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CONSTRUCTION OF SCIENCE.

CHAPTER IV.

OF THE COLLIGATION OF FACTS.

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

means of such Conceptions as are described in the pre-

ceding Chapter, bound together so aS to give rise to
those general Propositions of which Science consists.

Thus the Facts that the planets revolve about the sun

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 numbers, the cubes

of distances, and the proportionality of these quantities.

Again the existence of this proportion 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 cen-
tral accelerating force, as was proved by Newton. The
whole of our physical knowledge consists in the esta-
blishment of such propositions; and in all such cases,
Facts are bound together by the aid of suitable Concep-

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 syste-

matized, is Science. On the steps by which science is

thus collected 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 Astro-

36
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OF THE COLLIGATION OF FACTS.

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 know-

ledge are noticed by us, and accumulated in our memo-

ries, 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 lead 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

selection of certain kinds of facts, becomes necessary ;

but there is an early period in theprogress
ledge at which man is a physical philosopher, without

seeking to be so, or being aware that he is 80.

3. But in all stages of the progress, even in that

early one of which we have just spoken, it is necessary,

in order that the facts may be fit materials of any know-

ledge, that they should be decomposed into Elementary
Facts, and that these should be observed with precision.
Thus, in the first infancy of astronomy, 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 definite numbers of days, and in
a certain exact order ; and thus it was, that the obser-
vations became portions of astronomical science.
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 ap-

vague and loose mode of looking at facts
very easily observable, left men for a long time under

the belief that a body, ten times as heavy as another,

37
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CONSTRUCTION OF SCIENCE.

falls ten times as fast -that objects immersed in water

are always magnified, 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 man 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.

condition through which some special classes of facts
were, from the first, fitted to become portions of science,

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 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 observations in which mistake

and obscurity are not likely to occur, if the smallest

degree of attention is bestowed upon the task. To count

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 civilization. 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 Number in original precision; and the

38
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OF THE COLLIGATION OF FACTS.

Idea of Cause, in a certain vague and general mode of
application, sufficient for the purposes of common life,

but not for the ends of science, exercises a very exten-

sive 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 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.

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 pro-

cess is more peculiarly called Observation, or, when we

ourselves occasion the facts, Experiment. 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 de-
termined, not indeed necessarily, a8 has sometimes been
said, according to Number, Weight, and Measure;"

Books*, there are many other Conceptions to which

phenomena may be subordinated, quite different from

these, and yet not at all less definite and precise. But
in order that the facts obtained by observation and• ex-

periment may be capable of being used in furtherance of

our exact and solid knowledge, they must be apprehended
and analyzed according to some Conceptions which, ap-
plied for this purpose, 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 Appro-

Books

39
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CONSTRUCTION OF SCIENCE.

priate Ideas, according to the manner in which we have
already explained this condition of the derivation of our

knowledge. 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

mixture, when there is an alteration of qualities as well

as quantities, must be combined by a Conception of ele-
mentary composition. And thus, when mere position,
and number, and resemblance, will no longer answer
the purpose of enabling us to connect the facts, we call
in other Ideas, in such cases more efficacious, though
less obvious.

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 dataf
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 knowledge, are
combined into important and permanent truths, is that
peculiar Sagacity which belongs to the genius of a Dis-
coverer: and which, while it supplies those distinct and

appropriate Conceptions which lead to its success, can-

not be limited by rules, or expressed in definitions.

would be difficult or impossible to describe in words the

habits of thought which led Archimedes to refer the
conditions of equilibrium on the lever to the Conception
of pressure, while Aristotle could not see in them any-
thing more than the results of the strangeness of the
properties of the circle ;- or which impelled Pascal to

explain by means of the Conception of the neight 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 convex lens to the bending of the rays of

light towards the perpendicular by refraction, while
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others conceived the effect to result from the matter of
medium, with no consideration of its form. These are
what are commonly spoken of as felicitous and inexpli-
cable 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

endowments, to make like advances in knowledge.
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 described

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. may,
such cases, conceive the discoverer as inventing and try-

ing 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 Supposi-
tions, or Hypotheses, which are looked at in quick succes-
sion, 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 acceptance or rejection of the hypothesis, goes

ON 80 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 essentially from these. The same intellectual

operations take place in other cases, although this often

happens so instantaneously that we lose the trace of the

progression. In the discoveries made by Kepler, we
have a curious and memorable exhibition of this process

in its details. Thanks to his communicative disposi-
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CONSTRUCTION OF SCIENCE.

tion, we know that he made nineteen hypotheses with

regard 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 bit 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 Kepler
endeavoured to discover the law of refraction, led the

to its real detection by Snell; Kepler's numerous

imaginations concerning the forces by which the celestial
motions are produced,-his physical reasonings" as he

termed them, were a natural prelude to the truer phy-
sical 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 science, 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 con-
stant invention and activity, a perpetual creating and
selecting power at work, of which the last results only
are exhibited to us. Trains of hypotheses are called

and pass rapidly in review ; and the judgment makes its
choice from the varied group.
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9. It would, however, be a great mistake to suppose

that the hypotheses, among which our choice thus 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, sometimes happen that
the proposition which is finally established is such as may

be formed, by some slight alteration, from those which

are justly rejected. Thus Kepler's elliptical theory of

Mars's motions, involved relations of lines and angles
much of the same nature as his previous false suppo-

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 modi-
fications of old ones. The cause of the properties of the

Lever was learnt, not by introducing any new geometri-

cal 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 notions,

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 con-

sidering 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 referring them to the inter-

Since the true supposition is thus very frequently

something altogether diverse from all the obvious con-

from being able to reduce discovery to rule, or to give
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any precepts by which the want of real invention and"

sagacity shall be supplied. We may warn and encourage

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 with

them several superfluous and irrelevant circumstances.

