pronounce whether the transit
takes place three-tenths, six-tenths, or seven-tenths of
a second after the preceding beat of the clock. This,
however, can be done by the usual mode of observing
the transit of a star. The observer, listening to the
beat of his clock, fastens his attention upon the star at
each beat, and especially at the one immediately before
and the one immediately after the passage of the
thread : and by this means he has these two positions
and the position of the thread so far present to his
intuition at once, that he can judgein what proportion
the thread is nearer to one position than the other, and
can thus divide the intervening second in its due pro-
portion. Thus if he observe that at the beginning of
the second the star is on one side of the thread, and at
the end of the second on the other side; and that the
two distances from the thread are as two to three, he
knows that the transit took place at two-fifths (or four-
tenths) of a second after the former beat. In this
way a second of time in astronomical observations
may, by a skilful observer, be divided into ten equal
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parts ; although when time is observed as time. a tenth
of a second appears almost to escape our senses. From
the above explanation, it will be seen that the reason
why the subdivision is possible in the way thus de-
scribed, is this :—that the moment of time thus to be
divided is so small, that the eye and the mind can
retain, to the end of this moment, the impression of
position which it received at the beginning. Though
the two positions of the star, and the intermediate
thread, are seen successively, they can be contemplated
by the mind as if they were seen simultaneously: and
thus it is precisely the smallness of this portion of
time which enables us to subdivide it by means of
space.

16. There is another case, of somewhat a different
kind, in which time is employed in measuring space;
namely, when space, or the standard of space, is de-
fined by the length of a pendulum oscillating in a given
time. We might in this way define any space by the
time which a pendulum of such a length would take
in oscillating; and thus we might speak, as was ob-
served by those who suggested this device, of five
minutes of cloth, or a rope half an hour long. We
may observe, however, that in this case, the space is
not proportional to the time. And we may add, that
though we thus appear to avoid the arbitrary stand-
ard of space (for as we have seen, the standard of
measures of time is a natural one,) we do not do so in
fact: for we assume the invariableness of gravity,
which really varies (though very slightly,) from place
to place.

17. §V) The Method of Repetition in Measure-
ment.—In many cases we can give great additional
accuracy to our measurements by repeatedly adding
to itself the quantity which we wish to measure. Thus
if we wished to ascertain the exact breadth of a thread,
it might not be easy to determine whether it was one-
ninetieth, or one-ninety-fifth, or one-hundredth part of
an inch; but if we find that ninety-six such threads
placed side by side occupy exactly an inch, we have
the precise measure of the breadth of the thread. In



156 FORMATION OF SCIENCE.

the same manner, if two clocks are going nearly at the
same rate, we may not be able to distinguish the ex-
cess of an oscillation of one of the pendulums over an
oscillation of the other: but when the two clocks have
gone for an hour, one of them may have gained ten
seconds upon the other; thus showing that the propor-
tion of their times of oscillation is 3610 to 3600.

In the latter of these instances, we have the princi-
ple of repetition truly exemplified, because (as has been
Jjustly observed by Sir J. Herschel’,) there is then ‘a
Jjuxtaposition of units without errour,’—¢one vibration
commences exactly where the last terminates, no part
of time being lost or gained in the addition of the
units so counted.” In space, this juxtaposition of units
without errour cannot be rigorously accomplished,
since the units must be added together by material
contact (as in the above case of the threads,) or in
some equivalent manner. Yet the principle of repeti-
tion has been applied to angular measurement with
considerable success in Borda’s Repeating Circle. In
this instrument, the angle between two objects which
we have to observe, is repeated along the graduated
limb of the circle by turning the telescope from one
object to the other, alternately fastened to the circle
(by its clamp) and loose from it (by unclamping). In
this manner the errours of graduation may (theoreti-
cally) be entirely got rid of : for if an angle repeated
nine times be found to go twice round the circle, it
must be exactly eighty degrees: and where the repeti-
tion does not give an exact number of circumferences,
it may still be made to subdivide the errour to any
required extent.

18. Connected with the principle of repetition, is
the Method of coincidences or wnterferences. 1f we have
two Scales, on one of which an inch is divided into 10,
and on the other into 11 equal parts; and if, these
Scales being placed side by side, it appear that the
beginning of the latter Scale is between the 2nd and
3rd division of the former, it may not be apparent

7 Disc. Nat. Phil. art. 121,
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what fraction added to 2 determines the place of begin-
ning of the second Scale as measured on the first. But
if it appear also that the 3rd division of the second
Scale concides with a certain division of the first, (the
5th,) it is certain that 2 and three-tenths is the exact
place of the beginning of the second Scale, measured
on the first Scale. The 3rd division of the r1 Scale
will coincide (or interfere with) a division of the 10
Scale, when the beginning or zero of the 11 divisions
is three-tenths of a division beyond the preceding line
of the 10 Scale; as will be plain on a little considera-
tion. And if we have two Scales of equal units, in
which each unit is divided into nearly, but not quite,
the same number of equal parts (as 10 and 11, 19 and
20, 29 and 30,) and one sliding on the other, it will
always happen that some one or other of the division
lines will coincide, or very nearly coincide; and thus
the exact position of the beginning of one unit, mea-
sured on the other scale, is determined. A sliding
scale, thus divided for the purpose of subdividing the
units of that on which it slides, is called a Vernier,
from the name of its inventor.

19. The same Principle of Coincidence or Interfer-
ence is applied to the exact measurement of the length
of time occupied in the oscillation of a pendulum. If
a detached pendulum, of such a length as to swing in
little less than a second, be placed before the seconds’
pendulum of a clock, and if the two pendulums begin
to move together, the former will gain upon the latter,
and in a little while their motions will be quite dis-
cordant. But if we go on watching, we shall find
them, after a time, to agree again exactly; namely,
when the detached pendulum has gained one complete
oscillation (back and forwards,) upon the clock pendu-
lum, and again coincides with 1t in its motion. If this
happen after 5 minutes, we know that the times of
oscillation of the two pendulums are in the proportion
of 300 to 302, and therefore the detached pendulum
oscillates in $§¢ of a second. The accuracy which can
be obtained in the measure of an oscillation by this
means is great; for the clock can be compared (by
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observing transits of the stars or otherwise) with
the natural standard of time, the sidereal day. And
the moment of coincidence of the two pendulums
may, by proper arrangements, be very exactly deter-
mined.

‘We have hitherto spoken of methods of measuring
time and space, but other elements also may be very
precisely measured by various means.

20. (VL) Measurement of Weight—Weight, like
space and time, is a quantity made up by addition of
parts, and may be measured by similar methods. The
principle of repetition is applicable to the measurement
of weight ; for if two bodies be simultaneously put in
the same pan of a balance, and if they balance pieces in
the other pan, their weights are exactly added.

