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BOOK III.

OF INDUCTION.

"
According to the doctrine now stated, the highest, or rather the only proper object of

physics, is to ascertain those established conjunctions of successive events, which constitute

the order of the universe
;

to record the phenomena which it exhibits to our observations, or

which it discloses to our experiments ;
and to refer these phenomena to their general laws."

D. STEWAKT, Elements of the Philosophy of the Human Mind, vol. ii., chap, iv., sect. 1.

"In such cases the inductive and deductive methods of inquiry may be said to go hand in

hand, the one verifying the conclusions deduced by the other
;
and the combination of experi-

ment and theory, which may thus be brought to bear in such cases, forms an engine of dis-

covery infinitely more powerful than either taken separately. This state of any department
of science is perhaps of all others the most interesting, and. that which promises the most to

research." SIR J. HERSCHEL, Discourse on the Study of Natural Philosophy.

CHAPTER I.

PRELIMINARY OBSERVATIONS ON INDUCTION IN GENERAL.

1. THE portion of the present inquiry upon which we are now about
to enter, may be considered as the principal, both from its surpassing in

intricacy all the other branches, and because it relates to a process which
has been shown in the preceding Book to be that in M'hich the investiga-
tion of nature essentially consists. We have found that all Inference, con-

sequently all Proof, and all discovery of truths not self-evident, consists of

inductions, and the interpretation of inductions : that all our knowledge,
not intuitive, conies to us exclusively from that source. What Induction

is, therefor/;, and what conditions render it legitimate, can not but be deem-
ed the main question of the science of logic the question which includes

all others. It is, however, one which professed writers on logic have al-

most entirely passed over. The generalities of the subject have not been

altogether neglected by metaphysicians ; but, for want of sufficient ac-

quaintance with the processes by which science has actually succeeded in

establishing general truths, their analysis of the inductive operation, even
when unexceptionable as to correctness, has not been specific enough to be
made the foundation of practical rules, which might be for induction itself

what the rules of the syllogism are for the interpretation of induction:

while those by whom physical science has been carried to its present state

of improvement and who, to arrive at a complete theory of the process,
needed only to generalize, and adapt to all varieties of problems, the meth-

ods which they themselves employed in their habitual pursuits never un-

til very lately made any serious attempt to philosophize on the subject, nor

regarded the mode in which they arrived at their conclusions as deserving
of study, independently of the conclusions themselves.
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2. For the purposes of the present inquiry, Induction may be defined,
the operation of discovering and proving general propositions. It is true

that (as already shown) the process of indirectly ascertaining individual

facts, is as truly inductive as that by which we establish general truths.

But it is not a different kind of induction
;

it is a form of the very same

process : since, on the one hand, generals are but collections of particulars,
definite in kind but indefinite in number; and on the other hand, whenever
the evidence which we derive from observation of known cases justifies us

in drawing an inference respecting even one unknown case, we should on
the same evidence be justified in drawing a similar inference with respect
to a whole class of cases. The inference either does not hold at all, or it

holds in all cases of a certain description ;
in all cases which, in certain de-

finable respects, resemble those we have observed.

If these remarks are just; if the principles and rules of inference are the

same whether we infer general propositions or individual facts; it follows

that a complete logic of the sciences would be also a complete logic of prac-
tical business and common life. Since there is no case of legitimate infer-

ence from experience, in which the conclusion may not legitimately be a

general proposition ;
an analysis of the process by which general truths are

arrived at, is virtually an analysis of all induction whatever. Whether we
are inquiring into a scientific principle or into an individual fact, and wheth-
er we proceed by experiment or by ratiocination, every step in the train of

inferences is essentially inductive, and the legitimacy of the induction de-

pends in both cases on the same conditions.

True it is that in the case of the practical inquirer, who is endeavoring
to ascertain facts not for the purposes of science but for those of business,

such, for instance, as the advocate or the judge, the chief difficulty is one in

which the principles of induction will afford him no assistance. It lies not
in making his inductions, but in the selection of them

;
in choosing from

among all general propositions ascertained to be true, those which furnish

marks by which he may trace whether the given subject possesses or not

the predicate in question. In arguing a doubtful question of fact before

a jury, the general propositions or principles to which the advocate ap-

peals are mostly, in themselves, sufficiently trite, and assented to as soon as

stated : his skill lies in bringing his case under those propositions or princi-

ples ;
in calling to mind such of the known or received maxims of probabil-

ity as admit of application to the case in hand, and selecting from among
them those best adapted to his object. Success is here dependent on nat-

ural or acquired sagacity, aided by knowledge of the particular subject, and
of subjects allied with it. Invention, though it can be cultivated, can not
be reduced to rule; there is no science which will enable a man to bethink
himself of that which will suit his purpose.
But when he Jins thought of something, science can tell him whether

that which he has thought of will suit his purpose or not. The inquirer
or arguer must be guided by his own knowledge and sagacity in the choice

of the inductions out of which he will construct his argument. But the

validity of the argument when constructed, depends on principles, and must
be tried by tests which are the same for all descriptions of inquiries,
whether the result be to give A an estate, or to enrich science with a new
general truth. In the one case and in the other, the senses, or testimony,
must decide on the individual facts; the rules of the syllogism will deter-

mine whether, those facts being supposed correct, the case really falls with-

in the formulae of the different inductions under which it has been succes-
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sively brought; and finally, the legitimacy of the inductions themselves

must be decided by other rules, and these it is now our purpose to investi-

gate. If this third part of the operation be, in many of the questions of

practical life, not the most, but the least arduous portion of it, we have
seen that this is also the case in some great departments of the field of sci-

ence
;

in all those which are principally deductive, and most of all in math-
ematics

;
where the inductions themselves are few in number, and so obvi-

ous and elementary that they seem to stand in no need of the evidence of

experience, while to combine them so as to prove a given theorem or solve

a problem, may call for the utmost powers of invention and contrivance

with which our species is gifted.
If the identity of the logical processes which prove particular facts and

those which establish general scientific truths, required any additional con-

firmation, it would be sufficient to consider that in many branches of sci-

ence, single facts have to be proved, as well as principles ;
facts as com-

pletely individual as any that are debated in a court of justice; but which
are proved in the same manner as the other truths of the science, and with-

out disturbing in any degree the homogeneity of its method. A remark-
able example of this is afforded by astronomy. The individual facts on
which that science grounds its most important deductions, such facts as

the magnitudes of the bodies of the solar system, their distances from one

another, the figure of the earth, and its rotation, are scarcely any of them
accessible to our means of direct observation : they are proved indirectly,

by the aid of inductions founded on other facts which we can more easily
reach. For example, the distance of the moon from the earth was deter-

mined by a very circuitous process. The share which direct observation
had in the work consisted in ascertaining, at one and the same instant, the

zenith distances of the moon, as seen from two points very remote from
one another on the earth's surface. The ascertainment of these angular
distances ascertained their supplements ;

and since the angle at the earth's

centre subtended by the distance between the two places of observation

was deducible by spherical trigonometry from the latitude and longi-
tude of those places, the angle at the moon subtended by the same line

became the fourth angle of a quadrilateral of which the other three

angles were known. The four angles being thus ascertained, and two
sides of the quadrilateral being radii of the earth

;
the two remaining

sides and the diagonal, or, in other words, the moon's distance from the

two places of observation and from the centre of the earth, could be as-

certained, at least in terms of the earth's radius, from elementary theo-

rems of geometry. At each step in this demonstration a new induction

is taken in, represented in the aggregate of its results by a general propo-
sition.

Not only is the process by which an individual astronomical fact was
thus ascertained, exactly similar to those by which the same science estab-

lishes its general truths, but also (as we have shown to be the case in all

legitimate reasoning) a general proposition might have been concluded in-

stead of a single fact. In strictness, indeed, the result of the reasoning is

a general proposition; a theorem respecting the distance, not of the moon
in particular, but of any inaccessible object; showing in what relation that

distance stands to certain other quantities. And although the moon is al-

most the only heavenly body the distance of which from the earth can real-

ly be thus ascertained, this is merely owing to the accidental circumstances
of the other heavenly bodies, which render them incapable of affording such

14



210 INDUCTION.

data as the application of the theorem requires ;
for the theorem itself is

as true of them as it is of the moon.*
"VVe shall fall into no error, then, if in treating of Induction, we limit our

attention to the establishment of general propositions. The principles and
rules of Induction as directed to this end, are the principles and rules of

all Induction
;
and the logic of Science is the universal Logic, applicable to

all inquiries in which man can engage.

CHAPTER II.

OF INDUCTIONS IMPROPERLY SO CALLED.

1. INDUCTION, then, is that operation of the mind, by which we infer

that what we know to be true in a particular case or cases, will be true in

all cases which resemble the former in certain assignable respects. In other

words, Induction is the process by which we conclude that what is true of

certain individuals of a class is true of the whole class, or that what is true

at certain times will be true in similar circumstances at all times.

This definition excludes from the meaning of the term Induction, various

logical operations, to which it is not unusual to apply that name.

Induction, as above defined, is a process of inference
;

it proceeds from
the known to the unknown

;
and any operation involving no inference, any

process in which what seems the conclusion is no wider than the premises
from which it is drawn, does not fall within the meaning of the term. Yet

* Dr. Whewell thinks it improper to apply the term Induction to any operation not termi-

nating in the establishment of a general truth. Induction, he says (Philosophy of Discovery,

p. 24.">), "is not the same thing as experience and observation. Induction is experience or

observation consciously looked at in a general form. This consciousness and generality are

necessary parts of that knowledge which is science." And he objects (p. 241) to the mode in

which the word Induction is employed in this work, as an undue extension of that term ''not

onlv to the cases in which the general induction is consciously applied to a particular in-

stance, but to the cases in which the particular instance is dealt with by means of experience
in that rude sense in which experience can be asserted of brutes, and in which of course we
can in no way imagine that the law is possessed or understood as a general proposition."
This use of the term he deems a "confusion of knowledge with practical tendencies."

I disclaim, as strongly as Dr. Whewell can do, the application of such terms as induction,
inference, or reasoning, to operations performed by mere instinct, that is, from an animal im-

pulse, without the exertion of any intelligence. But I perceive no ground for confining the

use of those terms to cases in which the inference is drawn in the forms and with the precau-
tions required by scientific propriety. To the idea of Science, an express recognition and
distinct apprehension of general laws as such, is essential : but nine-tenths of the conclusions

drawn from experience in the course of practical life, are drawn without any such recognition :

they are direct inferences from known cases, to n case supposed to he similar. I have endeav-
ored to show that this is not only as legitimate an operation, but substantially the same oper-

ation, as that of ascending from known cases to a general proposition ; except that the latter

process has one great security for correctness which the former does not possess. In science,
the inference must necessarily pass through the intermediate stage of a general proposition,
because Science wants its conclusions for record, and not for instantaneous use. But the in-

ferences drawn for the guidance of practical attairs. by persons who would often be quite in-

capable of expressing in unexceptionable terms the corresponding generalizations, may and

frequently do exhibit intellectual powers quite equal to any which have ever been displayed
in science; and if these inferences are not inductive, what are they? The limitation imposed
on the term by Dr. Whewell seems perfectly arbitrary; neither justified by any fundamental
distinction between what he includes and what he desires to exclude, nor sanctioned by usage,
at least from the time of Keid and Stewart, the principal legislators (as far as the English

language is concerned) of modern metaphysical terminology.
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in the common books of Logic we find this laid down as the most perfect,
indeed the only quite perfect, form of induction. In those books, every
process which sets out from a less general and terminates in a more gen-
eral expression which admits of being stated in the form, "This and that

A are B, therefore every A is B "
is called an induction, whether any

thing be really concluded or not: and the induction is asserted not to be

perfect, unless every single individual of the class A is included in the

antecedent, or premise : that is, unless what we affirm of the class has

already been ascertained to be true of every individual in it, so that the

nominal conclusion is not really a conclusion, but a mere re-assertion of the

premises. If we were to say, All the planets shine by the sun's light, from
observation of each separate planet, or All the Apostles were Jews, because
this is true of Peter, Paul, John, and every other apostle these, and such
as these, would, in the phraseology in question, be called perfect, and the

only perfect, Inductions. This, however, is a totally different kind of in-

duction from ours
;

it is not an inference from facts known to facts un-

known, but a mere short-hand registration of facts known. The two sim-

ulated arguments which we have quoted, are not generalizations ;
the prop-

ositions purporting to be conclusions from them, are not really general

propositions. A general proposition is one in which the predicate is af-

firmed or denied of an unlimited number of individuals; namely, all, wheth-
er few or many, existing or capable of existing, which possess the proper-
ties connoted by the subject of the proposition.

" All men are mortal " does
not mean all now living, but all men past, present, and to come. When the

signification of the term is limited so as to render it a name not for any
and every individual falling under a certain general description, but only
for each of a number of individuals, designated as such, and as it were
counted off individually, the proposition, though it may be general in its

language, is no general proposition, but merely that number of singular

propositions, written in an abridged character. The operation may be very
useful, as most forms of "

\.iaged notation are; but it is no part of the in-

vestigation of truth, though often bearing an important part in the prepa-
ration of the materials for that investigation.
As we may sum up a definite number of singular propositions in one

proposition, which will be apparently, but not really, general, so we may
sum up a definite number of general propositions in one proposition, which
will be apparently, but not really, more general. If by a separate induc-

tion applied to every distinct species of animals, it has been established

that each possesses a nervous system, and we affirm thereupon that all an-

imals have a nervous system ;
this looks like a generalization, though as

the conclusion merely affirms of all what has already been affirmed of each,
it seems to tell us nothing but what we knew before. A distinction, how-

ever, must be made. If in concluding that all animals have a nervous sys-

tem, we mean the same thing and no more as if we had said "
all known

animals," the proposition is not general, and the process by which it is ar-

rived at is not induction. But if our meaning is that the observations

made of the various species of animals have discovered to us a law of an-

imal nature, and that we are in a condition to say that a nervous system
will be found even in animals yet undiscovered, this indeed is an induc-

tion
;
but in this case the general proposition contains more than the sum

of the special propositions from which it is inferred. The distinction is

still more forcibly brought out when we consider, that if this real general-
ization be legitimate at all, its legitimacy probably does not require that
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we should have examined without exception every known species. It is

the number and nature of the instances, and not their being the whole of

those which happen to be known, that makes them sufficient evidence to

prove a general law: while the more limited assertion, which stops at all

known animals, can not be made unless we have rigorously verified it in

every species. In like manner (to return to a former example) we might
have' inferred, not that all the planets, but that all planets, shine by reflect-

ed light: the former is no induction; the latter is an induction, and a bad

one, being disproved by the case of double stars self-luminous bodies

which are properly planets, since they revolve round a centre.

2. There are several processes used in mathematics which require to

be distinguished from Induction, being not unfrequently called by that

name, and being so far similar to Induction properly so called, that the

propositions they lead to are really general propositions. For example,
when we have proved with respect to the circle, that a straight line can
not meet it in more than two points, and when the same thing has been

successively proved of the ellipse, the parabola, and the hyperbola, it may
be laid down as a universal property of the sections of the cone. The
distinction drawn in the two previous examples can have no place here,
there being no difference between all known sections of the cone and all

sections, since a cone dcmonstrably can not be intersected by a plane ex-

cept in one of these four lines. It would be difficult, therefore, to refuse

to the proposition arrived at, the name of a generalization, since there is

no room for any generalization beyond it. But there is no induction, be-

cause there is no inference : the conclusion is a mere summing up of what
was asserted in the various propositions from which it is drawn. A case

somewhat, though not altogether, similar, is the proof of a geometrical theo-

rem by means of a diagram. Whether the diagram be on paper or only
in the imagination, the demonstration (as formerly observed*) does not

prove directly the general theorem
;

it proves only that the conclusion,
which the theorem asserts generally, is true of the particular triangle or

circle exhibited in the diagram ;
but since we perceive that in the same

way in which we have proved it of that circle, it might also be proved of

any other circle, we gather up into one general expression all the singular

propositions susceptible of being thus proved, and embody them in a uni-

versal proposition. Having shown that the three angles of the triangle
ABC are together equal to two right angles, we conclude that this is true
of every other triangle, not because it is true of ABC, but for the same
reason which proved it to be true of ABC. If this were to be called In-

duction, an appropriate name for it would be, induction by parity of rea-

soning. But the term can not properly belong to it; the characteristic

quality of Induction is wanting, since the truth obtained, though really

general, is not believed on the evidence of particular instances. We do not
conclude that all triangles have the property because some triangles have,
but from the ulterior demonstrative evidence which was the ground of our
conviction in the particular instances.

There are nevertheless, in mathematics, some examples of so-called In

duction, in which the conclusion does bear the appearance of a generaliza-
tion grounded on some of the particular cases included in it. A mathe-

matician, when he has calculated a sufficient number of the terms of an al-

*
Supra, p. 145.
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gebraical or arithmetical series to have ascertained what is called the law
of the series, does not hesitate to fill up any number of the succeeding terms

without repeating the calculations. But I apprehend he only does so when
it is apparent from a priori considerations (which might be exhibited in

the form of demonstration) that the mode of formation of the subsequent
terms, each from that which preceded it, must be similar to the formation

of the terms which have been already calculated. And when the attempt
has been hazarded without the sanction of such general considerations, there

are instances on record in which it has led to false results.

It is said that Newton discovered the binomial theorem by induction
;

by raising a binomial successively to a certain number of powers, and

comparing those powers with one another until he detected the relation in

which the algebraic formula of each power stands to the exponent of that

power, and to the two terms of the binomial. The fact is not improbable :

but a mathematician like Newton, who seemed to arrive per saltum at

principles and conclusions that ordinary mathematicians only reached by a

succession of steps, certainly could not have performed the comparison in

question without being led by it to the a priori ground of the law; since

any one who understands sufficiently the nature of multiplication to ven-

ture upon multiplying several lines of symbols at one operation, can not

but perceive that in raising a binomial to a power, the co-efficients must

depend on the laws of permutation and combination : and as soon as this

is recognized, the theorem is demonstrated. Indeed, when once it was seen

that the law prevailed in a few of the lower powers, its identity with the

law of permutation would at once suggest the considerations which prove
it to obtain universally. Even, therefore, such cases as these, are but ex-

amples of what I have called Induction by parity of reasoning, that is, not

really Induction, because not involving inference of a general proposition
from particular instances.

3. There remains a third improper use of the term Induction, which it

is of real importance to clear up, because the theory of Induction has been,
in no ordinary degree, confused by it, and because the confusion is exem-

plified in the most recent and elaborate treatise on the inductive philosophy
which exists in our language. The error in question is that of confound-

ing a mere description, by general terms, of a set of observed phenomena,
with an induction from them.

Suppose that a phenomenon consists of parts, and that these parts are

only capable of being observed separately, and as it were piecemeal.
When the observations have been made, there is a convenience (amounting
for many purposes to a necessity) in obtaining a representation of the phe-
nomenon as a whole, by combining, or as we may say, piecing these de-

tached fragments together. A navigator sailing in the midst of the ocean

discovers land : he can not at first, or by any one observation, determine

whether it is a continent or an island
;
but he coasts along it, and after a

few days finds himself to have sailed completely round it: he then pro-
nounces it an island. Now there was no particular time or place of ob-

servation at which he could perceive that this land was entirely surrounded

by water: he ascertained the fact by a succession of partial observations,
and then selected a general expression which summed up in two or three

words the whole of what he so. observed. But is there any thing of the

nature of an induction in this process ? Did he infei%

any thing that had
not been observed, from something else which had ? Certainly not. He
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had observed the whole of what the proposition asserts. That the land in

question is an island, is not an inference from the partial facts which the

navigator saw in the course of his circumnavigation ;
it is the facts them-

selves; it is a summary of those facts; the description of a complex fact,
to which those simpler ones are as the parts of a whole.

Now there is, I conceive, no difference in kind 'between this simple op-

eration, and that by which Kepler ascertained the nature of the planetary
orbits : and Kepler's operation, all at least that was characteristic in it, was
not more an inductive act than that of our supposed navigator.
The object of Kepler was to determine the real path described by each

of the planets, or let us say by the planet Mars (since it was of that body
that lie first established the two of his three laws which did not require a

comparison of planets). To do this there was no other mode than that of

direct observation : and all which observation could do was to ascertain a

great number of the successive places of the planet; or rather, of its ap-

parent places. That the planet occupied successively all these positions, or

at all events, positions which produced the same impressions on the eye,
and that it passed from one of these to another insensibly, and without any
apparent breach of continuity; thus much the senses, with the aid of the

proper instruments, could ascertain. What Kepler did more than this, was
to lind what sort of a curve these different points would make, supposing
them to be all joined together. He expressed the whole series of the ob-

served places of Mars by what Dr. Whewell calls the general conception of

an ellipse. This operation was far from being as easy as that of the navi-

gator who expressed the series of his observations on successive points of

the coast by the general conception of an island. But it is the very same
sort of operation ;

and if the one is not an induction but a description, this

must also be true of the other.

The only real induction concerned in the case, consisted in inferring that

because the observed places of Mars were correctly represented by points
in an imaginary ellipse, therefore Mars Avould continue to revolve in that

same ellipse; and in concluding (before the gap had been filled up by fur-

ther observations) that the positions of the planet during the time which
intervened between two observations, must have coincided with the inter-

mediate points of the curve. For these were facts which had not been di-

rectly observed. They were inferences from the observations; facts in-

ferred, as distinguished from facts seen. But these inferences were so far

from being a part of Kepler's philosophical operation, that they had been
drawn long before he was born. Astronomers had long known that the

planets periodically returned to the same places. When this had been as-

certained, there was no induction left for Kepler to make, nor did he make
any further induction. He merely applied his new conception to the facts

inferred, as he did to the facts observed. Knowing already that the plan-
ets continued to move in the same paths; when he found that an ellipse

correctly represented the past path, he knew that it would represent the

future path. In finding a compendious expression for the one set of facts,
lie found one for the other : but he found the expression only, not the in-

ference
;
nor did he (which is the true test of a general truth) add any

thing to the power of prediction already possessed.

4. The descriptive operation which enables a number of details to be
summed up in a single proposition, Dr. Whewell, by an aptly chosen ex-

pression, has termed the Colligation of Facts. In most of his observations
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concerning that mental process I fully agree, and would gladly transfer all

that portion of his book into my own pages. I only think him mistaken
in setting up this kind of operation, which according to the old and received

meaning of the term, is not induction at all, as the type of induction gener-

ally ;
and laying down, throughout his work, as principles of induction, the

principles of mere colligation.
Dr. Whewell maintains that the general proposition which binds togeth-

er the particular facts, and makes them, as it were, one fact, is not the mere
sum of those facts, but something more, since there is introduced a concep-
tion of the mind, which did not exist in the facts themselves. " The par-
ticular facts," says he,*

" arc not merely brought together, but there is a

new element added to the combination by the very act of thought by which

they are combined When the Greeks, after long observing the mo-
tions 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 tho mind alone something additional to the

facts observed. The same is the case in all other discoveries. The facts

are known, but they are insulated and unconnected, till the discoverer sup-

plies from his own store a principle of connection. The pearls are there,
but they will not hang together till some one provides the string."

Let me first remark that Dr. Whewell, in this passage, blends together,

iudiscriminately, examples of both the processes which I am endeavoring
to distinguish from one another. When the Greeks abandoned the suppo-
sition that the planetary motions were produced by the revolution of mate-
rial wheels, and fell back upon the idea of " mere geometrical spheres or

circles," there was more in this change of opinion than the mere substitu-

tion of an ideal curve for a physical one. There was the abandonment of

a theory, and the replacement of it by a mere description. No one would
think of calling the doctrine of material wheels a mere description. That
doctrine was an attempt to point out the force by which the planets were
acted upon, and compelled to move in their orbits. But when, by a great

step in philosophy, the materiality of the wheels was discarded, and the ge-
ometrical forms alone retained, the attempt to account for the motions was

given up, and what was left of the theory was a mere description of the

orbits. The assertion that the planets were carried round by wheels re-

volving in the inside of other wheels, gave place to the proposition, that

they moved in the same lines which would be traced by bodies so carried :

which was a mere mode of representing the sum of the observed facts
;
as

Kepler's was another and a better mode of representing the same observa-

tions.

It is true that for these simply descriptive operations, as well as for the

erroneous inductive one, a conception of the mind was required. The con-

ception of an ellipse must have presented itself to Kepler's mind, before he

could identify the planetary orbits with it. According to Dr. Whewell,
the conception was something added to the facts. He expresses himself

as if Kepler had put something into the facts by his mode of conceiving
them. But Kepler did no such thing. The ellipse was in the facts before

Kepler recognized it; just as the island was an island before it had been

* Novum Organum Renovatum, pp. 72, 73.
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sailed round. Kepler did not put what he had conceived into the facts,
but saw it in them. A conception implies, and corresponds to, something
conceived: and though the conception itself is not in the facts, but in our

mind, yet if it is to convey any knowledge relating to them, it must be a con-

ception of something which really is in the facts, some property which they

actually possess, and which they would manifest to our senses, if our senses

were able to take cognizance of it. If, for instance, the planet left behind

it in space a visible track, and if the observer were in a fixed position at

such a distance from the plane of the orbit as would enable him to see the

whole of it at once, he would see it to be an ellipse; and if gifted with ap-

propriate instruments and powers of locomotion, he could prove it to be
such by measuring its different dimensions. Nay, further: if the track

were visible, and he were so placed that he could see all parts of it in suc-

cession, but not all of them at once, he might be able, by piecing together
his successive observations, to discover both that it was an ellipse and that

the planet moved in it. The case would then exactly resemble that of the

navigator who discovers the land to be an island by sailing round it. If

the path was visible, no one I think would dispute that to identify it with

an ellipse is to describe it: and I can not see why any difference should be
made by its not being directly an object of sense, when every point in it is

as exactly ascertained as if it were so.

Subject to the indispensable condition which has just been stated, I do
not conceive that the part which conceptions have in the operation of

studying facts, has ever been overlooked or undervalued. No one ever dis-

puted that in order to reason about any thing we must have a conception
of it; or that when we include a multitude of things under a general ex-

pression, there is implied in the expression a conception of something com-
mon to those things. But it by no means follows that the conception is

necessarily pre-existent, or constructed by the mind out of its own mate-
rials. If the facts are rightly classed under the conception, it is because
there is in the facts themselves something of which the conception is itself

a copy ;
and which if we can not directly perceive, it is because of the lim-

ited power of our organs, and not because the thing itself is not there.

The conception itself is often obtained by abstraction from the very facts

which, in Dr. Whewell's language, it is afterward called in to connect.

This he himself admits, when he observes (which he does on several occa-

sions), how great a service would be rendered to the science of physiology
by the philosopher

" who should establish a precise, tenable, and consistent

conception of life."* Such a conception can only be abstracted from the

phenomena of life itself; from the very facts which it is put in requisition
to connect. In other cases, no doubt, instead of collecting the conception
from the very phenomena which we are attempting to colligate, we select

it from among those which have been previously collected by abstraction

from other facts. In the instance of Kepler's laws, the latter was the

case. The facts being out of the reach of being observed, in any such
manner as would have enabled the senses to identify directly the path of

the planet, the conception requisite for framing a general description of

that path could not be collected by abstraction from the observations

themselves
;
the mind had to supply hypothetically, from among the con-

ceptions it had obtained from other portions of its experience, some one

which would correctly represent the series of the observed facts. It had

* Novurn Oryanum Rvnovatum. p. 32.
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to frame a supposition respecting the general course of the phenomenon,
and ask itself, If this be the general description, what will the details be ?

and then compare these with the details actually observed. If they agreed,
the hypothesis would serve for a description of the phenomenon : if not, it

\\-as necessarily abandoned, and another tried. It is such a case as this

which gives rise to the doctrine that the mind, in framing the descriptions,
adds something of its own which it does not find in the facts.

Yet it is a fact surely, that the planet does describe an ellipse ;
and a fact

which we could see, if we had adequate visual organs and a suitable posi-
tion. Not having these advantages, but possessing the conception of an el-

lipse, or (to express the meaning in less technical language) knowing what
an ellipse was, Kepler tried whether the observed places of the planet were
consistent with such a path. He found they were so

;
and he, consequent-

ly, asserted as a fact that the planet moved in an ellipse. But this fact,
which Kepler did not add to, but found in, the motions of the planet, name-

ly, that it occupied in succession the various points in the circumference of

a given ellipse, was the very fact, the separate parts of which had been sep-

arately observed
;

it was the sum of the different observations.

Having stated this fundamental difference between my opinion and that

of Dr. Whewell, I must add, that his account of the manner in which a

conception is selected, suitable to express the facts, appears to me perfectly

just. The experience of all thinkers will, I believe, testify that the process
is tentative; that it consists of a succession of guesses; many being reject-

ed, until one at last occurs tit to be chosen. We know from Kepler him-
self that before hitting upon the "

conception
"
of an ellipse, he tried nine-

teen other imaginary paths, which, finding them inconsistent with the ob-

servations, he was obliged to reject. But as Dr. Whewell truly says, the

successful hypothesis, though a guess, ought generally to be called, not a

lucky, but a skillful guess. The guesses which serve to give mental unity
and wholeness to a chaos of scattered particulars, are accidents which rare-

ly occur to any minds but those abounding in knowledge and disciplined in

intellectual combinations.

How far this tentative method, so indispensable as a means to the colli-

gation of facts for purposes of description, admits of application to Induc-

tion itself, and what functions belong to it in that department, will be con-

sidered in the chapter of the present Book which relates to Hypotheses.
On the present occasion we have chiefly to distinguish this process of Col-'

ligation from Induction properly so called; and that the distinction may be
made clearer, it is well to advert to a curious and interesting remark, which
is as strikingly true of the former operation, as it appears to me unequivo-

cally false of the latter.

In different stages of the progress of knowledge, philosophers have em-

ployed, for the colligation of the same order of facts, different conceptions.
The early rude observations of the heavenly bodies, in which minute pre-
cision was neither attained nor sought, presented nothing inconsistent with

the representation of the path of a planet as an exact circle, having the earth

for its centre. As observations increased in accuracy, facts were disclosed

which were not reconcilable with this simple supposition : for the colliga-
tion of those additional facts, the supposition was varied

;
and varied again

and again as facts became more numerous and precise. The earth was re-

moved from the centre to some other .point within the circle; the planet
was supposed to revolve in a smaller circle called an epicycle, round an im-

aginary point which revolved in a circle round the earth : in proportion as
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observation elicited fresh facts contradictory to these representations, other

epicycles and other eccentrics were added, producing additional complica-
tion

;
until at last Kepler swept all these circles away, and substituted the

conception of an exact ellipse. Even this is found not to represent with

complete correctness the accurate observations of the present day, which
disclose many slight deviations from an orbit exactly elliptical. Now Dr.
AVhewell has remarked that these successive general expressions, though
apparently so conflicting, were all correct: they all answered the purpose
of colligation ; they all enabled the mind to represent to itself with facility,
and by a simultaneous glance, the whole body of facts at the time ascer-

tained : each in its turn served as a correct description of the phenomena,
so far as the senses had up to that time taken cognizance of them. If a

necessity afterward arose for discarding one of these general descriptions
of the planet's orbit, and framing a different imaginary line, by which to

express the series of observed positions, it was because a number of new
facts had now been added, which it was necessary to combine with the old

facts into one general description. But this did not affect the correctness

of the former expression, considered as a general statement of the only facts

which it was intended to represent. And so true is this, that, as is well re-

marked by M. Comte, these ancient generalizations, even the rudest and
most imperfect of them, that of uniform movement in a circle, are so far

from being entirely false, that they are even now habitually employed by
astronomers when only a rough approximation to correctness is required.
" L'astronomie moderne, en detruisant sans retour les hypotheses primi-

tives, envisagees comme lois reelles du monde, a soigneusement maintcnu
leur valeur positive et pennanente, la propriete de representer commode-
ment les phenomenes quand il s'agit d'une premiere ebauche. Nos res-

sources a cet egard sont memo bien plus etendues, precisement ii cause

quo nous ne nous faisons aucune illusion sur la realite des hypotheses ;
ce

qui nous permet d'employer sans scrupule, en chaque cas, cello quo nous

jugeons la plus avantageuse."*
Dr. Whewell's remark, therefore, is philosophically correct. Successive

expressions for the colligation of observed facts, or, in other words, succes-

sive descriptions of a phenomenon as a whole, which has been observed

only in parts, may, though conflicting, be all correct as far as they go. But
it would surely be absurd to assert this of conflicting inductions.