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 perhaps most con-

The At-
traction of Gravitation might have been successfully

applied to the explanation of facts, if Newton had
throughout treated Attraction as the result 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

serve at first to facilitate the introduction of a new
Conception. Thus a pervading Ether might for a time
remove a difficulty, which some persons find consider-

able, of imagining a body to exert force at a distance. A
Particle with Poles is more easily conceived than Polar-
ization 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 simpler form than that in which they were
first suggested. The general laws of Heat, of Attrac-

certain, whatever image we may form to ourselves of
their ultimate causes.

11. In order, then, to discover scientific truths,

suppositions consisting either of new Conceptions, or of
new Combinations of old ones, are to be made, till we
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find one which succeeds in binding together the Facts.
But how are we to find this? How is the trial to be

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 Hypothesis which

they have in reality; whether the results of our sup-

positions agree with the phenomena which nature pre-

sents to us. For this purpose, we must both carefully

observe the phenomena, and steadily trace the conse-

quences of our assumptions, till we can bring the two

into comparison. The Conceptions which our hypotheses
involve, being derived from certain Fundamental Ideas,
afford a basis of rigorous reasoning, as we have shown in
the Books respecting 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 observing 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
octave, a fifth, a 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 musical

scale, could in like manner be confirmed by trying va-

rious 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 agree-
ment, under certain cautions and conditions, of which

we may hereafter speak, is held to be the evidence of
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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 a more

formal and technical manner. The first great outline

of the subject is drawn; and the finishing of the resem-

but perhaps requires less of genius in the master.

the pursuance of this task, rules and precepts may

given, and features and leading circumstances pointed

out, of which it may often be useful to the inquirer to

be aware.

Before proceeding further, I shall speak of some cha-

racteristic marks which belong to such scientificprocesses

a8 are now the subject of our consideration, and which

may sometimes aid us in determining when the task has

been rightly executed.

OF CERTAIN CHARACTERISTICS OF SCIENTIFIC
INDUCTION.

SECT. I.--Invention a part of Induction.

1. THE 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, insepa-
rably connected with each other. When united, and
employed in collecting knowledge from the phenomena

which the world presents to us, they constitute the mental
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CHARACTERISTICS OF SCIENTIFIC INDUCTION.

process of Induction ; which is usually 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 constitu-

ents, 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, because it implies the possession

of General Ideas. Without the former, it would not be

knowledge of the External World; without the latter, it

would not be Knowledge at all. When Ideas and Facts

are separated from each other, the neglect of Facts gives

rise to empty speculations, idle subtleties, visionary inven-

disregard of the true aspect of nature: while the want of

Ideas leaves the mind overwhelmed, bewildered, and stu-

pified by particular sensations, with no means of connect-

ing 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 the Form, facts the Material, of our structure.

Knowledge does not consist in the empty mould, or in

the brute mass of matter, but in the rightly-moulded

substance. Induction gathers general truths from par-
ticular facts:-and in her harvest, the corn and the
reaper, the solid ears and the binding band, are alike

requisite. All our knowledge of nature is obtained by

Induction; the term being understood according to the

explanation we have now given. And our knowledge is

then most complete, then most truly deserves the name

of Science, when both its elements are most perfect ;

when the Ideas which have been conoerned in its forma-

tion have, at every step, been clear and consistent :-and

when they have, at every step also, been employed in

binding together real and certain Facts. Of such Induc-
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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 number of

Particular Cases: and it appears to be frequently ima-

gined that the general proposition results from a mere

juxta-position of the cases, or at most, from merely con-

joining and extending them. But if we consider the pro-

cess 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 combi-

nation by the very act of thought by which they are com-

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
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 addi-

tional 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 connected into a single truth: but
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
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the contemplation of others as well as of Newton; but

Newton conceived the deflection from the tangent in

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 conclu-

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 exemplifi-

cations of some Ideal Case in which the relations are com-

plete 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 because (taking this as our Ideal Case) we find

that all 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 Momentum
gained and lost does : and in like manner, in any other
case in which a truth is established by Induction, some

repeat here remarks made at the end of the Mechanical Euclid,

p. 178.
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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. am not to be understood as
asserting that the term was originally or anciently

employed with this notion of its meaning; for the pecu-

liar feature just pointed out in Induction has generally

been over-looked. This appears by the accounts gene-

rally given of Induction. Induction," says Aristotle*, "is
when by means of one extreme termt we infer the other
extreme term to be true of the middle term.' Thus, (to

take such exemplifications as 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 syllo-
gistically, we assume that the evident proposition, c Mer-

taken conversely, " All 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 18 of far more importance to

our knowledge, namely, the invention of the second

extreme term. In the above instance, the particular
luminaries, Mercury, Venus, Mars, are one logical Ea-

treme; the general designation Planets is the Middle

Term : but having these before

t 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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think of description of ellipses, which is the other

Extreme of the syllogiem When we have once in-
vented this " second Extreme Term,' we may, or may

not, be satisfied with the evidence of the syllogism ;

may, or may not, be convinced that, 80 far 88 this pro-

perty goes, the extremes are co extensive with the mid-

important step in science. We know how long Kepler
laboured, how hard he fought, how many devices he

tried, before he hit upon this Term, 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 observation.