There may be difficulties of practical workmanship
in carrying into effect the mathematical conditions of
a perfect balance; for example, in securing an exact
equality of the effective arms of the beam in all posi-
tions. These difficulties are evaded by the Method of
double weighing; according to which the standard
weights, and the body which is to be weighed, are suc-
cessively put in the same pan, and made to balance by
a third body in the opposite scale. By this means the
different lengths of the arms of the beam, and other
imperfections of the balance, become of no conse-
quence®.

21. There is no natural Standard of weight. The
conventional weight taken as the standard, is the
weight of a given bulk of some known substance; for
instance, a cubic foot of water. But in order that this
may be definite, the water must not contain any por-
tion of heterogeneous substance: hence it is required
that the water be distilled water.

22. (VIL) Measurement of Secondary Qualities.—
We have already seen® that secondary qualities are
estimated by means of conventional Scales, which refer

8 For other methods of measuring weights accurately, see Faraday’s Chemi-

cal Manipulation, p. 2s.
9 B.iii. c. il Of the Measure of Secondary Qualities.
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them to space, number, or some other definite ex-
pression. Thus the Thermometer measures heat; the
Musical Scale, with or without the aid of number, ex-
presses the pitch of a note; and we may have an exact
and complete Scale of Colours, pure and impure. We
may remark, however, that with regard to sound and
colour, the estimates of the ear and the eye are not
superseded, but only assisted: for if we determine
what a note is, by comparing it with an instrument
known to be in tune, we still leave the ear to decide
when the note is in unison with one of the notes of the
instrument. And when we compare a colour with our
chromatometer, we judge by the eye which division
of the chromatometer it matches. Colour and sound
have their Natural Scales, which the eye and ear
habitually apply ;- what science requires is, that those
scales should be systematized. We have seen that
geveral conditions are requisite in such scales of qua-
lities: the observer’s skill and ingenuity are mainly
shown in devising such scales and methods of applying
them.

23. The Method of Coincidences is employed in
harmonics: for if two notes are nearly, but not quite,
in unison, the coincidences of the vibrations produce
an audible undulation in the note, which is called the
howl; and the exactness of the unison is known by
this howl vanishing.

24. (VIIL) Manipulation.—The process of ap-
plying practically methods of experiment and observa-
tion, is termed Manipulation; and the value of obser-
vations depends much upon the proficiency of the
observer in this art. This skill appears, as we have
said, not only in devising means and modes in measur-
ing results, but also in inventing and executing ar-
rangements by which elements are subjected to such
conditions as the investigation requires: in finding and
using some material combination by which nature shall
be asked the question which we have in our minds.
To do this in any subject may be considered as a pecu-
liar Art, but especially in Chemistry; where ‘many
experiments,  and even whole trains of research, are
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essentially dependent for success on mere manipu-
lation'.’ The changes which the chemist has to study,
—compositions, decompositions, and mutual actions,
affecting the internal structure rather than the ex-
ternal form and motion of bodies,—are not familiarly
recognized by common observers, as those actions are
which operate upon the total mass of a body: and
hence it is only when the chemist has become, to a
certain degree, familiar with his science, that he has
the power of observing. He must learn to interpret
the effects of mixture, heat, and other Chemical agen-
cies, so as to see in them those facts which chemistry
makes the basis of her doctrines. And in learning to
interpret this language, he must also learn to call it
forth ;—to place bodies under the requisite conditions,
by the apparatus of his own laboratory and the opera-
tions of his own fingers. To do this with readiness
and precision, is, as we have said, an Art, both of the
mind and of the hand, in no small degree recondite
and difficult. A person may be well acquainted with
all the doctrines of chemistry, and may yet fail in the
simplest experiment. How many precautions and ob-
servances, what resource and invention, what delicacy
and vigilance, are requisite in Chemical Manipulation,
may be seen by reference to Dr. Faraday's work on
that subject. ’
25. The same qualities in the observer are requi-
site in some other departments of science ; for example,
in the researches of Optics: for in these, after the first
broad facts have been noticed, the remaining features
of the phenomena are both very complex and very
minute; and require both ingenuity in the invention
of experiments, and a keen scrutiny of their results.
‘We have instances of the application of these qualities
in most of the optical experimenters of recent times, °
and certainly in no one more than Sir David Brewster.
Omitting here all notice of his succeeding labours, his
Treatise on New Philosophical Instruments, published
in 1813, is an excellent model of the kind of resource

10 Faraday’s Chemical Manipulation, p. 3.
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and skill of which we now speak. I may mention as
an example of this skill, his mode of determining the
" refractive power of an irregular fragment of any trans-
parent substance. At first this might appear an im-
possible problem ; for it would seem that a regular and
smooth surface are requisite, in order that we may
have any measurable refraction. But Sir David Brew-
ster overcame the difficulty by immersing the fragment
in a combination of fluids, so mixed, that they had the
same refractive power as the specimen. The question,
when they had this power, was answered by noticing
when the fragment became so transparent that its sur-
face could hardly be seen; for this happened when, the
refractive power within and without' the fragment being
the same, there was no refraction at the surface. And this
condition being obtained, therefractive powerof the fluid,
and therefore of the fragment, was easily ascertained.
26. (IX.) The Education of the Senses.—Colour
and Musical Tone are, as we have seen, determined by
means of the Senses, whether or not Systematical Scales
are used in expressing the observed fact. Systematical
Scales of sensible qualities, however, not only give pre-
cision to the record, but to the observation. But for
this purpose such an Education of the Senses is requi-
site as may enable us to apply the scale immediately.
- The memory must retain the sensation or perception
to which the technical term or degree of the scale
refers. Thus with regard to colour, as we have said
already”, when we find such terms as tin-white or
pinchbeck-brown, the metallic colour so denoted ought
to occur at once to our recollection without delay or
search. The observer’s senses, therefore, must be edu-
cated, at first by an actual exhibition of the standard,
. and afterwards by a familiar use of it, to understand
readily and clearly each phrase and degree of the scales
which in his observations he has to apply. This is not
only the best, but in many cases the only way in which
the observation can be expressed. Thus glassy lustre,
Jatty lustre, adamantine lustre, denote certain kinds of

1 B, viil c. {il. Terminology.
NOV. ORG, 11
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shining in minerals, which appearances we should
endeavour in vain to describe by periphrasis; and
which the terms, if considered as terms in common
language, would by no means clearly discriminate: for
who, in common language, would say that coal has a
fatty lustre? But these terms, in their conventional
sense, are perfectly definite; and when the eye is once
familiarized with this application of them, are easily
and clearly intelligible.