The scientific study of facts may be undertaken for three different pur-
poses : the simple description of the facts

;
their explanation; or their pre-

diction : meaning by prediction, the determination of the conditions under
which similar facts may be expected again to occur. To the first of these
three operations the name of Induction does not properly belong : to the
other two it does. Xow, Dr. Whewell's observation is true of the first

alone. Considered as a mere description, the circular theory of the heaven-

ly motions represents perfectly well their general features: and by adding
epicycles without limit, those motions, even as now known to us, might be

expressed with any degree of accuracy that might be required. The ellip-
tical theory, as a mere description, would have a great advantage in point
of simplicity, and in the consequent facility of conceiving it and reasoning
about it

;
but it would not really be more true than the other. Different

descriptions, therefore, may be all true: but not, surely, different explana-
tions. The doctrine that the heavenly bodies moved by a virtue inherent

* Cours de Philosophic Positive, vol. ii., p. 202.
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in their celestial nature; the doctrine that they were moved by impact
(which led to the hypothesis of vortices as the only impelling force capable
of whirling bodies in circles), and the Xewtonian doctrine, that they are

moved by the composition of a centripetal with an original projectile

force; all these are explanations, collected by real induction from supposed
parallel cases; and they were all successively received by philosophers, as

scientific truths on the subject of the heavenly bodies. Can it be said of

these, as was said of the different descriptions, that they are all true as far

as they go? Is it not clear that only one can be true in any degree, and
the other two must be altogether false? So much for explanations : let us

now compare different predictions : the first, that eclipses will occur when
one planet or satellite is so situated as to cast its shadow upon another;
the second, that they will occur when some great calamity is impending
over mankind. Do these two doctrines only differ in the degree of their

truth, as expressing real facts with unequal degrees of accuracy? Assur-

edly the one is true, and the other absolutely false.*

* Dr. \Vhe\vell, in his reply, contests the distinction here drawn, and maintains, that not

only different descriptions, but different explanations of a phenomenon, may all be true. Of
the three theories respecting the motions of the heavenly bodies, he says (Philosophy of Dis-

covery, p. 231):
"
Undoubtedly all these explanations may be true and consistent with each

other, and would be so if each had been followed out so as to show in what manner it could

be made consistent with the facts. And this was, in reality, in a great measure done. The
doctrine that the heavenly bodies were moved by vortices was successfully modified, so that

it came to coincide in its results with the doctrine of an inverse-quadratic centripetal force.

When this point was reached, the vortex was merely a machinery, well or ill devised.

for producing such a centripetal force, and therefore did not contradict the doctrine of a cen-

tripetal force. Newton himself does not appear to have been averse to explaining gravity by
impulse. So little is it true that if one theory be true the other must be false. The attempt
to explain gravity by the impulse of streams of particles flowing through the universe in all

directions, which I have mentioned in the Philosophy, is so far from being inconsistent with

the Newtonian theory, that it is founded entirely upon it. And even with regard to the doc-

trine, that the heavenly bodies move by an inherent virtue
;

if this doctrine had been main-
tained in any such way that it was brought to agree with the facts, the inherent virtue must
have had its laws determined

;
and then it would have been found that the virtue had a refer-

ence to the central body ;
and so, the ' inherent virtue

'

must have coincided in its effect with

the Newtonian force
;
and then, the two explanations would agree, except so far as the word

'inherent' was concerned. And if such a part of an earlier theory as this word inherent in-

dicates, is found to be untenable, it is of course rejected in the transition to later and more
exact theories, in Inductions of this kind, as well as in what Mr. Mill calls Descriptions.
There is. therefore, still no validity discoverable in the distinction which Mr. Mill attempts to

draw between descriptions like Kepler's law of elliptical orbits, and other examples of induc-

tion."

If the doctrine of vortices had meant, not that vortices existed, but only that the planets
moved in the same manner as if they had been whirled by vortices

;
if the hypothesis had been

merely a mode of representing the facts, not an attempt to account for them
; if, in short, it

had been only a Description ;
it would, no doubt, have been reconcilable with the Newtonian

theory. The vortices, however, were not a mere aid to conceiving the motions of the plan-

ets, but a supposed physical agent, actively impelling them
;
a material fact, which might be

true or not true, but could not be both true and not true. According to Descartes's theory it

was true, according to Newton's it was not true. Dr. AVhewell probably means that since the

phrases, centripetal and projectile force, do not declare the nature but only the direction of

the forces, the Newtonian theory does not absolutely contradict any hypothesis which may be

framed respecting the mode of their production. The Newtonian theory, regarded as a mere

description of the planetary motions, does not
;
but the Newtonian theory as an explanation

of them does. For in what does the explanation consist? In ascribing those motions to a

general law which obtains between all particles of matter, and in identifying this with the law

by which bodies fall to the ground. If the planets are kept in their orbits by a force which
draws the particles composing them toward every other particle of matter in the solar system,

they are not kept in those orbits by the impulsive force of certain streams of matter which
whirl them round. The one explanation absolutely excludes the other. Either the planets
are not moved by vortices, or they do not move by a law common to all matter. It is im-



220 INDUCTION.

In every way, therefore, it is evident that to explain induction as the

colligation of facts by means of appropriate conceptions, that is, concep-
tions which will really express them, is to confound mere description of the

observed facts with inference from those facts, and ascribe to the latter

what is a characteristic property of the former.

There is, however, between Colligation and Induction, a real correlation,
which it is important to conceive correctly. Colligation is not always in-

duction
;
but induction is always colligation. The assertion that the plan-

ets move in ellipses, was but a mode of representing observed facts
;

it was
but a colligation ;

while the assertion that they are drawn, or tend, toward
the sun, was the statement of a new fact, inferred by induction. But the

induction, once made, accomplishes the purposes of colligation likewise. It

brings the same facts, which Kepler had connected by his conception of an

ellipse, under the additional conception of bodies acted upon by a central

force, and serves, therefore, as a new bond of connection for those facts
;
a

new principle for their classification.

Further, the descriptions which are improperly confounded with induc-

tion, are nevertheless a necessary preparation for induction
;
no less neces-

sary than correct observation of the facts themselves. Without the pre-
vious colligation of detached observations by means of one general concep-

tion, we could never have obtained any basis for an induction, except in

the case of phenomena of very limited compass. We should not be able

possible that both opinions can be true. As well might it be said that there is no contradic-

tion between the assertions, that a man died because somebody killed him, and that he died a
natural death.

So, again, the theory that the planets move by a virtue inherent in their celestial nature, is

incompatible with either of the two others : either that of their being moved by vortices, or

that which regards them as moving by a property which they have in common with the earth

and all terrestrial bodies. Dr. Whewell says that the theory of an inherent virtue agrees with

Newton's when the word inherent is left out, which of course it would be (he says) if
" found

to be untenable." But leave that out, and where is the theory? The word inherent is the

theory. When that is omitted, there remains nothing except that the heavenly bodies move
"
by a virtue,'' i. e., by a power of some sort; or by virtue of their celestial nature, which di-

rectly contradicts the doctrine that terrestrial bodies fall by the same law.

If Dr. Whewell is not yet satisfied, any other subject will serve equally well to test his doc-
trine. He will hardly say that there is no contradiction between the emission theory and the

undulatory theory of light; or that there can be both one and two electricities; or that the

hypothesis of the production of the higher organic forms by development from the lower, and
the supposition of separate and successive acts of creation, are quite reconcilable; or that

the theory that volcanoes are fed from a central fire, and the doctrines which ascribe them to

chemical action at a comparatively small depth below the earth's surface, are consistent with
one another, and all true as far as they go.

If different explanations of the same fact can not l>oth be true, still less, surely, can differ-

ent predictions. Dr. Whewell quarrels (on what ground it is not necessary here to consider)
with the example I had chosen on this point, and thinks an objection to an illustration a suf-

ficient answer to a theory. Examples not liable to his objection are easily found, if the prop-
osition that conflicting predictions can not both be true, can be made clearer by any examples.
Suppose the phenomenon to be a newly-discovered comet, and that one astronomer predicts
its return once in every 3(X) years another once in every 400 : can they both be right ?

When Columbus predicted that by sailing constantly westward he should in time return to

the point from which he set out, while others asserted that he could never do so except by
turning back, were both he and his opponents true prophets? Were the predictions which
foretold the wonders of railways and steamships, and those which averred that the Atlantic

could never be crossed by steam navigation, nor a railway traiu propelled ten miles an hour,
both (in Dr. Whewell's words)

"
true, and consistent with one another?"

Dr. Whewell sees no distinction between holding contradictory opinions on a question of

fact, and merely employing different analogies to facilitate the conception of the same fact.

The case of different Inductions belongs to the former class, that of different Descriptions to

'.he latter.
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to affirm any predicates at all, of a subject incapable of being observed
otherwise than piecemeal : much less could we extend those predicates by
induction to other similar subjects. Induction, therefore, always presup-

poses, not only that the necessary observations are made with the necessary
accuracy, but also that the results of these observations are, so far as prac-

ticable, connected together by general descriptions, enabling the mind to

represent to itself as wholes whatever phenomena are capable of being so

represented.

5. Dr. "Whewell has replied at some length to the preceding observa-

tions, restating his opinions, but without (as far as I can perceive) adding
any thing material to his former arguments. Since, however, mine have
not had the good fortune to make any impression upon him, I will subjoin
a few remarks, tending to show more clearly in what our difference of

opinion consists, as well as, in some measure, to account for it.

Nearly all the definitions of induction, by writers of authority, make it

consist in drawing inferences from known cases to unknown
; affirming of

a class, a predicate which has been found true of some cases belonging to

the class
; concluding because some things have a certain property, that

other things which resemble them have the same property or because a

thing has manifested a property at a certain time, that it has and will have
that property at other times.

It will scarcely be contended that Kepler's operation was an Induction
in this sense of the term. The statement, that Mars moves in an elliptical

orbit, was no generalization from individual cases to a class of cases. Nei-
ther was it an extension to all time, of what had been found true at some

particular time. The whole amount of generalization which the case ad-

mitted of, was already completed, or might have been so. Long before

the elliptic theory was thought of, it had been ascertained that the planets
returned periodically to the same apparent places ;

the series of these

places was, or might have been, completely determined, and the apparent
course of each planet marked out on the celestial globe in an uninterrupted
line. Kepler did not extend an observed truth to other cases than those in

which it had been observed : he did not widen the subject of the proposi-
tion which expressed the observed facts. The alteration he made was in

the predicate. Instead of saying, the successive places of Mars are so and

so, he summed them up in the statement, that the successive places of Mars
are points in an ellipse. It is true, this statement, as Dr. Whewell says,
was not the sum of the observations merely ; it was the sum of the obser-

vations seen under a new point of view* But it was not the sum of more
than the observations, as a real induction is. It took in no cases but those

which had been actually observed, or which could have been inferred from
the observations before the new point of view presented itself. There was
not that transition from known cases to imknown, which constitutes Induc-

tion in the original and acknowledged meaning of the term.

Old definitions, it is true, can not prevail against new knowledge: and if

the Keplerian operation, as a logical process, be really identical with what
takes place in acknowledged induction, the definition of induction ought to

be so widened as to take it in
;
since scientific language ought to adapt it-

self to the true relations which subsist between the things it is employed
to designate. Here then it is that I -am at issue with Dr. Whewell. He

* Phil, of Discov., p. 256.



222 INDUCTION.

docs think the operations identical. He allows of no logical process in any
case of induction, other than what there was in Kepler's case, namely,

guessing until a guess is found which tallies with the facts
;
and accord-

ingly, as we shall see hereafter, lie rejects all canons of induction, because

it is not by means of them that we guess. Dr. Whewell's theory of the

logic of science would be very perfect if it did not pass over altogether the

question of Proof. But in my apprehension there is such a thing as proof,
and inductions differ altogether from descriptions in their relation to that

element. Induction is proof ;
it is inferring something unobserved from

something observed: it requires, therefore, an appropriate test of proof;
and to provide that test, is the special purpose of inductive logic. When,
on the contrary, we merely collate known observations, and, in Dr. Whe-
well's phraseology, connect them by means of a new conception ;

if the

conception does serve to connect the observations, we have all we want.

As the proposition in which it is embodied pretends to no other truth than

what it may share with many other modes of representing the same facts,

to be consistent with the facts is all it requires : it neither needs nor ad-

mits of proof ; though it may serve to prove other things, inasmuch as, by
placing the facts in mental connection with other facts, not previously seen

to resemble them, it assimilates the case to another class of phenomena,
concerning which real Inductions have already been made. Thus Kepler's
so-called law brought the orbit of Mars into the class ellipse, and by doing
so, proved all the properties of an ellipse to be true of the orbit : but in this

proof Kepler's law supplied the minor premise, and not (as is the case with

real Inductions) the major.
Dr. "NVhewell calls nothing Induction where there is not a new mental

conception introduced, and every thing induction where there is. But this

is to confound two very different things, Invention and Proof. The intro-

duction of a new conception belongs to Invention : and invention may be

required in any operation, but is the essence of none. A new conception

may be introduced for descriptive purposes, and so it may for inductive

purposes. But it is so far from constituting induction, that induction does
not necessarily stand in need of it. Most inductions require no conception
but what was present in every one of the particular instances on which the

induction is grounded. That all men are. mortal is surely an inductive

conclusion
; yet no new conception is introduced by it. Whoever knows

that any man has died, has all the conceptions involved in the inductive

generalization. But Dr. Whewell considers the process of invention which
consists in framing a new conception consistent with the facts, to be not

inerely a necessary part of all induction, but the whole of it.

*The mental operation which extracts from a number of detached obser-

vations certain general characters in which the observed phenomena resem-

ble one another, or resemble other known facts, is what Bacon, Locke, and

.most subsequent metaphysicians, have understood by the word Abstrac-
tion. A general expression obtained by abstraction, connecting known
facts by means of common characters, but without concluding from them
to unknown, may, I think, with strict logical correctness, be termed a De-

scription ;
nor do I know in what other way things can ever be described.

My position, however, does not depend on the employment of that partic-
ular word

;
I am quite content to use Dr. Whewell's term Colligation, or

the more general phrases,
" mode of representing, or of expressing, phe-

nomena :" provided it be clearly seen that the process is not Induction, but

something radically different.
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What more may usefully be said on the subject of Colligation, or of the

correlative expression invented by Dr. Whewell, the Explication of Con-

ceptions, and generally on the subject of ideas and mental representations
as connected with the study of facts, will find a more appropriate place in

the Fourth Book, on the Operations Subsidiary to Induction : to which I

must refer the reader for the removal of any difficulty which the present
discussion may have left.

CHAPTER III.

OF THE GROUND OF INDUCTION.

1. INDUCTION properly so called, as distinguished from those mental

operations, sometimes, though improperly, designated by the name, which I

have attempted in the preceding chapter to characterize, may, then, be sum-

marily defined as Generalization from Experience. It consists in inferring
from some individual instances in which a phenomenon is observed to oc-

cur, that it occurs in all instances of a certain class
; namely, in all which

resemble the former, in what are regarded as the material circumstances.
In what way the material circumstances are to be distinguished from

those which are immaterial, or why some of the circumstances are material

and others not so, we are not yet ready to point out. We must first ob-

serve, that there is a principle implied in the very statement of what Induc-
tion is

;
an assumption with regard to the course of nature and the order

of the universe
; namely, that there are such things in nature as parallel

cases
;
that what happens once, will, under a sufficient degree of similarity

of circumstances, happen again, and not only again, but as often as the
same circumstances recur. This, I say, is an assumption, involved in every
case of induction. And, if we consult the actual course of nature, we find

that the assumption is warranted. The universe, so far as known to us, is

so constituted, that whatever is true in any one case, is true in all cases of

a certain description ;
the only difficulty is, to find what description.

This universal fact, which is our warrant for all inferences from experi-

ence, has been described by different philosophers in different forms of lan-

guage : that the course of nature is uniform
;
that the universe is governed

by ge'neral laws; and the like. One of the most usual of these modes of

expression, but also one of the most inadequate, is that which has been

brought into familiar use by the metaphysicians of the school of Reid
and Stewart. The disposition of the human mind to generalize from ex-

perience a propensity considered by these philosophers as an instinct of

our nature they usually describe under some such name as " our intuitive

conviction that the future will resemble the past." Now it has been well

pointed out by Mr. Bailey,* that (whether the tendency be or not an orig-
inal and ultimate element of our nature), Time, in its modifications of past,

present, and future, has no concern either with the belief itself, or with the

grounds of it. We believe that fire will burn to-morrow, because it burned

to-day and yesterday ;
but we believe, on precisely the same grounds, that

it burned before we were born, and that it burns this very day in Cochin-

China. It is not from the past to the, future, as past and future, that we

*
Essays on the Pursuit of Truth.
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infer, but from the known to the unknown
;
from facts observed to facts

unobserved
;
from what we have perceived, or been directly conscious of,

to what has not come within our experience. In this last predicament is

the whole region of the future
;
but also the vastly greater portion of the

present and of the past.
Whatever be the most

proper
mode of_expressmgjt, the .propositiuii that

yjjjhjq
fiQui's'fTfTi7iruro"is titiifoTm, is the fundamental principle,, or jjjjj&jj&&*~

ioiu^ of Induction. It would yet be a great error to offer this large gener-
ali/ation as any explanation of the inductive process. On the contrary, I

hold it to be itself an instance of induction, and induction by no means of

the most obvious kind. Far from being the first induction we make, it is

one of the last, or at all events one of those which arc latest in attaining
strict philosophical accuracy. As a general maxim, indeed, it has scarcely
entered into the minds of any but philosophers ;

nor even by them, as we
shall have many opportunities of remarking, have its extent and limits been

always very justly conceived. The truth is, that this great generalization
is itself founded on prior generalizations. The obscurer laws of nature
were discovered by means of it, but the more obvious ones must have
been understood and assented to as general truths before it was ever heard
of. We should never have thought of affirming that all phenomena take

place according to general laws, if we had not first arrived, in the case of a

great multitude of phenomena, at some knowledge of the laws themselves
;

which could be done no otherwise than by induction. In what sense, then,
can a principle, which is so far from being our earliest induction, be re-

garded as our warrant for all the others? In the only sense, in which (as
we have already seen) the general propositions which we place at the head
of our reasonings when we throw them into syllogisms, ever really contrib-

ute to their validity. As Archbishop Whately remarks, every induction is

a syllogism with the major premise suppressed ;
or (as I prefer expressing

it) every induction may be thrown into the form of a syllogism, by supply-

ing a major premise. If this be actually done, the principle which we are

now considering, that of the uniformity of the course of nature, will appear
as the ultimate major premise of all inductions, and will, therefore, stand to

all inductions in the relation in which, as has been shown at so much length,
the major proposition of a syllogism always stands to the conclusion

;
not

contributing at all to prove it, but being a necessary condition of its being
proved ;

since no conclusion is proved, for which there can not be found a

true major premise.*
* In the first edition a note was appended at this place, containing some criticism on Arch-

bishop Whately 's mode of conceiving the relation between Syllogism and Induction. In a

subsequent issue of his Logic, the Archbishop made a reply to the criticism, which induced
me to cancel part of the note, incorporating the remainder in the text. In a still later edi-

tion, the Archbishop observes in a tone of something like disapprobation, that the objections,
"doubtless from their being fully answered and found untenable, were silently suppressed,"
and that hence he might appear to some of his readers to be combating a shadow. On this

latter point, the Archbishop need give himself no uneasiness. His readers, I make bold to

say, will fully credit his mere affirmation that the objections have actually been made.
But as he seems to think that what he terms the suppression of the objections ought not to

have been made "silently." I now break that silence, and state exactly what it is that I sup-

pressed, and why. I suppressed that alone which might be regarded as personal criticism on
the Archbishop. I had imputed to him the having omitted to ask himself a particular ques-
tion. I found that he had asked himself the question, and could give it an answer consistent

with his own theory. I had also, within the compass of a parenthesis, hazarded some re-

marks on certain general characteristics of Archbishop Whately as a philosopher. These re-

marks, though their tone. I hope, was neither disrespectful nor arrogant, I felt, on reconsider-

ation, that I was hardly entitled to make ; least of all, when the instance which I had re-
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Th.p stnfprr^njij t^1Qt f^Q uniformity of the course of nature is the ulti-

mate major pvemiau in all cases of induction, may be thought to require
some explanation. The immediate major premise in every inductive argu-
ment, it certainly is not. Of that, Archbishop Whately's must be held to

be the correct account. The induction,
"
John, Peter, etc., are mortal, there-

fore all mankind are mortal," may, as he justly says, be thrown into a syl-

logism by prefixing as a major premise (what is at any rate a necessary
condition of the validity of the argument), namely, that what is true of

John, Peter, etc., is true of all mankind. But how came we by this ma-

jor premise? It is not self-evident; nay, in all cases of unwarranted gen-
eralization, it is not true. How, then, is it arrived at ? Necessarily either

by induction or ratiocination; and if by induction, the process, like all oth-

er inductive arguments, may be thrown into the form of a syllogism. This

previous syllogism it is, therefore, necessary to construct. There is, in the

long run, only one possible construction. The real proof that what is true

of John, Peter, etc., is true of all mankind, can only be, that a different sup-

position would be inconsistent with the uniformity which we know7 to exist

in the course of nature. Whether there would be this inconsistency or not,

may be a matter of long and delicate inquiry ;
but unless there would, we

have no sufficient ground for the major of the inductive syllogism. It

hence appears, that if we throw the whole course of any inductive argu-
ment into a series of syllogisms, we shall arrive by more or fewer steps at

an ultimate syllogism, which will have for its major premise the principle,
or axiom, of the uniformity of the course of nature.*

It was not to be expected that in the case of this axiom, any more than
of other axioms, there should be unanimity among thinkers with respect to

the grounds on which it is to be received as true. I have already stated

that I regard it as itself a generalization from experience. Othei's hold it

to be a principle which, antecedently to any verification by experience, we

garded as an illustration of them, failed, as I now saw, to bear them out. The real matter at

the bottom of the whole dispute, the different view we take of the function of the major prem-
ise, remains exactly where it was

;
and so far was I from thinking that my opinion had

been fullv "answered'' and was "untenable," that in the same edition in which I canceled

the note, I not only enforced the opinion by further arguments, but answered (though without

naming him) those of the Archbishop.
For not having made this statement before, I do not think it needful to apologize. It would

be attaching very great importance to one's smallest sayings, to think a formal retractation req-
uisite every time that one falls into an error. Nor is Archbishop Whately's well-earned fame
of so tender a quality as to require that in withdrawing a slight criticism on him I should have

been bound to offer a public amende for having made it.

* But though it is a condition of the validity of every induction that there be uniformity in

the course of nature, it is not a necessaiy condition that the uniformity should pervade all na-

ture. It is enough that it pervades the particular class of phenomena to which the induction

relates. An induction concerning the motions of the planets, or the properties of the magnet.
would not be vitiated though we were to suppose that wind and weather are the sport of

chance, provided it be assumed that astronomical and magnetic phenomena are under the

dominion of general laws. Otherwise the early experience of mankind would have rested on
a very weak foundation

;
for in the infancy of science it could not be known that all phe-

nomena are regular in their course.

Neither would it be correct to say that every induction by which we infer any truth, implies-

the general fact of uniformity as foreknown, even in reference to the kind of phenomena con-

cerned. It implies, either that this general fact is already known, or that we may now know
it : as the conclusion, the Duke of Wellington is mortal, drawn from the instances A, 13, and

0, implies either that we have already concluded all men to be mortal, or that we are now en-

titled to do so from the same evidence. A vast amount of confusion and paralogism respect-

ing the grounds of Induction would be dispelled by keeping in view these simple consider-

ations.

15
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are compelled by the constitution of our thinking faculty to assume as true.

Having so recently, and at so much length, combated a similar doctrine as

applied to the axioms of mathematics, by arguments which are in a great
measure applicable to the present case, I shall defer the more particular
discussion of this controverted point in regard to the fundamental axiom
of induction, until a more advanced period of our inquiry.* At present it

is of more importance to understand thoroughly the import of the axiom
itself. For the proposition, that the course of nature is uniform, possesses
rather the brevity suitable to popular, than the precision requisite in phil-

osophical language : its terms require to be explained, and a stricter than

their ordinary signification given to them, before the truth of the assertion

can be admitted.

2. Every person's consciousness assures him that he does not always

expect uniformity in the course of events; he does not always believe that

the unknown will be similar to the known, that the future will resemble the

past. Nobody believes tint the succession of rain and fine weather will be
the same in every future year as in the present. Nobody expects to have
the same dreams repeated every night. On the contrary, every body men-
tions it as something extraordinary, if the course of nature is constant, and
resembles itself, in these particulars. To look for constancy where con-

stancy is not to be expected, as for instance that a day which has once

brought good fortune will always be a fortunate day, is justly accounted

superstition.
The course of nature, in truth, is not only uniform, it is also infinitely va-

rious. Some phenomena are always seen to recur in the very same combi-
nations in which we met with them at first; others seem altogether capri-
cious

;
while some, which we had been accustomed to regard as bound

down exclusively to a particular set of combinations, we unexpectedly find

detached from some of the elements with which we had hitherto found
them conjoined, and united to others of quite a contrary description. To
an inhabitant of Central Africa, fifty years ago, no fact probably appeared
to rest on more uniform experience than this, that all human beings are

black. To Europeans, not many years ago, the proposition, All swans are

white, appeared an equally unequivocal instance of uniformity in the course
of nature. Further experience has proved to both that they were mistaken;
but they had to wait fifty centuries for this experience. During that long
time, mankind believed in a uniformity of the course of nature where no
such uniformity really existed.

According to the notion which the ancients entertained of induction, the

foregoing were cases of as legitimate inference as any inductions whatever.
In these two instances, in which, the conclusion being false, the ground of

inference must have been insufficient, there was, nevertheless, as much
ground for it as this conception of induction admitted of. The induction
of the ancients has been well described by Bacon, under the name of " In-

ductio per enunierationem simplicem, ubi non reperitur instantia contradic-

toria." It consists in ascribing the character of general truths to all prop-
ositions which are true in every instance that we happen to know of. This
is the kind of induction which is natural to the mind when unaccustomed
to scientific methods. The tendency, which some call an instinct, and
which others account for by association, to infer the future from the past,

*
Infra, chap. xxi.
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the known from the unknown, is simply a habit of expecting that what has
been found true once or several times, and never yet found false, will be
found true again. Whether the instances are few or many, conclusive or

inconclusive, does not much affect the matter : these are considerations

which occur only on reflection
;
the unprompted tendency of the mind is to

generalize its experience, provided this points all in one direction
; provided

no other experience of a conflicting character conies unsought. The notion

of seeking it, of experimenting for it, of interrogating nature (to use Ba-
con's expression) is of much later growth. The observation of nature, by
uncultivated intellects, is purely passive: they accept the facts which pre-
sent themselves, without taking the trouble of searching for more : it is a

superior mind only which asks itself what facts are needed to enable it to

come to a safe conclusion, and then looks out for these.

But though we have always a propensity to generalize from unvarying
experience, we are not always warranted in doing so. Before we can be
at liberty to conclude that something is universally true because we have
never known an instance to the contrary, we must have reason to believe

that if there were in nature any instances to the contrary, we should have
known of them. This assurance, in the great majority of cases, we cannot

have, or can have only in a very moderate degree. The possibility of hav-

ing it, is the foundation on which we shall see hereafter that induction by
simple enumeration may in some remarkable cases amount practically to

proof.* No such assurance, however, can be had, on any of the ordinary
subjects of scientific inquiry. Popular notions are usually founded on in-

duction by simple enumeration
;
in science it carries us but a little way.

We are forced to begin with it
;
we must often rely on it provisionally, in

the absence of means of more searching investigation. But, for the accu-

rate study of nature, we require a surer and a more potent instrument.

It was, above all, by pointing out the insufficiency of this rude and loose

conception of Induction, that Bacon merited the title so generally awarded
to him, of Founder of the Inductive Philosophy. The value of his own con-

tributions to a more philosophical theory of the subject has certainly'been

exaggerated. Although (along with some fundamental errors) his writings

contain, more or less fully developed, several of the most important princi-

ples of the Inductive Method, physical investigation has now far outgrown
the Baconian conception of Induction. Moral and political inquiry, indeed,
are as yet far behind that conception. The current and approved modes
of reasoning on these subjects are still of the same vicious description

against which Bacon protested ;
the method almost exclusively employed

by those professing to treat such matters inductively, is the very inductio

per enumerationem simplicem which he condemns; and the experience
which we hear so confidently appealed to by all sects, parties, and interests,
is still, in his own emphatic words, mera palpatio.

3. In order to a better understanding of the problem which the logi-

cian must solve if he would establish a scientific theory of Induction, let us

compare a few cases of incorrect inductions with others which are acknowl-

edged to be legitimate. Some, we know, which, were believed for centuries

to be correct, were nevertheless incorrect. That all swans are white, can

not have been a good induction, since the conclusion has turned out errone-

ous. The experience, however, on which the conclusion restedj was genu-

*
Infra, chap, xxi., xxii.
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inc. From the earliest records, the testimony of the inhabitants of the

known world was unanimous on the point. The uniform experience, there-

fore, of the inhabitants of the known world, agreeing in a common result,

without one known instance of deviation from that result, is not always
sufficient to establish a general conclusion.

But let us now turn to an instance apparently not very dissimilar to this.

Mankind were wrong, it seems, in concluding that all swans were white :

are we also wrong, when we conclude that all men's heads grow above their

shoulders, and never below, in spite of the conflicting testimony of the natu-

ralist Pliny ? As there were black swans, though civilized people had exist-

ed for three thousand years on the earth without meeting with them, may
there not also be " men whose heads do grow beneath their shoulders," not-

withstanding a rather less perfect unanimity of negative testimony from
observers? Most persons would answer Xo; it was more credible that a

bird should vary in its color, than that men should vary in the relative po-
sition of their principal organs. And there is no doubt that in so saying

they would be right : but to say why they are right, would be impossible,
without entering more deeply than is usually done, into the true theory of

Induction.

Again, there are cases in which we reckon with the most unfailing confi-

dence upon uniformity, and other cases in which we do not count upon it

at all. In some we feel complete assurance that the future will resemble the

past, the unknown be precisely similar to the known. In others, however
invariable may be the result obtained from the instances which have been

observed, we draw from them no more than a very feeble presumption that

the like result will hold in all other cases. That a straight line is the short-

est distance between two points, wo do not doubt to be true even in the re-

gion of the fixed stars.* When a chemist announces the existence and

properties of a newly-discovered substance, if we confide in his accuracy,
we feel assured that the conclusions he has arrived at will hold universally,

though the induction be founded but on a single instance. We do not

withhold our assent, waiting for a repetition of the experiment; or if we
do, it is from a doubt whether the one experiment was properly made, not

whether if properly made it would be conclusive. Here, then, is a general
law of nature, inferred without hesitation from a single instance

;
a uni-

versal proposition from a singular one. Now mark another case, and con-

trast it with this. Not all the instances which have been observed since

the beginning of the world, in support of the general proposition that all

crows are black, would be deemed a sufficient presumption of the truth of

the proposition, to outweigh the testimony of one unexceptionable witness

who should affirm that in some region of the earth not fully explored, he

had caught and examined a crow, and had found it to be gray.