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 respecting the

Ellipse. The Invention of the Conception was the great

step in the discovery: the Verification of the Proposi-

tion was the great step in the proof of the discovery.

If Logic consists in pointing out the conditions of proof;

the Logic of Induction must consist in showing what are

the conditions of proof, in such inferences as this: but
this subject must be pursued in the next chapter ; I now
speak principally of the act of Invention, which is requi-
site in every inductive inference.

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
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and applied, is looked upon as inseparably connected

with the facts, and necessarily implied in them. Having

once had the phenomena bound together in their minds

in virtue of the Conception, men can no longer easily

restore them back to the detached and incoherent con-

dition in which they were before they were thus com-
The pearls once strung, they seem to form a

serve, that it requires an effort to imagine it dissolved.
For instance, we usually represent 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 understand how it could cost the Greeks,
and Copernicus, and Newton, so much pains and trouble
to arrive at a view which is to us 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 conceiving the facts: they are really Facts.

We are willing to orn our obligation to those dis-

coverers, but we hardly feel it: for in what other man-

ner (we ask in our thoughts,) could we represent the

facts to ourselves?

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 philosophers. When
once performed by the discoverer, it takes a fixed and
permanent place in the understanding of every one.
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 from them, and look upon

it as their own. They will not and cannot part with it,

52

bined.
chain by their nature. Induction has given them 8
unity which it is sO far from costing us an effort to pre-

Thus we see wby it is that this

It

Digitized Google



CHARACTERISTICS OF SCIENTIFIC INDUCTION.

even though they may deem it trivial and obvious.

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 leading term of a new theory has been
pronounced and understood, all the phenomena change

their aspect. There is 8 standard to which we cannot

help referring them. We cannot fall back into the help-

less 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 tan-

gled 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 intelli-

gible 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 Ellipses :;
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 celes-

tial 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 treating 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

pose, 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.
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5. In collecting scientific truths by Induction, we

often find (as has already been observed), a Definition

and a Proposition established at the same time, intro-

duced together, and mutually dependent on each other.

The combination of the two constitutes the Inductive

act ; and we may consider the Definition as representing

exhibiting the Colligation of Facts.

SECT. II.Use of Hypotheses.

6. To discover a Conception of the mind which will
justly represent a train of observed facts i8, in some mea-
sure, & process of conjecture, as I have stated already ;
and as I then observed, the business of conjecture 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 suc-

cess, we must reckon that fertility of invention 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 intellectual character

of a discoverer, that it is, in truth, a faculty indispen-

sable to his task. It is, for his purposes, much better
that he should be too ready in contriving, too eager
pursuing systems which promise to introduce law and

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 themselves to have discovered
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laws, which a more careful examination of the facts

overturned.

The tendencies of our speculative nature *, carrying

us onwards in pursuit of symmetry and rule, and thus

producing all true theories, perpetually show their vigour

by overshooting the mark. They obtain something, by
aiming at much more. They detect the order and con-
nexion which exist, by conceiving imaginary relations of
order and connexion which have no existence. Real dis-

coveries are thus mixed with baseless assumptions; pro-

found sagacity is combined with fanciful 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.

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 con-
ditions, 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 knowledget are not commonly
made without the previous exercise of some boldness and

license in guessing. The discovery of new truths re-
quires, undoubtedly, minds careful and scrupulous in

ral in the same phraseology which, in the History of Science, I have
employed in reference to particular examplos. These expressions are

what I have used in speaking of the discoveries of Copernious~-Hist.

t These observations are made on occasion of Kepler's speculations,
and are illustrated by roference to his discoverics.Hist. Ind. Sci.,
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Dotized by Google



CONSTRUCTION OF SCIENCE.

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 inadmis-

sible suppositions, they are often quickly forgotten ;

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:
every accepted doctrine must have been one chosen out

of many candidates. If many of the guesses of philoso-

phers 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 mar-

vellously sagacious. To form hypotheses, and then to

employ much labour and skill in refuting, if they do not

succeed in establishing them, is a part of the usual pro-

cess of inventive minds. Such a proceeding belongs to

the rule of the genius of discovery, rather than (as has

often been taught in modern times) to the exception.

7. But if it be an advantage for the discoverer of

truth that he be ingenious and fertile in inventing hypo-

theses which connect the phenomena of nature, it is

indispensably requisite that he be diligent and careful in

comparing bis hypotheses with the facts, and ready to

abandon his invention as soon as it appears that it does

not agree with the course of actual occurrences. This
constant comparison of his own conceptions and suppo-

sition with observed facts under all aspects, forms the
leading employment of the discoverer: this candid and
simple love of truth, which makes him willing to sup-

press the most favourite production of his own ingenuity

as soon as it appears to be at variance with realities,
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constitutes the first characteristic 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

demonstration, to make him tenacious of the schemes

which he devises, any further than they are confirmed by

their accordance with nature. The framing of hypothe-

ses is, for the inquirer after truth, not the end, but the

beginning of his work. Each of his systems is invented,

not that he mayadmire it and follow it into all its con-
sistent consequences, but that he may make it the. occa-
sion of a course of active experiment and observation.
And if the results of this process contradict his funda-

mental assumptions, however ingenious, however symme-

trical, 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 affections and his wishes, but

strenuous labour and scrupulous 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 inaccuracy.