24. The education of the senses, which is thus
requisite in order to understand well the terminology
of any science, must be aoqu.ired by an inspection of
the objects which the science deals with; and is, per-
haps, best promoted by the practical study of Natural
History. In the different departments of Natural
History, the descriptions of species are given by means
of an extensive technical terminology : and that educa-
tion of which we now speak, ought to produce the effect
of making the observer as familiar with each of the terms
of this terminology as we are with the words of our
common language. The technical terms have a much
more precise meaning than other terms, since they are
defined by express convention, and not learnt by com-
mon usage merely. Yet though they are thus defined,
not the definition, but the perception itself, is that
which the term suggests to the proficient.

In order to use the terminology to any good pur-
pose, the student must possess it, not as a dictionary,
but as a language. The terminology of his sciences
must be the natural historian’s most familiar tongue.
He must learn to think in such language. And when
this is achieved, the terminology, as I have elsewhere
said, though to an uneducated eye cumbrous and
pedantical, is felt to be a useful implement, not an op-
pressive burden'. The impatient schoolboy looks upon
his grammar and vocabulary as irksome and burden-
some; but the accomplished student who bhas learnt
the language by means of them, knows that they have
given him the means of expressing what he thinks, and

12 Hist, Ind. Sc. b. xvi. c. iv. sect. 2.
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even of thinking more precisely. And as the study of
language thus gives precision to the thoughts, the study
of Natural History, and especially of the descriptive
part of it, gives precision to the senses.

The Education of the Senses is also greatly pro-
moted by the practical pursuit of any science of ex-
periment and observation, as chemistry or astronomy.
The methods of manipulating, of which we have just
spoken, in chemistry, and the methods of measuring
extremely minute portions of space and time which are
employed in astronomy, and which are described in
the former part of this chapter, are among the best
modes of educating the senses for purposes of scientific
observation.

28. By the various Methods of precise observation
which we have thus very briefly described, facts are
collected, of an exact and definite kind ; they are then
bound together in general laws, by the aid of general
ideas and of such methods as we have now to consider.
Tt is true, that the ideas which enable us to combine
facts into general propositions, do commonly operate in
our minds while we are still engaged in the office of
observing. Ideas of one kind or other are requisite to
connect our phenomena into facts, and to give mean-
ing to the terms of our descriptions: and it frequently
happens, that long before we have collected all the
‘facts which induction requires, the mind catches the
suggestion which some of these ideas offer, and leaps
forwards to a conjectural law while the labour of obser-
vation is yet unfinished. But though this actually
occurs, it is easy to see that the process of combining
and generalizing facts is, in the order of nature, pos-
terior to, and distinct from, the process of observing
facts. Not only is this so, but there is an intermediate
step which, though inseparable from all successful
‘generalization, may be distinguished .from -it in our
survey ; and may, in some degree, be assisted by pecu-
liar methods. To the consideration of such methods
we now proceed.

11—2



CHAPTER IIIL

OF METHODS OF ACQUIRING CLEAR SCIENTIFIC IDEAS;
and first oF INTELLECTUAL EDucaTION.

ArporisM XXTX.
The Methods by which the acquisition of clear Scientific
Ideas is promoted, are mainly two; Intellectual Education
and Discussion of Ideas.

ArHORISM XXX,

The Idea of Space becomes more clear by studying Geo-
metry; the Idea of Force, by studying Mechanics; the Ideas
of Likeness, of Kind, of Subordination of Classes, by studying
Natural History.

ArHorisM XXXI.

Elementary Mechanics should now form a part of intel-
lectual education, in order that the student may understand
the Theory of Universal Gravitation: for an intellectual
education should cultivate such ideas as enable the student to
understand the most complete and admirable portions of the .
knowledge which the human race Ras attained to.

ArHorisM XXXII.

Natural History ought to form a part of intellectual edu-
cation, in order fo correct certain prejudices which arise from
cultivating the intellect by means of mathematics alons; and
in order to lead the student to see that the division of things
into Kinds, and the attribution and use of Names, ars pro-
cesses susceptible of great precision.
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E ways in which men become masters of -those

clear and yet comprehensive conceptions which
the formation and reception of science require, are
mainly two; which, although we cannot reduce them
to any exact scheme, we may still, in a loose use of
" the term, call Methods of acquiring clear Ideas. These
two ways are Education and Discussion.

1. (L) JIdea of Space.—It is easily seen that Edu-1
cation may do at least something to render our ideas ;
distinct and precise. To learn Geometry in youth, |
tends, manifestly, to render our idea of space clear and
exact. By such an education, all the relations, and all
the consequences of this idea, come to be readily and
steadily apprehended; and thus it becomes easy for us
to understand portions of science which otherwise we
should by no means be able to comprehend. The con-
ception of similar triangles was to be mastered, before
the disciples of Thales could see the validity of his
method of determining the height of lofty objects by
the length of their shadows. The conception of the
sphere with its circles had to become familiar, before
the annual motion of the sun and its influence upon
the lengths of days could be rightly traced. The pro-
perties of circles, combined with the pure' doctrine of
motion, were required as an introduction to the theory
of Epicycles: the properties of conic sections were
needed, as a preparation for the discoveries of Kepler.
And not only was it necessary that men should possess
a knowledge of certain figures and their properties; but
it was equally necessary that they should have the
habit of reasoning with perfect steadiness, precision,
and conclusiveness concerning the relations of space.
No small discipline of the mind is requisite, in most
cases, to accustom it to go, with complete insight and
security, through the demonstrations respecting inter-
secting planes and lines, dihedral and trihedral angles,
which occur in solid geometry. Yet how absolutely
necessary is a perfect mastery of such reasonings, to
him who is to explain the motions of the moon in

1 See Hist, Sc. Ideas, b. il. c. xiil.
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latitude and longitude! How necessary, again, is the
same faculty to the student of crystallography ! With-
out mathematical habits of conception and of thinking,
these portions of science are perfectly inaccessible. But
the early study of plane and solid geometry gives to
all tolerably gifted persons, the habits which are thus
needed. The discipline of following the reasonings of
didactic works on this subject, till we are quite familiar
with them, and of devising for ourselves reasonings of
the same kind, (as, for instance, the solutions of pro-
blems proposed, ) soon gives the mind the power of dis-
coursing with perfect facility concerning the most
complex and multiplied relations of space, and enables
us to refer to the properties of all plane and solid
figures as surely as to the visible forms of objects.
Thus we have here a signal instance of the efficacy of
education in giving to our Conceptions that clearness,
which the formation and existence of science indispen-
sably require.