Why is a single instance, in some cases, sufficient for a complete induc-

tion, while in others, myriads of concurring instances, without a single ex-

ception known or presumed, go such a very little way toward establishing
a universal proposition ? Whoever can answer this question knows more
of the philosophy of logic than the wisest of the ancients, and has solved

the problem of induction.

* In strictness, wherever the present constitution of space exists
;
which we have ample

reason to believe that it does in the region of the fixed stars.



LAWS OF NATURE. 229

CHAPTER IV.

OF LAWS OF NATUKE.

1. Ix the contemplation of that uniformity in the course of nature,
which is assumed in every inference from experience, one of the first ob-

servations that present themselves is, that the uniformity in question is not

properly uniformity, but uniformities. The general regularity results from
the co-existence of partial regularities. The course of nature in general is

constant, because the course of each of the various phenomena that com-

pose it is so. A certain fact invariably occurs whenever certain circum-

stances are present, and does riot occur when they are absent
;
the like is

true of another fact
;
and so on. From these separate threads of connec-

tion between parts of the great whole which we term nature, a general tis-

sue of connection unavoidably weaves itself, by which the whole is held to-

gether. If A is always accompanied by D, B by E, and C by F, it follows

that A B is accompanied by D E, A C by D F, B C by E F, and finally A
B C by D E F

;
and thus the general character of regularity is produced,

which, along with and in the midst of infinite diversity, pervades all nature.

The first point, therefore, to be noted in regard to what is called the uni-

formity of the course of nature, is, that it is itself a complex fact, com-

pounded of all the separate uniformities which exist in respect to single

phenomena. These various uniformities, when ascertained by what is re-

garded as a sufficient induction, we call, in common parlance, Laws of Na-
ture. Scientifically speaking, that title is employed in a more restricted

sense, to designate the uniformities when reduced to their most simple ex-

pression. Thus in the illustration already employed, there were seven uni-

formities; all of which, if considered sufficiently certain, would, in the more
lax application of the term, be called laws of nature. But of the seven,
three alone are properly distinct and independent: these bping presup-

posed, the others follow of course. The first three, therefor"
5

!
36

. I'ding to

the stricter acceptation, are called laws of nature
;
the remailfuer not

;
be-

cause they are in truth mere cases of the first three
; virtually included in

them
; said, therefore, to result, from them : whoever affirms those three has

already affirmed all the rest.

To substitute real examples for symbolical ones, the following are three

uniformities, or call them laws of nature: the law that air has weight, the

law that pressui'e on a fluid is propagated equally in all directions, and the

law that pressure in one direction, not opposed by equal pressure in the

contrary direction, produces motion, which does not cease until equilibrium
is restored. From these three uniformities we should be able to predict
another uniformity, namely, the rise of the mercury in the Torricellian

tube. This, in the stricter use of the phrase, is not a law of nature. It is

the result of laws of nature. It is a case of each and every one of the

three laws : and is the only occurrence by which they could all be fulfilled.

If the mercury were not sustained in the* barometer, and sustained at such

a height that the column of mercury were equal in weight to a column of

the atmosphere of the same diameter
;
here would be a case, either of the
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;iir not pressing upon the surface of the mercury with the force winch is

called its weight, or of the downward pressure on the mercury not being
propagated equally in an upward direction, or of a body pressed in one di-

rection and not in the direction opposite, either not moving in the direction

in which it is pressed, or stopping before it had attained equilibrium. If

we knew, therefore, the three simple laws, but had never tried the Torricel-

lian experiment, we might deduce its result from those laws. The known

weight of the air, combined with the position of the apparatus, would

bring the mercury within the first of the three inductions; the first induc-

tion would bring it within the second, and the second within the third, in

the manner which we characterized in treating of Ratiocination. We should

thus come to know the more complex uniformity, independently of specific

experience, through our knowledge of the simpler ones from which it results;

though, for reasons which will appear hereafter, verification by specific ex-

perience would still be desirable, and might possibly be indispensable.

Complex uniformities which, like this, are mere cases of simpler ones,
and have, therefore, been virtually affirmed in affirming those, may with

propriety be called laics, but can scarcely, in the strictness of scientific

speech, be termed Laws of Xature. It is the custom in science, wherever

regularity of any kind can be traced, to call the general proposition which

expresses the nature of that regularity, a la\v
;
as when, in mathematics,

we speak of the law of decrease of the successive terms of a converging
series. But the expression l<nr of nature has generally been employed
with a sort- of tacit reference to the original sense of the word law, namely,
the e:;j;r->sion of the will of a superior. When, therefore, it appeared that

any o*' 'he uniformities which were observed in nature, would result spon-

taneou^ly from certain other uniformities, no separate act of creative will

being vipposed necessary for the production of the derivative uniformities,
these have not usually been spoken of as laws of nature. According to

one r-ode of expression, the question, What are the laws of nature? may
be sti.ted thr,: : What are the fewest and simplest assumptions, which be-

ing g ted, the whole existing order of nature would T'csult? Another
mode ')f stating it would be thus: What are the fewest general proposi-
tions f; om \\hich all the uniformities which exist in the universe might be
deduc '...Inferred?

Kv coposit-, advance which marks an epoch in the progress of science,
has c< a step made toward the solution of this problem. Even a

simple colligation of inductions already made, without any fresh extension
of the inductive inference, is already an advance in that direction. When
Kepler expressed the regularity which exists in the observed motions of

the heavenly bodies, by the three general propositions called his laws, he,
in so doing, pointed out three simple suppositions which, instead of a much
greater number, would suffice to construct the whole scheme of the heav-

enly motions, so far as it was known up to that time. A similar and still

greater step was made when these laws, which at first did not seem to be
included in any more general truths, were discovered to be cases of the

three laws of motion, as obtaining among bodies which mutually tend to-

ward one another with a certain force, and have had a certain instantaneous

impulse originally impressed upon them. After this great discovery, Kep-
ler's three propositions, though still called laws, would hardly, by any per-
son accustomed to use language with precision, be termed laws of nature:

tii at phrase would be reserved for the simpler and more general laws into

which Newton is said to have resolved them.
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According to this language, every well-grounded inductive generaliza-
tion is either a law of nature, or a result of laws of nature, capable, if those

laws are known, of being predicted from them. And the problem of In-

ductive Logic may be summed up in two questions : how to ascertain the

laws of nature
;
and how, after having ascertained them, to follow them

into their results. On the other hand, we must not suffer ourselves to im-

agine that this mode of statement amounts to a real analysis, or to any
thing but a mere verbal transformation of the problem ;

for the expression,
Laws of Nature, means nothing but the uniformities which exist among
natural phenomena) or, in other words, the results of induction), when re-

duced to their simplest expression. It is, however, something to have ad-

vanced so far, as to see that the study of nature is the study of laws, not a
law

;
of uniformities, in the plural number : that the different natural phe-

nomena have their separate rules or modes of taking place, which, though
much intermixed and entangled with one another, may, to a certain extent,
be studied apart: that (to resume our former metaphor) the regularity
which exists in nature is a web composed of distinct threads, and only to

be understood by tracing each of the threads separately; for which pur-
pose it is often necessary to unravel some portion of the web, and exhibit

the fibres apart. The rules of experimental inquiry are the contrivances
for unraveling the web.

2. In thus attempting to ascertain the general order of nature by as-

certaining the particular order of the occurrence of each one of the phe-
nomena of nature, the most scientific proceeding can be no more than an im-

proved form of that which was primitively pursued by the human under-

standing, while undirected by science. When mankind first formed the

idea of studying phenomena according to a stricter and surer method than
that which they had in the first instance spontaneously adopted, they did

not, conformably to the well-meant but impracticable precept of Descartes,
set out from tlie supposition that nothing had been already ascertained.

Many of the uniformities existing among phenomena are so constant, and
so open to observation, as to force themselves upon involuntary recognition.
Some facts are so perpetually and familiarly accompanied by certain oth-

ers, that mankind learned, as children learn, to expect the one where they
found the other, long before they knew how to put their expectation into

words by asserting, in a proposition, the existence of a connection between
those phenomena. No science was needed to teach that food nourishes,
that water drowns, or quenches thirst, that the sun gives light and heat,
that bodies fall to the ground. The first scientific inquirers assumed these

and the like as known truths, and set out from them to discover others

which were unknown: nor were they wrong in so doing, subject, however,
as they afterward began to see, to an ulterior revision of these spontaneous
generalizations themselves, when the progress of knowledge pointed out

limits to them, or showed their truth to be contingent on some circum-

stance not originally attended to. It will appear, I think, from the subse-

quent part of our inquiry, that there is no logical fallacy in this mode of

proceeding ;
but we may see already that any other mode is rigorously im-

practicable : since it is impossible to frame any scientific method of induc-

tion, or test of the correctness of inductions, unless on the hypothesis that

some inductions deserving of reliance have been already made.
Let us revert, for instance, to one of our former illustrations, and con-

sider why it is that, with exactly the same amount of evidence, both nega-
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live and positive, we did not reject the assertion that there arc black

swans, while we should refuse credence to any testimony which asserted

that there were men wearing their heads underneath their shoulders. The
first assertion was more credible than the latter. But why more credible?

So long as neither phenomenon had been actually witnessed, what reason

was there for finding the one harder to be believed than the other;* Ap-
parently because there is less constancy in the colors of animals, than in

the general structure of their anatomy. But how do we know this?

Doubtless, from experience. It appears, then, that we need experience to

inform us, in what degree, and in what cases, or sorts of cases, experience
is to be re-lied on. Experience must be consulted in order to learn from it

under what circumstances arguments from it will be valid. We have no
ulterior test to which we subject experience in general; but we make ex-

perience its own test. Experience testifies, that among the uniformities

which it exhibits or seems to exhibit, some arc more to be relied on than

others; and uniformity, therefore, may be presumed, from any given num-
ber of instances, with a greater degree of assurance, in proportion as the

case belongs to a class in which the uniformities have hitherto been found
more uniform.

This mode of correcting one generalization by means of another, a nar-

rower generalization by a wider, which common sense suggests and adopts
in practice, is the real type of scientific Induction. All that art can do is

but to give accuracy and precision to this process, and adapt it to all va-

rieties of cases, without any essential alteration in its principle.
There are of course no means of applying such a test as that above de-

scribed, unless we already possess a general knowledge of the prevalent
character of the uniformities existing throughout nature. The indispen-
sable foundation, therefore, of a scientific formula of induction, must be a

survey of the inductions to which mankind have been conducted in unsci-

entific practice ;
with the special purpose of ascertaining what kinds of

uniformities have been found perfectly invariable, pervading all nature,
and what are those which have been found to vary with difference of time,

place, or other changeable circumstances.

-L The necessity of such a survey is confirmed by the consideration,
that the stronger inductions are the touch-stone to which we always en-

deavor to bring the weaker. If we find any means of deducing one of

the less strong inductions from stronger ones, it acquires, at once, all the

strength of those from which it is deduced
;
and even adds to that strength ;

since the independent experience on which the weaker induction previously
rested, becomes additional evidence of the truth of the better established

law in which it is now found to be included. We may have inferred, from
historical evidence, that the uncontrolled power of a monarch, of an aris-

tocracy, or of the majority, will often be abused : but we are entitled to

rely on this generalization with much greater assurance when it is shown
to be a corollary from still better established facts; the very low degree
of elevation of character ever yet attained by the average of mankind, and
the little efficacy, for the most part, of the modes of education hitherto

practiced, in maintaining the predominance of reason and conscience over

the selfish propensities. It is at the same time obvious that ever, these

more general facts derive an accession of evidence from the testimony
which history bears to the effects of despotism. The strong induction be-

comes still stronger when a weaker one has been bound up with it.

On the other hand, if an induction conflicts with stronger inductions,



LAWS OF NATURE. 233

or with conclusions capable of being correctly deduced from them, then,
unless on reconsideration it should appear that some of the stronger induc-
tions have been expressed with greater universality than their evidence

warrants, the weaker one must give way. The opinion so long prevalent
that a comet, or any other unusual appearance in the heavenly regions, was
the precursor of calamities to mankind, or to those at least who witnessed
it

;
the belief in the veracity of the oracles of Delphi or Dodona

;
the reli-

ance on astrology, or on the weather-prophecies in almanacs, were doubt-
less inductions supposed to be grounded on experience:* and faith in such
delusions seems quite capable of holding out against a great multitude of

failures, provided it be nourished by a reasonable number of casual coinci-

dences between the prediction and the event. What has really put an end
to these insufficient inductions, is their inconsistency with the stronger in-

ductions subsequently obtained by scientific inquiry, respecting the causes
on which terrestrial events really depend ;

and where those scientific truths

have not yet penetrated, the same or similar delusions still prevail.
It may be affirmed as a general principle, that all inductions, whether

strong or weak, which can be connected by ratiocination, are confirmatory
of one another

;
while any which lead deductively to consequences that are

incompatible, become mutually each other's test, showing that one or other
must be given up, or at least more guardedly expressed. In the case of
inductions which confirm each other, the one which becomes a conclusion
from ratiocination rises to at least the level of certainty of the weakest of

those from which it is deduced
;
while in general all are more or less in-

creased in certainty. Thus the Torricellian experiment, though a mere
case of three more general lawr

s, not only strengthened greatly the evidence
on which those laws rested, but converted one of them (the weight of the

atmosphere) from a still doubtful generalization into a completely estab-

lished doctrine.

If, then, a survey of the uniformities which have been ascertained to ex-

ist in nature, should point out some which, as far as any human purpose re-

quires certainty, may be considered quite certain and quite universal
; then

by means of these uniformities we may be able to raise multitudes of other

inductions to the same point in the scale. For if we can show, with re-

* Dr. Whewell (Phil, of Discov., p. 24G) will not allow these and similar erroneous judg-
ments to be called inductions; inasmuch as such superstitious fancies "were not collected

from the facts by seeking a law of their occurrence, but were suggested by an imagination of

the anger of superior powers, shown by such deviations from the ordinary course of nature.''

I conceive the question to be, not in what manner these notions were at first suggested, but

by what evidence they have, from time to time, been supposed to be substantiated. If the be-

lievers in these erroneous opinions had been put on their defense, they would have referred

to experience : to the comet which preceded the assassination of Julius Csesar, or to oracles

and other prophecies known to have been fulfilled. It is by such appeals to facts that all

analogous superstitions, even in our day, attempt to justify themselves ;
the supposed evi-

dence of experience is necessary to their hold on the mind. I quite admit that the influence

of such coincidences would not be what it is, if strength were not lent to it by an antecedent

presumption ;
but this is not peculiar to such cases

; preconceived notions of probability form

part of the explanation of many other cases of belief on insufficient evidence. The a priori

prejudice does not prevent the erroneous opinion from being sincerely regarded as a legiti-

mate conclusion from experience ; though it improperly predisposes the mind to that inter-

pretation of experience.
Thus much in defense of the sort of examples objected to. But it would be easy to pro-

duce instances, equally adapted to the purpose, and in which no antecedent prejudice is at all

concerned. "For many ages," says Archbishop Whately, "all farmers and gardeners were

firmly convinced and convinced of their knowing it by experience that the crops would
never turn out good unless the seed were sown during the increase of the moon." This was

induction, but bad induction; just as a vicious syllogism is reasoning, but bad reasoning.
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spect to any inductive inference, that either it must be true, or one of these

certain and universal inductions must admit of an exception ;
the former

generalization will attain the same certainty, and indefeasibleness within

the bounds assigned to it, which are the attributes of the latter. It will

be proved to be a law
;
and if not a result of other and simpler laws, it will

be a law of nature.

There are such certain and universal inductions
;
and it is because there

are such, that a Logic of Induction is possible.

CHAPTER V.

OF THE LAW OF UNIVERSAL CAUSATION.

1. THE phenomena of nature exist in two distinct relations to one an-

other
;
that of simultaneity, and that of succession. Every phenomenon is

related, in a uniform manner, to some phenomena that co-exist with it, and
to some that have preceded and will follow it.

Of the uniformities which exist among synchronous phenomena, the most

important, on every account, are the lawr
s of number

;
and next to them

those of space, or, in other words, of extension and figure. The laws of

number are common to synchronous and successive phenomena. That two
and two make four, is equally true whether the second two follow the first

two or accompany them. It is as true of days and years as of feet and
inches. The laws of extension and figure (in other words, the theorems
of geometry, from its lowest to its highest branches) are, on the contrary,
laws of simultaneous phenomena only. The various parts of space, and of

the objects which are said to fill space, co-exist
;
and the unvarying laws

which are the subject of the science of geometry, are an expression of the

mode of their co-existence.

This is a class of laws, or in other words, of uniformities, for the com-

prehension and proof of which it is not necessary to suppose any lapse of

time, any variety of facts or events succeeding one another. The proposi-
tions of geometry are independent of the succession of events. All things
which possess extension, or, in other words, which fill space, are subject to

geometrical laws. Possessing extension, they possess figure ; possessing
figure, they must possess some figure in particular, and have all the proper-
ties which geometry assigns to that figure. If one body be a sphere and
another a cylinder, of equal height and diameter, the one will be exactly
two-thirds of the other, let the nature and quality of the material be what
it will. Again, each body, and each point of a body, must occupy some

place or position among other bodies
;
and the position of two bodies rela-

tively to each other, of whatever nature the bodies be, may be unerringly
inferred from the position of each of them relatively to any third body.

In the laws of number, then, and in those of space, we recognize in the

most unqualified manner, the rigorous universality of which we are in

quest. Those laws have been in all ages the type of certainty, the standard
of comparison for all inferior degrees of evidence. Their invariability is so

perfect, that it renders us unable even to conceive any exception to them
;

and philosophers have been led, though (as I have endeavored to show) er-

roneously, to consider their evidence as lying not in experience, but in the

original constitution of the intellect. If, therefore, from the laws of space
and number, we were able to deduce uniformities of any other description,
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this would be conclusive evidence to us that those other uniformities pos-
sessed the same rigorous certainty. But this we can not do. From laws
of space and number alone, nothing can be deduced but laws of space and
number.
Of all truths relating to phenomena, the most valuable to us are those

which relate to the order of their succession. On a knowledge of these is

founded every reasonable anticipation of future facts, and whatever power
we possess of influencing those facts to our advantage. Even the laws of

geometry are chiefly of practical importance to us as being a portion of the

premises from which the order of the succession of phenomena may be in-

ferred. Inasmuch as the motion of bodies, the action of forces, and the

propagation of influences of all sorts, take place in certain lines and over
definite spaces, the properties of those lines and spaces are an important
part of the laws to which those phenomena are themselves subject. Again,
motions, forces, or other influences, and times, are numerable quantities ;

and the properties of number are applicable to them as to all other things.
But though the laws of number and space are important elements in the

ascertainment of uniformities of succession, they can do nothing toward it

when taken by themselves. They can only be made instrumental to that

purpose when we combine with them additional premises, expressive of

uniformities of succession already known. By taking, for instance, as

premises these propositions, that bodies acted upon by an instantaneous
force move with uniform velocity in straight lines

;
that bodies acted upon

by a continuous force move with accelerated velocity in straight lines
;
and

that bodies acted upon by two forces in different directions move in the

diagonal of a parallelogram, whose sides repi'esent the direction and quan-
tity of those forces

;
we may by combining these truths with propositions

relating to the properties of straight lines and of parallelograms (as that a

triangle is half a parallelogram of the same base and altitude), deduce an-

other important uniformity of succession, viz., that a body moving round
a centre of force describes areas proportional to the times. But unless

there had been laws of succession in our premises, there could have been
no truths of succession in our conclusions. A similar remark might be

extended to every other class of phenomena really peculiar ; and, had it

been attended to, would have prevented many chimerical attempts at dem-
onstrations of the indemonstrable, and explanations which do not explain.

It is not, therefore, enough for us that the laws of space, which are only
laws of simultaneous phenomenon, and the laws of number, which though
true of successive phenomena do not relate to their succession, possess the

rigorous certainty and universality of which we are in search. "We must
endeavor to find some law of succession which has those same attributes,
and is therefore fit to be made the foundation of processes for discovering,
and of a test for verifying, all other uniformities of succession. This fun-

damental law must resemble the truths of geometry in their most remark-
able peculiarity, that of never being, in any instance whatever, defeated or

suspended by any change of circumstances.

Now among all those uniformities in the succession of phenomena, which
common observation is sufficient to bring to light, there are very few which
have any, even apparent, pretension to this rigorous indefeasibility : and of

those few, one only has been found capable of completely sustaining it. In

that one, however, we recognize a law which is universal also in another

sense
;

it is co-extensive with the entire field of successive phenomena, all

instances whatever of succession being examples of it. This law is the
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Law of Causation. The truth that every fact which has a beginning has a

cause, is co-extensive with human experience.
This generalization may appear to some minds not to amount to much,

since after all it asserts only this: "it is a law, that every event depends
on some law :"

"
it is a law, that there is a law for every thing." We must

not, however, conclude that the generality of the principle is merely verbal;
it will be found on inspection to be no vague or unmeaning assertion, but
a most important and really fundamental truth.

2. The notion of Cause being the root of the whole theory of Induc-

tion, it is indispensable that this idea should, at the very outset of our in-

quiry, be, with the utmost practicable degree of precision, fixed and deter-

mined. If, indeed, it were necessary for the purpose of inductive logic
that the strife should be quelled, which has so long raged among the differ-

ent schools of metaphysicians, respecting the origin and analysis of our idea

of causation
;
the promulgation, or at least the general reception, of a true

theory of induction, might be considered desperate for a long time to come.
]>ut the science of the Investigation of Truth by means of Evidence, is

happily independent of many of the controversies which perplex the sci-

ence of the ultimate constitution of the human mind, and is under no ne-

cessity of pushing the analysis of mental phenomenon to that extreme
limit which alone ought to satisfy a metaphysician.

I premise, then, that when in the course of this inquiry I speak of the

cause of any phenomenon, I do not mean a cause which is not itself a phe-
nomenon

;
I make no research into the ultimate or ontological cause of

any thing. To adopt a distinction familiar in the writings of the Scotch

metaphysicians, and especially of Reid, the causes with which I concern

myself are not efficient, but physical causes. They are causes in that sense

alone, in which one physical fact is said to be the cause of another. Of
the efficient causes of phenomena, or whether any such causes exist at all,

I am not called upon to give an opinion. The notion of causation is deem-

ed, by the schools of metaphysics most in vogue at the present moment, to

imply a mysterious and most powerful tie, such as can not, or at least does

not, exist between any physical fact and that other physical fact on which
it is invariably consequent, and which is popularly termed its cause: and
thence is deduced the supposed necessity of ascending higher, into the es-

sences and inherent constitution of things, to find the true cause, the cause

which is not
only followed by, but actually produces, the effect. No such

necessity exists for the purposes of the present inquiry, nor will any such
doctrine be found in the following pages. The only notion of a cause,
which the theory of induction requires, is such a notion as can be gained
from experience. The Law of Causation, the recognition of which is the

main pillar of inductive science, is but the familiar truth, that invariability
of succession is found by observation to obtain between every fact in na-

ture and some other fact which has preceded it; independently of all con-

siderations respecting the ultimate mode of production of phenomena, and
of every other question regarding the nature of "Things in themselves."

Between the phenomena, then, which exist at any instant, and the phe-
nomena which exist at the succeeding instant, there is an invariable order
of succession

; and, as we said in speaking of the general uniformity of the

(nurse of nature, this web is composed of separate fibres; this collective

order is made up of particular sequences, obtaining invariably among the

separate parts. To certain facts, certain facts always do, and, as we be-
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lieve, will continue to, succeed. The invariable antecedent is termed the

cause
;
the invariable consequent, the effect. And the universality of the

law of causation consists in this, that every consequent is connected in this

manner with some particular antecedent, or set of antecedents. Let the

fact be what it may, if it has begun to exist, it was preceded by some fact

or facts, with which it is invariably connected. For every event there ex-

ists some combination of objects or events, some given concurrence of cir-

cumstances, positive and negative, the occurrence of which is always fol-

lowed by that phenomenon. We may not have found out what this con-

currence of circumstances may be
;
but we never doubt that there is such

a one, and that it never occurs without having the phenomenon in question
as its effect or consequence. On the universality of this truth depends the

possibility of reducing the inductive process to rules. The undoubted as-

surance we have that there is a law to be found if we only knew how to

find it, will be seen presently to be the source from which the canons of

the Inductive Logic derive their validity.

3. It is seldom, if ever, between a consequent and a single antecedent,
that this invariable sequence subsists. It is usually between a consequent
and the sum of several antecedents

;
the concurrence of all of them being

requisite to produce, that is, to be certain of being followed by, the conse-

quent. In such cases it is very common to single out one only of the an-

tecedents under the denomination of Cause, calling the others merely Con-
ditions. Thus, if a person eats of a particular dish, and dies in consequence,
that is, would not have died if he had not eaten of it, people would be apt
to say that eating of that dish was the cause of his death. There needs

not, however, be any invariable connection between eating of the dish and
death

;
but there certainly is, among the circumstances which took place,

some combination or other on which death is invariably consequent : as,
for instance, the act of eating of the dish, combined with a particular bod-

ily constitution, a particular state of present health, and perhaps even a

certain state of the atmosphere ;
the whole of which circumstances per-

haps constituted in this particular case the conditions of the phenomenon,
or, in other words, the set of antecedents which determined it, and but for

which it would not have happened. The real Cause, is the whole of these

antecedents
;
and we have, philosophically speaking, no right to give the

name of cause to one of them, exclusively of the others. What, in the

case we have supposed, disguises the incorrectness of the expression, is

this : that the various conditions, except the single one of eating the food,
were not events (that is, instantaneous changes, or successions of instan-

taneous changes) but states, possessing more or less of permanency ;
and

might therefore have preceded the effect by an indefinite length of dura-

tion, for want of the event which was requisite to complete the required
concurrence of conditions : while as soon as that event, eating the food,

occurs, no other cause is waited for, but the effect begins immediately to

take place : and hence the appearance is presented of a more immediate
and close connection between the effect and that one antecedent, than be-

tween the effect and the remaining conditions. But though we may think

proper to give the name of cause to that one condition, the fulfillment of

which completes the tale, and brings about the effect without further de-

lay; this condition has really no closer- relation to the effect than any of

the other conditions has. All the conditions were equally indispensable to

the production of the consequent ;
and the statement of the cause is inconi-
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plete, unless in some shape or other we introduce them all. A man takes

mercury, goes out-of-doors, and catches cold. We say, perhaps, that the
cause of his taking cold was exposure to the air. It is clear, however,
that his having taken mercury may have been a necessary condition of

his catching cold
;
and though it might consist with usage to say that the

cause of his attack was exposure to the air, to be accurate we ought to

say that the cause was exposure to the air while under the effect of mer-

cury.
If we do not, when aiming at accuracy, enumerate all the conditions, it

is only because some of them will in most cases be understood without

being expressed, or because for the purpose in view they may without
detriment be overlooked. For example, when we say, the cause of a man's
death was that his foot slipped in climbing a ladder, we -omit as a thing

unnecessary to be stated the circumstance of his weight, though quite as

indispensable a condition of the effect which took place. When we say
that the assent of the crown to a bill makes it law, we mean that the as-

sent, being never given until all the other conditions are fulfilled, makes up
the sum of the conditions, though no one now regards it as the principal
one. When the decision of a legislative assembly has been determined

by the casting vote of the chairman, we sometimes say that this one person
was the cause of all the effects which resulted from the enactment. Yet
we do not really suppose that his single vote contributed more to the re-

sult than that of any other person who voted in the affirmative
; but, for

the purpose we have in view, which is to insist on his individual responsi-

bility, the part which any other person had in the transaction is not ma-
terial.

In all these instances the fact which was dignified with the name of

cause, was the one condition which came last into existence. But it must
not be supposed that in the employment of the term this or any other rule

is always adhered to. Nothing can better show the absence of any scien-

tific ground for the distinction between the cause of a phenomenon and its

conditions, than the capricious manner in which we select from among the

conditions that which we choose to denominate the cause. However nu-

merous the conditions may be, there is hardly any of them which may not,

according to the purpose of our immediate discourse, obtain that nominal

pre-eminence. This will be seen by analyzing the conditions of some one
familiar phenomenon. For example, a stone thrown into water falls to the

bottom. What are the conditions of this event? In the first place there

must be a stone, and water, and the stone must be thrown into the water
;

but these suppositions forming part of the enunciation of the phenomenon
itself, to include them also among the conditions would be a vicious tautol-

ogy ;
and this class of conditions, therefore, have never received the name

of cause from any but the Aristotelians, by whom they were called the ma-
terial cause, causa materialis. The next condition is, there must be an
earth : and accordingly it is often said, that the fall of a stone is caused by
the earth

;
or by a power or property of the earth, or a force exerted by the

earth, all of which are merely roundabout ways of saying that it is caused

by the earth
; or, lastly, the earth's attraction

;
which also is only a technical

mode of saying that the earth causes the motion, with the additional par-

ticularity that the motion is toward the earth, which is not a character of

the cause, but of the effect. Let us now pass to another condition. It is

not enough that the earth should exist; the body must be within that dis-

tance from it, in which the earth's attraction preponderates over that of any
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other body. Accordingly we may say, and the expression would be con-

fessedly correct, that the cause of the stone's falling is its being icithin the

sphere of the earth's attraction. We proceed to a further condition. The
stone is immersed in water: it is therefore a condition of its reaching the

ground, that its specific gravity exceed that of the surrounding fluid, or in

other words that it surpass in weight an equal volume of water. Accord-

ingly any one would be acknowledged to speak correctly who said, that the

cause of the stone's going to the bottom is its exceeding in specific gravity
the fluid in which it is immersed.
Thus we see that each and every condition of the phenomenon may be

taken in its turn, and, with equal propriety in common parlance, but with

equal impropriety in scientific discourse, may be spoken of as if it were the

entire cause. And in practice, that particular condition is usually styled
the cause, whose share in the matter is superficially the most conspicuous,
or whose requisiteness to the production of the effect we happen to be in-

sisting on at the moment. So great is the force of this last consideration,
that it sometimes induces us to give the name of cause even to one of the

negative conditions. We say, for example, The army was surprised be-

cause the sentinel was off his post. But since the sentinel's absence was
not what created the enemy, or put the soldiers asleep, how did it cause
them to be surprised ? All that is really meant is, that the event would
not have happened if he had been at his duty. His being off his post was
no producing cause, but the mere absence of a preventing cause : it was

simply equivalent to his non-existence. From nothing, from a mere nega-
tion, no consequences can proceed. All effects are connected, by the law
of causation, with some set of^osi^'ye conditions; negative ones, it is true,

being almost always required in addition. In other Mjords, every fact or

phenomenon which has a beginning, invariably arises when some certain

combination of positive facts exists, provided certain other positive facts

do not exist.