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 maintaining the hypo-

thesis, after it had once occurred to the author's mind.
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The hypothesis required that the moon should fall from

sixteen feet; but according to his first calculations it

appeared that in.fact she only fell through a space

thirteen feet in that time. The difference seems small,

the approximation encouraging, the theory plausible ; a

man in love with his own fancies would readily have

discovered or invented some probable cause of the dif-

But Newton acquiesced in it as a disproof of

his conjecture, and " laid aside at that time any further

thoughts of this matter*."

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-

Men have frequently

adhered with great tenacity and vehemence to the hypo-

theses which they have once framed ; and in their affec-

tion for these, have been prone to overlook, to distort,

and to misinterpret facts. In this manner, Hypotheses

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 temptations and fal-

lacious 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 sball 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 la-

Hist. Ind. Sci., B. v11. c. ii. sect. 3.
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mentable instances of an unphilosophical frame of mind.

Yet it has appeared in the preceding remarks that hypo-

theses rightly used are among the helps, far more than
the dangers, of science that scientific induction is not

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 refutation. Kepler's

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 supposi-

tions, when rejected, are so0D forgotten: and thus the

trace of them vanishes from the thoughts, and the suc-

cessful 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 enter-
tained for an instant ;" tentative hypotheses," as they
have been called. Each of these hypotheses is followed

by its corresponding train of observations, from which it

derives its power of leading to truth. The hypothesis is

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 becomes

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 testing each supposition as it offers

itself. In this as in other parts of the work of discovery,

success has in general been mainly owing to the native

ingenuity and sagacity of the discoverer's mind.
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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 chap-

ter 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.

SECT. III.-Tests of Hypotheses.

9. A Maxim which it be useful to recollect

is this; that hypotheses may often be of service to

pleteness, and even of errour. The object of such inven-

tions 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
phenomena are associated together, even if they them-

selves somewhat misstate the matter. The imagined
arrangement enables us to contemplate, as a whole, a col-

lection 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.

thesis renders a reason for the agreement of cases really

similar, we may afterwards find this reason to be false, but
we shall be able to translate it into the language 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 altogether

false, is seen in the Doctrine of epicycles by which the

ancient astronomers explained the motions of the sun,

moon, and planets. This doctrine connected the places

and velocities of these bodies at particular times in a
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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 astro-
nomical science; for it enabled men to express and

reason upon many important truths which they disco-

vered respecting the motion of the stars, up to the time

of Kepler. Indeed we can hardly imagine tbat astronomy
could, in its outset, have made SO great & progress under
any other form, as it did in consequence of being cul-

clical hypothesis.

We may notice another instance of an exploded hypo-

thesis, 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 without merit. I mean the

doctrine of Nature's horrour of a vacuum (fuga vacui),

by which the action of siphons and pumps and many
other phenomena were explained, till Mersenne and Pas-

cal 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*

appears to wonder that men did not at once divine the

weight of the air from which the phenomena formerly

ascribed to the fuga vacui really result. Loaded, com-

pressed by the atmosphere," he says, "they did not recog-

nize 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
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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 produced tumours on the skin; and in
spite of all the striking proofs of the weight and elas-
ticity 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

numerous and various, can all be accounted for by one

principle, there is a strong presumption that the principle
is not altogether baseles. And in reality is it not true

that nature does abhor 8 vacuum, and do all she can to

avoid it? No doubt this power is not unlimited; and
we can trace it to a mechanical cause, the pressure of the

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 extra-

vagant or unintelligible manner, by saying that nature

That imperfect and false hypotheses, though they

may thus explain some phenomena, and may be useful in

the progress of science, cannot explain all phenomena ;
-and that we are never to rest in our labours or acqui-
esce in our results, till we have found some view of the

subject which is consistent with all the observed facts:-

will of course be understood. We shall afterwards have

to speak of the other steps of such & progress.

10. The hypotheses which we accept ought to explain
phenomena which we have observed. But they ought to
do more than this: our hypotheses ought to foretel phe-
nomena which have not been observed : at least all

of the same kind as those which the hypothesis was
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invented to explain. For our assent to the hypothesis

implies that it is held to be true of all particular in-

stances. 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 calculate

its real consequences. Hence it will predict the results

of new combinations, as well as explain the appear-

ances 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 con-

firmed by its predicting truly eclipses of the sun and

moon, configurations of the planets, and other celestial

phenomena ; and by its leading to the construction 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 bypothesis 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 Refraction enabled mathema-

ticians to predict, by calculation, what would be the

effect of any new form or combination of transparent

lenses. Newton's hypothesis of Fits of Easy Transmis-

sion and Easy Refection in the particles of light, al-

though 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
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Interferences, afforded the means of predicting results

under a still larger extent of conditions. In like manner

in the progress of chemical knowledge, the doctrine of

Phlogiston supplied the means of foreseeing the conse-

quence of many combinations of elements, even before

they were tried; but the Orygen Theory, besides afford-

ing 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 occasion occurs. Those
who can do this, must, to a considerable extent, have de-

tected nature's secret ;must have fixed upon the condi-

tions to which she attends, and must have seized the rules
by which she applies them. Such a coincidence of untried
facts with speculative assertions cannot be the work of

chance, but implies some large portion of truth in the

principles on which the reasoning is founded. To trace
order and law 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

64

Digitized Google



CHARACTERISTICS OF SCIENTIFIC INDUCTION.