2. It is not my intention here to enter into the
details of the form which should be given to education,
in order that it may answer the purposes now contem-
plated. © But I may make a remark, which the above
examples naturally suggest, that in a mathematical
education, considered as a preparation for furthering
or understanding physical science, Geometry is to be
{cultivated, far rather than Algebra:—the properties of
space are to be studied and reasoned upon as they are

/ in themselves, not as they are replaced and disguised
by symbolical representations. It is true, that when
the student is become quite familiar with elementary
geometry, he may often enable himself to deal in a
more rapid and comprehensive manner with the rela-
tions of space, by using the language of symbols and
the principles of symbolical calculation: but this is an
ulterior step, which may be added to, but can never be
substituted for, the direct cultivation of geometry.
The method of symbolical reasoning employed upon
subjects of geometry and mechanics, has certainly
achieved some remarkable triumphs in the treatment
of the theory of the universe. These successful appli-
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cations of symbols in the highest problems of physical
astronomy appear to have made some teachers of mathe-
matics imagine that it is best to begin the pupil’s course
with such symbolical generalities. But this mode of
proceeding will be so far from giving the student clea
ideas of mathematical relations, that it will involve
him in utter confusion, and probably prevent his ever
obtaining a firm footing in geometry. To commence
mathematics in such a way, would be much as if we
should begin the study of a language by reading the
highest strains of its lyrical poetry.

3. (IL) Idea of Number, &c.—The study of mathe-
matics, as I need hardly observe, developes and renders
exact, our conceptions of the relations of number, as
well as of space. And although, as we have already
noticed, even in their original form the conceptions of
number are for the most part very distinct, they may
be still further improved by such discipline. In com-
plex cases, a methodical cultivation of the mind in such
subjects is needed : for instance, questions concerning
Cycles, and Intercalations, and Epacts, and the like,
require very great steadiness of arithmetical apprehen-
sion in order that the reasoner may deal with them
rightly. In the same manner, a mastery of problems
belonging to the science of Pure Motion, or, as I have
termed it, Mechanism, requires either great natural
aptitude in the student, or a mind properly disci-
plined by suitable branches of mathematical study.

4. Arithmetic and Geometry have long been standard
portions of the education of cultured persons through-
out the civilized world; and hence all such persons have
been able to accept and comprehend those portions of
science which depend upon the idea of space: for in-
stance, the doctrine of the globular form of the earth,
with its consequences, such as the measures of latitude
and longitude ;—the heliocentric system of the universe
in modern, or the geocentric in ancient times;—the
explanation of the rainbow ; and the like. In nations
where there is no such education, these portions of
science cannot exist as a part of the general stock of
the knowledge of society, however intelligently they

—_—
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may be pursued by single philosophers dispersed here
and there in the commnity.

5. (IIL) Idea of Force—As the idea of Space is
brought out in its full evidence by the study of Geo-
metry, so the idea of Force is called up and developed
by the study of the science of Mechanics. It has
already been shown, in our scrutiny of the Ideas of the
Mechanical Sciences, that Force, the Cause of motion
or of equilibrium, involves an independent Fundamental
Idea, and is quite incapable of being resolved into any
mere modification of our conceptions of space, time,
and motion. And in order that the student may pos-
sess this idea in a precise and manifest shape, he must
pursue the science of Mechanics in the mode which
this view of its nature demands;—that is, he must
study it as an independent science, resting on solid
elementary principles of its own, and not built upon

W some other unmechanical science as its substructure.
He must trace the truths of Mechanics from their own

;i axioms and definitions; these axioms and definitions
"{ being considered as merely means of bringing into

' " play the Idea on which the science depends. The con-
ceptions of force and matter, of action and reaction, of
momentum and inertia, with the reasonings in which
they are involved, cannot be evaded by any substitu-
tion of lines or symbols for the conceptions. Any at-
tempts at such substitution would render the study of
Mechanics useless as a preparation of the mind for
physical science; and would, indeed, except counter-
acted by great natural clearness of thought on such
sub_)ects, fill the mind with confused and vague notlons,
quite unavailing for any purposes of sound reasoning.
But, on the other hand, the study of Mechanics, in its
genuine form, as a branch of education, is fitted to give
a most useful and valuable precision of thought on
such subjects; and is the more to be recommended,
since, in the genera.l habits of most men’s minds, the
mechanical conceptions are tainted with far greater ob-
scurity and perplexity than belongs to the conceptions
of number, space, and motion.

6. As habitually distinct conceptions of space and
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motion were requisite for the reception of the doctrines
of formal astronomy, (the Ptolemaic and Copernican
system,) so a clear and steady conception of force is in-
dispensably necessary for understanding the Newtonian
system of physical astronomy. It may be objected
that the study of Mechanics as a science has not
commonly formed part of a liberal education in Europe,
and yet that educated persons have commonly accepted
the Newtonian system. But to this we reply, that al-
- though most persons of good intellectual culture have
professed to assent to the Newtonian system of the uni-
verse, yet they have, in fact, entertained it in so vague
and perplexed a manner as to show very clearly that a
better mental preparation than the usual one is neces-
sary, in order that such persons may really understand
the doctrine of universal attraction. I have elsewhere
spoken of the prevalent indistinctness of mechanical
conceptions?; and need not here dwell upon the indi-
cations, constantly occurring in conversation and in
literature, of the utter inaccuracy of thought on such
subjects which may often be detected ; for instance, in
the mode in which many men speak of centrifugal and
centripetal forces ;—of projectile and central forces;—
of the effect of the moon upon the waters of the ocean ;
and the like. The incoherence of ideas which we
frequently witness on such points, shows us clearly
that, in the minds of a great number of men, well
educated according to the present standard, the accept-
ance of the doctrine of Universal Gravitation is & result
of traditional prejudice, not of rational conviction.
And those who are Newtonians on such grounds, are
not at .all more intellectually advanced by being New-
tonians in the nineteenth century, than they would
have been by being Ptolemaics in the fifteenth. ,
4. It is undoubtedly in the highest degree desirabld
that all great advances in science should become the
common property of all cultivated men. And this can,
only be done by introducing into the course of a liberal'
education such studies as unfold and fix in men’s minds