There is, no doubt, a tendency (which our first example, that of death
from taking a particular food, sufficiently illustrates) to associate the idea

of causation with the pi'oximate antecedent event, rather than with any of

the antecedent states, or permanent facts, which may happen also to be
conditions of the phenomenon ;

the reason being that the event not only

exists, but begins to exist immediately previous ;
while the other condi-

tions may have pre-existed for an indefinite time. And this tendency
shows itself very visibly in the different logical fictions which are resorted

to, even by men of science, to avoid the necessity of giving the name of

cause to any thing which had existed for an indeterminate length of time
before the effect. Thus, rather than say that the earth causes the fall of

bodies, they ascribe it to a force exerted by the earth, or an attraction by
the earth, abstractions which they can represent to themselves as exhausted

by each effort, and therefore constituting at each successive instant a fresh

fact, simultaneous with, or only immediately preceding, the effect. Inas-

much as the coming of the circumstance which completes the assemblage
of conditions, is a change or event, it thence happens that an event is al-

ways the antecedent in closest apparent proximity to the consequent : and
this may account for the illusion which disposes us to look upon the prox-
imate event as standing more peculiarly in the position of a cause than any
of the antecedent states. But even this peculiarity, of being in closer prox-

imity to the effect than any other of its conditions, is, as we have already
seen, far' from being necessary to the common notion of a cause; with
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which notion, on the contrary, any one of the conditions, either positive or

negative, is found, on occasion, completely to accord.*

* The assertion, that any and every one of the conditions of a phenomenon may he and is, on
some occasions and for some purposes, spoken of as the cause, has been disputed by an intel-

ligent reviewer of this work in the Pn>spvctire Review (the predecessor of the justly esteemed
National Review}, who maintains that ''we always apply the word cause rather to that ele-

ment in the antecedents which exercises force, and which would tend at all times to produce
the same or a similar effect to that which, under certain conditions, it would actually pro-
duce.'' And he says, that "every one would feel" the expression, that the cause of a surprise
was the sentinel's being off his post, to be incorrect

;
but that the "allurement or force which

drew him off his post, might be so called, because in doing so it removed a resisting power
which would have prevented the surprise." 1 can not think that it would be wrong to say,
that the event took place because the sentinel was absent, and yet right to say that it took

place because he was bribed to be absent. Since the only direct effect of the bribe was his

absence, the bribe could be called the remote cause of the surprise, only on the supposition
that the absence was the proximate cause

;
nor does it seem to me that any one (who had

not a theory to support) would use the one expression and reject the other.

The reviewer observes, that when a person dies of poison, his possession of bodily organs is

a necessary condition, but that no one would ever speak of it as the cause. I admit the fact
;

but I believe the reason to be, that the occasion could never arise for so speaking of it
;

for

when in the inaccuracy of common discourse we are led to speak of some one condition of a

phenomenon as its cause, the condition so spoken of is always one which it is at least possi-
ble that the hearer may require to be informed of. The possession of bodily organs is a

known condition, and to give that as the answer, when asked the cause of a person's death,
would not supply the information sought. Once conceive that a doubt could exist as to his

having bodily organs, or that he were to be compared with some being who had them not,
and cases may be imagined in which it might be said that his possession of them was the

cause of his death. If Faust and Mephistopheles together took poison, it might be said that

Faust died because he was a human being, and had a body, while Mephistopheles survived

because he was a spirit.

It is for the same reason that no one (as the reviewer remarks) "calls the cause of a leap,
the muscles or sinews of. the body, though they are necessary conditions; nor the cause of a

self-sacrifice, the knowledge which was necessary for it
;
nor the cause of writing a hook, that

a man lias time for it, which is a necessary condition." These conditions (besides that they
are antecedent states, and not proximate antecedent events, and are therefore never the con-

ditions in closest apparent proximity to the effect) are all of them so obviously implied, that it

is hardly possible there should exist that necessity for insisting on them, which alone gives
occasion for speaking of a single condition as if it were the cause. Wherever this necessity
exists in regard to some one condition, and does not exist in regard to any other, I conceive
that it is consistent with usage, when scientific accuracy is not aimed at, to apply the name
cause to that one condition. If the only condition which can be supposed to be unknown is

a negative condition, the negative condition may be spoken of as the cause. It might be said

that a person died for want of medical advice: though this would not be likely to be said, un-

less the person was already understood to be ill, and in order to indicate that this negative cir-

cumstance was what made the illness fatal, and not the weakness of his constitution, or the

original virulence of the disease. It might be said that a person was drowned because he
could not swim

;
the positive condition, namely, that he fell into the water, being already im-

plied in the word drowned. And here let me remark, that his falling into the water is in

this case the only positive condition : all the conditions not expressly or virtually included in

this (as that he could not swim, that nobody helped him, and so forth) are negative. Yet, if

it were simply said that the cause of a man's death was falling into the water, there would be

quite as great a sense of impropriety in the expression, as there would be if it were said that

the cause was his inability to swim ; because, though the one condition is positive and the oth-

er negative, it would be felt that neither of them was sufficient, without the other, to produce
death.

With regard to the assertion that nothing is termed the cause, except the element which

exerts active force
;

I waive the question as to the meaning of active force, and accepting the

phrase in its popular sense, I revert to a former example, and I ask, would it be more agree-
able to custom to say that a man fell because his foot slipped in climbing a ladder, or that he

fell because of his weight ? for his weight, and not the motion of his foot, was the active force

which determined his fall. If a person walking out in a frosty day, stumbled and fell, it

might be said that he stumbled because the ground was slippery, or because he was not suf-

ficiently careful : but few people, I suppose, would say, that he stumbled because he walked.

Yet the only active force concerned was that which he exerted in walking : the others were
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The cause, then, philosophically speaking, is the sum total of the condi-

tions, positive and negative taken together ;
the whole of the contingencies

of every description, which being realized, the consequent invariably fol-

lows. The negative conditions, however, of any phenomenon, a special
enumeration of which would generally be very prolix, may be all summed
up under one head, namely, the absence of preventing or counteracting
causes. The convenience of this mode of expression is mainly grounded
on the fact, that the effects of any cause in counteracting another cause

may in most cases be, with strict scientific exactness, regarded as a mere
extension of its own proper and separate effects. If gravity retards the

upward motion of a projectile, and deflects it into a parabolic trajectory,
it produces, in so doing, the very same kind of effect, and even (as mathe-
maticians know) the same quantity of effect, as it does in its ordinary op-
eration of causing the fall of bodies when simply deprived of their support.
If an alkaline solution mixed with an acid destroys its sourness, and pre-
vents it from reddening vegetable blues, it is because the specific effect of

the alkali is to combine with the acid, and form a compound with totally
different qualities. This property, which causes of all descriptions possess,
of preventing the effects of other causes by virtue (for the most part) of

the same laws according to which they produce their own,* enables us, by
establishing the general axiom that all causes are liable to be counteracted
in their effects by one another, to dispense with the consideration of nega-
tive conditions entirely, and limit the notion of cause to the assemblage of

the positive conditions of the phenomenon : one negative condition invaria-

bly understood, and the same in all instances (namely, the absence of coun-

teracting causes) being sufficient, along with the sum of the positive condi-

tions, to make up the whole set of circumstances on which the phenomenon
is dependent.

4. Among the positive conditions, as we have seen that there are some

mere negative conditions ;
but they happened to be the only ones which there could be any

necessity to state; for he walked, most likely, in exactly his usual manner, and the nega-
tive conditions made all the difference. Again, if a person were asked why the army of

Xerxes defeated that of Leonidas, he would probably say, because they were a thousand times

the number
;
but I do not think he would say, it was because they fought, though that was

the element of active force. To borrow another example, used by Mr. Grove and by Air.

Baden Powell, the opening of flood-gates is said to be the cause of the flow of water
; yet the

active force is exerted by the water itself, and opening the flood-gates merely supplies a nega-
tive condition. The reviewer adds, "There are some conditions absolutely passive, and yet

absolutely necessary to physical phenomena, viz., the relations of space and time; and to

these no one ever applies the word cause without being immediately arrested by those who
hear him." Even from this statement I am compelled to dissent. Few persons would feel it

incongruous to say (for example) that a secret became known because it was spoken of when
A. B. was within hearing; which is a condition of space : or that the cause why one of two

particular trees is taller than the other, is that it has been longer planted ;
which is a condi-

tion of time.
* There are a few exceptions ;

for there are some properties of objects which seem to be

purely preventive; as the property of opaque bodies, by which they intercept the passage of

light. This, as far as we are able to understand it, appears an instance not of one cause

counteracting another by the same law whereby it produces its own effects, but of an agency
which manifests itself in no other way than in defeating the effects of another agency. If

we knew on what other relations to light, or on what peculiarities of structure, opacity de-

pends, we might find that this is only an apparent, not a real, exception to the general propo-
sition in the text. In any case it needs not affect; the practical application. The formula
which includes all the negative conditions of an effect in the single one of the absence of

counteracting causes, is not violated by such cases as this
; though, if all counteracting agen-

cies were of this description, there would be no purpose served by employing the formula.

16
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to which, in common parlance, the term cause is more readily and frequent-

ly awarded, so there are others to which it is, in ordinary circumstances,
refused. In most cases of causation a distinction is commonly drawn be-

tween something which acts, and some other thing which is acted upon ;

between an cujent and a patient. Both of these, it would be universally al-

lowed, are conditions of the phenomenon ;
but it would be thought absurd

to call the latter the cause, that title being reserved for the former. The

distinction, however, vanishes on examination, or rather is found to be only
verbal

; arising from an incident of mere expression, namely, that the ob-

ject said to be acted upon, and which is considered as the scene in which
the effect takes place, is commonly included in the phrase by which the ef-

fect is spoken of, so that if it were also reckoned as part of the cause, the

seeming incongruity would arise of its being supposed to cause itself. In

the instance which we have already had, of falling bodies, the question was
thus put: What is the cause which makes a stone fall? and if the answer
had been "the stone itself," the expression would have been in apparent
contradiction to the meaning of the word cause. The stone, therefore, is

conceived as the patient, and the earth (or, according to the common and
most unphilosophical practice, an occult quality of the earth) is represented
as the agent or cause. But that there is nothing fundamental in the dis-

tinction may be seen from this, that it is quite possible to conceive the

stone as causing its own fall, provided the language employed be such as

to save the mere verbal incongruity. We might say that the stone moves
toward the earth by the properties of the matter composing it; and ac-

cording to this mode of presenting the phenomenon, the stone itself might
without impropriety be called the agent ; though, to save the established

doctrine of the inactivity of matter, men usually prefer here also to ascribe

the effect to an occult quality, and say that the cause is not the stone itself,

but the weight or gravitation of the stone.

Those who have contended for a radical distinction between agent and

patient, have generally conceived the agent as that which causes some state

of, or some change in the state of, another object which is called the pa-
tient. But a little reflection will show that the license we assume of speak-

ing of phenomena as states of the various objects which take part in them
(an artifice of which so much use has been made by some philosophers,
Brown in particular, for the apparent explanation of phenomena), is sim-

ply a sort of logical fiction, useful sometimes as one among several modes
of expression, but which should never be supposed to be the enunciation
of a scientific truth. Even those attributes of an object which might
seem with greatest propriety to be called states of the object itself, its sen-

sible qualities, its color, hardness, shape, and the like, are in reality (as no
one lias pointed out more clearly than Brown himself) phenomena of cau-

sation, in which the substance is distinctly the agent, or producing cause,
the patient being our own organs, and those of other sentient beings.
What we call states of objects, are always sequences into which the objects
enter, generally as antecedents or causes; and things arc never more active

than in the production of those phenomena in which they arc said to be
acted upon. Thus, in the example of a stone falling to the earth, according
to the theory of gravitation the stone is as much an agent as the earth,
which not only attracts, but is itself attracted by, the stone. In the case of

a sensation produced in our organs, the laws of our organization, and even

those of our minds, are as directly operative in determining the effect pro-

duced, as the laws of the outward object. Though we call prussic acid
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the agent of a person's death, the whole of the vital and organic properties
of the patient are as actively instrumental as the poison, in the chain of ef-

fects which so rapidly terminates his sentient existence. In the process of

education, we may call the teacher the agent, and the scholar only the ma-
terial acted upon ; yet in truth all the facts which pre-existed in the schol-

ar's mind exert either co-operating or counteracting agencies in relation to

the teacher's efforts. It is not light alone which is the agent in vision, but

light coupled with the active properties of the eye and brain, and with
those of the visible object. The distinction between agent and patient is

merely verbal : patients are always agents ;
in a great proportion, indeed,

of all natural phenomena, they are so to such a degree as to react forcibly
on the causes which acted upon them : and even when this is not the case,

they contribute, in the same manner as any of the other conditions, to the

production of the effect of which they are vulgarly treated as the mere the-

atre. All the positive conditions of a phenomenon are alike agents, alike

active
;
and in any expression of the cause which professes to be complete,

none of them can with reason be excluded, except such as have already
been implied in the words used for describing the effect; nor by including
even these would there be incurred any but a merely verbal impropriety.

5. There is a case of causation which calls for separate notice, as it

possesses a peculiar feature, and presents a greater degree of complexity
than the common case. It often happens that the effect, or one of the ef-

fects, of a cause, is, not to produce of itself a certain phenomenon, but to

fit something else for producing it. In other words, there is a case of cau-

sation in which the effect is to invest an object with a certain property.
When sulphur, charcoal, and nitre are put together in certain proportions
and in a certain manner, the effect is, not an explosion, but that the mixture

acquires a property by which, in given circumstances, it will explode. The
various causes, natural and artificial, which educate the human body or the

human mind, have for their principal effect, not to make the body or mind

immediately do any thing, but to endow it with certain properties in oth-

er words, to give assurance that in given circumstances certain results will

take place in it, or as consequences of it. Physiological agencies often

have for the chief part of their operation to predispose the constitution to

some mode of action. To take a simpler instance than all these : putting
a coat of white paint upon a wall does not merely produce in those who
see it done, the sensation of white

;
it confers on the wall the permanent

property of giving that kind of sensation. Regarded in reference to the

sensation, the putting on of the paint is a condition of a condition
;

it is a

condition of the wall's causing that particular fact. The wall may have
been painted years ago, but it has acquired a property which has lasted till

now, and will last longer; the antecedent condition necessary to enable the

wall to become in its turn a condition, has been fulfilled once for all. In a

case like this, where the immediate consequent in the sequence is a proper-

ty produced in an object, no one now supposes the property to be a sub-

stantive entity
" inherent

"
in the object. What has been produced is what,

in other language, may be called a state of preparation in an object for pro-

ducing an effect. The ingredients of the gunpowder have been brought into

a state of preparation for exploding as soon as the other conditions of an

explosion shall have occurred. In the case of the gunpowder, this state of

preparation consists in a certain collocation of its particles relatively to one

another. In the example of the wall, it consists in a new collocation of two
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things relatively to each other the wall and the paint. In the example of

the molding influences on the human mind, its being a collocation at all is

only conjectural; for, even on the materialistic hypothesis, it would remain
to be proved that the increased facility with which the brain sums up a

column of figures when it has been long trained to calculation, is the result

of a permanent new arrangement of some of its material particles. We
must, therefore, content ourselves with what we know, and must include

among the effects of causes, the capacities given to objects of being causes

of other effects. This capacity is not a real thing existing in the objects ;

it is but a name for our conviction that they will act in a particular man-
ner when certain new circumstances arise. We may invest this assurance

of future events with a fictitious objective existence, by calling it a state of

the object. But unless the state consists, as in the case of the gunpowder
it does, in a collocation of particles, it expresses no present fact; it is but

the contingent future fact brought back under another name.
It may be thought that this form of causation requires us to admit an

exception to the doctrine that the conditions of a phenomenon the ante-

cedents required for calling it into existence must all be found among the

facts immediately, not remotely, preceding its commencement. But what
we have arrived at is not a correction, it is only an explanation, of that doc-

trine. In the enumeration of the conditions required for the occurrence of

any phenomenon, it always has to be included that objects must be present,

possessed of given properties. It is a condition of the phenomenon explo-
sion that an object should be present, of one or other of certain kinds,
which for that reason are called explosive. The presence of one of these

objects is a condition immediately precedent to the explosion. The condi-

tion which is not immediately precedent is the cause which produced, not

the explosion, but the explosive property. The conditions of the explosion
itself were all present immediately before it took place, and the general law,

therefore, remains intact.

6. It now remains to advert to a distinction which is of first-rate im-

portance both for clearing up the notion of cause, and for obviating a very

specious objection often made against the view which we have taken of the

subject.
When we define the cause of any thing (in the only sense in which the

present inquiry has any concern with causes) to be "the antecedent which
it invariably follows," we do not use this phrase as exactly synonymous
with " the antecedent which it invariably Jins followed in our past expe-
rience." Such a mode of conceiving causation would be liable to the ob-

jection very plausibly urged by Dr. Reid, namely, that according to this

doctrine night must be the cause of day, and day the cause of night; since

these phenomena have invariably succeeded one another from the begin-

ning of the world. But it is necessary to our using the word cause, that

we should believe not only that the antecedent always Juts been followed by
the consequent, but that, as long as the present constitution of things* en-

dures, it always will be so. And this would not be true of day and night.
We do not believe that night will be followed by day under all imaginable
circumstances, but only that it will be so provided the sun rises above the

* I mean by this expression, the ultimate laws of nature (whatever they may be) as distin-

guished from the derivative laws and from the collocations. The diurnal revolution of the

earth (for example) is not a part of the constitution of things, because nothing can be so called

which might possibly be terminated or altered by natural causes.
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horizon. If the sun ceased to rise, which, for aught we know, may be per-

fectly compatible with the general laws of matter, night would be, or might
be, eternal. On the other hand, if the sun is above the horizon, his light
not extinct, and no opaque body between us and him, we believe firmly that

unless a change takes place in the properties of matter, this combination of

antecedents will be followed by the consequent, day ;
that if the combina-

tion of antecedents could be indefinitely prolonged, it would be always day ;

and that if the same combination had always existed, it would always have
been day, quite independently of night as a previous condition. Therefore
is it that we do not call night the cause, nor even a condition, of day. The
existence of the sun (or some such luminous body), and there being no

opaque medium in a straight line* between that body and the part of the

earth where we are situated, are the sole conditions
;
and the union of

these, without the addition of any superfluous circumstance, constitutes the

cause. This is what writers mean when they say that the notion of cause

involves the idea of necessity. If there be any meaning which confessedly

belongs to the term necessity, it is unconditionalness. That which is nec-

essary, that which must be, means that which will be, whatever supposition
we may make in regard to all other things. The succession of day and

night evidently is not necessary in this sense. It is conditional on the oc-

currence of other antecedents. That which will be followed by a given

consequent when, and only when, some third circumstance also exists, is not

the cause, even though no case should ever have occurred in which the phe-
nomenon took place without it.

Invariable sequence, therefore, is not synonymous with causation, unless

the sequence, besides being invariable, is unconditional. There are se-

quences, as uniform in past experience as any others whatever, which yet
we do not regard as cases of causation, but as conjunctions in some sort

accidental. Such, to an accurate thinker, is that of day and night. The one

might have existed for any length of time, and the other not have followed

the sooner for its existence
;

it follows only if certain other antecedents

exist
;
and where those antecedents existed, it would follow in any case.

No one, probably, ever called night the cause of day ;
mankind must so

soon have arrived at the very obvious generalization, that the state of gen-
eral illumination which we call day would follow from the presence of a

sufficiently luminous body, whether darkness had preceded or not.

We may define, therefore, the cause of a phenomenon, to be the ante-

cedent, or the concurrence of antecedents, on which it is invariably and

unconditionally consequent. Or if we adopt the convenient modification

of the meaning of the word cause, which confines it to the assemblage of

positive conditions without the negative, then instead of "unconditional-

ly," we must say,
"
subject to no other than negative conditions."

To some it may appear, that the sequence between night and day being
invariable in our experience, we have as much ground in this case as ex-

perience can give in any case, for recognizing the two phenomena as cause

and effect
;
and that to say that more is necessary to require a belief that

the succession is unconditional, or, in other words, that it would be invari-

able under all changes of circumstances, is to acknowledge in causation an

* I use the words "straight line" for brevity and simplicity. In reality the line in question
is not exactly straight, for, from the eft'ect of refraction, we" actually see the sun for a short

interval during which the opaque mass of the earth is interposed in a direct line between the

sun and our eyes ; thus realizing, though but to a limited extent, the coveted desideratum of

seeing round a corner.
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element of belief not derived from experience. The answer to this is, that

it is experience itself which teaches us that one uniformity of sequence is

conditional and another unconditional. When we judge that the succes-

sion of night and day is a derivative sequence, depending on something
else, we proceed on grounds of experience. It is the evidence of experi-
ence which convinces us that day could equally exist without being fol-

lowed by night, and that night could equally exist without being followed

by day. To say that these beliefs are "not generated by our mere ob-

servation of sequence,"* is to forget that twice in every twenty-four hours,
when the sky is clear, we have an experimentum crucia that the cause of

day is the sun. We have an experimental knowledge of the sun which

justifies us on experimental grounds in concluding, that if the sun were

always above the horizon there would be day, though there had been no

night, and that if the sun were always below the horizon there would be

night, though there had been no day. We thus know from experience
that the succession of night and day is not unconditional. Let me add,
that the antecedent which is only conditionally invariable, is not the in-

variable antecedent. Though a fact may, in experience, have always been
followed by another fact, yet if the remainder of our experience teaches

us that it might not always be so followed, or if the experience itself is

such as leaves room for a possibility that the known cases may not cor-

rectly represent all possible cases, the hitherto invariable antecedent is not

accounted the cause; but why? Because we are not sure that it is the in-

variable antecedent.

Such cases of sequence as that of day and night not only do not contra-

dict the doctrine which resolves causation into invariable sequence, but are

necessarily implied in that doctrine. It is evident, that from a limited

number of unconditional sequences, there will result a much greater num-
ber of conditional ones. Certain causes being given, that is, certain ante-

cedents which are unconditionally followed by certain consequents; the

mere co-existence of these causes will give rise to an unlimited number
of additional uniformities. If two causes exist together, the effects of both
will exist together; and if many causes co-exist, these causes (by what we
shall term hereafter the intermixture of their laws) will give rise to new ef-

fects, accompanying or succeeding one another in some particular order,
which order will be invariable while the causes continue to co-exist, but no

longer. The motion of the earth in a given orbit round the sun, is a scries

of changes which follow one another as antecedents and consequents, and
will continue to do so while the sun's attraction, and the force with which
the earth tends to advance in a direct line through space, continue to co-

exist in the same quantities as at present. But vary either of these causes,
and this particular succession of motions would cease to take place. The
series of the earth's motions, therefore, though a case of sequence invari-

able within the limits of human experience, is not a case of causation. It

is not unconditional.

This distinction between the relations of succession which, so far as we
know, are unconditional, and those relations, whether of succession or of

co-existence, which, like the earth's motions, or the succession of day and

night, depend on the existence or on the co-existence of other antecedent
facts corresponds to the great division which Dr. Whewell and other

writers have made of the field of science, into the investigation of what

* Second Burnett Prize Essay, by I'rincipul Tulloch. p. 25.
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they term the Laws of Phenomena, and the investigation of causes
;
a

phraseology, as I conceive, not philosophically sustainable, inasmuch as the

ascertainment of causes, such causes as the human faculties can ascertain,

namely, causes which are themselves phenomena, is, therefore, merely the

ascertainment of other and more universal Laws of Phenomena. And let

me here observe, that Dr. Whewell, and in some degree even Sir John

Herschel, seem to have misunderstood the meaning of those writers who,
like M. Comte, limit the sphere of scientific investigation to Laws of Phe-

nomena, and speak of the inquiry into causes as vain and futile. The
causes which M. Comte designates as inaccessible, are efficient causes. The

investigation of physical, as opposed to efficient, causes (including the study
of all the active forces in Nature, considered as facts of observation) is as

important a part of M. Comte's conception of science as of Dr. Whewell's.
His objection to the word cause is a mere matter of nomenclature, in which,
as a matter of nomenclature, I consider him to be entirely wrong.

"
Those,"

it is justly remarked by Mr. Bailey,*
"
who, like M. Comte, object to desig-

nate events as causes, are objecting without any real ground to a mere but

extremely convenient generalization, to a very useful common name, the

employment of which involves, or needs involve, no particular theory." To
which it may be added, that by rejecting this form of expression, M. Comte
leaves himself without any term for marking a distinction which, however

incorrectly expressed, is not only real, but is one of the fundamental dis-

tinctions in science
;
indeed it is on this alone, as we shall hereafter find,

that the possibility rests of framing a rigorous Canon of Induction. And
as things left without a name are apt to be forgotten, a Canon of that de-

scription is not one of the many benefits which the philosophy of Induction
has received from M. Comte's great powers.

7. Does a cause always stand with its effect in the relation of anteced-

ent and consequent? Do we not often say of two simultaneous facts that

they are cause and effect as when we say that fire is the cause of warmth,
the sun and moisture the cause of vegetation, and the like? Since a cause

does not necessarily perish because its effect has been produced, the two

things do very generally co-exist; and there are some appearances, and
some common expressions, seeming to imply not only that causes may, but

that they must, be contemporaneous with their effects. Cessante causd
cessat et effectus, has been a dogma of the schools : the necessity for the

continued existence of the cause in order to the continuance of the effect,

seems to have been once a generally received doctrine. Kepler's numerous

attempts to account for the motions of the heavenly bodies on mechanical

principles, were rendered abortive by his always supposing that the agency
which set those bodies in motion must continue to operate in order to keep
up the motion which it at first produced. Yet there were at all times

many familiar instances of the continuance of effects, long after their causes

had ceased. A coup de soleil gives a person brain-fever : will the fever go
off as soon as he is moved out of the sunshine ? A sword is run through
his body : must the sword remain in his body in order that he may con-

tinue dead ? A plowshare once made, remains a plowshare, without any
continuance of heating and hammering, and even after the man who heat-

ed and hammered it has been gathered to his fathers. On the other hand,
the pressure which forces up the merqury in an exhausted tube must be

* Letters on the Philosophy of the Human Mind, First Series, p. 219.
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continued in order to sustain it in the tube. This (it may be replied) is

because another force is acting without intermission, the force of gravity,
which would restore it to its level, unless counterpoised by a force equally
constant. But again: a tight bandage causes pain, which pain will some-

times go off as soon as the bandage is removed. The illumination which
the sun diffuses over the earth ceases when the sun goes down.
There is, therefore, a distinction to be drawn. The conditions which are

necessary for the tirst production of a phenomenon, are occasionally also

necessary for its continuance
; though more commonly its continuance re-

quires no condition except negative ones. Most things, once produced, con-

tinue as they are, until something changes or destroys them
;
but some re-

quire the permanent presence of the agencies which produced them at first.

These may, if we please, be considered as instantaneous phenomena, re-

quiring to be renewed at each instant by the cause by which they were at

first generated. Accordingly, the illumination of any given point of space
has always been looked upon as an instantaneous fact, which perishes and
is perpetually renewed as long as the necessary conditions subsist. If we

adopt this language we avoid the necessity of admitting that the continu-

ance of the cause is ever required to maintain the effect. We may say, it

is not required to maintain, but to reproduce, the effect, or else to coun-

teract some force tending to destroy it. And this may be a convenient

phraseology. But it is only a phraseology. The fact remains, that in

some cases (though those are a minority) the continuance of the conditions

which produced an effect is necessary to the continuance of the effect.

As to the ulterior question, whether it is strictly necessary that the

cause, or assemblage of conditions, should precede, by ever so short an in-

stant, the production of the effect (a question raised and argued with much

ingenuity by Sir John Herschcl in an Essay already quoted),* the inquiry
is of no consequence for our present purpose. There certainly are cases

in which the effect follows without any interval perceptible by our faculties
;

and when there is an interval, we can not tell by how many intermediate
links imperceptible to us that inverval may really be tilled up. But even

granting that an effect may commence simultaneously with its cause, the

view I have taken of causation is in no way practically affected. Wheth-
er the cause and its effect be necessarily successive or not, the begin-

ning of a phenomenon is what implies a cause, and causation is the law of

the succession of phenomena. If these axioms be granted, we can afford,

though I see no necessity for doing so, to drop the words antecedent and

consequent as applied to cause and effect. I have no objection to define a

cause, the assemblage of phenomena, which occurring, some other phenom-
enon invariably commences, or has its origin. Whether the effect coin-

cides in point of time with, or immediately follows, the hindmost of its

conditions, is immaterial. At all events, it does not precede it
;
and when

we are in d9tibt, between two co-existent phenomena, which is cause and
which effect, we rightly deem the question solved if we can ascertain which
of them preceded the other.

8. It continually happens that several different phenomena, which are

not in the slightest degree dependent or conditional on one another, are

found all to depend, as the phrase is, on one and the same agent; in other

words, one and the same phenomenon is seen to be followed by several

*
Essays, pp. 200-208.
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sorts of effects quite heterogeneous, but which go on simultaneously one
with another

; provided, of course, that all other conditions requisite for

each of them also exist. Thus, the sun produces the celestial motions
;

it

produces daylight, and it produces heat. The earth causes the fall of heavy
bodies, and it also, in its capacity of a great magnet, causes the phenomena
of the magnetic needle. A crystal of galena causes the sensations of hard-

ness, of weight, of cubical form, of gray color, and many others between
which we can trace no interdependence. The purpose to which the phrase-

ology of Properties and Powers is specially adapted, is the expression of

this sort of cases. When the same phenomenon is followed (either sub-

ject or not to the presence of other conditions) by effects of different and
dissimilar orders, it is usual to say that each different sort of effect is pro-
duced by a different property of the cause. Thus we distinguish the at-

tractive or gravitative property of the earth, and its magnetic property :

the gravitative, lurniniferous, and calorific properties of the sun : the color,

shape, weight, and hardness of a crystal. These are mere phrases, which

explain nothing, and add nothing to our knowledge of the subject ; but,
considered as abstract names denoting the connection between the differ-

ent effects produced and the object which produces them, they are a very
powerful instrument of abridgment, and of that acceleration of the proc-
ess of thought which abridgment accomplishes.

This class of considerations leads to a conception which we shall find to

be of great importance, that of a Permanent Cause, or original natural

agent. There exist in nature a number of permanent causes, which have
subsisted ever since the human race has been in existence, and for an in-

definite and probably an enormous length of time previous. The sun, the

earth, and planets, with their various constituents, air, water, and other dis-

tinguishable substances, whether simple or compound, of which nature is

made up, are such Permanent Causes. These have existed, and the effects

or consequences which they were fitted to produce have taken place (as
often as the other conditions of the production met), from the very begin-

ning of our experience. But we can give no account of the origin of the

Permanent Causes themselves. Why these particular natural agents ex-

isted originally and no others, or why they are commingled in such and
such proportions, and distributed in such and such a manner throughout
space, is a question we can not answer. More than this : we can discover

nothing regular in the distribution itself; we can reduce it to no xiniformi-

ty, to no law. There are no means by which, from the distribution of these

causes or agents in one part of space, we could conjecture whether a simi-

lar distribution prevails in another. The co-existence, therefore, of Prime-
val Causes ranks, to us, among merely casual concurrences : and all those

sequences or co-existences among the effects of several such causes, which,

though invariable while those causes co-exist, would, if the co-existence ter-

minated, terminate along with it, we do not class as cases of causation, or

laws of nature : we can only calculate on finding these sequences or co-ex-

istences Avhere we know by direct evidence, that the natural agents on the

properties of which they ultimately depend, are distributed in the requisite
manner. These Permanent Causes are not always objects ; they are some-
times events, that is to- say, periodical cycles of. events, that being the only
mode in which events can possess the property of permanence. Not only,
for instance, is the earth itself a permanent cause, or primitive natural

agent, but the earth's rotation is so too : it is a cause which has produced,
from the earliest period (by the aid of other necessary conditions), the sue-
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cession of clay and night, the ebb and flow of the sea, and many other ef-

fects, while, as we can assign no cause (except conjecturally) for the rota-

tion itself, it is entitled to be ranked as a primeval cause. It is, however,

only the oriyiu of the rotation which is mysterious to us : once begun, its

continuance is accounted for by the first law of motion (that of the perma-
nence of rectilinear motion once impressed) combined with the gravitation
of the parts of the earth toward one another.