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

processes.

11. We have here spoken of the prediction of facts

of the same kind as those from which our rule was col-

But the evidence in favour of our induction is
much higher and more forcible character when it

enables us to explain and determine cases of a kind

liferent from those which were contemplated 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, when

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 according
to the Inverse Square of this distance, which explained
Kepler's Third Lan 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 Lans of the

elliptical motion of each planet ; although no connexion
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of these laws had been visible before. Again, it appeared

that the force of Universal Gravitation, which had been

inferred from the Perturbations of the moon and planets

by the sun and by each other, also accounted for the fact,

apparently altogether dissimilar and remote, of the Pre-

cession of the equinoxes. Here WAS a most striking and

surprizing 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 the

justed 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 refer-
ence to phenomena of the nature of the Fringes, 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 doc-
trine of Undulations propagated in a Spheroidal Form

Was contrived at first by Huyghens, with a view to explain

the laws of Double Refraction in calc-spar; and was

sued 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-

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 examples

With regard to the
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latter, it has been justly asserted by Herschel, that the

history of the undulatory theory was a succession of

And it is precisely the unexpected coinci-

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 respect-

Sir D. Brewster t. The conceptions of the theory pointed

out peculiar Modifications of the phenomena when Neno-

don's rings were produced by polarized light, which

modifications were ascertained 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 confirma-
tion of the truth of the theory, Measures of the same
element deduced from various classes of facts were found

to coincide. Thus the Length 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 history

am aware, in which this Consili-

ence 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 hypothesis, or perhaps
several, which may represent them : and as new circum-

stances are discovered, we may often adjust the hypothe-

But when the
hypothesis, of itself and without adjustment for the pur-

* See Hist. Ind. Sci., B. ix. c. xii.
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pose, gives us the rule and reason of a class of facts not

contemplated in its construction, we have a criterion of

of falsehood.
12. In the preceding Article I have spoken of the

hypothesis with which we compare our facts as being
framed al 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 researches.

Thus in the Ptolemaic doctrine of the heavens, new epi-
cycles and eccentrics were added as new inequalities of
the motions of the heavenly bodies were discovered ; and
in the Newtonian doctrine of material rays of light, the

supposition that these rayshad fits,' was added to ex-

plain the colours of thin plates ; and the supposition that
they had "sides" was introduced on occasion of the phe-
nomena of polarization. In like manner other theories

have been built up of parts 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 progressof true and of false theories.
the former class all the additional suppositions tend to

simplicity and harmony; the new suppositions resolve

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 ex

tended. 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 difficult to reconcile with

Every such addition adds to the complexity of the
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hypothetical system, which at last becomes unmanage-

able, and is compelled to surrender 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 proportion of

their Magnitudes at different times, if these could have

been accurately observed ; but this the ancient astrono-

mers were unable to do. When, however, Tycho and
other astronomers came to be able to observe the planets

accurately in all positions, it was found that no combina-

all the observations. We may see, in Kepler's works,

the many new modifications of the epicyclical hypothesis

which offered themselves to him ; some of which would

have agreed with the phenomena with a certain degree

tunately for the progress of science, insisted upon obtain-

ing. After these epicycles had been thus accumulated,

they all disappeared and gave way to the simpler con-

ception 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 machi-

nery, which was at last rejected all at once in favour of

the elliptical theory. Astronomers could not but sup-

pose themselves in & 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 yor-
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then the motions of the aphelia, and of the nodes,--the

perturbations, even the action of gravity towards the

earth, could not be accounted for without new and

independent suppositions. Here was none of the sim-

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 motion of the satel-
lites. But this being assumed, the perturbations, 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 sphe-

roidal 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 them-
selves 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.
But the balance came to be used in chemical operations,
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
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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 another.
Thus we explain Reflection and Refraction by undula-
tions: when we come to Thin Plates, the requisite "fits"

are already involved in our fundamental bypothesis, for

they are the length of an undulation: the phenomena of

Diffraction also require such intervals : and the intervals
thus required agree exactly with the others in magnitude,
SO that no new property is needed.

moment appears to require 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 dif.

ferent directions, which is already assumed in uniaxal

crystals *, is extended to biaxal exactly according to the

law of symmetry; and this being done, the laws of the

phenomena, curious and complex as they are, are fully

explained. The phenomena of Circular Polarization by
internal reflection, instead of requiring a new hypothesis,
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are found to be given by an interpretation of an appa-

rently inexplicable result of an old hypothesis. The
Circular Polarization of Quartz and its Double Refrac-

tion does indeed appear to require a new assumption,

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 start-

ling, from one degree of evidence and consistence to

another of 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 incoberent 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 Transmission and Reflection ; the phe-

nomena of Diffraction further invested the emitted

particles with complex laws of Attraction and Repul-
sion ; 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 Move-
able Polarization: and even when all this had been done,
additional mechanism was wanting. There is here no
unexpected success, no happy coincidence, no conver-