3 Hist, Sc. Ideas, b. iil. c. x.
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the fundamental ideas upon which the new-discovered
truths rest. The progress made by the ancients in
geography, astronomy, and other sciences, led them to
assign, wisely and well, a place to arithmetic and geo-
metry among the steps "of an ingenuous education. The
discoveries of modern times have rendered these steps
still more indispensable ; for we cannot consider a man
as cultivated up to the standard of his times, if he is
not only ignorant of, but incapable of comprehending,
the greatest achievements of the human intellect. And
as innumerable discoveries of all ages have thus secured
to Geometry her place as a part of good education, so
the great discoveries of Newton make it proper to in-
troduce Elementary Mechanics as a part of the same
course. If the education deserve to be called good,
the pupil will not remain ignorant of those discoveries,
the most remarkable extensions of the field of human
knowledge which have ever occurred. Yet he cannot
by possibility comprehend them, except his mind be
previously disciplined by mechanical studies. The pe-
riod appears now to be arrived when we may venture,
or rather when we are bound to endeavour, to include
a new class of Fundamental Ideas in the elementary
discipline of the human intellect. This is indispensa-
ble, if we wish to educe the powers which we know
that it possesses, and to enrich it with the wealth which
lies within its reach®

8. By the view which is thus presented to us of the
nature and objects of intellectual education, we are led
to consider the mind of man as undergoing a progress
from age to age. By the discoveries which are made,
and by the clearness and evidence which, after a time,
(not suddenly nor soon,) the truths thus discovered ac-
quire, one portion of knowledge after another becomes
elementary; and if we would really secure this pro-
gress, and make men share in it, these new portious
must be treated as elementary in the constitution of a

3 The University of Cambridge has, tion in Elementary Mechanics requi-
by a recent law, made an examina- site for the Degree of B.A.

. N
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liberal education. Even in the rudest forms of intelli-
gence, man is immeasurably elevated above the unpro-
essive brute, for the idea of number is so far deve-
loped that he can count his flock or his arrows. But
when number is contemplated in a speculative form, he
has made a vast additional progress; when he steadily
apprehends the relations of space, ’he has again ad-
vanced ; when in thought he carries these relations into
the vault of the sky, into the expanse of the universe,
he reaches a higher intellectual position. And when
he carries into these wide regions, not only the rela-
tions of space and time, but of cause and effect, of
force and reaction, he has again made an intellectual
advance; which, wide as it is at first, is accessible to
all; and with which all should acquaint themselves, if
they really desire to prosecute with energy the ascend-
ing path of truth and knowledge which lies before
them. This should be an object of exertion to all in-
genuous and hopeful minds. For, that exertion is
necessary,—that after all possible facilities have been
afforded, it is still a matter of toil and struggle to
appropriate to ourselves the acquisitions of great dis-
coverers, is not to be denied. Elementary mechanics,
like elementary geometry, is a study accessible to all:
but like that too, or perhaps more than that, it is a
study which requires effort and contention of mind,—a
forced steadiness of thought. It is long since one com-
plained of this labour in geometry; and was answered
that in that region there is no Royal Road. The same
is true of Mechanics, and must be true of all branches
of solid education. But we should express the truth
more appropriately in our days by saying that there is
no Popular Road to these sciences. In the mind, as
in the body, strenuous exercise alone can give strength
and activity. The art of exact thought can be acquired
only by the labour of close thi
(IV.) Chemical Ideas.—We appea.r then to have
amved at a point of human progress in which a liberal
education of the scientific intellect should include, be-
sides arithmetic, elementary geometry and mechanics.



172 FORMATION OF SCIENCE.

The question then occurs to us, whether there are any
other Fundamental Ideas, among those belonging to
other sciences, which ought also to be made part of
such an education ;—whether, for example, we should
strive to develope in the minds of all cultured men
the ideas of polarity, mechanical and chemical, of which
we spoke in a former part of this work.
The views to which we have been conducted by the
( previous inquiry lead us to reply that it would not be
i well at present to make chemical Polarities, at any
' rate, a subject of elementary instruction. For even
Ithe most profound and acute philosophers who have
speculated upon this subject,—they who are leading
the van in the march of discovery,—do not seem yet
to have reduced their thoughts on this subject to a
consistency, or to have taken hold of this idea of Po-
larity in a manner quite satisfactory to their own
minds. This part of the subject is, therefore, by no
means ready to be introduced into a course of general
elementary education ; for, with a view to such a pur-
pose, nothing less than the most thoroughly luminous
and transparent condition of the idea will suffice. Its
whole efficacy, as a means and object of disciplinal
study, depends upon there being no obscurity, per-
plexity, or indefiniteness with regard to it, beyond that
transient deficiency which at first exists in the learn-
er's mind, and is to be removed by his studies. The
idea of chemical Polarity is not yet in this condition;
and therefore is not yet fit for a place in education.
Yet since this idea of Polarity is the most general idea
which enters into chemistry, and appears to be that
which includes almost all the others, it would be un-
philosophical, and inconsistent with all sound views of
science, to introduce into education some chemical
conceptions, and to omit those which depend upon this
idea : indeed such a partial adoption of the science
could hardly take place without not only omitting, but
misrepresenting, a great part of our chemical know-
ledge. The conclusion to which we are necessarily
| led, therefore, is this:—that at present chemistry can-
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not with any advantage, form a portion of the general
intellectual education®. .
ro. (V.) DNatural-History Ideas.—But there re-
mains still another class of Ideas, with regard to
which we may very properly ask whether they may
not advantageously form a portion of a liberal educa-
tion: I mean the Ideas of definite Resemblance and
Difference, and of one set of resemblances subordinate
to another, which form the bases of the classificatory
sciences. These Ideas are developed by the study of
the various branches of Natural History, as Botany,
and Zoology; and beyond all doubt, those pursuits, if
assiduously followed, very materially affect the mental
habits. There is this obvious advantage to be looked
for from the study of Natural History, considered as
a means of intellectual discipline :—that it gives us, in
a precise and scientific form, examples of the classing
and naming of objects; which operations the use of
common language leads us constantly to perform in a
loose and inexact way. In the usual habits of our
minds and tongues, things are distinguished or brought
together, and names are applied, in a manner very in-
definite, vacillating, and seemingly capricious : and we
may naturally be led to doubt whether such defects
can be avoided ;—whether exact distinctions of things,
and rigorous use of words be possible. Now upon this
point we may receive the instruction of Natural His-
tory ; which proves to us, by the actual performance of
the task, that a precise classification and nomenclature
are attainable, at least for a mass of objects all of the
same kind. Further, we also learn from this study,
that there may exist, not only an exact distinction of
kinds of things, but a series of distinctions, one set
subordinate to another, and the more general including

4 I do not here stop to prove that
an education (if it be so called) in
which the memory only retains the
verbal expression of results, while
the mind does not apprehend the
principles of the subject, and there-

fore cannot even understand the
words in which its doctrines are ex-
pressed, is of no value whatever to
the intellect, but rather, is highly
hurtful to the habits of thinking and
reasoning.
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the more special, so as to form a system of classifica-
tion. All these are valuable lessons. If by the study
\of Natural History we evolve, in a clear and well de-
fined form, the conceptions of genus, species, and of
/ higher and lower steps of classification, we communi-
cate precision, clearness, and method to the intellect,
through a great range of its operations.