All phenomena- without exception which begin to exist, that is, all except
the primeval causes, arc effects either immediate or remote of those primi-
tive facts, or of some combination of them. There is no Thing produced,
no event happening, in the known universe, which is not connected by a

uniformity, or invariable sequence, with some one or more of the phenom-
ena- which preceded it

;
insomuch that it will happen again as often as

those phenomena occur again, and as no other phenomenon having the

character of a counteracting cause shall co-exist. These antecedent phe-

nomena, again, were connected in a similar manner with some that pre-
ceded them

;
and so on, until we reach, as the ultimate step attainable by

us, either the properties of some one primeval cause, or the conjunction of

several. The whole of the phenomena of nature were therefore the neces-

sary, or, in other words, the unconditional, consequences of some former col-

location of the Permanent Causes.

The state of the whole universe at any instant, we believe to be the con-

sequence of its state at the previous instant; insomuch that one who knew
all the agents which exist at the present moment, their collocation in space,
and all their properties, in other words, the laws of their agency, could pre-
dict the whole subsequent history of the universe, at least unless some new
volition of a power capable of controlling the universe should supervene.*
And if any particular state of the entire universe could ever recur a second

time, all subsequent states would return too, and history would, like a cir-

culating decimal of many figures, periodically repeat itself:

Jam reclit et virgo. redeunt Saturn ia regna
Alter erit turn Tiphys, et altera qua: vehat Argo
Delectos lieroas

;
erunt quoque altera bella,

Atque iterum ad Trojam magnus rnittetur Achilles.

And though things do not really revolve in this eternal round, the whole
series of events in the history of the universe, past and future, is not the

less capable, in its own nature, of being constructed a priori by any one

* To the universality which mankind are agreed in ascribing to the Law of Causation, there

is one claim of exception, one disputed case, that of the Human Will ; the determinations of

which, a large class of metaphysicians are not willing to regard as following the causes called

motives, according to as strict laws as those which they suppose to exist in the world of mere
matter. This controverted point will undergo a special examination when we come to treat

particularly of the Logic of the Moral Sciences (Hook vi. , chap. -). In the mean time, I may
remark that these metaphysicians, who, it must he observed, ground the main part of their ob-

jection on the supposed repugnance of the doctrine in question to our consciousness, seem to

me to mistake the fact which consciousness testifies against. What is really in contradiction

to consciousness, they would, I think, on strict self-examination, find to be, the application to

human actions and volitions of the ideas involved in the common use of the term Necessity;
which I agree with them in objecting to. But if they would consider that by saying that a

person's actions necessarily follow from his character, all that is 'really meant (for no more is

meant in any case whatever of causation) is that he invariably docs act in conformity to his

character, and that anv one who thoroughly knew his character could certainly predict how he

would act in anv supposable case : they probably would not find this doctrine either contrary
to their experience or revolting to their feelings. And no more than this is contended for by
anv one but an Asiatic titalist.
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whom we can suppose acquainted with the original distribution of all nat-

ural agents, and with the whole of their properties, that is, the laws of suc-

cession existing between them and their effects : saving the far more than
human powers of combination and calculation which would be required,
even in one possessing the data, for the actual performance of the task.

9. Since every thing which occurs is determined by laws of causation

and collocations of the original causes, it follows that the co-existences

which are observable among effects can not be themselves the subject of

any similar set of laws, distinct from laws of causation. Uniformities

there are, as well of co-existence as of succession, among effects
;
but these

must in all cases be a mere result either of the identity or of the co-exist-

ence of their causes : if the causes did not co-exist, neither could the ef-

fects. And these causes being also effects of prior causes, and these of

others, until we reach the primeval causes, it follows that (except in the

case of effects which can be traced immediately or remotely to one and
the same cause) the co-existences of phenomena can in no case be univers-

al, unless the co-existences of the primeval causes to which the effects are

ultimately traceable can be reduced to a universal law : but we have seen

that they can not. There are, accordingly, no original and independent, in

other words no unconditional, uniformities of co-existence, between effects

of different causes
;

if they co-exist, it is only because the causes have cas-

ually co-existed. The only independent and unconditional co- existences

which are sufficiently invariable to have any claim to the character of

laws, are between different and mutually independent effects of the same
cause

;
in other words, between different properties of the same natural

agent. This portion of the Laws of Nature will be treated of in the lat-

ter part of the present Book, under the name of the Specific Properties of

Kinds.

10. Since the first publication of the present treatise, the sciences of

physical nature have made a great advance in generalization, through the

doctrine known as the Conservation or Persistence of Force. This impo-
sing edifice of theory, the building and laying out of which has for some
time been the principal occupation of the most systematic minds among
physical inquirers, consists of two stages : one, of ascertained fact, the oth-

er containing a large element of hypothesis.
To begin with the first. It is proved by numerous facts, both natural

and of artificial production, that agencies which had been regarded as dis-

tinct and independent sources of force heat, electricity, chemical action,
nervous and muscular action, momentum of moving bodies are inter-

changeable, in definite and fixed quantities, with one another. It had long
been known that these dissimilar phenomena had the power, under certain

conditions, of producing one another: what is new in the theory is a more
accurate estimation of what this production consists in. What happens is,

that the whole or part of the one kind of phenomena disappears, and is re-

placed by phenomena of one of the other descriptions, and that there is an

equivalence in quantity between the phenomena that have disappeared and
those which have been produced, insomuch that if the process be reversed,
the very same quantity which had disappeared will re-appear, without in-

crease or diminution. Thus the amoimt of heat which will raise the tem-

perature of a pound of water one degree of the thermometer, will, if ex-

pended, say in the expansion of steam, lift a weight of 772 pounds one
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foot, or a weight of one pound 772 feet: and the same exact quantity of

heat can, by certain means, be recovered, through the expenditure of exact-

ly that amount of mechanical motion.

The establishment of this comprehensive law has led to a change in the

language in which the scientific world had been accustomed to speak of

what are called the Forces of nature. Before this correlation between phe-
nomena most unlike one another had been ascertained, their unlikeness had
caused them to be referred to so many distinct forces. Now that they are

known to be convertible into one another without loss, they are spoken of

as all of them results of one and the same force, manifesting itself in dif-

ferent modes. This force (it is said) can only produce a limited and defi-

nite quantity of effect, but always does produce that definite quantity; and

produces it, according to circumstances, in one or another of the forms, or

divides it among several, but so as (according to a scale of numerical

equivalents established by experiment) always to make up the same sum;
and no one of the manifestations can be produced, save by the disappear-
ance of the equivalent quantity of another, which in its turn, in appropriate
circumstances, will re-appear undiminished. This mutual interchangeabil-

ity of the forces of nature, according to fixed numerical equivalents, is the

part of the new doctrine which rests on irrefragable fact.

To make the statement true, however, it is necessary to add, that an in-

definite and perhaps immense interval of time may elapse between the dis-

appearance of the force in one form and its re-appearance in another. A
stone thrown up into the air with a given force, and falling back immedi-

ately, will, by the time it reaches the earth, recover the exact amount of me-
chanical momentum which was expended in throwing it up, deduction be-

ing made of a small portion of motion which has been communicated to

the air. But if the stone has lodged on a height, it may not fall back for

years, or perhaps ages, and until it does, the force expended in raising it is

temporarily lost, being represented only by what, in the language of the

new theory, is called potential energy. The coal imbedded in the earth is

considered by the theory as a vast reservoir of force, which has remained
dormant for many geological periods, and will so remain until, by being
burned, it gives out the stored-up force in the form of heat. Yet it is

not supposed that this force is a material thing which can be confined by
bounds, as used to be thought of latent heat when that important phenom-
enon was first discovered. What is meant is that when the coal does at

last, by combustion, generate a quantity of heat (transformable like all oth-

er heat into mechanical momentum, and the other forms of force), this ex-

trication of heat is the re-appearance of a force derived from the sun's rays,

expended myriads of ages ago in the vegetation of the organic substances

which were the material of the coal.

Let us now pass to the higher stage of the theory of Conservation of

Force; the part which is no longer a generalization of proved fact, but a

combination of fact and hypothesis. Stated in few words, it is as follows:

That the Conservation of Force is really the Conservation of Motion ; that

in the various interchanges between the forms of force, it is always motion
that is transformed into motion. To establish this, it is necessary to as-

sume motions which are hypothetical. The supposition is, that there are

motions which manifest themselves to our senses only as heat, electricity,

etc., being molecular motions; oscillations, invisible to us, among the mi-

nute particles of bodies
;
and that these molecular motions are transmutable

into molar motions (motions of masses), and molar motions into molecular.
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Now there is a real basis of fact for this supposition : we have positive evi-

dence of the existence of molecular motion in these manifestations of force.

In the case of chemical action, for instance, the particles separate and form
new combinations, often with a great visible disturbance of the mass. In

the case of heat, the evidence is equally conclusive, since heat expands bod-

ies (thit is, causes their particles to move from one another) ;
and if of

sufficient amount, changes their mode of aggregation from solid to liquid,
or from liquid to gaseous. Again, the mechanical actions which produce
heat friction, and the collision of bodies must from the nature of the

case produce a shock, that is, an internal motion of particles, which indeed,
we find, is often so violent as to break them permanently asunder. Such
facts are thought to warrant the inference, that it is not, as was supposed,
heat that causes the motion of particles, but the motion of particles that

causes heat; the original cause of both being the previous motion (whether
molar or molecular collision of bodies or combustion of fuel) which form-
ed the heating agency. This inference already contains hypothesis ;

but at

least the supposed cause, the intestine motion of molecules, is a vera causa.

But in order to reduce the Conservation of Force to Conservation of Mo-
tion, it was necessary to attribute to motion the heat propagated, through
apparently empty space, from the sun. This required the supposition

(already made for the explanation of the laws of light) of a subtle ether

pervading space, which, though impalpable to us, must have the property
which constitutes matter, that of resistance, since waves are propagated
through it by an impulse from a given point. The ether must be supposed
(a supposition not required by the theory of light) to penetrate into the

minute interstices of all bodies. The vibratory motion supposed to be tak-

ing place in the heated mass of the sun, is considered as imparted from
that mass to the particles of the surrounding ether, and through them to

the particles of the same ether in the interstices of terrestrial bodies
;
and

this, too, with a sufficient mechanical force to throw the particles of those

bodies into a state of similar vibration, producing the expansion of their

mass, and the sensation of heat in sentient creatures. All this is hypothe-
sis, though, of its legitimacy as hypothesis, I do not mean to express any
doubt. It would seem to follow as a consequence from this theory, that

Force may and should be defined, matter in motion. This definition, how-

ever, will not stand, for, as has already been seen, the matter needs not be
in actual motion. It is not necessary to suppose that the motion after-

ward manifested, is actually taking place among the molecules of the coal

during its sojourn in the earth ;* certainly not in the stone which is at rest

on the eminence to which it has been raised. The true definition of Force
must be, not motion, but Potentiality of Motion

;
and what the doctrine,

if established, amounts to, is, not that there is at all times the same quan-
tity of actual motion in the universe

;
but that the possibilities of motion

are limited to a definite quantity, which can not be added to, but which
can not be exhausted

;
and that all actual motion which takes place in Na-

ture is a draft upon this limited stock. It needs not all of it have ever ex-

isted as actual motion. There is a vast amount of potential motion in the

universe in the form of gravitation, which it would be a great abuse of

* I believe, however, the accredited authorities do suppose that molecular motion, equiva-
lent in amount to that which will be manifested in the combustion of the coal, is actually tak-

ing place during the whole of the long interval, if not in the coal, yet in the oxygen which
will then combine with it. But how purely hypothetical this supposition is, need hardly be

remarked
;

I venture to say, unnecessarily and extravagantly hypothetical.
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hypothesis to suppose to have been stored up by the expenditure of an

equal amount of actual motion in some former state of the universe. Xor
does the motion produced by gravity take place, so far as we kno\v, at the

expense of any other motion, either molar or molecular.

It is proper to consider whether the adoption of this theory as a scien-

tific truth, involving as it does a change in the conception hitherto enter-

tained of the most general physical agencies, requires any modification in

the view I have taken of Causation as a law of nature. As it appears to

me, none whatever. The manifestations which the theory regards as

modes of motion, are as much distinct and separate phenomena when re-

ferred to a single force, as when attributed to several. Whether the phe-
nomenon is called a transformation of force or the generation of one, it has

its own set or sets of antecedents, with which it is connected by invariable

and unconditional sequence; and that set, or those sets, of antecedents are

its cause. The relation of the Conservation theory to the principle of

Causation is discussed in much detail, and very instructively, by Professor

Bain, in the second volume of his Logic. The chief practical conclusion

drawn by him, bearing on Causation, is, that we must distinguish in the

assemblage of conditions which constitutes the Cause of a phenomenon,
two elements : one, the presence of a force

;
the other, the collocation or

position of objects which is required in order that the force may undergo
the particular transmutation which constitutes the phenomenon. Now, it

might always have been said with acknowledged correctness, that a force

and a collocation were both of them necessary to produce any phenomenon.
The law of causation is, that change can only be produced by change.

Along with any number of stationary antecedents, which are collocations,
there must be at least one changing antecedent, which is a force. To pro-
duce a bonfire, there must not only be fuel, and air, and a spark, which are

collocations, but chemical action between the air and the materials, which
is a force. To grind corn, there must be a certain collocation of the parts

composing a mill, relatively to one another and to the corn
;
but there must

also be the gravitation of water, or the motion of wind, to supply a force.

But as the force in these cases was regarded as a property of the objects
in which it is embodied, it seemed tautology to say that there must be the

collocation and the force. As the collocation must be a collocation of ob-

jects possessing the force-giving property, the collocation, so understood,
included the force.

How, then, shall we have to express these facts, if the theory be finally
substantiated that all Force is reducible to a previous Motion ? We shall

have to say, that one of the conditions of every phenomenon is an ante-

cedent Motion. But it will have to be explained that this needs not be
actual motion. The coal which supplies the force exerted in combustion
is not shown to have been exerting that force in the form of molecular
motion in the pit; it was not even exerting pressure. The stone on the

eminence is exerting a pressure, but only equivalent to its weight, not to

the additional momentum it would acquire by falling. The antecedent,

therefore, is not a force in action
;
and we can still only call it a property

of the objects, by which they would exert a force on the occurrence of a

fresh collocation. The collocation, therefore, still includes the force. The
force said to be stored up, is simply a particular property which the object
has acquired. The cause we are in search of, is a collocation of objects

possessing that particular property. When, indeed, we inquire further into

the cause from which they derive that property, the new conception iutro-
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duced by the Conservation theory comes in : the property is itself an ef-

fect, and its cause, according to the theory, is a former motion of exactly

equivalent amount, which has been impressed on the particles of the body,
perhaps at some very distant period. But the case is simply one of those

we have already considered, in which the efficacy of a cause consists in its

investing an object with a property. The force said to be laid up, and

merely potential, is no more a really existing thing than any other proper-
ties of objects are really existing things. The expression is a mere arti-

fice of language, convenient for describing the phenomena: it is unneces-

sary to suppose that any thing has been in continuous existence except an

abstract potentiality. A force suspended in its operation, neither mani-

festing itself by motion nor by pressure, is not an existing fact, but a name
for our conviction that in appropriate circumstances a fact would take

place. We know that a pound weight, were it to fall from the earth into

the sun, would acquire in falling a momentum equal to millions of pounds ;

but we do not credit the pound weight with more of actually existing force

than is equal to the pressure it is now exerting on the earth, and that is

exactly a pound. We might as well say that a force of millions of pounds
exists in a pound, as that the force which will manifest itself when the

coal is burned is a real thing existing in the coal. What is fixed in the coal

is only a certain property : it has become fit to be the antecedent of an ef-

fect called combustion, which partly consists in giving out, under certain

conditions, a given definite quantity of heat.

We thus see that no new general conception of Causation is introduced

by the Conservation theory. The indestructibility of Force no more in-

terferes with the theory of Causation than the indestructibility of Matter,

meaning by matter the element of resistance in the sensible world. It

only enables us to understand better than before the nature and laws of

some of the sequences.
This better understanding, however, enables us, with Mr. Bain, to admit,

as one of the tests for distinguishing causation from mere concomitance,
the expenditure or transfer of energy. If the effect, or any part of the

effect, to be accounted for, consists in putting matter in motion, then any
of the objects present which has lost motion has contributed to the effect;
and this is the true meaning of the proposition that the cause is that one
of the antecedents which exerts active force.

11. It is proper in this place to advert to a rather ancient doctrine re-

specting causation, which has been revived during the last few years in

many quarters, and at present gives more signs of life than any other the-

ory of causation at variance Avith that set forth in the preceding pages.

According to the theory in question, Mind, or to speak more precisely,

Will, is the only cause of phenomena. The type of Causation, as well as

the exclusive source from which we derive the idea, is our own voluntary

agency. Here, and here only (it is said), we have direct evidence of causa-

tion. We know that we can move our bodies. Respecting the phenom-
ena of inanimate nature, we have no other direct knowledge than that of

antecedence and sequence. But in the case of our voluntary actions, it is

affirmed that we ai
%e conscious of power before we have experience of re-

sults. An act of volition, whether followed by an effect or not, is ac-

companied by a consciousness of effort, "of force exerted, of power in ac-

tion, which is necessarily causal, or causative." This feeling of energy or

force, inherent in an act of will, is knowledge a priori; assurance, prior to
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experience, that we have the power of causing effects. Volition, therefore,
it is asserted, is something more than an unconditional antecedent; it is a

cause, in a different sense from that in which physical phenomena are said

to cause one another: it is an Efficient Cause. From this the transition is

easy to the further doctrine, that Volition is the sole Efficient Cause of all

phenomena.
"

It is inconceivable that dead force could continue unsup-
ported for a moment beyond its creation. We can not even conceive of

change or phenomena without the energy of a mind." "The word action"

itself, says another writer of the same school,
" has no real significance ex-

cept when applied to the doings of an intelligent agent. Let any one con-

ceive, if he can, of any power, energy, or force inherent in a lump of mat-
ter." Phenomena may have the semblance of being produced by phys-
ical causes, but they are in reality produced, say these writers, by the im-

mediate agency of mind. All things which do not proceed from a human
(or, I suppose, an animal) will proceed, they say, directly from divine will.

The earth is not moved by the combination of a centripetal and a pro-

jectile force; this is but a mode of speaking, which serves to facilitate our

conceptions. It is moved by the direct volition of an omnipotent Being, in

a path coinciding with that which we deduce from the hypothesis of these

two forces.

As I have so often observed, the general question of the existence of Ef-

ficient Causes does not fall within the limits of our subject ;
but a theory

which represents them as capable of being subjects of human knowledge,
and which passes off as efficient causes what are only physical or phenom-
enal causes, belongs as much to Logic as to metaphysics, and is a fit sub-

ject for discussion here.

To my apprehension, a volition is not an efficient, but simply a physical
cause. Our will causes our bodily actions in the same sense, and in no
other, in which cold causes ice, or a spark causes an explosion of gunpow-
der. The volition, a state of our mind, is the antecedent; the motion of

our limbs in conformity to the volition, is the consequent. This sequence
I conceive to be not a subject of direct consciousness, in the sense intend-

ed by the theory. The antecedent, indeed, and the consequent, are sub-

jects of consciousness. But the connection between them is a subject of

experience. I can not admit that our consciousness of the volition con-

tains in itself any a priori knowledge that the muscular motion will fol-

low. If our nerves of motion were paralyzed, or our muscles stiff and in-

flexible, and had been so all our lives, I do not see the slightest ground for

supposing that we should ever (unless by information from other people)
have known any thing of volition as a physical power, or been conscious of

any tendency in feelings of our mind to produce motions of our body, or of

other bodies. I will not undertake to say whether we should in that case

have had the physical feeling which I suppose is meant when these writers

speak of " consciousness of effort :" I see no reason why we should not
;

since that physical feeling is probably a state of nervous sensation begin-

ning and ending in the brain, without involving the motory apparatus :

but we certainly should not have designated it by any term equivalent to

effort, since effort implies consciously aiming at an end, which we should

not only in that case have had no reason to do, but could not even have
had the idea of doing. If conscious at all of this peculiar sensation, we
should have been conscious of it, I conceive, only as a kind of uneasiness,

accompanying our feelings of desire.

It is well argued by Sir William Hamilton against the theory in question,
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that it
"

is refuted by the consideration that between the overt fact of cor-

poreal movement of which we are cognizant, and the internal act of mental
determination of which we are also cognizant, there intervenes a numerous
series of intermediate agencies of which we have no knowledge ; and, con-

sequently, that we can have no consciousness of any causal connection be-

tween the extreme links of this chain, the volition to move and the limb

moving, as this hypothesis asserts. Xo one is immediately conscious, for

example, of moving his arm through his volition. Previously to this ulti-

mate movement, muscles, nerves, a multitude of solid and fluid parts, must
be set in motion by the will, but of this motion we know, from conscious-

ness, absolutely nothing. A person struck with paralysis is conscious of

no inability in his limb to fulfill the determinations of his will
;
and it is

only after having willed, and finding that his limbs do not obey his volition,
that he learns by this experience, that the external movement does not fol-

low the internal act. But as the paralytic learns after the volition that his

limbs do not obey his mind
;
so it is only after volition that the man in

health learns, that his limbs do obey the mandates of his will."*

Those against whom I am contending have never produced, and do not

pretend to produce, any positive evidencef that the power of our will to

move our bodies would be known to us independently of experience. What
they have to say on the subject is, that the production of physical events

by a will seems to carry its own explanation with it, while the action of

matter upon matter seems to require something else to explain it; and is

even, according to them, "inconceivable" on any other supposition than
that some will intervenes between the apparent cause and its apparent
effect. They thus rest their case on an appeal to the inherent laws of our con-

ceptive faculty; mistaking, as I apprehend, for the laws of that faculty its

acquired habits, grounded on the spontaneous tendencies of its uncultured
state. The succession between the will to move a limb and the actual mo-
tion is one of the most direct and instantaneous of all sequences which
come under our observation, and is familiar to every moment's experience
from our earliest infancy; more familiar than any succession of events ex-

* Lectures on Metaphysics, vol. ii., Lect. xxxix., pp. 391-2.
I regret that I can not invoke the authority of Sir William Hamilton in favor of my own

opinions on Causation, as I can against the particular theory which I am now combating.
But that acute thinker has a theory of Causation peculiar to himself, which has never yet, as

far as I know, been analytically examined, but which, I venture to think, admits of as com-

plete refutation as any one of the false or insufficient psychological theories which strew the

ground in such numbers under his potent metaphysical scythe. (Since examined and contro-

verted in the sixteenth chapter of An Examination of Sir William Hamilton's Philosophy.)
t Unless we are to consider as such the following statement, by one of the writers quoted

in the text : "In the case of mental exertion, the result to be accomplished is preconsicfered
or meditated, and is therefore known a priori, or before experience." (Bowen's Lou-ell Lec-
tures on the Application of Metaphysical and Ethical Science to the Evidence of Religion..

Boston, 1849.) This is merely saying that when we will a thing we have an idea of it. But
to have an idea of what we wish to happen, does not imply a prophetic knowledge that it will,

happen. Perhaps it will be said that the first time we exerted our will, when we had of

course no experience of any of the powers residing in us, we nevertheless must already have'

known that we possessed them, since we can not will that which we do not believe to be in

our power. But the impossibility is perhaps in the words only, and not in the facts ; for we

may desire what we do not know to be in our power; and finding by experience that our

bodies move according to our desire, we may then, and only then, pass into the more compli-
cated mental state which is termed will.

After all, even if we had an instinctive knowledge that our actions would follow our will,

this, as Brown remarks, would prove nothing as to the nature of Causation. Our knowing,
previous to experience, that an antecedent will be followed by a certain consequent, would
not prove the relation between them to be anv thing more than antecedence and consequence..

17
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terior to our bodies, and especially more so than any other case of the ap-

parent origination (as distinguished from the mere communication) of mo-
tion. Now, it is the natural tendency of the mind to be always attempting
to facilitate its conception of unfamiliar facts by assimilating them to oth-

ers which are familiar. Accordingly, our voluntary acts, being the most
familiar to us of all cases of causation, are, in the infancy and early youth
of the human race, spontaneously taken as the type of causation in general,
and all phenomena are supposed to be directly produced by the will of

some sentient being. This original Fetichism I shall not characterize in

the words of Hume, or of any follower of Hume, but in those of a religious

metaphysician, Dr. Reid, in order more effectually to show the unanimity
which exists on the subject among all competent thinkers.

" When we turn our attention to external objects, and begin to exercise

our rational faculties about them, we find that there are some motions and

changes in them which we have power to produce, and that there are many
which must have some oilier cause. Either the objects must have life and
active power, as we have, or they must be moved or changed by something
that has life and active power, as external objects are moved by us.

' ; Our first thoughts seem to be, that the objects in which we perceive
such motion have understanding and active power as we have. '

Savages,'

says the Abbe liaynal,
' wherever they sec motion which they can not ac-

count for, there they suppose a soul.' All men may be considered as sav-

ages in this respect, until they are capable of instruction, and of using their

faculties in a more perfect manner than savages do.

"The Abbe RaynaFs observation is sufficiently confirmed, both from
fact, and from the structure of all languages.

" Rude nations do really believe sun, moon, and stars, earth, sea, and air,

fountains, and lakes, to have understanding and active power. To pay
homage to them, and implore their favor, is a kind of idolatry natural to

savages.
''All languages carry in their structure the marks of their being formed

when this belief prevailed. The distinction of verbs and participles into

active and passive, which is found in all languages, must have been origi-

nally intended to distinguish what is really active from what is merely pas-
sive

;
and in all languages, we find active verbs applied to those objects, in

which, according to the Abbe Raynal's observation, savages suppose a soul.
" Thus we say the sun rises and sets, and comes to the meridian, the

moon changes, the sea ebbs and flows, the winds blow. Languages were
formed by men who believed these objects to have life and active power
in themselves. It was therefore proper and natural to express their mo-
tions and changes by active verbs.

" There is no surer way of tracing the sentiments of nations before they
have records, than by the structure of their language, which, notwithstanding
the changes produced in it by time, will always retain some signatures of

the thoughts of those by whom it was invented. When we find the same-

sentiments indicated in the structure of all languages, those sentiments must
have been common to the human species when languages were invented.

" When a few, of superior intellectual abilities, find leisure for specula-

tion, they begin to philosophize, and soon discover, that many of those ob-

jects which at first they believed to be intelligent and active are really
lifeless and passive. This is a very important discovery. It elevates the

mind, emancipates from many vulgar superstitions, and invites to further

discoveries of the same kind.
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"As philosophy advances, life and activity in natural objects retires, and
leaves them dead and inactive. Instead of moving voluntarily, we find

them to be moved necessarily ;
instead of acting, we find them to be acted

upon; and Nature appears as one great machine, where one wheel is turn-

ed by another, that by a third
;
and how far this necessary succession may

reach, the philosopher does not know."*
There is, then, a spontaneous tendency of the intellect to account to it-

self for all cases of causation by assimilating them to the intentional acts

of voluntary agents like itself. This is the instinctive philosophy of the

human mind in its earliest stage, before it has become familiar with any
other invariable sequences than those between its own volitions or those

of other human beings and their voluntary acts. As the notion of fixed

laws of succession among external phenomena gradually establishes itself,

the propensity to refer all phenomena to voluntary agency slowly gives

way before it. The suggestions, however, of daily life continuing to be
more powerful than those of scientific thought, the original instinctive phi-

losophy maintains its ground in the mind, underneath the growths obtain-

ed by cultivation, and keeps up a constant resistance to their throwing
their roots deep into the soil. The theory against which I am contend-

ing derives its nourishment from that substratum. Its strength does not

lie in argument, but in its affinity to an obstinate tendency of the infancy
of the human mind.
That this tendency, however, is not the result of an inherent mental law,

is proved by superabundant evidence. The history of science, from its

earliest dawn, shows that mankind have not been unanimous in thinking
either that the action of matter upon matter was not conceivable, or that

the action of mind upon matter was. To some thinkers, and some schools

of thinkers, both in ancient and in modern times, this last has appeared
much more inconceivable than the former. Sequences entirely physical
and material, as soon as they had become sufficiently familiar to the human
mind, came to be thought perfectly natural, and were regarded not only as

needing no explanation themselves, but as being capable of affording it to

others, and even of serving as the ultimate explanation of things in gen-
eral.

One of the ablest recent supporters of the Volitional theory has furnish-

ed an explanation, at once historically true and philosophically acute, of

the failure of the Greek philosophers in physical inquiry, in Avhich, as I

conceive, he unconsciously depicts his own state of mind. " Their stum-

bling-block was one as to the nature of the evidence they had to expect
for their conviction They had not seized the idea that they must not

expect to understand the processes of outward causes, but only their re-

sults
;
and consequently, the whole physical philosophy of the Greeks was

an attempt to identify mentally the effect with its cause, to feel after some
not only necessary but natural connection, where they meant by natural

that which would per se carry some presumption to their own mind.

.... They wanted to see some reason why the physical antecedent should

produce this particular consequent, and their only attempts were in direc-

tions where they could find such reasons."! In other words, they were
not content merely to know that one phenomenon was always followed by
another

; they thought that they had not attained the true aim of science,
unless they could perceive something in the nature of the one phenomenon

* Reid's Essays on the Active Powers, Essay iv.
, chap. 3.

t Prospective Review for February, 1850.
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from which it might have been known or presumed previous to trial that

it would be followed by the other: just what the writer, who has so clear-

ly pointed out their error, thinks that lie perceives in the nature of the

phenomenon Volition. And to complete the statement of the case, lie

should have added that these early speculators not only made this their

aim, but were quite satisfied with their success in it; not only sought for

causes which should carry in their mere statement evidence of their effi-

ciency, but fully believed that they had found such causes. The reviewer

can see plainly that this was an error, because he does not believe that

there exist any relations between material phenomena which can account
for their producing one another; but the very fact of the persistency of

the Greeks in this error, shows that their minds were in a very different

state: they were able to derive from the assimilation of physical facts to

other physical facts, the kind of mental satisfaction which we connect with
the word explanation, and which the reviewer would have us think can

only be found in referring phenomena to a will. When Thales and Hippo
held that moisture was the universal cause, and external element, of which
all other things were but the infinitely various sensible manifestations;
when Anaximenes predicated the same thing of air, Pythagoras of numbers,
and the like, they all thought that they had found a real explanation ;

and
were content to rest in this explanation as ultimate. The ordinary se-

quences of the external universe appeared to them, no less than to their

critic, to be inconceivable without the supposition of some universal agen-

cy to connect the antecedents with the consequents ;
but they did not

think that Volition, exerted by minds, was the only agency which fulfilled

this requirement. Moisture, or air, or numbers, carried to their minds a

precisely similar impression of making intelligible what was otherwise in-

conceivable, and gave the same full satisfaction to the demands of their

conceptive faculty.
It was not the Greeks alone, who " wanted to see some reason why the

physical antecedent should produce this particular consequent," some con-

nection "which would per se carry some presumption to their own mind."