gence of principles from remote quarters. The philoso-

pher builds the machine, but its parts do not fit. They
hold together only while he presses them. This is not

the character of truth.
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As another example of the application of the Maxim

refer to the judgment which, in the History of Ther-

motics, I have ventured to give respecting Laplace's

Theory of Gases. I bave stated that we cannot help

forming an unfavourable 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 firs

suppositions explain the connexion of Compression with

Density, (the law of Boyle and Mariotte,) and the con-

nexion of Elasticity with Heat, (the law of Dalton and

Gay Lussac.) But the theory requires other assumptions

when come to Latent Heat; and yet these new

assumptions produce no effect upon the calculations in

any application of the theory. When the hypothesis,

constructed with reference to the Elasticity and Tem-

perature, is applied to another class of facts, those of

Latent Heat, we have no Simplification of the Hypothe-

sis, and therefore no evidence of the truth of the theory.

13. The two last 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

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

Hist. Ind. Sci., B. x. c. iv.
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which the system does not become 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 Inductions 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 con-
veniently 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 gene-
rality. 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 parti-
cular cases to a general proposition. We have in such
examples, in short, an instance of successive gineraliza-

This is a subject of great importance, and desery-
ing of being well illustrated; it will come under our

notice in the next chapter.

CHAPTER VI.

OF THE LOGIC OF INDUCTION.

1. THE subject to which the present chapter refers is

described by phrases which are at the present day fami-

liarly used in speaking of the progress of knowledge.
We hear very frequent mention of ascending from par-

sitions still more general ; of truths included in other
truths of a higher degree of generality:of different
stages of generalization ;and of the highest step of the
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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 significantly, processes and relations which are of

great importance in the formation of science, it is neces-

sary for us to give a clear account of them, illustrated

with general exemplifications ; and this we shall endea-

your 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, cul-

minate, 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 lumi-

paries with respect to the stars. But all these proposi-

tions are really included in the doctrine that the earth,

revolving on its axis, moves round the sun, and the

moon round the earth. These movements, again, consi-

dered as facts, are explained and included in the state-

ment of the forces which the earth exerts upon the moon,

and the sun upon the earth. Again, this doctrine of

the forces of these two bodies is included in the asser-

tion, 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 man-

ner with regard to any other science, so far as its truths

bave been well established and fully developed, we might

show that it consists of a gradation of propositions, pro-
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theoretical assertions. We shall exhibit this gradation

in some of the principal branches of science.

2. This gradation of truths, successively included in

other truths, may be conveniently represented by Tables

resembling the genealogical tables by which the deriva-

tion of descendants from a common ancestor is exhibited ;

except that it isproper in this case to invert the form of
the Table, and to make it converge to unity downwards
instead of upwards, since it has for itspurpose 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 connexion, (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 combina-

tion, may be indicated by brackets in the same manner :

and so

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 genealogi-
cal 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 propo-
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sition 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 riverpresents, is

very inadequate to convey the true state of the case: for

in Induction, as we have besides mere collection of

particulars, there is always a nero conception, a principle

of connexion and unity, supplied by the mind, andsuper-

induced 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 contained in a new shape. We must
remember, therefore, that our Inductive Tables, although

they represent the elements and the order of these induc-

tive 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 propositions
of considerable generality, propositions 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 Equi-

noxes, which he declared to arise from the attraction of

the sun and moon upon the protuberant part of the ter-

restrial spheroid. The apparent remoteness of this fact,

in its nature, from the others with which he thus asso-
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ciated it, causes this part of his reasoning to strike us

aS a remarkable example 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 precession
In like manner, in the Table of Optics,

the columns which contain the facts and theories relative

to double refraction, and those which include polarization

by crystals, each go separately through several stages of

induction; and then these two sets of columns are sud-

double refraction and polarization arise from the same
cause : thus exhibiting 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 consists in Undulations, must be

understood as including some other hypotheses; as, that

the undulations are transverse, that the ether through

which they are propagated has its elasticity in crystals
and other transparent bodies regulated by certain laws ;
and the like. Yet still, even acknowledging all the com-
plication thus implied, the Table in question evidences
clearly enough the constant advance towards unity, con-
sistency, 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
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assigning to each of the distinct steps of which the pro-
gress of science consists, the name of the Discoverer to
whom it is due. Every one of the inductive processes

which the brackets of our Tables mark, directs our atten-

tion to some person by whom the induction 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 scien-
tific nobility. It is by no means pretended that such a
tree includes the names of all the meritorious labourers
in each department of science. Many persons are most
usefully employed in collecting and verifying truths, who
do not advance to any new truths.
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 particular to more general
truths, and must therefore be rightly given by these

and those must be the greatest names
science to whom the principal events of its advance are

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 verification of discoveries once

made. For each of our general propositions is true in

virtue of the truth of the narrower propositions which it
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involves; and we cannot satisfy ourselves of its truth in

any other way than by ascertaining that these its consti-

tuent elements are true. To assure ourselves that the

sun attracts the planets with forces varying inversely as

the square of the distance, we must analyze by geometry

the motion in an ellipse about the focus, so as to see

that it 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

of the conjunction, we establish the whole system of

truths, however wide and various it may be.