11. It must be observed, that in order to attain the
disciplinal benefit which the study of Natural History
is fitted to bestow, we must teach the natural not the
artificial classifications; or at least the natural as well
a8 the artificial. For it is important for the student to
perceive that there are classifications, not merely arbi-
trary, founded upon some assumed character, but na-
tural, recognized by some discovered character : he ought
to see that our classes being collected according to one

mark, are confirmed by many marks not originally stated .

in our scheme; and are thus found to be grouped
together, not by a single resemblance, but by a mass of
resemblances, indicating a natural affinity. That ob-
jects may be collected into such groups, is a highly im-
portant lesson, which Natural History alone, pursued
as the science of natural classes, can teach.

12. Natural History has not unfrequently been
made a portion of education: and has in some degree
produced such effects as we have pointed out. It
would appear, however, that its lessons have, for the
/most part, been very imperfectly learnt or understood
:by persons of ordinary education: and that there are
* perverse intellectual habits very commonly prevalent

. in the cultivated classes, which ought ere now to have
~been corrected by the general teaching of Natural
'History. We may detect among speculative men
many prejudices respecting the nature and rules of
reasoning, which arise from pure mathematics having
been so long and so universally the instrument of in-
tellectual cultivation. Pure Mathematics reasons from
definitions : whatever term is introduced into her
pages, as a circle, or a square, its definition comes along
with it: and this definition is supposed to supply all
that the reasoner needs to know, respecting the term.
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If there be any doubt concerning the validity of the
conclusion, the doubt is resolved by recurring to the
definitions. Hence it has come to pass that in other
subjects also, men seek for and demand definitions as
the most secure foundation of reasoning. The defini-
tion and the term defined are conceived to be so far
identical, that in all cases the one may be substituted
for the other; and such a substitution is held to be
the best mode of detecting fallacies. .

13. Tt has already been shown that even geometry
is not founded upon definitions alone: and we shall
not here again analyse the fallacy of this belief in the
supreme value of definitions. But we may remark
that the study of Natural History appears to be the
proper remedy for this erroneous habit of thought. For|
in every department of Natural History the object of] )
our study is Ainds of things, not one of which kinds\
can be rigorously defined, yet all of them are suffi-
ciently definite. In these cases we may indeed give a
specific description of one of the kinds, and may eall it
a definition; but it is clear that such a definition does
not contain the essence of the thing. 'We say® that the
Rose Tribe are ¢ Polypetalous dicotyledons, with lateral
styles, superior simple ovaria, regular perigynous sta-
mens, exalbuminous definite seeds, and alternate stipu-
late leaves’ But no one would say that this was our
essential conception of a rose, to be substituted for it
in all cases of doubt or obscurity, by way of making
our reasonings perfectly clear. Not only so; but as
we have already seen’, the definition does not even
apply to all the tribe. For the stipule are absent in
Lowea: the albumen is present in Neillia: the fruit of
Spirza sorbifolia is capsular. If, then, we can possess
any certain knowledge in Natural History, (which no
cultivator of the subject will doubt,) it is evident that
our knowledge cannot depend on the possibility of lay-
ing down exact definitions and reasoning from them.,

14. But it may be asked, if we cannot define a

8 Lindley’s Nat. Syst. Bot. p. 81.
¢ Hist. Sc. Ideas, b. viil. c. ii. sect. 3.
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word, or a class of things which a word denotes, how
can we distinguish what it does mean from what it
does not mean? How can we say that it signifies one
thing rather than another, except we declare what is
its signification } .

The answer to this question involves the general
principle of a natural method of classification, which
has already been stated” and need not here be again
dwelt on. It has been shown that names of kinds of
things (genera) associate them according to total re-
semblances, not partial characters. The principle
which connects a group of objects in natural history is
not a definition, but a fype. Thus we take as the type
of the Rose family, it may be, the common wild rose;
all species which resemble this flower more than they
resemble any other group of species are also roses, and
form one genus. All genera which resemble Roses
more than they resemble any other group of genera
are of the same family. And thus the Rose family
is collected about some one species, which is the type
or central point of the group.

In such an arrangement, it may readily be conceived
that though the nucleus of each group may cohere
firmly together, the outskirts of contiguous groups
may approach, and may even be intermingled, so that
some species may doubtfully adhere to one group or
another. Yet this uncertainty does not at all affect
the truths which we find ourselves enabled to assert
with regard to the general mass of each group. And
thus we are taught that there may be very important
differences between two groups of objects, although we
are unable to tell where the one group ends and where
the other begins; and that there may be propositions
of indisputable truth, in which it is impossible to give
unexceptionable definitions of the terms employed.

1 15. These lessons are of the highest value with
" regard to all employments of the human mind ; for the
- mode in which words in common use acquire their
, meaning, approaches far more nearly to the Method of

7 Hist. Sc. Ideas, b. viil. c. ii. sect. 3.
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Type than to the method of definition. The terms
which belong to our practical concerns, or to our spon-
taneous and unscientific speculations, are rarely capable
of exact definition. They have been devised in order
to express assertions, often very important, yet very
vaguely conceived: and the signification of the word is
extended, as far as the assertion conveyed by it can be
extended, by apparent connexion or by analogy. And
thus, in all the attempts of man to grasp at knowledge,
we have an exemplification of that which we have
stated as the rule of induction, that Definition and
Proposition are mutually dependent, each adjusted so
as to give value and meaning to the other: and this is
80, even when both the elements of truth are defective
in precision: the Definition being replaced by an in-
complete description or a loose reference to a Type;
and the Proposition being in a corresponding degree
insecure.