Among modern philosophers, Leibnitz laid it down as a self-evident prin-

ciple that all physical causes without exception must contain in their own
nature something which makes it intelligible that they should be able to

produce the effects which they do produce. Far from admitting Volition

as the only kind of cause which carried internal evidence of its own pow-
er, and as the real bond of connection between physical antecedents and
their consequents, he demanded some naturally and per se efficient physic-
al antecedent as the bond of connection between Volition itself and its ef-

fects, lie distinctly refused to admit the will of God as a sufficient ex-

planation of, any thing except miracles; and insisted upon finding some-

thing that would account better for the phenomena of nature than a mere
reference to divine volition.*

Again, and conversely, the action of mind upon matter (which, we are

now told, not only needs no explanation itself, but is the explanation of all

other effects), has appeared to some thinkers to be itself the grand incon-

ceivability. It was to get over this very difficulty that the Cartesians in-

vented the system of Occasional Causes. They could not conceive that

thoughts in a mind could produce movements in a body, or that bodily
movements could produce thoughts. They could see no necessary couuec-

* Vide supra, p. 178, note.
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tion, no relation a priori, between a motion and a thought. And as the

Cartesians, more than any other school of philosophical speculation before

or since, made their own minds the measure of all things, and refused, on

principle, to believe that Nature had done what they were unable to see

any reason why she must do, they affirmed it to be impossible that a ma-
terial and a mental fact could be causes one of another. They regarded
them as mere Occasions on which the real agent, God, thought fit to exert

his power as a Cause. When a man wills to move his foot, it is not his

will that moves it, but God (they said) moves it on the occasion of his

will. God, according to this system, is the only efficient cause, not qua
mind, or qua endowed with volition, but qua omnipotent. This hypoth-
esis was, as I said, originally suggested by the supposed inconceivability
of any real mutual action between Mind and Matter

;
but it was afterward

extended to the action of Matter upon Matter, for on a nicer examination

they found this inconceivable too, and therefore, according to their logic,

impossible. The deus ex machind was ultimately called in to produce a

spark on the occasion of a flint and steel coming together, or to break an

egg on the occasion of its falling on the ground.
All this, undoubtedly, shows that it is the disposition of mankind in gen-

eral, not to be satisfied with knowing that one fact is invariably anteced-

ent and another consequent, but to look out for something which may seem
to explain their being so. But we also see that this demand may be com-

pletely satisfied by an agency purely physical, provided it be much more
familiar than that which it is invoked to explain. To Thales and Anaxim-

cnes, it appeared inconceivable that the antecedents which \ve see in nature
should produce the consequents ;

but perfectly natural that water, or air,

should produce them. The writers whom I oppose declare this inconceiv-

able, but can conceive that mind, or volition, is per se an efficient cause :

while the Cartesians could not conceive even that, but peremptorily de-

clared that no mode of production of any fact whatever was conceivable,

except the direct agency of an omnipotent being; thus giving additional

proof of what finds new confirmation in every stage of the history of sci-

ence: that both what persons can, and what they can not, conceive, is very
much an affair of accident, and depends altogether on their experience, and
their habits of thought; that by cultivating the requisite associations of

ideas, people may make themselves unable to conceive any given thing ;

and may make themselves able to conceive most things, however inconceiv-

able these may at first appear ;
and the same facts in each person's mental

history which determine what is or is not conceivable to him, determine
also which among the various sequences in nature will appear to him so

natural and plausible, as to need no other proof of their existence
;
to be

evident by their own light, independent equally of experience and of ex-

planation.

By what rule is any one to decide between one theory of this descrip-
tion and another ? The theorists do not direct us- to any external evidence

;

they appeal each to his own subjective feelings. One says, the succession

C B appears to me more natural, conceivable, and credible per se, than the

succession A B
; you are therefore mistaken in thinking that B depends

upon A ;
I am certain, though I can give no other evidence of it, that C

comes in between A and B, and is the real and only cause of B. The oth-

er answers, the successions C B and A B appear to me equally natural and

conceivable, or the latter more so than the former : A is quite capable of

producing B without any other intervention. A third agrees with the first
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in being unable to conceive that A can produce B, but finds the sequence
D B still more natural than C B, or of nearer kin to the subject-matter, and

prefers his I) theory to the C theory. It is plain that there is no universal

law operating here, except the la\v that each person's conceptions are gov-
erned and limited by his individual experiences and habits of thought.
We are warranted in saying of all three, what each of them already be-

lieves of the other two, namely, that they exalt into an original law of the

human intellect and of outward nature one particular sequence of phe-

nomena, which appears to them more natural and more conceivable than

other sequences, only because it is more familiar. And from this judg-
ment I am unable to except the theory, that Volition is an Efficient Cause.

I am unwilling to leave the subject without adverting to the additional

fallacy contained in the corollary from this theory; in the inference that

because Volition is an efficient cause, therefore it is the only cause, and the

direct agent in producing even what is apparently produced by something
else. Volitions are not known to produce any thing directly except nerv-

ous action, for the will influences even the muscles only through the nerves.

Though it were granted, then, that every phenomenon has an efficient, and
not merely a phenomenal cause, and that volition, in the case of the pe-
culiar phenomena which are known to be produced by it, is that efficient

cause; are we therefore to say, with these writers, that since we know of

no other efficient cause, and ought not to assume one without evidence,
there if no other, and volition is the direct cause of all phenomena? A
more outrageous stretch of inference could hardly be made. Because

among the infinite variety of the phenomena of nature there is one, namely,
a particular mode of action of certain nerves, which has for its cause, and
as we are now supposing for its efficient cause, a state of our mind

;
and

because this is the only efficient cause of which we are conscious, being the

only one of which in the nature of the case we can be conscious, since it is

the only one which exists within ourselves; does this justify us in conclud-

ing that all other phenomena must have the same kind of efficient cause

with that one eminently special, narrow, and peculiarly human or animal,

phenomenon? The nearest parallel to this specimen of generalization is

suggested by the recently revived controversy on the old subject of Plural-

ity of Worlds, in which the contending parties have been so conspicuously
successful in overthrowing one another. Here also we have experience

only of a single case, that of the world in which we live, but that this is in-

habited we know absolutely, and without possibility of doubt. Now if on
this evidence any one were to infer that every heavenly body without ex-

ception, sun. planet, satellite, comet, fixed star or nebula, is inhabited, and
must be so from the inherent constitution of things, his inference would

exactly resemble that of the writers who conclude that because volition is

the efficient cause of our own bodily motions, it must be the efficient cause

of every thing else in the universe. It is true there are cases in which,
with acknowledged propriety, we generalize from a single instance to a

multitude of instances. But they must be instances which resemble the

one known instance, and not such as have no circumstance in common with

it except that of being instances. I have, for example, no direct evidence

that any creature is alive except myself, yet I attribute, with full assur-

ance, life and sensation to other human beings and animals. But I do not

conclude that all other things are alive merely because I am. I ascribe to

certain other creatures a life like my own, because they manifest it by the

same sort of indications by which mine is manifested. I find that their
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phenomena and mine conform to tbe same laws, and it is for this reason

that I believe both to arise from a similar cause. Accordingly I do not

extend the conclusion beyond the grounds for it. Earth, fire, mountains,
trees, are remarkable agencies, but their phenomena do not conform to the
same laws as my actions do, and I therefore do not believe earth or fire,

mountains or trees, to possess animal life. But the supporters of the Voli-

tion Theory ask us to infer that volition causes every thing, for no reason

except that it causes one particular thing ; although that one phenomenon,
far from being a type of all natural phenomena, is eminently peculiar; its

laws bearing scarcely any resemblance to those of any other phenomenon,
whether of inorganic or of organic nature.o o

NOTE SUPPLEMENTARY TO THE PRECEDING CHAPTER.

The author of the Second Burnett Prize Essay (Dr. Tulloch), who has employed a consid-

erable number of pages in controverting the doctrines of the preceding chapter, has somewhat

surprised me by denying a fact, which I imagined too well known to require proof that there

have been philosophers who found in physical explanations of phenomena the same complete
mental satisfaction which we are told is only given by volitional explanation, and others who
denied the Volitional Theory on the same ground of inconceivability on which it is defended.

The assertion of the Essayist is countersigned still more positively by an able reviewer of the

Essay:* "Two illustrations," says the reviewer, "are advanced by Mr. Mill: the case of

Thales and Anaximenes, stated by him to have maintained, the one Moisture and the other

Air to be the origin of all things ;
and that of Descartes and Leibnitz, whom he asserts to

have found the action of Mind upon Matter the grand inconceivability. In counter-statement

as to the first of these cases the author shows what we believe now hardly admits of doubt
that the Greek philosophers distinctly recognized as beyond and above their priniiil material

source, the volf, or Divine Intelligence, as the efficient and originating Source of all
;
and as

to the second, by proof that it was the mode, not l\\efact, of that action on matter, which was

represented as inconceivable."

A greater quantity of historical error has seldom been comprised in a single sentence.

With regard to Thales, the assertion that he considered water as a mere material in the hands
of vovg rests on a passage of Cicero de Naturd Deorum ; and whoever will refer to any of

the accurate historians of philosophy, will find that they treat this as a mere fancy of Cicero,

resting on no authority, opposed to all the evidence
;
and make surmises as to the manner in

which Cicero may have been led into the error. (See Hitter, vol. i., p. 211, 2d ed.
; Brandis,

vol. i., pp. 118-9, 1st ed. ; Preller, Historia Philosophic Grieco-RomancE, p. 10. "Schiefe

Ansicht, durchaus zu venverfen;" "augenscheinlich folgernd statt zu berichten ;"
"
quibus

vera sententia Thaletis plane detorquetur," are the expressions of these writers.) As for An-

nximenes, he even according to Cicero, maintained, not that air was the material out of which

God made the world, but that the air was a god :

" Anaximenes aera deum statuit ;" or, ac-

cording to St. Augustine, that it was the material out of which the gods were made
;

" non
tamen ab ipsis [Diis] aerem factum, sed ipsos ex acre ortos credidit." Those who are not fa-

miliar with the metaphysical terminology of antiquity, must not be misled by finding it stated

that Anaximenes attributed i/w/Y') (translated soul, or life) to his universal element, the air.

The Greek philosophers acknowledged several kinds of YW;^/), the nutritive, the sensitive, and
the intellective.! Even the moderns, with admitted correctness, attribute life to plants. As
far as we can make out the meaning of Anaximenes, he made choice of Air as the universal

agent, on the ground that it is perpetually in motion, without any apparent cause external to

itself: so that he conceived it as exercising spontaneous force, and as the principle of life and

activity in all things, men and gods inclusive. If this be not representing it as the Efficient

Cause the dispute altogether has no meaning.
If either Anaximenes, or Thales, or any of their contemporaries, had held the doctrine that

voi'c was the Efficient Cause, that doctrine could not have been reputed, as it was throughout

antiquity, to have originated with Anaxagoras. The testimony of Aristotle, in the first book
of his Metaphysics, is perfectly decisive with respect to these early speculations. After enu-

merating four kinds of causes, or rather four different meanings of the word Cause, viz., the

Essence of a thing, the Matter of it, the Origin of Motion (Efficient Cause), and the End or

* Westminster Review for October, 1855.

t See the whole doctrine in Aristotle de A'nimd, where the dpex-iK?) tjjvxij IS treated as

exactly equivalent to Openrmy
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Final Cause, he proceeds to say, that most of the early philosophers recognized only the sec-

ond kind of Cause, the Matter of a thing, rilr iv r'/.rjf eltifi fiorar <l>r/0r]aav (ipxuc eirai irurruv.

As his first example he specifies Thules, whom he describes as taking the lead in this view of

the subject, u r;/c roiairtjc upxV/" <?i/ncrooiar. and goes on to Ilippon, Anaxinienes, Dioge-
nes (of Apollonia), Hippasus of Metapontum, Ileraclitus, and Ernj)edocles. Anaxagoras.
however (he proceeds to say), taught a different doctrine, as we know, and it is a/lcyi'd that

Herinotimus of Clazomenrc taught it before him. Anaxagoras represented, that even if these

various theories of the universal material were true, there would be need of some other cause
to account for the transformations of the materials, since the material can not originate its

own changes: ov ]up <5;) TO }e vironeiftevov ai'To TTOIKI f^era3d/./.fiv iavTO' l.tyu iV oior or re

TO i-i'/.ov of'Te o \a7.Kof ahiof TOV /UEra/3a?,?.Civ inu-epov ai'Ttir, oi'(5e TTOIE'L TO fit.v fi'/or K/.ii'tji-

>'> r5t
:

\a/.Kbf di'dpiiii'Ta, uA/J erepov TL r/;c fiera^o/.^f O.ITIOV, viz., the other kind of cause, <>tfer

>'/ up\f/ -//<; Ktrr'/aeuf an Efficient Cause. Aristotle ex]>resses great approbation of this doc-

trine (which he says made its author appear the only sober man among persons raving, oioi>

rrjttxji' fpiivr/ Trap' eiKij /U'} 01'~ rtf ~ou vrportpop) ; but while describing tlie influence which it ex-

ercised over subsequent speculation, he remarks that the philosophers against whom this, as he

thinks, insuperable difficulty was urged, had not felt it to be any difficulty : ovutv idvaxepuvav
tv tavTotr. It is surelv unnecessary to say more in proof of the matter of fact which Dr. Tul-

loch and his reviewer disbelieve.

Having pointed out what lie thinks the error of these early speculators in not recognizing
the need of an efficient cause, Aristotle goes on to mention two other efficient causes to which

they might have had recourse, instead of intelligence: TI'%TI, chance, and TO UVTO/LIUTOV, spon-

taneity. He indeed puts these aside as not sufficiently worthy causes for the order in the uni-

verse, ui'iV av T(I> avro/JuTCf) Kal
TIJ TV^IJ Toaoi'Toi' t'~t~pK<^ai, Trpujfia K.a?M el^ev ;

but he does

not reject them as incapable of producing a/n/ effect, but only as incapable of producing that

effect. He himself recognizes TI\\TJ and TO ai'TO/j.u.Tov as co-ordinate agents with Mind in pro-

ducing the phenomena of the universe; the department allotted to them being composed of

all the classes of phenomena which are not supposed to follow any uniform law. Jiy thus in-

cluding Chance among efficient causes, Aristotle fell into an error which philosophy has now
outgrown, but which is by no means so alien to the spirit even of modern speculation as it

may at first sight appear. Up to quite a recent period philosophers went on ascribing, and

many of them have not yet ceased to ascribe, a real existence to the results of abstraction.

Chance could make out as good a title to that dignity as many other of the mind's abstract

creations: it had had a name given to it, and why should it not be a reality? As for T<> ar-

rouuTnr, it is recognized even yet as one of the modes of origination of phenomena by all

those thinkers who maintain what is called the Freedom of the Will. The same self-deter-

mining power which that doctrine attributes to volitions, was supposed by the ancients to be

possessed also by some other natural phenomena : a circumstance which throws considerable

light on more than one of the supposed invincible necessities of belief. I have introduced it

here, because this belief of Aristotle, or rather of the Greek philosophers generally, is as fatal

as the doctrines of Thales and the Ionic school to the theory that the human mind is com-

pelled by its constitution to conceive volition as the origin of all force, and the efficient cause

of all phenomena.*

* It deserves notice that the parts of nature which Aristotle regards as representing evi-

dence of design, are the Uniformities : the phenomena in so far as.reducible to law. Tr\;/
and TO ai'TouuTov satisfy him as explanations of the variable element in phenomena, but their

occurring according to a fixed rule can only, to his conceptions, be accounted for by an In-

telligent Will. The common, or what may be called the instinctive, religious interpretation
of nature, is the reverse of this. The events in which men spontaneously see the hand of a

supernatural being, are those which can not, as they think, be reduced to a physical law.

What they can distinctly connect with physical causes, and especially what they can predict,

though of course ascribed to an Author of Nature, if they already recognize such an author,

might be conceived, they think, to arise from a blind fatality, and in any case do not appear
to them to bear so obviously the mark of a divine will. And this distinction has been counte-

nanced by eminent writers on Natural Theology, in particular by Dr. Chalmers, who thinks

that though design is present everywhere, the irresistible evidence of it is to be found not in

the /(iws of nature but in the collocations, ?. c., in the part of nature in which it is impossible
to trace any law. A few properties of dead matter might, he thinks, conceivably account for

the regular and invariable succession of effects and causes ; but that the different kimU of'

matter have been so placed as to promote beneficent ends, is what lie regards at the proof of

a Divine 1'rovidcnce. Mr. Baden I'owell, in his Essay entitled "Philosophy of Creation,'
1

lias returned to the point of view of Aristotle and the ancients, and vigorously re-asserts the

doctrine that the indication of design in the universe is not special adaptations, but Uniformi-

ty and Law, these being the evidences of mind, and not what appears to us to be a provision
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With regard to the modem philosophers (Leibnihz and the Cartesians) whom I had cited as

having maintained that the action of mind upon matter, so far from being the only conceiva-

ble origin of material phenomena, is itself inconceivable ; the attempt to rebut this argument
by asserting that the mode, not the fact, of the action of mind on matter was represented as

inconceivable, is an abuse of the privilege of writing confidently about authors without read-

ing them
;

for any knowledge whatever of Leibnitz would have taught those who thus speak
of him. that the inconceivability of the mode, and the impossibility of the thing, were in his

mind convertible expressions. What was his famous Principle of the Sufficient Keason, the

very corner-stone of his Philosophy, from which the Pre-established Harmony, the doctrine

of Monads, and all the opinions most characteristic of Leibnitz, were corollaries? It was,
that nothing exists, the existence of which is not capable of being proved and explained a

priori; the proof and explanation in the case of contingent facts being derived from the na-

ture of their causes
;
which could not be the causes unless there was something in their nature

showing them to be capable of producing those particular effects. And this "something"
which accounts for the production of phy>ical effects, he was able to find in many physical

causes, but could not find it in any finite minds, which therefore he unhesitatingly asserted to

be incapable of producing any physical effects whatever. " On ne saurait concevoir," he says," une action re'ciproque dc la matiere et de 1'intelligence 1'une sur Fautre," and there is there-

fore (he contends) no choice but between the Occasional Causes of the Cartesians and his

own Pre-established Harmony, according to which there is no more connection betAveen our
volitions and our muscular actions than there is between two clocks which are wound up
to strike at the same instant. But he felt no similar difficulty as to physical causes

;
and

throughout his speculations, as in the passage I have already cited respecting gravitation, he

distinctly refuses to consider as part of the order of nature any fact which is not explicable
from the nature of its physical cause.

With regard to the Cartesians (not Descartes ;
I did not make that mistake, though the re-

viewer of Dr. Tulloch's Essay attributes it to me) I take a passage almost at random from

Malebranche, who is the best known of the Cartesians, and, though not the inventor of the sys-
tem of Occasional Causes, is its principal expositor. In Part II., chap, iii., of his Sixth Book,
having first said that matter can not have the power of moving itself, he proceeds to argue
that neither can mind have the power of moving it.

"
Quand on examine 1'idee que Ton a de

tons les esprits finis, on ne voit point de liaison necessaire entre ler.r volonte' et le mouvement
de quelque corps que ce soit, on voit au contraire qu'il n'y en a point, et qu'il n'y en peut avoir"

(there is nothing in the idea of finite mind which can account for its causing the motion of a

body) ;
"on doit aussi conclure, si on vent raisonner selon ses lumieres, qu'il n'y a aucun esprit

cre'e' qui puisse remuer quelque corps qne ce soit comme cause veritable on principale, de
meme que Ton a dit qu'aucim corps ne se pouvait remuer soi-meme :'' thus the idea of Mind
is according to him as incompatible as the idea of Matter with the exercise of active force.

But when, he continues, we consider not a created but a Divine Mind, the case is altered ;

for the idea of a Divine Mind includes omnipotence ;
and the idea of omnipotence does con-

tain the idea of being able to move bodies. Thus it is the nature of omnipotence which ren-

ders the motion of bodies even by the Divine Mind credible or conceivable, while, so far as

depended on the mere nature of mind, it would have been inconceivable and incredible. If

Malebranche had not believed in an omnipotent Being, he would have held all action of mind
on body to be a demonstrated impossibility.*
A doctrine more precisely the reverse of the Volitional theory of causation can not well be

imagined. The Volitional theory is, that we know by intuition or by direct experience the

action of our own mental volitions on matter
;
that we may hence infer all other action upon

matter to be that of volition, and might thus know, without any other evidence, that matter
is under the government of a Divine Mind. Leibnitz and the Cartesians, on the contrary,
maintain that our volitions do not and can not act upon matter, and that it is only the ex-

istence of an all-governing Being, and that Being omnipotent, which can account for the se-

quence between our volitions and our bodily actions. When we consider that each of these two

theories, which, as theories of causation, stand at the opposite extremes of possible divergence

for our uses. While I decline to express any opinion here on this vexata qufestio, I ought
not to mention Mr. Powell's volume without the acknowledgment due to the philosophic

spirit which pervades generally the three Essays composing it, forming in the case of one of

them (the "Unity of Worlds") an honorable contrast with the other dissertations, so far as

they have come under my notice, which have appeared on either side of that controversy.
* In the words of Fonteuelle, another celebrated Cartesian, "les philosophes anssi bien que

le peuple avaient crti que Tame et le corps agissaient reellement et physiquement l'nn sur

Fautre. Descartes vint, qui prouva que leur nature ne permettait point cette sorte de com-
munication veritable, et qu'ils n'en pouvaient avoir qu'une appareute, dont Dieu e'tait le Me'di-

ateur." ((Eurres de Fontenelle, ed. 1767, torn, v., p. 534.)
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from one another, invokes not only as its evidence, hut as its sole evidence, the absolute in-

conceivability of any theory but itself, we are enabled to measure the worth of this kind of

evidence: and when we find the Volitional theory entirely built upon the assertion that by
our mental constitution \ve are compelled to recognize our volitions as efficient causes, and
then find other thinkers maintaining that we know that they are not and can not be such

causes, and can not conceive them to be so, I think we have a right to say that this supposed
law of our mental constitution does not exist.

Dr. Tulloch (pp. 4.">-47) thinks it a sufficient answer to this, that Leibnitz and the Cartesians

were Tlieists, and believed the will of God to be an efficient cause. Doubtless they did, and
the Cartesians even believed (though Leibnitz did not) that it is the only such cause. Dr.

Tulloch mistakes the nature of the question. I was not writing on Theism, as Dr. Tulloch

is, but against a particular theory of causation, which, if it be unfounded, can give no effect-

ive support to Theism or to any thing else. I found it asserted that volition is the only ef-

ficient cause, on the ground that no other efficient cause is conceivable. To this assertion I

oppose the instances of Leibnitz and of the Cartesians, who affirmed with equal positiveness
that volition as an efficient cause is itself not conceivable, and that omnipotence, which ren-

ders all things conceivable, can alone take away the impossibility. This 1 thought, and think,

a conclusive answer to the argument on which this theory of causation avowedly depends.
But 1 certainly did not imagine that Theism was bound up with that theory ;

nor expected
to be charged with denying Leibnitz and the Cartesians to be Theists because I denied that

thev held the theorv.

CHAPTER VI.

OX THE COMPOSITION* OF CAUSES.

1. To complete the general notion of causation on which the rules of

experimental inquiry into the laws of nature must be founded, one dis-

tinction still remains to be pointed out: a distinction so radical, and of so

much importance, as to require a chapter to itself.

The preceding discussions have rendered us familiar with the case in

which several agents, or causes, concur as conditions to the production of

an effect
;
a case, in truth, almost universal, there being very few effects to

the production of which no more than one agent contributes. Suppose,
then, that two different agents, operating jointly, are followed, under a

certain set of collateral conditions, by a given effect. If either of these

agents, instead of being joined with the other, had operated alone, under
the same set of conditions in all other respects, some effect would probably
have followed, which would have been different from the joint effect of

the two, and more or less dissimilar to it. Xow, if we happen to know
what would be the effect of each cause when acting separately from the

other, we are often able to arrive deductively, or a priori, at a correct pre-
diction of what will arise from their conjunct agency. To render this pos-

sible, it is only necessary that the same law which expresses the effect of

each cause acting by itself, shall also correctly express the part due to that

cause of the effect which follows from the two together. This condition is

realized in the extensive and important class of phenomena commonly call-

ed mechanical, namely the phenomena of the communication of motion (or
of pressure, which is tendency to motion) from one body to another. In

this important class of cases of causation, one cause never, properly speak-

ing, defeats or frustrates another; both have their full effect. If a body is

propelled in two directions by two forces, one tending to drive it to the

north and the other to the east, it is caused to move in a given time exact-

ly as far in both directions as the two forces would separately have carried

it
;
and is left precisely where it would have arrived if it had been acted
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upon first by one of the two forces, and afterward by the other. This law
of nature is called, in dynamics, the principle of the Composition of Forces

;

and in imitation of that well-chosen expression, I shall give the name of the

Composition of Causes to the principle which is exemplified in all cases in

which the joint effect of several causes is identical with the sum of their

separate effects.

This principle, however, by no means prevails in all departments of the

field of nature. The chemical combination of two substances produces, as

is well known, a third substance, with properties different from those of

either of the two substances separately, or of both of them taken together.
Not a trace of the properties of hydrogen or of oxygen is observable in

those of their compound, water. The taste of sugar of lead is not the

sum of the tastes of its component elements, acetic acid and lead or its

oxide; nor is the color of blue vitriol a mixture of the colors of sulphuric
acid and copper. This explains why mechanics is a deductive or demon-
strative science, and chemistry not. In the one, we can compute the ef-

fects of combinations of causes, whether real or hypothetical, from the

laws which we know to govern those causes when acting separately, be-

cause they continue to observe the same laws when in combination which

they observe when separate : whatever would have happened in conse-

quence of each cause taken by itself, happens when they are together,
and we have only to cast up the results. Not so in the phenomena which
are the peculiar subject of the science of chemistry. There most of the

uniformities to which the causes conform when separate, cease altogether
when they are conjoined ;

and we are not, at least in the present state of

our knowledge, able to foresee what result will follow from any new com-
bination until we have tried the specific experiment.

If this be true of chemical combinations, it is still more true of those far

more complex combinations of elements which constitute organized bodies
;

and in which those extraordinary new uniformities arise which are called

the laws of life. All organized bodies are composed of parts similar to

those composing inorganic nature, and which have even themselves existed

in an inorganic state; but the phenomena of life, which result from the

juxtaposition of those parts in a certain manner, bear no analogy to any
of the effects which would be produced by the action of the component
substances considered as mere physical agents. To whatever degree AVC

might imagine our knowledge of the properties of the severaTingredients
of a living body to be extended and perfected, it is certain that no mere

summing up of the separate actions of those elements will ever amount to

the action of the living body itself. The tongue, for instance, is, like all

other parts of the animal frame, composed of gelatine, fibrine, and other

products of the chemistry of digestion ;
but from no knowledge of the

properties of those substances could we ever predict that it could taste, un-

less gelatine or fibrine could themselves taste; for no elementary fact can
be in the conclusion which was not in the premises.
There are thus two different modes of the conjunct action of causes;

from which arise two modes of conflict, or mutual interference, between
laws of nature. Suppose, at a given point of time and space, two or more

causes, which, if they acted separately, would produce effects contrary, or

at least conflicting with each other; one of them tending to undo, wholly
or partially, what the other tends to do. Thus the expansive force of the

gases generated by the ignition of gunpowder tends to project a bullet

toward the sky, while its gravity tends to make it fall to the ground. A
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stream running into a reservoir at one end tends to -fill it higher and high-
er, while a drain at the other extremity tends to empty it. Now, in such
cases as these, even if the t\vo causes which are in joint action exactly an-

nul one another, still the laws of both are fulfilled; the effect is the same
as if the drain had been open for half an hour first,* and the stream had
flowed in for as long afterward. Each agent produces the same amount of

effect as if it had acted separately, though the contrary effect which was

taking place during the same time obliterated it as fast as it was produced.
Here, then, are two causes, producing by their joint operations an effect

which at first seems quite dissimilar to those which they produce separate-

ly, but which on examination proves to be really the sum of those separate
effects. It will be noticed that we here enlarge the idea of the sum of two

effects, so as to include what is commonly called their difference, but which
is in reality the result of the addition of opposites; a conception to which
mankind are indebted for that admirable extension of the algebraical cal-

culus, which has so vastly increased its powers as an instrument of discov-

ery, by introducing into its reasonings (with the sign of subtraction pre-

fixed, and under the name of Negative Quantities) every description what-
ever of positive phenomena, provided they are of such a quality in reference

to those previously introduced, that to add the one is equivalent to sub-

tracting an equal quantity of the other.

There is, then, one mode of the mutual interference of laws of nature, in

which, even when the concurrent causes annihilate each other's effects, each

exerts its full efficacy according to its own law its law as a separate agent.
But in the other description of cases, the agencies which are brought to-

gether cease entirely, and a totally different set of phenomena arise : as in

the experiment of two liquids which, when mixed in certain proportions,

instantly become, not a larger amount of liquid, but a solid mass.

2. This difference between the case in which the joint effect of causes
is the sum of their separate effects, and the case in which it is heteroge-
neous to them between laws which work together without alteration, and
laws which, when called upon to work together, cease and give place to oth-

ers is one of the fundamental distinctions in nature. The former case,
that of the Composition of Causes, is the general one; the other is always
special and exceptional. There are no objects which do not, as to some of

their phenomena, obey the principle of the Composition of Causes; none
that have not some laws which are rigidly fulfilled in every combination
into which the objects enter. The weight of a body, for instance, is a

property which it retains in all the combinations in which it is placed.
The weight of a chemical compound, or of an organized body, is equal to

the sum of the weights of the elements which compose it. The weight
either of the elements or of the compound will vary, if they be carried far-

ther from their centre of attraction, or brought nearer to it
;
but whatever

effects the one effects the other. They always remain precisely equal. So,

again, the component parts of a vegetable or animal substance do not lose

their mechanical and chemical properties as separate agents, when, by a

peculiar mode of juxtaposition, they, as an aggregate whole, acquire physi-

ological or vital properties in addition. Those bodies continue, as before,

*
I omit, for simplicity, to take into account the effect, in this latter case, of the. diminution

of pressure, in diminishing the flow of water through the drain
;
which evidently in no way

affects the truth or applicability of the principle, since when the two causes act simultaneously
ihu conditions of that diminution of pressure do not arise.
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to obey mechanical and chemical laws, in so far as the operation of those

laws is not counteracted by the new laws which govern them as organized
beings ; when, in short, a concurrence of causes takes place which calls into

action new laws bearing no analogy to any that we can trace in the sepa-
rate operation of the causes, the new laws, while they supersede one portion
of the previous laws, may co-exist with another portion, and may even com-

pound the effect of those previous laws with their own.

Again, laws which were themselves generated in the second mode, may
generate others in the first. Though there are laws which, like those of

chemistry and physiology, owe their existence to a breach of the principle
of Composition of Causes, it does not follow that these peculiar, or, as they

might be termed, heteropathic laws, are not capable of composition with
one another. The causes which by one combination have had their laws

altered, may carry their new laws with them unaltered into their ulterior

combinations. And hence there is no reason to despair of ultimately raising

chemistry and physiology to the condition of deductive sciences
;
for though

it is impossible to deduce all chemical and physiological truths from the

laws or properties of simple substances or elementary agents, they may
possibly be deducible from laws which commence when these elementary
agents are brought together into some moderate number of not very com-

plex combinations. The Laws of Life will never be deducible from the

mere laws of the ingredients, but the prodigiously complex Facts of Life

may all be deducible from comparatively simple laws of life
;
which laws

(depending indeed on combinations, but on comparatively simple combi-

nations, of antecedents) may, in more complex circumstances, be strictly

compounded with one another, and with the physical and chemical laws of

the ingredients. The details of the vital phenomena, even now, afford innu-

merable exemplifications of the Composition of Causes
;
and in proportion

as these phenomena are more accurately studied, there appears more reason

to believe that the same laws which operate in the simpler combinations
of circumstances do, in fact, continue to be observed in the more complex.
This will be found equally true in the phenomena of mind

;
and even in

social and political phenomena, the results of the laws of mind. It is in

the case of chemical phenomena that the least progress has yet been made
in bringing the special laws under general ones from which they may be

deduced
;
but there are even in chemistry many circumstances to encourage

the hope that such general laws will hereafter be discovered. The differ-

ent actions of a chemical compound will never, undoubtedly, be found to

be the sums of the actions of its separate elements; but there may exist,

between the properties of the compound and those of its elements, some
constant relation, which, if discoverable by a sufficient induction, would en-

able us to foresee the sort of compound which will result from a new com-
bination before we have actually tried it, and to judge of what sort of el-

ements some new substance is compounded before we have analyzed it.