exhibiting scientific truths, that it resolves the verifica-
tion of the most complex and comprehensive 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 gene-

ralization also is true, any person with a mind properly
disciplined may satisfy himself by a little study. That
each of these particular propositions is true, may be ascer-
tained, by the same kind of attention, when this propo-

sition is resolved into its constituent and more special

propositions. And thus we may proceed, till the most
general truth is broken up into small and manageable
portions. Of these portions, each may appear by itself

narrow and and yet they are so woven together,

by hypothesis and conjunction, that the truth of the

parts necessarily assures us of the truth of the whole.
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The verification is of the same nature as the verification

ceived by a mercantile office on various accounts from

many quarters. The statement is separated into certain

comprehensive heads, and these into others less exten-

sive ; and these again into smaller collections of sepa-
rate 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 error 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 involved in thepro-
cess of successive generalization, is an inestimable ad-
vantage. For if no one could pronounce concerning
a wide and profound theory except he who could at once
embrace in his mind the whole range of inference, ex-
tending from the special facts up to the most general
principles, none but the greatest geniuses would be en-

titled 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 dis-

coveries have been fully established and developed,) by

any one who brings to the task clear conceptions and
steady attention. The progress 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 hands at once. The doubts
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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 respecting the rest of the structure ; which
has indeed been repeatedly verified by other persons
like manner. 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 scien-

tific 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 multiplicity of

the tasks on which her servants are employed, and the

narrow field of labour to which some confine them-

selves, than the rich merchant is degraded by the num-
ber of offices which it is necessary for him to maintain,
and the minute articles of which he requires 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 induction
may be distinctly seen, may be termed the Logic of In-

By Logic has generally been meant a system
which teaches us SO to arrange our reasonings that their
truth or falsehood shall be evident in their form.
deductive reasonings, in which the general principles are
assumed, and the question is concerning their applica-
tion and combination in particular 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 08

with a criterion of deductive or demonstrative reasoning.
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The Inductive Table, such as it is presented in the pre-

sent chapter, in like manner supplies the means of ascer-

taining the truth of our inductive 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 required for resolving all the main

doctrines of any great department of science into a gra-

dusted 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

immediately 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 is so constituted,-
then affords little room for errour, with moderate atten-
tion and clearness of thought.

11. We may find an example of this act of attention
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 performs a

diurnal revolution round this globe of the earth. How
Was this established in the belief 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

south wards they descend. Again, if we proceed from

two different points considerably to the east and west of

from the south of Spain to the north of Scotland, and
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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

receives her light from the sun, and that lunar eclipses

are caused by the interposition of the earth. As for the

assertion of the 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

to see that it does really and exactly include the par-
ticular facts from which it is collected.

We may, in like manner, illustrate this mode of veri-

'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 concep-
tion 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
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the principal steps in the latter part of the Table, as for
instance, the proposition that the sun attracts all the
planets with a force which varies inversely as the square

of the distance, we find it proved by its including three
other propositions previously established ; first, 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 description 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 New-
tonian generalization, when its consequences are mathe-

with each of these

particular propositions, and thus is fully established.

12. But when we say

sition includes the several more particular ones, we must
recollect what has before been said, that these par-

ticulars form the general truth, not by being merely

enumerated and added together, but by being seen in a

No mere verbal recitation of the particulars

can decide whether the general proposition is true; a

special act of thought is requisite in order to determine

how truly each is included in the supposed induction.

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 addition of the par-

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
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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 studying the properties of circles and spheres. When
he is so prepared, he will feel the force of the expres-

sions we have used, that the facts just mentioned are

seen to be consistent with globular form of the earth ;

but without such aptitude he will not see this consis-

tency: 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 cast 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
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 compari-
son is possible for him only whose mind is properly
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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 per-

form, 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 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 student's contemplating for himself
the mechanical principles 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 for-

Premiss, Minor Premiss, and Conclusion. It may natu-

rally be asked whether in Inductive Logic there is any
such Formula? whether there is any standard form of

words in which we may most properly express the infer-

ence 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 par-

ticulars, 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

In the Inductive Tables they are marked by an asterisk
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is not enough that they appertain to it by enumeration.

It is, for instance, no adequate example of Induction to

say, Mercury describes an elliptical path, so does Venus,

so do the Earth, Mars, Jupiter, Saturn, Uranus; there-

fore all the Planets describe elliptical paths." This is,

as we have seen, the mode of stating the evidence when

the proposition is once suggested ; but the Inductive step

consists 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 induction : for

this conclusion was not obviously included in the pheno-

mena, and had not been applied to these facts previously.

Thus in our Formula, besides stating that the particulars

are included in the general proposition, we must also

imply that the generality is constituted by a new Con-

ception,-new 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 following
Proposition." It is of course requisite that the Concep-
tions should be perfectly clear, and should precisely
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 Definition

be taken as the summary and total result of the

intellectual efforts to which this distinctness is due.

such cases, the Formula of Induction may be modified

according to this condition ; and we may state the infer-

ence by saying, after an enumeration and analysis of the

appropriate facts, "These facts are completely and dis-
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tinctly expressed by adopting the following Definition

and Proposition."
This Formula has been adopted in stating the Induc-

tive Propositions which constitute the basis of the sci-
ence of Mechanics, in a work intitled The Mechanical
Euclid. The fundamental truths of the subject are
expressed in Inductive Pairs of Assertions, consisting

each of a Definition and a Proposition, such as the fol-

lowing:

DEF.-A Uniform Force is 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,
DEF. Two Motions are compounded when each pro-

duces its separate effect in a direction parallel to itself.