16. Thus the study of Natural History, as a cor-
rective of the belief that definitions are essential to‘
substantial truth, might be of great use; and the ad- !
vantage which might thus be obtained is'such as well /
entitles this study to a place in a liberal educa.tion.,
‘We may further observe, that in order that Natural
Hl.story may produce such an effect, it must be studi
by inspection of the objects themselves, and not by th
reading of books only. Its lesson is, that we must i
all cases of doubt or obscurity refer, not to words or
definitions, but to things. The Book of Nature is its
dictionary : it is there that the natural historian looks,
to find the meaning of the words which he uses®. So

8 It is a curious example of the
influence of the belief in definitions,
that elementary books have been
written in which Natural History is
taught in the way of question and
answer, and consequently by means of
words alone. In such a scheme, of
course all objects are defined: and we
may easily anticipate the value of

NOYV. ORG.

the knowledge thus conveyed. Thus,
¢Iron is a well-known hard metal, of
& darkish gray colour, and very elas-
tic’ ‘Copper is an orange-coloured
metal, more sonorous than any other,
and the most elastic of any except
jron.’ This is to pervert the meaning
of education, and to make it a busi-
ness of mere words.
12

<«
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long as a plant, in its most essential parts, is more like
a rose than any thing else, it ¢s a rose. He knows no
other definition. :

17. (V1) Well-established Ideas alone to be used.—
‘We may assert in general what we have elsewhere, as
above, stated specially withreference to the fundamental
principles of chemistry :—no Ideas are suited to become
the elements of elementary education, till they have not
only bécome perfectly distinet and fixed in the minds
of the leading cultivators of the science to which they
belong ; but till they have been so for some considerable
period. The entire clearness and steadiness of view
which is essential to sound science, must have time to
extend itself to a wide circle of disciples, The views
and principles which are detected by the most profound
and acute philosophers, are soon appropriated by all the
most intelligent and active minds of their own and of
the following generations; and when this has taken
place, (and not till then,) it is right, by a proper con-
stitution of our liberal education, to extend a general
knowledge of such principles to all cultivated persons,
And it follows, from this view of the matter, that we
are by no means to be in haste to adopt, into our
course of education, all new discoveries as soon as they
are made. They require some time, in order to settle
into their proper place and position in men’s minds,
and to show themselves under their true aspects; and
till this is done, we confuse and disturb, rather than
enlighten and unfold, the ideas of learners, by intro-
ducing the discoveries into our elementary instruction.
Hence it was perhaps reasonable that a century should
elapse from the time of Galileo, before the rigorous
teaching of Mechanics became a general element of in-
tellectual training; and the doctrine of Universal Gra-
vitation was hardly ripe for such an employment till
the end of the last century. 'We must not direct the
unformed youthful mind to launch its little bark upon
the waters of speculation, till all the agitation of dis-
covery, with its consequent fluctuation and contro-
versy, has well subsided.

18,  But it may be asked, How is it that time ope-
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rates to give distinotness and evidence to scientific
ideas? In what way does it happen that views and
principles, obscure and wavering at first, after a while
become luminous and steady? Can we point out any
process, any intermediate steps, by which this result is
produced? If we can, this process must be an impor-
tant portion of the subject now under our consideration.

To this we reply, that the transition from the hesi-
tation and contradiction with which true ideas are first
received, to the general assent and clear apprehension
which they afterwards obtain, takes place through
the. circulation of various arguments for and against
them, and various modes of presenting and testing
them, all which we may include under the term JDis-
cussion, which we have already mentioned as the
second of the two ways by which scientific views are
developed into full maturity.



CHAPTER 1IV.

OF METHODS OF ACQUIRING CLEAR SCIENTIFIC IDEAS,
continued.—OF THE DiscussioN orF IDEAs.

ArrorisM XXXIIL.

The conceptions involved in scientific truths have attained
the requisite degree of clearness by means of the Discussions
respecting ideas which have taken place among discoverers
and their followers. Such discussions are very far from
being unprofitable to science. They are metaphysical, and
must be s0: the difference between discoverers and barren
reasoners is, that the former employ good, and the latter bad
metaphysics.

1. | T is easily seen that in every part of science, the

establishment of a new set of ideas has been ac-
companied with much of doubt and dissent. And by
means of discussions so occasioned, the new concep-
tions, and the opinions which involve them, have gra-
dually become definite and clear. The authors and
asserters of the new opinions, in order to make them
defensible, have been compelled to make them consist-
ent: in order to recommend them to others, they have
been obliged to make them more entirely intelligible
to themselves. And thus the Terms which formed the
main points of the controversy, although applied in a
loose and vacillating manner at first, bave in the end
become perfectly definite and exact. The opinions dis-
cussed have been, in their main features, the same
throughout the debate; but they have at first been
dimly, and at last clearly apprehended : like the objects
of a landscape, at which we look through a telescope
ill adjusted, till, by sliding the tube backwards and
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forwards, we at last bring it into focus, and perceive
every feature of the prospect sharp and bright.

2. We have in the last Book' fully exempli-
fied this gradual progress of conceptions from obscu-
rity to clearness by means of Discussion. We have
seen, too, that this mode of treating the subject has
never been successful, except when it has been asso-
ciated with an appeal to facts as well as to reasonings,
A combination of experiment with argument, of ob-
servation with demonstration, has always been found
requisite in order that men should arrive at those dis-
tinct conceptions which give them substantial truths.
The arguments used led to the rejection of undefined,
ambiguous, self-contradictory notions; but the refer-
ence to facts led to the selection, or at least to the re-
tention, of the conceptions which were both true and
useful. The two correlative -processes, definition and
true assertion, the formation, of clear ideas and the in-
duction of laws, went on together.

Thus those discussions by which scientific concep-
tions are rendered ultimately quite distinct and fixed,
include both reasonings from Principles and illustra-
tions from Facts. At present we turn our attention
more peculiarly to the former part of the process; ac-

_ cording to the distinction already drawn, between the
Explication of Couceptions and the Colligation of Facts.
The Discussions of which we here speak, are the Me-
thod (if they may be called a method) by which the
Explication of Conceptions is carried to the requisite
point among philosophers,

3. In the History of the Fundamental Ideas of the
Sciences which forms the Prelude to this work, and
in the History of the Inductive Sciences, I have, in
several instances, traced the steps by which, histori-
cally speaking, these Ideas have obtained their ulti-
mate and permanent place in the minds of speculative
men. I have thus exemplified the reasonings and eon-
troversies which constitute such Discussion as we now
speak of I have stated, at considerable length, the

1 B. L c il Of the Explication of Coneeptions.
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various attempts, failures, and advances, by which the
ideas which enter into the science of Mechanics were
evolved into their present evidence. In like manner
we have seen the conception of refracted rays of light,
obscure and confused in Seneca, growing clearer in
Roger Bacon, more definite in Descartes, perfectly dis-
tinct in Newton. The polarity of light, at first con-
templated with some perplexity, became very distinct
to Malus, Young, and Fresnel; yet the phenomena of
ctreular polarization, and still more, the circular pola-
rization of fluids, leave us, even at preseunt, some dif-
ficulty in fully mastering this conception. The related
polarities of electricity and magnetism are not yet
fully comprehended, even by our greatest philosophers.
One of Mr. Faraday’s late papers (the Fourteenth Se-
ries of his Researches) is employed in an experimental
discussion of this subject, which leads to no satisfactory
result. The controversy between MM. Biot and Am-
pére®, on the nature of the Elementary Forces in elec-
tro-dynamic action, is another evidence that the discus-
" sion of this subject has not yet reached its termination.
‘With regard to chemical polarity, I have already stated
that this idea is as yet very far from being brought to
an ultimate condition of definiteness; and the subject
of Chemical Forces, (for that whole subject must be in-
cluded in this idea of polarity,) which has already oc-
casioned much perplexity and controversy, may easily
occasion much more, before it is settled to the satis-
faction of the philosophical world. The ideas of the
classificatory sciences also have of late been undergoing
much, and very instructive discussion, in the contro-
versies respecting the relations and offices of the na-
tural and artificial methods. And with regard to phy-
eiological ideas, it would hardly be too much to say,
that the whole history of physiology up to the present
time has consisted of the discussion of the fundamental
ideas of the science, such as Vital Forces, Nutrition,
Reproduction, and the likee We had before us at
some length, in the History of Scientific Ideas, a review