The law of definite proportions, first discovered in its full generality by
Dalton, is a complete solution of this problem in one, though but a second-

ary aspect, that of quantity; and in. respect to quality, we have already
some partial generalizations, sufficient to indicate the possibility of ulti-

mately proceeding farther. We can predicate some common properties
of the kind of compounds which result from the combination, in each of the

small number of possible proportions, of any acid whatever with any base.

We have also the curious law, discovered by Berthollet, that two soluble

salts mutually decompose one another whenever the new combinations
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which result produce nn insoluble compound, or one less soluble than the

two former. Another uniformity is that called the law of isomorphism ;

the identity of the crystalline forms of substances which possess in common
certain peculiarities of chemical composition.* Thus it appears that even

heteropathic laws, such laws of combined agency as are not compounded
of the laws of the separate agencies, are yet, at least in some cases, derived

from them according to a fixed principle. There may, therefore, be laws
of the generation of laws from others dissimilar to them

;
and in chemis-

try, these undiscovered laws of the dependence of the properties of the

compound on the properties of its elements, may, together with the laws of

the elements themselves, furnish the premises by which the science is per-

haps destined one day to be rendered deductive.

It would seem, therefore, that there is no class of phenomena in which
the Composition of Causes does not obtain: that as a general rule, causes

in combination produce exactly the same effects as when acting singly : but

that this rule, though general, is not universal: that in some instances, at

some particular points in the transition from separate to united action, the

laws change, and an entirely new set of effects are either added to, or take

the place of, those which arise from the separate agency of the same causes:

the laws of these new effects being again susceptible of composition, to an

indefinite extent, like the laws which they superseded.

3. That effects are proportional to their causes is laid down by some
writers as an axiom in the theory of causation; and great use is sometimes
made of this principle in reasonings respecting the laws of nature, though it

is encumbered with many difficulties and apparent exceptions, which much
ingenuity has been expended in showing not to be real ones. This propo-
sition, in so far as it is true, enters as a particular case into the general

principle of the Composition of Causes; the causes compounded being, in

this instance, homogeneous ;
in which case, if in any, their joint effect might

be expected to be identical with the sum of their separate effects. If a

force equal to one hundred weight will raise a certain body along an in-

clined plane, a force equal to two hundred weight will raise two bodies ex-

actly similar, and thus the effect is proportional to the cause. But does
not a force equal to two hundred weight actually contain in itself two forces

each equal to one hundred weight, which, if employed apart, would sepa-

rately raise the two bodies in question? The fact, therefore, that when ex-

erted jointly they raise both bodies at once, results from the Composition
of Causes, and is a mere instance of the general fact that mechanical forces

are subject to the law of Composition. And so in every other case which
can be supposed. For the doctrine of the proportionality of effects to their

causes can not of course be applicable to cases in which the augmentation
of the cause alters the kind of effect; that is, in which the surplus quanti-

ty superadded to the cause does not become compounded with it, but the

two together generate an altogether new phenomenon. Suppose that the

application of a certain quantity of heat to a body merely increases its

bulk, that a double quantity melts it, and a triple quantity decomposes it:

these three effects being heterogeneous, no ratio, whether corresponding

* Professor Bain adds several other well-established chemical generalizations: "The laws
that simple substances exhibit the strongest affinities; that compounds arc more fusible than
their elements; that combination tends to a lower state of matter from gas down to solid;"
and some general propositions concerning the circumstances which facilitate or resist chem-
ical combination. (Logic, ii., 2,">4.)
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or not to that of the quantities of heat applied, can be established between
them. Thus the supposed axiom of the proportionality of effects to their

causes fails at the precise point where the principle of the Composition of

Causes also fails; viz., where the concurrence of causes is such as to deter-

mine a change in the properties of the body generally, and render it sub-

ject to new laws, more or less dissimilar to those to which it conformed in

its previous state. The recognition, therefore, of any such law of propor-
tionality is superseded by the more comprehensive principle, in which as

much of it as is true is implicitly asserted.*

The general remarks on causation, which seemed necessary as an intro-

duction to the theory of the inductive process, may here terminate. That

process is essentially an inquiry into cases of causation. All the uniformi-

ties which exist in the succession of phenomena, and most of the uniformi-

ties in their co-existence, are either, as we have seen, themselves laws of

causation, or consequences resulting from, and corollaries capable of being
deduced from, such laws. If we could determine what causes are correct-

ly assigned to what effects, and what effects to what causes, we should be

virtually acquainted with the whole course of nature. All those uniformi-

ties which are mere results of causation might then be explained and ac-

counted for; and every individual fact or event might be predicted, pro-
vided we had the requisite data, that is, the requisite knowledge of the cir-

cumstances which, in the particular instance, preceded it.

To ascertain, therefore, what are the laws of causation which exist in na-

ture
;
to determine the effect of every cause, and the causes of all effects,

is the main business of Induction
;
and to point out how this is done is the

chief object of Inductive Logic.

* Professor Bain (Logic, ii., 39) points out a class of cases, other than that spoken of in

the text, which he thinks must be regarded as an exception to the Composition of Causes.

"Causes that merely make good the collocation for bringing a prime mover into action, or

that release a potential force, do not follow any such rule. One man may direct a gun upon
a fort as well as three : two sparks are not more effectual than one in exploding a barrel of

gunpowder. In medicine there is a certain dose that answers the end
;
and adding to it does

no more good."
I am not sure that these cases are really exceptions. The law of Composition of Causes, I

think, is really fulfilled, and the appearance to the contrary is produced by attending to the

-remote instead of the immediate effect of the causes. In the cases mentioned, the immedi-
ate effect of the causes in action is a collocation, and the duplication of the cause does double

the quantity of collocation. Two men could raise the gun to the required angle twice as

quickly as one, though one is enough. Two sparks put two sets of particles of the gunpow-
der into the state of intestine motion which makes them explode, though one is sufficient. It

is the collocation itself that does not, by being doubled, always double the effect
;
because in

many cases a certain collocation, once obtained, is all that is required for the production of

the whole amount of effect which can be produced at all at the given time and place. Dou-

bling the collocation with difference of time and place, as by pointing two guns, or exploding
a second barrel after the first, does double the effect. This remark applies still more to Mr.
Bain's third example, that of a double dose of medicine

;
for a double dose of an aperient

does purge more violently, and a double dose of laudanum does produce longer and sounder

sleep. But a double purging, or a double amount of narcotism, may have remote effects dif-

ferent in kind from the effect of the smaller amount, reducing the case to that of heteropathic

laws, discussed in the text.
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CHAPTER vii.

CF OBSERVATION" AXD EXPERIMENT.

1. IT results from the preceding exposition, that the process of ascer-

taining what consequents, in nature, are invariably connected with what

antecedents, or in other words what phenomena are related to each other

as causes and effects, is in .some .sort a process of analysis. That every
fact which begins to exist has a cause, and that this cause must be found
in some fact or concourse of facts which immediately preceded the occur-

rence, may be taken for certain. The whole of the present facts are the

infallible result of all past facts, and more immediately of all the facts

which existed at the moment previous. Here, then, is :v great sequence,
which we know to be uniform. If the whole prior state of the entire uni-

verse could again recur, it would again be followed by the present state.

The question is, how to resolve this complex uniformity into the simpler
uniformities which compose it, and assign to each portion of the vast an-

tecedent the portion of the consequent which is attendant on it.

This operation, which we have called analytical, inasmuch as it is the

resolution of a complex whole into the component elements, is more than
a merely mental analysis. No mere contemplation of the phenomena, and

partition of them by the intellect alone, will of itself accomplish the end we
have now in view. Nevertheless, such a mental partition is an indispensa-
ble lirst step. The order of nature, as perceived at a first glance, presents
at every instant a chaos followed by another chaos. We must decompose
each choas into single facts. We must learn to see in the chaotic ante-

cedent a multitude of distinct antecedents, in the chaotic consequent a mul-
titude of distinct consequents. This, supposing it done, will not of itself

tell us on which of the antecedents each consequent is invariably attendant.

To determine that point, we must endeavor to effect a separation of the

facts from one another, not in our minds only, but in nature. The mental

analysis, however, must take place first. And every one knows that in the

mode of performing it, one intellect differs immensely from another. It is

the essence of the act of observing ;
for the observer is not he who merely

sees the thing which is before his eyes, but he who sees what parts that

thing is composed of. To do this well is a rare talent. One person, from

inattention, or attending only in the wrong place, overlooks half of what he
sees

;
another sets down much more than he sees, confounding it with what

he imagines, or with what he infers
;
another takes note of the kind of all

the circumstances, but being inexpert in estimating their degree, leaves the

quantity of eacli vague and uncertain
;
another sees indeed the whole, but

makes such an awkward division of it into parts, throwing things into one
mass which require to be separated, and separating others which might
more conveniently be considered as one, that the result is much the same,
sometimes even worse, than if no analysis had been attempted at all. It

would be possible to point out what qualities of mind, and modes of men-
tal culture, fit a person for being a good observer: that, however, is a

question not of Logic, but of the Theory of Education, in the most en-

larged sense of the term. There is not properly an Art of Observing.
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There may be rules for observing. But these, like rules for inventing, are

properly instructions for the preparation of one's own mind
;
for putting

it into the state in which it will be most fitted to observe, or most likely
to invent. They are, therefore, essentially rules of self-education, which is

a different thing from Logic. They do not teach how to do the thing, but
how to make ourselves capable of doing it. They are an art of strength-

ening the limbs, not an art of using them.
The extent and minuteness of observation which may be requisite, and

the degree of decomposition to which it may be necessary to carry the

mental analysis, depend on the particular purpose in view. To ascertain

the state of the whole universe at any particular moment is impossible, but
would also be useless. In making chemical experiments, we do not think

it necessary to note the position of the planets; because experience has

shown, as a very superficial experience is sufficient to show, that in such
cases that circumstance is not material to the result: and accordingly, in

the ages when men believed in the occult influences of the heavenly bodies,
it might have been unphilosophical to omit ascertaining the precise condi-

tion of those bodies at the moment of the experiment. As to the degree
of minuteness of the mental subdivision, if we were obliged to break down
what we observe into its very simplest elements, that is, literally into sin-

gle facts, it would be difficult to say where we should find them
;
we can

hardly ever affirm that our divisions of any kind have reached the ultimate

unit. But this, too, is fortunately unnecessary. The only object of the

mental separation is to suggest the requisite physical separation, so that

we may either accomplish it ourselves, or seek for it in nature
;
and we

have done enough when we have carried the subdivision as far as the point
at which we are able to see what observations or experiments we require.
It is only essential, at whatever point our mental decomposition of facts

may for the present have stopped, that we should hold ourselves ready and
able to carry it further as occasion requires, and should not allow the free-

dom of our discriminating faculty to be imprisoned by the swathes and
bands of ordinary classification

;
as was the case with all early speculative

inquirers, not excepting the Greeks, to whom it seldom occurred that Avhat

was called by one abstract name might, in reality, be several phenomena,
or that there was a possibility of decomposing the facts of the universe into

any elements but those which ordinary language already recognized.

2. The different antecedents and consequents being, then, supposed to

be, so far as the case requires, ascertained and discriminated from one an-

other, we are to inquire which is connected with which. In every instance

which comes under our observation, there are many antecedents and many
consequents. If those antecedents could not be severed from one another

except in thought, or if those consequents never were found apart, it would
be impossible for us to distinguish (a posteriori at least) the real laws, or

to assign to any cause its effect, or to any effect its cause. To do so, we
must be able to meet with some of the antecedents apart from the rest, and
observe what follows from them

;
or some of the consequents, and observe

by what they are preceded. We must, in short, follow the Baconian rule

of varying the circumstances. This is, indeed, only the first rule of phys-
ical inquiry, and not, as some have thought, the sole rule

;
but it is the

foundation of all the rest.

For the purpose of varying the circumstances, we may have recourse

(according to a distinction commonly made) either to observation or to ex-

18
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pcrimcnt; we may either find an instance in nature suited to our purposes,

or, by Jin artificial arrangement of circumstances, make one. The value of

the instance depends on what it is in itself, not on the mode in which it is

obtained : its employment for the purposes of induction depends on the

same principles in the one case and in the other; as the uses of money are

the same whether it is inherited or acquired. There is, in short, no differ-

ence in kind, no real logical distinction, between the two processes of in-

vestigation. There are, however, practical distinctions to which it is of

considerable importance to advert.

.3. The first and most obvious distinction between Observation and

Experiment, is, that the latter is an immense extension of the former. It

not only enables us to produce a much greater number of variations in the

circumstances than nature spontaneously offers, but also, in thousands of

cases, to produce the precise sort of variation which we are in want of for

discovering the law of the phenomenon ;
a service which nature, being con-

structed on a quite different scheme from that of facilitating our studies,
is seldom so friendly as to bestow upon .us. For example, in order to as-

certain what principle in the atmosphere enables it to sustain life, the

variation we require is that a living animal should be immersed in each

component element of the atmosphere separately. But nature does not

supply either oxygen or azote in a separate state. We are indebted to ar-

tificial experiment for our knowledge that it is the former, and not the lat-

ter, which supports respiration ;
and for our knowledge of the very exist-

ence of the two ingredients.
Thus far the advantage of experimentation over simple observation is

universally recognized : all are aware that it enables us to obtain innumer-
able combinations of circumstances which arc not to be found in nature,
and so add to nature's experiments a multitude of experiments of our own.
But there is another superiority (or, as Bacon would have expressed it, an-

other prerogative) of instances artificially obtained over spontaneous in-

stances of our own experiments over even the same experiments when
math- by nature which is not of less importance, and which is far from

being felt and acknowledged in the same degree.
"When we can produce a phenomenon artificially, we can take it, as it

were, home with us, and observe it in the midst of circumstances with
which in all other respects we are accurately acquainted. If we desire to

know what are the effects of the cause A, and are able to produce A by
means at our disposal, we can generally determine at our own discretion, so

far as is compatible with the nature of the phenomenon A, the whole of

the circumstances which shall be present along with it: and thus, knowing
exactly the simultaneous state of everything else which is within the reach

of A's influence, we have only to observe what alteration is made in that

state by the presence of A.
For example, by the electric machine we can produce, in the midst of

known circumstances, the phenomena which nature exhibits on a grander
scale in the form of lightning and thunder. Now let any one consider

what amount of knowledge of the effects and laws of electric agency man-
kind could have obtained from the mere observation of thunder-storms, and

compare it with that which they have gained, and may expect to gain, from
electrical and galvanic experiments. This example is the more striking,
now that we have reason to believe that electric action is of all natural

phenomena (except heat) the most pervading and universal, which, there-
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fore, it might antecedently have been supposed could stand least in need of

artificial means of production to enable it to be studied; while the fact is

so much the contrary, that without the electric machine, the Leyden jar,
and the voltaic battery, we probably should never have suspected the ex-

istence of electricity as one of the great agents in nature
;
the few electric

phenomena we should have known of would have continued to be regard-
ed either as supernatural, or as a sort of anomalies and eccentricities in the

order of the universe.

When we have succeeded in insulating the phenomenon which is the

subject of inquiry, by placing it among known circumstances, we may pro-
duce further variations of circumstances to any extent, and of such kinds

as we think best calculated to bring the laws of the phenomenon into a

clear light. By introducing one well-defined circumstance after another
into the experiment, we obtain assurance of the manner in which the phe-
nomenon behaves under an indefinite variety of possible circumstances.

Thus, chemists, after having obtained some newly-discovered substance in

a pure state (that is, having made sure that there is nothing present which
can interfere with and modify its agency), introduce various other sub-

stances, one by one, to ascertain whether it will combine with them, or de-

compose them, and with what result
;
and also apply heat, or electricity, or

pressure, to discover what will happen to the substance under each of these

circumstances.

But if, on the other hand, it is out of our power to produce the phenom-
enon, and we have to seek for instances in which nature produces it, the

task before us is very different.

Instead of being able to choose what the concomitant circumstances

shall be, we now have to discover what they are; which, when we go be-

yond the simplest and most accessible cases, it is next to impossible to do
with any precision and completeness. Let us take, as an exemplification of

a phenomenon which we have no means of fabricating artificially, a human
mind. Nature produces many ;

but the consequence of our not being able

to produce them by art is, that in every instance in which we see a human
mind developing itself, or acting upon other things, we see it surrounded
and obscured by an indefinite multitude of unascertainable circumstances,

rendering the use of the common experimental methods almost delusive.

"We may conceive to what extent this is true, if we consider, among
other things, that whenever Nature produces a human mind, she produces,
in close connection with it, a body ;

that is, a vast complication of physical

facts, in no two cases perhaps exactly similar, and most of which (except
the mere structure, which we can examine in a sort of coarse way after it

has ceased to act), are radically out of the reach of our means of explora-
tion. If, instead of a human mind, we suppose the subject of investiga-
tion to be a human society or State, all the same difficulties recur in a great-

ly augmented degree.
We have thus already come within sight of a conclusion, which the prog-

ress of the inquiry will, I think, bring before us with the clearest evi-

dence : namely, that in the sciences which deal with phenomena in which
artificial experiments are impossible (as in the case of astronomy), or in

which they have a very limited range (as in mental philosophy, social

science, and even physiology), induction from direct experience is practiced
at a disadvantage in most cases equivalent to impracticability ;

from which
it follows that the methods of those sciences, in order to accomplish any
thing worthy of attainment, must be to a great extent, if not principally,
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deductive. This is already known to be the case with the first of the sci-

ences we have mentioned, astronomy ;
that it is not generally recognized

as true of the others, is probably one of the reasons why they are not in a

more advanced state.

4. If what is called pure observation is at so great a disadvantage,

compared with artificial experimentation, in one department of the direct

exploration of phenomena, there is another branch in which the advantage
is all on the side of the former.

Inductive inquiry having for its object to ascertain what causes are con-

nected with what effects, we may begin this search at either end of the road
which leads from the one point to the other : we may either inquire into

the effects of a given cause or into the causes of a given effect. The facto o
that light blackens chloride of silver might have been discovered either by
experiments on light, trying what effect it would produce on various sub-

stances, or by observing that portions of the chloride had repeatedly be-

come black, and inquiring into the circumstances. The effect of the urali

poison might have become known either by administering it to animals,
or by examining how it happened that the wounds which the Indians of

Guiana inflict with their arrows prove so uniformly mortal. Now it is

manifest from the mere statement of the examples, without any theoretical

discussion, that artificial experimentation is applicable only to the former of

these modes of investigation. We can take a cause, and try what it will

produce ;
but we can not take an effect, and try what it will be produced

by. We can only watch till we see it produced, or are enabled to produce
it by accident.

This would be of little importance, if it always depended on our choice

from which of the two ends of the sequence we would undertake our in-

quiries. But we have seldom any option. As we can only travel from
the known to the unknown, we are obliged to commence at whichever end
we are best acquainted with. If the agent is more familiar to us than its

effects, we watch for, or contrive, instances of the agent, under such vari-

eties of circumstances as are open to us, and observe the result. If, on the

contrary, the conditions on which a phenomenon depends are obscure, but
the phenomenon itself familiar, we must commence our inquiry from the

effect. If we are struck with the fact that chloride of silver has been

blackened, and have no suspicion of the cause, we have no resource but to

compare instances in which the fact has chanced to occur, until by that

comparison we discover that in all those instances the substances had been

exposed to light. If we knew nothing of the Indian arrows but their fa-

tal effect, accident alone could turn our attention to experiments on the

urali
;

in the regular course of investigation, we could only inquire, or try
to observe, what had been done to the arrows in particular instances.

Wherever, having nothing to guide us to the cause, we are obliged to

set out from the effect, and to apply the rule of varying the circumstances
to the consequents, not the antecedents, we are necessarily destitute of the

resource of artificial experimentation. We can not, at our choice, obtain

consequents, as we can antecedents, under any set of circumstances com-

patible with their nature. There are no means of producing effects but

through their causes, and by the supposition the causes of the effect in ques-
tion are not known to us. We have, therefore, no expedient but to study it

where it offers itself spontaneously. If nature happens to present us with

instances sufficiently varied in their circumstances, and if we are able to dis-
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cover, either among the proximate antecedents or among some other order

of antecedents, something which is always found when the effect is found,
however various the circumstances, and never found when it is not, we
may discover, by mere observation without experiment, a real uniformity
in nature.

But though this is certainly the most favorable case for sciences of pure
observation, as contrasted with those in which artificial experiments are

possible, there is in reality no case which more strikingly illustrates the

inherent imperfection of direct induction when not founded on experimen-
tation. Suppose that, by a comparison of cases of the effect, we have found
an antecedent which appears to be, and perhaps is, invariably connected

with it : we have not yet proved that antecedent to be the cause until we
have reversed the process, and produced the effect by means of that ante-

cedent. If we can produce the antecedent artificially, and if, when \ve do

so, the effect follows, the induction is complete ;
that antecedent is the

cause of that consequent.* But we have then added the evidence of ex-

periment to that of simple observation. Until we had done so, we had

only proved invariable antecedence within the limits of experience, but
not unconditional antecedence, or causation. Until it had been shown by
the actual production of the antecedent under known circumstances, and
the occurrence thereupon of the consequent, that the antecedent was really
the condition on which it depended ;

the uniformity of succession which
was proved to exist between them might, for aught we knew, be (like the

succession of day and night) not a case of causation at all
;
both antecedent

and consequent might be successive stages of the effect of an ulterior cause.

Observation, in short, without experiment (supposing no aid from deduction)
can ascertain sequences and co-existences, but can not prove causation.

In order to see these remarks verified by the actual state of the sciences,
we have only to think of the condition of natural history. In zoology, for

example, there is an immense number of uniformities ascertained, some of

co-existence, others of succession, to many of which, notwithstanding con-

siderable variations of the attendant circumstances, we know not any ex-

ception : but the antecedents, for the most part, are such as we can not

artificially produce ;
or if we can, it is only by setting in motion the ex-

act process by which nature produces them
;
and this being to us a myste-

rious process, of which the main circumstances are not only unknown but

unobservable, we do not succeed in obtaining the antecedents under known
circumstances. What is the result ? That on this vast subject, which af-

fords so much and such varied scope for observation, we have made most

scanty progress in ascertaining any laws of causation. We know not with

certainty, in the case of most of the phenomena that we find conjoined,
which is the condition of the other

;
which is cause, and which effect, or

whether either of them is so, or they are not rather conjunct effects of

causes yet to be discovered, complex results of laws hitherto unknown.

Although some of the foregoing observations may be, in technical strict-

ness of arrangement, premature in this place, it seemed that a few general
remarks on the difference between sciences of mere observation and sciences

of experimentation, and the extreme disadvantage under which directly in-

ductive inquiry is necessarily carried on in the former, were the best prep-

*
Unless, indeed, the consequent was generated, not by the antecedent, but by the means

employed to produce the antecedent. As, however, these means are under our power, there

is so far a probability that they are also sufficiently within our knowledge to enable us to

judge whether that could be the case or not.
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aration for discussing the methods of direct induction
;
a preparation ren-

dering superfluous much that must otherwise have been introduced, with
some inconvenience, into the heart of that discussion. To the consideration

of these methods we now proceed.

CHAPTER VIII.

OP THE FOUR METHODS OK EXPERIMENTAL INQUIRY.

1. The simplest and most obvious modes of singling out from among
the circumstances which precede or follow a phenomenon, those with which
it is really connected by an invariable law, are two in number. One is, by
comparing together different instances in which the phenomenon occurs.

The other is, by comparing instances in which the phenomenon does occur,
with instances in other respects similar in which it does not. These two
methods may be respectively denominated, the Method of Agreement, and
the Method of Difference.

In illustrating these methods, it will be necessary to bear in mind the

twofold character of inquiries into the laws of phenomena; which may
be either inquiries into the cause of a given effect, or into the effects or

properties of a given cause. We shall consider the methods in their ap-

plication to either order of investigation, and shall draw our examples
equally from both.

We shall denote antecedents by the large letters of the alphabet, and
the consequents corresponding to them by the small. Let A, then, be an

agent or cause, and let the object of our inquiry be to ascertain what are

the effects of this cause. If we can either find, or produce, the agent A in

such varieties of circumstances that the different cases have no circumstance
in common except A; then whatever effect we find to be produced in all

our trials, is indicated as the effect of A. Suppose, for example, that A is

tried along with B and C, and that the effect is a b c; and suppose that

A is next tried with D and E, but without B and C, and that the effect is

a de. Then we may reason thus : b and c are not effects of A, for they were
not produced by it in the second experiment; nor are d and

<?,
for they

were not produced in the first. "Whatever is really the effect of A must
have been produced in both instances

;
now this condition is fulfilled by

no circumstance except a. The phenomenon a can not have been the ef-

fect of B or C, since it was produced where they were not; nor of D or E,
since it was produced where they were not. Therefore it is the effect

of A.
For example, let the antecedent A be the contact of an alkaline sub-

stance and an oil. This combination being tried under several varieties

of circumstances, resembling each other in nothing else, the results agree in

the production of a greasy and detersive or saponaceous substance : it is

therefore concluded that the combination of an oil and an alkali causes the

production of a soap. It is thus we inquire, by the Method of Agreement,
into the effect of a given cause.

In a similar manner we may inquire into the cause of a given effect.

Let a be the effect. Here, as shown in the last chapter, we have only the

resource of observation without experiment : we can not take a phenome-
non of which we know not the origin, and try to find its mode of produc-

Norton, John D
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tion by producing it: if we succeeded in such a random trial it could only
be by accident. But if we can observe a in two different combinations,
a b c and a d e ; and if we know, or can discover, that the antecedent cir-

cumstances iu these cases respectively were ABC and A D E, we may
conclude by a reasoning similar to that in the preceding example, that A is

the antecedent connected with the consequent a by a law of causation.

B and C, we may say, can not be causes of a, since on its second occui--

rence they were not present ;
nor are D and E, for they were not present on

its first occurrence. A, alone of the five circumstances, was found among
the antecedents of a in both instances.

For example, let the effect a be crystallization. We compare instances

in which bodies are known to assume crystalline structure, but which have
no other point of agreement ;

and we find them to have one, and as far as

we can observe, only one, antecedent in common : the deposition of a solid

matter from a liquid state, either a state of fusion or of solution. We
conclude, therefore, that the solidification of a substance from a liquid state

is an invariable antecedent of its crystallization.
In this example we may go further, and say, it is not only the invariable

antecedent but the cause
;
or at least the proximate event which completes

the cause. For in this case we are able, after detecting the antecedent A,
to produce it artificially, and by finding that a follows it, verify the result

of our induction. The importance of thus reversing the proof was strik-

ingly manifested when, by keeping a phial of water charged with siliceous

particles undisturbed for years, a chemist (I believe Dr. Wollaston) suc-

ceeded in obtaining crystals of quartz; and in the equally interesting ex-

periment in which Sir James Hall produced artificial marble by the cool-

ing of its materials from fusion under immense pressure: two admirable

examples of the light which may be thrown upon the most secret processes
of Nature by well-contrived interrogation of her.

But if we can not artificially produce the phenomenon A, the conclusion

that it is the cause of a remains subject to very considerable doubt.

Though an invariable, it may not be the unconditional antecedent of a, but

may precede it as day precedes night or night day. This uncertainty arises

from the impossibility of assuring ourselves that A is the only immediate
antecedent common to both the instances. If we could be certain of hav-

ing ascertained all the invariable antecedents, we might be sure that the

unconditional invariable antecedent, or cause, must be found somewhere

among them. Unfortunately it is hardly ever possible to ascertain all the

antecedents, unless the phenomenon is one which we can produce artificial-

ly. Even then, the difficulty is merely lightened, not removed: men knew
how to raise water in pumps long before they adverted to what was really
the operating circumstance in the means they employed, namely, the pi-ess-

ure of the atmosphere on the open surface of the water. It is, however,
much easier to analyze completely a set of arrangements made by our-

selves, than the whole complex mass of the agencies which nature happens
to be exerting at the moment of the production of a given phenomenon.
We may overlook some of the material circumstances in an experiment
with an electrical machine

;
but we shall, at the worst, be better acquainted

with them than with those of a thunder-storm.
The mode of discovering and proving laws of nature, which we have

now examined, proceeds on the following axiom : Whatever circumstances
can be excluded, without prejudice to the phenomenon, or can be absent

notwithstanding its presence, is not connected with it in the way of causa-
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tion. The casual circumstances being thus eliminated, if only one remains,
that one is the cause which we are in search of: if more than one, they ei-

ther are, or contain among them, the cause; and so, mutatis mutandis, of

the effect. As this method proceeds by comparing different instances to

ascertain in what they agree, I have termed it the Method of Agreement ;

and we may adopt as its regulating principal the following canon :

FIRST CANON.

If tiro or more instances of the 2)henomenon under invest iffation have

only one circumstance in. common, the circumstance in which (done all

the instances agree, is the cause (or effect] of the given phenomenon.
Quitting for the present the Method of Agreement, to which we shall

almost immediately return, we proceed to a still more potent instrument

of the investigation of nature, the Method of Difference.

2. In the Method of Agreement, we endeavored to obtain instances

which agreed in the given circumstance but differed in every other : in the

present method we require, on the contrary, two instances resembling one
another in every other respect, but differing in the presence or absence of

the phenomenon we wish to study. If our object be to discover the effects

of an agent A, we must procure A in some set of ascertained circum-

stances, as A B C, and having noted the effects produced, compare them
with the effect of the remaining circumstances B C, when A is absent. If

the effect of A B C is a b c, and the effect of B C b c, it is evident that the

effect of A is a. So again, if we begin at the other end, and desire to in-

vestigate the cause of an effect a, we must select an instance, as a b c, in

which the effect occurs, and in which the antecedents were A B C, and we
must look out for another instance in which the remaining circumstances,
b c, occur without a. If the antecedents, in that instance, are B C, we
know that the cause of a must be A: either A alone, or A in conjunction
with some of the other circumstances present.

It is scarcely necessary to give examples of a logical process to which
we owe almost all the inductive conclusions we draw in daily life. When
a man is shot through the heart, it is by this method we know that it was
the gunshot which killed him : for he was in the fullness of life immedi-

ately before, all circumstances being the same, except the wound.
The axioms implied in this method are evidently the following. What-

ever antecedent can not be excluded without preventing the phenome-
non, is the cause, or a condition, of that phenomenon : whatever consequent
can be excluded, with no other difference in the antecedents than the ab-

sence of a particular one, is the effect of that one. Instead of comparing
different instances of a phenomenon, to discover in what they agree, this

method compares an instance of its occurrence with an instance of its non-

occurrence, to discover in what they differ. The canon which is the regu-

lating principle of the Method of Difference may be expressed as follows :

SECOND CANON.

If an instance in which the phenomenon under investigation occurs,
and an instance in ichicJi it does not occur, have evert/ circumstance in

common save one, that one occurring onl;/ in the former the circum-

xtttucc in which alone the two instances differ, is the effect, or the cause, or

an indispensable part of the cause, of the phenomenon.
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3. The two methods which we have now stated have many features

of resemblance, but there are also many distinctions between them. Both
are methods of elimination. This term (employed in the theory of equa-
tions to denote the process by which one after another of the elements of

a question is excluded, and the solution made to depend on the relation

between the remaining elements only) is well suited to express the opera-

tion, analogous to this, which has been understood since the time of Bacon
to be the foundation of experimental inquiry : namely, the successive ex-

clusion of the various circumstances which are found to accompany a phe-
nomenon in a given instance, in order to ascertain what are those among
them which can be absent consistently with the existence of the phenome-
non. The Method of Agreement stands on the ground that whatever can
be eliminated, is not connected with the phenomenon by any law. The
Method of Difference has for its foundation, that whatever can not be

eliminated, is connected with the phenomenon by a law.