PROP.-When any Force acts upon a body in motion,

the motion which the Force would produce in the 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
Assertion of the Truth are both requisite and are cor-
relative to one another. Each of the two steps contains

the verification and justification of the other. The Pro-
position derives its meaning from the Definition; the
Definition derives its reality from the Proposition.
they are separated, the Definition is arbitrary or empty,
the Proposition vague or ambiguous.

16. But it must be observed that neither of the pre-

ceding Formulae expresses the full cogency of the induc-

tive proof. They declare only that the results can be
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clearly explained and rigorously deduced by the employ-

ment of a certain Definition and a certain Proposition.

But in order to make the conclusion demonstrative,

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 proposi-

tion, and the various relations of the facts, becomes
steady and familiar. It is scarcely possible for the stu-
dent 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.

We may, therefore, without impropriety, renounce
the undertaking of conveying in our formula this final
conviction of the necessary truth of our inference.
may leave it to be thought, without insisting upon say-
ing it, that in such cases what can be true, is 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 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 dis-

90

We

Digitized Google



THE LOGIC OF INDUCTION.

ciplined in order that it may see the necessary connexion

between the facts and the general proposition in which

they are included. And the perception of this connexion,

though treated as one step in our inductive inference,

may imply many steps of demonstrative proof. The con-

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 involving several properties of Conic Sections ;

these properties being supposed to be previously esta-

the special subject of the Conic Sections. In this and
similar cases the Induction involves many steps of Deduc-

And in such cases, although the Inductive Step,
the Invention of the Conception, is really the most

important, 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.

18. Deductive reasoning is virtually a collection of

syllogisms, as has already been stated ; and in such rea-

soning, the general principles, the Definitions and Axioms,

necessarily stand at the beginning of the demonstration.

In an inductive inference, the Definitions and Principles

are the final result of the reasoning, the ultimate effect

of the proof. Hence when an Inductive Proposition is

to be established by a proof involving several steps of
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demonstrative reasoning, the enunciation of the Proposi-

tion will contain, explicitly or implicitly, principles which
the demonstration proceeds 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 as the law of the force, were established
only by this and the like demonstrations. The doctrine

which 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 man-
ner the deduction establishes the induction. The prin-

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 business 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 Inductive Intellect

makes an assertion which is subsequently justified by

demonstration; and it shows its sagacity, its peculiar

character, by enunciating the proposition when as yet the

demonstration does not exist: but then it shows that it

is 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 Induction
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we infer general from particular: that Deduction con-
sists of many steps, in each of which we apply known

general propositions in particular cases ; while in Induc-

tion we have a single step, in which we pass from many

particular truths to one general proposition. 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 wbat In-
duction had happily guessed. Induction recognizes the
ore of truth by its weight; Deduction confirms the recog-

must be confirmed by rigorous deductive reasoning, fol-
lowed 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 Induction.

19. Such Tabular arrangements of propositions as we
have constructed may be considered as the Criterion of
Truth for the doctrines which they include. They are
the Criterion of Inductive Truth, in the same sense in
which Syllogistic Demonstration is the Criterion of

Necessary Truth,of the certainty of conclusions, de-

pending upon evident First Principles. And that such
Tables are really a Criterion of the truth of the propo-

sitions which they contain, will be plain by examining
their structure. For if the connexion which the induc-

real and true, the assertion of the general proposition
merely collects together ascertained truths; and in like

manner each of those more particular propositions is

true, because it merely expresses collectively more spe-

cial facts: so that the most general theory is only the
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subordinated. When we assert the truth of the Coper-

nican 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 Astronomical Induction, are in-
cluded in these doctrines; and ultimately, we may con-
sider ourselves as merely asserting at once SO many
Facts, and therefore, of course, expressing an indisput-

able truth.

20. At any one of these steps of Induction in the

Table, the inductive proposition is a Theory with regard

to the Facts which it includes, while it is to be looked
upon as a Fact with respect to the higher generaliza-
tions in which it is included. In any other sense, as

was formerly shown, the opposition of Fact and Theory

is untenable, and leads to endless perplexity 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 a Fact. There
have already seen, no special attributes of Theory and
Fact which distinguish them from one another. Facts

are phenomena apprehended 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 rela-

premiss of one syllogism and the conclusion in another ;
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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.
21. To obviate mistakes I may remark that the terms

higher and lower, when used of generalizations, are un-
avoidably represented by their opposites in our Induc-
tive Tables. The highest generalization is that 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 important

that we shall consider it in the succeeding chapter.

CHAPTER VII.

OF LAWS OF PHENOMENA AND OF CAUSES.

1. IN the first attempts at acquiring an exact and

connected knowledge of the appearances and operations

which nature presents, men went no further than to

learn what takes place, not why it occurs. They dis-

covered an Order which the phenomena follow, Rules

which they obey; but they did not come in sight of the

Powers by which these rules are determined, the Causes

of which this order is the effect. Thus, for example,
they found that many of the celestial motions took place

as if the sun and stars were carried round by the revolu-

these spheres in constant motion, they were never able
to explain. In like manner in modern times, Kepler

discovered that the planets describe ellipses, before New-

ton explained why they select this particular curve, and

describe it in a particular manner. The laws of reflec-
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