2 Hist. Ind. Sc. b, xiii. ¢. 6.
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of the opposite opinions which have beecn advanced

on this subject; and we attempted in some degree to6

estimate the direction in which these ideas are perma-

. nently settling. But without attaching any importance
to this attempt, the account there given may at least
serve to show, how important a share in the past pro-
gress of this subject the discussion of its Fundamental
Ideas has hitherto had.

4. There js one reflexion which is very pointedly
suggested by what has been said. The manner in
which our scientific ideas acquire their distinct and
ultimate form being such as has been described,—
always involving much abstract reasoning and analysis
of our conceptions, often much opposite argumentation
and debate ;—how unphilosophical is it to speak of
abstraction and analysis, of dispute and controversy, as
frivolous and unprofitable processes, by which true
science can never be benefitted; and how erroneous
to put such employments in antithesis with the study
of facts!

Yet some writers are accustomed to talk with con«
tempt of all past controversies, and to wonder at the
blindness of those who did not a¢ first take the view
which was established a¢ last. Such persons forget
that it was precisely the controversy, which established
among speculative men that final doctrine which they
themselves have quietly accepted. It is true, they
have had no difficulty in thoroughly adopting the
truth; but that has occurred because all dissentient
doctrines have been suppressed and forgotten ; and be-
cause systems, and books, and language itself, have
been accommodated peculiarly to the expression of
the accepted truth. To despise those who have, by
their mental struggles and conflicts, brought the sub-
ject into a condition in which errour is almost out of

- our reach, is to be ungrateful exactly in proportion to
the amount of the benefit received. It is as if a child,
when its teacher had with many trials and much
trouble prepared a telescope so that the vision through
it was distinct, should wonder at his stupidity in push-
ing the tube of the eye-glass out and in so often.
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5. Again, some persons condemn all that we have
here spoken of as the discussion of ideas, terming it
metaphysical: and in this spirit, one writer® has
spoken of the ‘metaphysical period’ of each science,
- a8 preceding the period of ¢positive knowledge.” But
as we have seen, that process which is here termed
¢ metaphysical,’—the analysis of our conceptions and
the exposure of their inconsistencies,—(accompanied
with the study of facts,—has always gone on most
actively in the most prosperous periods of each science.
There is, in Galileo, Kepler, Gassendi, and the other
fathers of mechanical philosophy, as much of meta-
physics a8 in their adversaries. The main difference
is, that the metaphysics is of a better kind ; it is more
confdrmable to metaphysical truth. And the same is
the case in other sciences. Nor can it be otherwise.
For all truth, before it can be consistent with facts, -
must be consistent with iself: and although this rule
is of undeniable authority, its application is often far
from easy. The perplexities and ambiguities which
arise from our having the same idea presented to us
under different aspects, are often difficult to disen-
tangle: and no common acuteness and steadiness of
thought must be expended on the task. It would be
easy to adduce, from the works of all great discoverers,

s more profoundly metaphysical than any which
are to be found in the pages of barren & priort reasoners.

6. As we have said, these metaphysical discussions
are not to be put in opposition to the study of facts;
but are to be stimulated, nourished and directed by a
constant recourse to experiment and observation. The
cultivation of ideas is to be conducted as having for
its object the connexion of facts; never to be pursued
a8 a mere exercise of the subtilty of the mind, striving
to build up a world of its own, and neglecting that
which exists about us. For although man may in this -
way please himself, and admire the creations of his
own brain, he can never, by this course, hit upon the

3 M. Auguste Comte, Cours de Philosophic Positive,
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real scheme of nature. "With his ideas unfolded by
education, sharpened by controversy, rectified by meta-
physics, he may understand the natural world, but he
cannot tnvent it. At every step, he must try the value
of the advances he has made in thought, by applying
his thoughts to things. The Explication of Concep-
tions must be carried on with a perpetual reference to
the Colligation of Facts.

Having here treated of Education and Discussion as
the methods by which the former of these two pro-
cesses is to be promoted, we have now to explain the
methods which science employs in order most success-
fully to execute the latter. But the Colligation of
Facts, as already stated, may offer to us two steps of
a very different kind, —the laws of Phenomena, and
their Causes. We shall first describe some of the
methods employed in obta.lmng truths of the former of
these two kinds.



CHAPTER V.

ANALYSIS OF THE PROCESS OF INDUCTION.

ApnorisM XXXIV.

The Process of Induction may be resolved into thres steps;
the Selection of the Idea, the Construction of the Concep-
tion, and the Determination of the Magnitudes.

ApHorisM XXXV,

These three steps correspond to the determination of the
Independent Variable, the Formula, and the Coefficients,
in mathematical investigations; or to the Argument, the
Law, and the Numerical Data, in a Table of an astrono-
mical or other Inequality.

ArnpoRIsM XXXVI.

The Selection of the Idea depends mainly upon inventive
sagacity: which operates by suggesting and trying various
hypotheses. Some inquirers try erroneous hypotheses; and
thus, exhausting the forms of errour, form the Prelude to
Discovery.

ArmorisM XXXVIL

The following Rules may be given, in order to the selection
of the Idea for purposes of Induction:—the Idea and the
Facts must be homogeneous; and the Rule must be tested
by the Facts.

Secr. I.—The Three Steps of Induction.

I. ‘ ‘ THEN facts have been decomposed and phe-
nomena measured, the philosopher endea-
vours to combine them into general laws, by the aid of
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Ideas and Conceptions; these being illustrated and re-
gulated by such means as wé have spoken of in the last
two chapters. In this task, of gathering laws of nature
from observed facts, as we have already said', the na-
tural sagacity of gifted minds is the power by which
the greater part of the successful results have been
obtained ; and this power will probably always be more
efficacious than any Method can be. Still there are
certain methods of procedure which may, in such in-
vestigations, give us