Of these methods, that of Difference is more particularly a method of

artificial experiment ;
while that of Agreement is more especially the re-

source employed where experimentation is impossible. A few reflections

will prove the fact, and point out the reason of it.

It is inherent in the peculiar character of the Method of Difference, that

the nature of the combinations which it requires is much more strictly de-

fined than in the Method of Agreement. The two instances which are to

be compared with one another must be exactly similar, in all circumstances

except the one which we are attempting to investigate : they must be in

the relation of A B C and B C, or of b c and b c. It is true that this

similarity of circumstances needs not extend to such as are already known
to be immaterial to the result. And in the case of most phenomena we
learn at once, from the commonest experience, that most of the co-existent

phenomena of the universe may be either present or absent without affect-

ing the given phenomenon ; or, if present, are present indifferently when
the phenomenon does not happen and when it does. Still, even limiting
the identity which is required between the two instances, ABC and B C,
to such circumstances as are not already known to be indifferent, it is

very seldom that nature affords two instances, of which we can be assured

that they stand in this precise relation to one another. In the spontane-
ous operations of nature there is generally such complication and such ob-

scurity, they are mostly either on so overwhelmingly large or on so inac-

cessibly minute a scale, we are so ignorant of a great part of the facts

which really take place, and even those of which we are not ignorant are

so multitudinous, and therefore so seldom exactly alike in any two cases,
that a spontaneous experiment, of the kind required by the Method of Dif-

ference, is commonly not to be found. When, on the contrary, we obtain

a phenomenon by an artificial experiment, a pair of instances such as the

method requires is obtained almost as a matter of course, provided the

process does not last a long time. A certain state of surrounding circum-

stances existed before we commenced the experiment ;
this is B C. We

then introduce A
; say, for instance, by merely bringing an object from

another part of the room, before there has been time for any change in the

other elements. It is, in short (as M. Comte observes), the very nature of

an experiment, to introduce into the pre-existing state of circumstances a

change perfectly definite. We choose a previous state of things with
which we are well acquainted, so that ho unforeseen alteration in that state

is likely to pass unobserved
;
and into this we introduce, as rapidly as pos-
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siblc, the phenomenon which we wish to study ;
so that in general \vc are

entitled to feel complete assurance that the pre-existing state, and the state

which we have produced, differ in nothing except the presence or absence
of that phenomenon. If a bird is taken from a cage, and instantly plunged
into carbonic acid gas, the experimentalist may be fully assured (at all

events after one or two repetitions) that no circumstance capable of caus-

ing suffocation had supervened in the interim, except the change from im-

mersion in the atmosphere to immersion in carbonic acid gas. There is

one doubt, indeed, which may remain in some cases of this description ;

the effect may have been produced not by the change, but by the means

employed to produce the change. The possibility, however, of this last

supposition generally admits of being conclusively tested by other experi-
ments. It thus appears that in the study of the various kinds of phenome-
na which we can, by our voluntary agency, modify or control, we can in

general satisfy the requisitions of the Method of Difference
;
but that by

the spontaneous operations of nature those requisitions are seldom fulfilled.

The reverse of this is the case with the Method of Agreement. We do
not here require instances of so special and determinate a kind. Any in-

stances whatever, in which nature presents us with a phenomenon, may be
examined for the purposes of this method

;
and if all such instances agree

in any thing, a conclusion of considerable value is already attained. We
can seldom, indeed, be sure that the one point of agreement is the only
one

;
but this ignorance does not, as in the Method of Difference, vitiate

the conclusion
;
the certainty of the result, as far as it goes, is not affected.

We have ascertained one invariable antecedent or consequent, however

many other invariable antecedents or consequents may still remain unas-

certained. If AB C, AD E, A F G, are all equally followed by a, then a is an
invariable consequent of A. If abc, ade, afff, all number A among their

antecedents, then A is connected as an antecedent, by some invariable law,
with a. But to determine whether this invariable antecedent is a cause,
or this invariable consequent an effect, we must be able, in addition, to

produce the one by means of the other
; or, at least, to obtain that which

alone constitutes our assurance of having produced any thing, namely, an
instance in which the effect, a, has come into existence, with no other

change in the pre-existing circumstances than the addition of A. And
this, if we can do it, is an application of the Method of Difference, not of

the Method of Agreement.
It thus appears to be by the Method of Difference alone that we can

ever, in the way of direct experience, arrive with certainty at causes. The
Method of Agreement leads only to laws of phenomena (as some writers

call them, but improperly, since laws of causation are also laws of phenom-
ena) : that is, to uniformities, which either are not laws of causation, or in

which the question of causation must for the present remain undecided.
The Method of Agreement is chiefly to be resorted to, as a means of sug-

gesting applications of the Method of Difference (as in the last example
the comparison of A B C, A D K, A F G, suggested that A was the ante-

cedent on which to try the experiment whether it could produce ) ;
or

as an inferior resource, in case the Method of Difference is impracticable;
which, as we before showed, generally arises from the impossibility of ar-

tificially producing the phenomena. And hence it is that the Method of

Agreement, though applicable in principle to either case, is more emphat-
ically the method of investigation on those subjects where artificial experi-
mentation is impossible ;

because on those it is, generally, our only resource
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of a directly inductive nature; while, in the phenomena which we can

produce at pleasure, the Method of Difference generally affords a more
efficacious process, which will ascertain causes as well as mere laws.

4. There are, however, many cases in which, though our power of

producing the phenomenon is complete, the Method of Difference either

can not be made available at all, or not without a previous employment of

the Method of Agreement. This occurs when the agency by which we
can produce the phenomenon is not that of one single antecedent, but a

combination of antecedents, which we have no power of separating from
each other, and exhibiting apart. For instance, suppose the subject of

inquiry to be the cause of the double refraction of light. We can produce
this phenomenon at pleasure, by employing any one of the many substances

which are known to refract light in that peculiar manner. But if, taking
one of those substances, as Iceland spar, for example, we wish to determine
on which of the properties of Iceland spar this remarkable phenomenon
depends, we can make no use, for that purpose, of the Method of Differ-

ence; for we can not find another substance precisely resembling Iceland

spar except in some one property. The only mode, therefore, of prosecu-
ting this inquiry is that afforded by the Method of Agreement; by which,
in fact, through a comparison of all the known substances which have the

property of doubly refracting light, it was. ascertained that they agree in

the circumstance of being crystalline substances
;
and though the converse

does not hold, though all crystalline substances have not the property of

double refraction, it was concluded, with reason, that there is a real con-

nection between these two properties ;
that either crystalline structure, or

the cause which gives rise to that structure, is one of the conditions of

double refraction.

Out of this employment of the Method of Agreement arises a peculiar
modification of that method, which is sometimes of great avail in the in-

vestigation of nature. In cases similar to the above, in which it is not

possible to obtain the precise pair of instances which our second canon

requires instances agreeing in every antecedent except A, or in every
consequent except a, we may yet be able, by a double employment of the

Method of Agreement, to discover in what the instances which contain A
or a differ from those which do not.

If we compare various instances in which a occurs, and find that they all

have in common the circumstance A, and (as far as can be observed) no
other circumstance, the Method of Agreement, so far, bears testimony to a

connection between A and a. In order to convert this evidence of connec-

tion into proof of causation by the direct Method of Difference, we ought
to be able, in some one of these instances, as for example, A B C, to leave

out A, and observe whether by doing so, a is prevented. Xow supposing
(what is often the case) that we are not able to try this decisive experi-
ment

; yet, provided we can by any means discover what would be its re-

sult if we could try it, the advantage will be the same. Suppose, then,
that as we previously examined a variety of instances in which a occurred,
and found them to agree in containing A, so we now observe a variety of

instances in which a does not occur, and find them agree in not containing
A

;
which establishes, by the Method of Agreement, the same connection

between the absence of A and the absence of
,
which Avas before estab-

lished between their presence. As, then, it had been shown that whenever
A is present a is present, so, it being now shown that when A is taken
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away a is removed along with it, we have by the one proposition ABC,
a he, by the other B C, /> r, the positive and negative instances which the

Method of Difference requires.
This method may be called the Indirect Method of Difference, or the

Joint Method of Agreement and Difference
;
and consists in a double em-

ployment of the Method of Agreement, each proof being independent of

the other, and corroborating it. But it is not equivalent to a proof by
the direct Method of Difference. For the requisitions of the Method of

Difference are not satisfied, unless we can be quite sure either that the in-

stances affirmative of a agree in no antecedent whatever but A, or that the

instances negative of <i agree in nothing but the negation of A. Now, if it

were possible, which it never is, to have this assurance, we should not need
the joint method

;
for either of the two sets of instances separately would

then be sufficient to prove causation. This indirect method, therefore, can

only be regarded as a great extension and improvement of the Method of

Agreement, but not as participating in the more cogent nature of the Meth-
od of Difference. The following may be stated as its canon :

THIRD CAXON*.

If tiro or more instances in which the phenomenon occurs have only
one circumstance in common, while two or more instances in which it does

not occur have nothing in common save the absence of that circumstance,
the circumstance in which alone the tiro sets of instances differ, is the

effect, or the cause, or an indispensablepart of the cause, of thephenomenon,

We shall presently see that the Joint Method of Agreement and Differ-

ence constitutes, in another respect not yet adverted to, an improvement
upon the common Method of Agreement, namely, in being unaffected by
a characteristic imperfection of that method, the nature of which still re-

mains to be pointed out. But as we can not enter into this exposition
without introducing a new element of complexity into this long and intri-

cate discussion, I shall postpone it to a subsequent chapter, and shall at

once proceed to a statement of two other methods, which will complete
the enumeration of the means which mankind possess for exploring the

laws of nature by specific observation and experience.

5. The first of these has been aptly denominated the Method of Kesi-

dues. Its principle is very simple. Subducting from any given phenome-
non all the portions which, by virtue of preceding inductions, can be assigned
to known causes, the remainder will be the effect of the antecedents which
had been overlooked, or of which the effect was as yet an unknown quantity.

Suppose, as before, that we have the antecedents A B C, followed by the

consequents a be, and that by previous inductions (founded, we will sup-

pose, on the Method of Difference) we have ascertained the causes of some
of these effects, or the effects of some of these causes; and are thence ap-

prised that the effect of A is a, and that the effect of B is b. Subtracting
the sum of these effects from the total phenomenon, there remains c, which

now, without any fresh experiments, we may know to be the effect of C.

This Method of Residues is in truth a peculiar modification of the Method
of Difference. If the instance A B C

1

,
a he, could have been compared

witli a single instance A B, ah, we should have proved C to be the cause
of

", by the common process of the Method of Difference. In the present

case, however, instead of a single instance A B, we have had to study sop-
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arately the causes A and B, and to infer from the effects which they pro-
duce separately what effect they must produce in the case ABC, where

they act together. Of the two instances, therefore, which the Method of

Difference requires the one positive, the other negative the negative
one, or that in which the given phenomenon is absent, is not the direct re-

sult of observation and experiment, but has been arrived at by deduction.

As one of the forms of the Method of Difference, the Method of Residues

partakes of its rigorous certainty, provided the previous inductions, those

which gave the effects of A and B, were obtained by the same infallible

method, and provided we are certain that C is the only antecedent to

which the residual phenomenon c can be referred; the only agent of which
we had not already calculated and subducted the effect. But as we can

never be quite certain of this, the evidence derived from the Method of

Residues is not complete unless we can obtain C artificially, and try it sep-

arately, or unless its agency, when once suggested, can be accounted for,
and proved deductively from known laws.

Even with these reservations, the Method of Residues is one of the most

important among our instruments of discovery. Of all the methods of in-

vestigating laws of nature, this is the most fertile in unexpected results :

often informing us of sequences in which neither the cause nor the effect

were sufficiently conspicuous to attract of themselves the attention of ob-

servers. The agent C may be an obscure circumstance, not likely to have
been perceived unless sought for, nor likely to have been sought for until

attention had been awakened by the insufficiency of the obvious causes to

account for the whole of the effect. And c may be so disguised by its in-

termixture with a and b, that it would scarcely have presented itself spon-

taneously as a subject of separate study. Of these uses of the method, we
shall presently cite some remarkable examples. The canon of the Method
of Residues is as follows :

FOURTH CANON.

Subduct from any phenomenon such part as is knoicn by previous in-

ductions to be the effect of certain antecedents, and the residue of the phe-
nomenon is the effect of the remaining antecedents.

6. There remains a class of laws which it is impracticable to ascertain

by any of the three methods which I have attempted to characterize:

namely, the laws of those Permanent Causes, or indestructible natural

agents, which it is impossible either to exclude or to isolate
;
which we can

neither hinder from being present, nor contrive that they shall be present
alone. It would appear at first sight that we could by no means separate
the effects of these agents from the effects of those other phenomena with

which they can not be prevented from co-existing. In respect, indeed, to

most of the permanent causes, no such difficulty exists
; since, though we

can not eliminate them as co-existing facts, we can eliminate them as influ-

encing agents, by simply trying our experiment in a local situation beyond
the limits of their influence. The pendulum, for example, has its oscilla-

tions disturbed by the vicinity of a mountain : we remove the pendulum to

a sufficient distance from the mountain, and the disturbance ceases : from
these data we can determine by the Method ot Difference, the amount of ef-

fect due to the mountain
;
and beyond a certain distance every thing goes

on precisely as it would do if the mountain exercised no influence what-

ever, which, accordingly, we, with sufficient reason, conclude to be the fact.
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The difficulty, therefore, in applying the methods already treated of to

determine the effects of Permanent Causes, is confined to the cases in

which it is impossible for us to get out of the local limits of their influ-

ence. The pendulum can be removed from the influence of the mountain,
but it can not be removed from the influence of the earth : we can not take

away the earth from the pendulum, nor the pendulum from the earth, to

ascertain whether it would continue to vibrate if the action which the

earth exerts upon it were withdrawn. On what evidence, then, do we
ascribe its vibrations to the earth's influence? Not on any sanctioned by
the Method of Difference

;
for on 3 of the two instances, the negative in-

stance, is wanting. Nor by the Method of Agreement; for though all

pendulums agree in this, that during their oscillations the earth is always

present, why may we not as well ascribe the phenomenon to the sun, which
is equally a co-existent fact in all the experiments ? It is evident that to

establish even so simple a fact of causation as this, there was required
some method over and above those which we have yet examined.
As another example, let us take the phenomenon Heat. Independently

of all hypothesis as to the real nature of the agency so called, this fact is

certain, that we are unable to exhaust any body of the whole of its heat.

It is equally certain that no one ever perceived heat not emanating from a

body. Being unable, then, to separate Body and Heat, we can not effect

such a variation of circumstances as the foregoing three methods require ;

we can not ascertain, by those methods, what portion of the phenomena
exhibited by any body is due to the heat contained in it. If we could ob-

serve a body with its heat, and the same body entirely divested of heat,
the Method of Difference would show the effect due to the heat, apart
from that due to the body. If we could observe heat under circumstances

agreeing in nothing but heat, and therefore not characterized also by the

presence of a body, we could ascertain the effects of heat, from an instance

of heat with a body and an instance of heat without a body, by the Meth-
od of Agreement ;

or we could determine by the Method of Difference

what effect was due to the body, when the remainder which was due to the

heat would be given by the Method of Residues. But we can do none of

these things ;
and without them the application of any of the three meth-

ods to the solution of this problem would be illusory. It would be idle,

for instance, to attempt to ascertain the effect of heat by subtracting from
the phenomena exhibited by a body all that is due to its other properties;
for as we "have never been able to observe any bodies without a portion of

heat in them, effects due to that heat might form a part of the very re-

sults which we were affecting to subtract, in order that the effect of heat

might be shown by the residue.

If, therefore, there were no other methods of experimental investigation
than these three, we should be unable to determine the effects due to heat

as a cause. But we have still a resource. Though we can not exclude an

antecedent altogether, we may be able to produce, or nature may produce
for us some modification in it. By a modification is here meant, a change
in it not amounting to its total removal. If some modification in the an-

tecedent A is always followed by a change in the consequent a, the other

consequents b and c remaining the same; or vied versa, if every change in

is found to have been preceded by some modification in A, none being
observable in any of the other antecedents, we may safely conclude that

is, wholly or in part, an effect traceable to A, or at least in some way con-

nected with it through causation. For example, in the case of heat, though
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we can not expel it altogether from any body, we can modify it in quantity,
we can increase or diminish it

;
and doing so, we find by the various meth-

ods of experimentation or observation already treated of, that such increase

or diminution of heat is followed by expansion or contraction of the body.
In this manner we arrive at the conclusion, otherwise unattainable by us,
that one of the effects of heat is to enlarge the dimensions of bodies; or,
what is the same thing in other words, to widen the distances between their

particles.
.A change in a thing, not amounting to its total removal, that is, a change

which leaves it still the same thing it was, must be a change either in its

quantity, or in some of its variable relations to other things, of which va-

riable relations the principal is its position in space. In the previous ex-

ample, the modification which was produced in the antecedent was an al-

teration in its quantity. Let us now suppose the question to be, what in-

fluence the moon exerts on the surface of the earth. We can not try an

experiment in the absence of the moon, so as to observe what terrestrial

phenomena her annihilation would put an end to
;
but when we find that

all the variations in the position of the moon are followed by correspond-
ing variations in the time and place of high water, the place being always
either the part of the earth which is nearest to, or that which is most re-

mote from, the moon, we have ample evidence that the moon is, wholly or

partially, the cause which determines the tides. It very commonly hap-
pens, as it does in this instance, that the variations of an effect are corre-

spondent, or analogous, to those of its cause
;
as the moon moves farther

toward the east, the high-water point docs the same: but this is not an in-

dispensable condition, as may be seen in the same example, for along with
that high-water point there is at the same instant another high-water point

diametrically opposite to it, and which, therefore, of necessity, moves toward
the west, as the moon, followed by the nearer of the tide waves, advances
toward the east: and yet both these motions are equally effects of the

moon's motion.

That the oscillations of the pendulum are caused by the earth, is proved
by similar evidence. Those oscillations take place between equidistant

points on the two sides of a line, which, being perpendicular to the earth,
varies with every variation in the earth's position, either in space or rela-

tively to the object. Speaking accurately, we only know by the method
now characterized, that all terrestrial bodies tend to the earth, and not to

some unknown fixed point lying in the same direction. In every twenty-
four hours, by the earth's rotation, the line drawn from the body at right

angles to the earth coincides successively with all the radii of a circle, and
in the course of six months the place of that circle varies by nearly two
hundred millions of miles; yet in all these changes of the earth's position,
the line in which bodies tend to fall continues to be directed toward it:

which proves that terrestrial gravity is directed to the earth, and not, as

was once fancied by some, to a fixed point of space.
The method by which these results were obtained may be termed the

Method of Concomitant Variations
;

it is regulated by the following canon :

FIFTH

Whatever phenomenon varies in any manner ichenever another phe-
nomenon varies in some particular manner, is either a cause or an effect

of that phenomenon, or is connected 'with it through some fact of cassa-

tion.
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The last clause is subjoined, because it by no means follows when two

phenomena accompany each other in their variations, that the one is cause
and the other effect. The same thing may, and indeed must happen, sup-

posing them to be two different effects of a common cause : and by this

method alone it would never be possible to ascertain which of the suppo-
sitions is the true one. The only way to solve the doubt would be that

which we have so often adverted to, viz., by endeavoring to ascertain wheth-
er we can produce the one set of variations by means of the other. In the

case of heat, for example, by increasing the temperature of a body we in-

crease its bulk, but by increasing its bulk we do not increase its temper-
ature; on the contrary (as in the rarefaction of air under the receiver

of an air-pump), we generally diminish it : therefore heat is not an effect,

but a cause, of increase of bulk. If we can not ourselves produce the va-

riations, we must endeavor, though it is an attempt which is seldom suc-

cessful, to find them produced by nature in some case in which the pre-

existing circumstances are perfectly known to us.

It is scarcely necessary to say, that in order to ascertain the uniform con-

comitance of variations in the effect with variations in the cause, the same

precautions must be used as in any other case of the determination of an

invariable sequence. We must endeavor to retain all the other anteced-

ents unchanged, while that particular one is subjected to the requisite se-

ries of variations; or, in other words, that we may be warranted in infer-

ring causation from concomitance of variations, the concomitance itself

must be proved by the Method of Difference.

It might at first appear that the Method of Concomitant Variations as-

sumes a new axiom, or law of causation in general, namely, that every mod-
ification of the cause is followed by a change in the effect. And it does

usually happen that when a phenomenon A causes a phenomenon a, any
variation in the quantity or in the various relations of A, is uniformly fol-

lowed by a variation in the quantity or relations of . To take a familial-

instance, that of gravitation. The sun causes a certain tendency to motion
in the earth

;
here we have cause and effect

;
but that tendency is toward

the sun, and therefore varies in direction as the sun varies in the relation

of position ; and, moreover, the tendency varies in intensity, in a certain

numerical correspondence to the sun's distance from the earth, that is, ac-

cording to another relation of the sun. Thus we see that there is not

only an invariable connection between the sun and the earth's gravitation,
but that two of the relations of the sun, its position with respect to the

earth and its distance from the earth, are invariably connected as anteced-

ents with the quantity and direction of the earth's gravitation. The cause
of the earth's gravitating at all, is simply the sun

;
but the cause of its

gravitating with a given intensity and in a given direction, is the existence

of the sun in a given direction and at a given distance. It is not strange
that a modified cause, which is in truth a different cause, should produce a

different effect.

Although it is for the most part true that a modification of the cause is

followed by a modification of the effect, the Method of Concomitant Varia-

tions does not, however, presuppose this as an axiom. It only requires
the converse proposition : that any thing on whose modifications, modifi-

cations of an effect arc invariably consequent, must be the cause (or con-

nected with the cause) of that effect; a proposition, the truth of which is

evident
;
for if the thing itself had no influence on the effect, neither could

the modifications of the thing have any influence. If the stars have no
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power over the fortunes of mankind, it is implied in the very terms that

the conjunctions or oppositions of different stars can have no such power.
Although the most striking applications of the Method of Concomitant

Variations take place in the cases in which the Method of Difference,

strictly so called, is impossible, its use is not confined to those cases
;

it

may often usefully follow after the Method of Difference, to give addition-

al precision to a solution which that has found. When by the Method of

Difference it has first been ascertained that a certain object produces a

certain effect, the Method of Concomitant Variations may be usefully call-

ed in, to determine according to what law the quantity or the different re-

lations of the effect follow those of the cause.

7. The case in which this method admits of the most extensive em-

ployment, is that in which the variations of the cause are variations of

quantity. Of such variations we may in general affirm with safety, that

they will be attended not only with variations, but with similar variations,
of the effect: the proposition that more of the cause is followed by more
of the effect, being a corollary from the principle of the Composition of

Causes, which, as we have seen, is the general rule of causation
;
cases of

the opposite description, in which causes change their properties on being
conjoined with one another, being, on the contrary, special and exceptional.

[Suppose, then, that when A changes in quantity, a also changes in quantity,
and in such a manner that we can trace the numerical relation which the

changes of the one bear to such changes of the other as take place Avithin

our limits of observation. We may then, with certain precautions, safely
conclude that the same numerical relation will hold beyond those limits.

If, for instance, we find that when A is double, a is double
;
that when A is

treble or quadruple, a is treble or quadruple; we may conclude that if A
were a half or a third, a Avould be a half or a third, and finally, that if A
were annihilated, a would be annihilated

;
and that a is wholly the effect of

A, or wholly the effect of the same cause with A. And so with any other

numerical relation according to which A and a would vanish simultaneous-

ly ; as, for instance, if a wrere proportional to the square of A. If, on the

other hand, a is not wholly the effect of A, but yet varies when A varies, it

is probably a mathematical function not of A alone, but of A and something
else : its changes, for example, may be such as would occur if part of it re-

mained constant, or varied on some other principle, and the remainder va-

ried in some numerical relations to the variations of A. In that case, when
A diminishes, a will be seen to approach not toward zero, but toward some
other limit

;
and when the series of variations is such as to indicate Avhat

that limit is, if constant, or the law of its variation, if variable, the limit

will exactly measure how much of a is the effect of some other and inde-

pendent cause, and the remainder will be the effect of A (or of the cause

of A).
These conclusions, however, must not be drawn without certain precau-

tions. In the first place, the possibility of drawing them at all, manifestly

supposes that we are acquainted not only with the variations, but with the

absolute quantities both of A and a. If we do not know the total quan-

tities, we can not, of course, determine the real numerical relation according
to which those quantities vary. It is, therefore, an error to conclude, as

some have concluded, that because increase of heat expands bodies, that

is, increases the distance between their particles, therefore the distance is

wholly the effect of heat, and that if we could entirely exhaust the body of

19
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its heal, the particles would be in complete contact. This is no more than
a guess, and of the most hazardous sort, not a legitimate induction : for

since we neither know how much heat there is in any body, nor what is

the real distance between any two of its particles, we can not judge whether
the contraction of the distance does or does not follow the diminution of

the quantity of heat according to such a numerical relation that the two

quantities would vanish simultaneously.
In contrast with this, let us consider a case in which the absolute quan-

tities are known
;
the case contemplated in the first law of motion : viz.,

that all bodies in motion continue to move in a straight line with uniform

velocity until acted upon by some new force. This assertion is in open op-

position to first appearances ;
all terrestrial objects, when in motion, grad-

ually abate their velocity, and at last stop; which accordingly the ancients,
with their inductio per cnionenitionem slinplicem, imagined to be the law.

Every moving body, however, encounters various obstacles, as friction, the

resistance of the atmosphere, etc., which we know by daily experience to

be causes capable of destroying motion. It was suggested that the whole
of the retardation might be owing to these causes. How was this in-

quired into ? If the obstacles could have been entirely removed, the case

would have been amenable to the Method of Difference. They could not

be removed, they could only be diminished, and the case, therefore, ad-

mitted only of the Method of Concomitant Variations. This accordingly

being employed, it was found that every diminution of the obstacles di-

minished the retardation of the motion : and inasmuch as in this case (un-
like the case of heat) the total quantities both of the antecedent and of the

consequent were known, it was practicable to estimate, with an approach
to accuracy, both the amount of the retardation and the amount of the

retarding causes, or resistances, and to judge how near they both were to

being exhausted; and it appeared that the effect dwindled as rapidly, and
at each step was as far on the road toward annihilation, as the cause was.

The simple oscillation of a weight suspended from a fixed point, and
moved a little out of the perpendicular, which in ordinary circumstances
lasts but a few minutes, was prolonged in Borda's experiments to more than

thirty hours, by diminishing as much as possible the friction at the point
of suspension, and by making the body oscillate in a space exhausted as

nearly as possible of its air. There could therefore be no hesitation in as-

signing the whole of the retardation of motion to the influence of the ob-

stacles
;
and since, after subducting this retardation from the total phenom-

enon, the remainder \vas a uniform velocity, the result was the proposition
known as the first law of motion.
There is also another characteristic uncertainty affecting the inference

that the law of variation which the quantities observe within our limits of

observation, will hold beyond those limits. There is, of course, in the first

instance, the possibility that beyond the limits, and in circumstances there-

fore of which we have no direct experience, some counteracting cause

might develop itself
j
either a new agent or a new property of the agents

concerned, which lies dormant in the circumstances we are able to observe.

This is an element of uncertainty which enters largely into all our predic-
tions of effects; but it is not peculiarly applicable to the Method of Con-
comitant Variations. The uncertainty, however, of which I am about to

speak, is characteristic of that method
; especially in the cases in which

the extreme limits of our observation are very narrow, in comparison with
the possible variations in the quantities of the phenomena. Any one who
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has the slightest acquaintance with mathematics, is aware that very differ-

ent laws of variation may produce numerical results which differ but slight-

ly from one another within narrow limits
;
and it is often only when the

absolute amounts of variation are considerable, that the difference between
the results given by one law and by another becomes appreciable. When,
therefore, such variations in the quantity of the antecedents as we have the

means of observing are small in comparison with the total quantities, there

is much danger lest we should mistake the numerical law, and be led to

miscalculate the variations which would take place beyond the limits
;

a

miscalculation which would vitiate any conclusion respecting the depend-
ence of the effect upon the cause, that could be founded on those varia-

tions. Examples are not wanting of such mistakes. " The formula?," says
Sir John Herschel,*

" which have been empirically deduced for the elas-

ticity of steam (till very recently), and those for the resistance of fluids, and
other similar subjects," when relied on beyond the limits of the observa-

tions from which they were deduced,
" have almost invariably failed to sup-

port the theoretical structures which have been erected on them."
In this uncertainty, the conclusion we may draw from the concomitant

variations of a and A, to the existence of an invariable and exclusive con-

nection between them, or to the permanency of the same numerical relation

between their variations when the quantities are much greater or smaller

than those which we have had the meajns of observing, can not be consider-

ed to rest on a complete induction. All that in such a case can be regard-
ed as proved on the subject of causation is, that there is some connection
between the two phenomena; that A, or something which can influence A,
must be one of the causes which collectively determine a. We may, how-

ever, feel assured that the relation which we have observed to exist be-

tween the variations of A and a, will hold true in all cases which fall be-

tween the same extreme limits
;
that is, wherever the utmost increase or

diminution in which the result has been found by observation to coincide

with the law, is not exceeded.

The four methods which it has now been attempted to describe, are the

only possible modes of experimental inquiry of direct induction a poste-

riori, as distinguished from deduction : at least, I know not, nor am able to

imagine any others. And even of these, the Method of Residues, as we
have seen, is not independent of deduction

; though, as it also requires

specific experience, it may, without impropriety, be included among meth-
ods of direct observation and experiment.

These, then, with such assistance as can be obtained from Deduction,

compose the available resources of the human mind for ascertaining the

laws of the succession of phenomena. Before proceeding to point out cer-

tain circumstances by which the employment of these methods is subjected
to an immense increase of complication and of difficulty, it is expedient to

illustrate the use of the methods, by suitable examples drawn from actual

physical investigations. These, accordingly, will form the subject of the

succeeding chapter.

* Discourse on the Study of Natural Philosophy, p, 179.
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CHAPTER IX.

MISCELLANEOUS EXAMPLES OF THE FOUR METHODS.

1.1 SHALT, select, as a first example, an interesting speculation of one

of the most eminent of theoretical chemists, Baron Liebig. The object in

view is to ascertain the immediate cause of the death produced by metal-

lic poisons.
Arsenious acid, and the salts of lead, bismuth, copper, and mercury, if

introduced into the animal organism, except in the smallest doses, destroy
life. These facts have long been known, as insulated truths of the lowest

order of generalization ;
but it was reserved for Liebig, by an apt employ-

ment of the first two of our methods of experimental inquiry, to connect

these truths together by a higher induction, pointing out what property,
common to all these deleterious substances, is the really operating cause of

their fatal effect.

When solutions of these substances are placed in sufficiently close con-

tact with many animal products, albumen, milk, muscular fibre, and animal

membranes, the acid or salt leaves the water in which it was dissolved,
and enters into combination with the animal substance, which substance,
after being thus acted upon, is found to have lost its tendency to sponta-
neous decomposition, or putrefaction.

Observation also shows, in cases Avhere death has been produced by
these poisons, that the parts of the body with which the poisonous sub-

stances have been brought into contact, do not afterward putrefy.

And, finally, when the poison has been supplied in too small a quantity
to destroy life, eschars are produced, that is, certain superficial portions of

the tissues are destroyed, which are afterward thrown off by the reparative

process taking place in the healthy parts.
These three sets of instances admit of being treated according to the

Method of Agreement. In all of them the metallic compounds are

brought into contact with the substances which compose the human or ani-

mal body ;
and the instances do not seem to agree in any other circum-

stance. The remaining antecedents are as different, and even opposite, as

they could possibly be made
;
for in some the animal substances exposed

to the action of the poisons are in a state of life, in others only in a state

of organization, in others not even in that. And what is the result which
follows in all the cases? The conversion of the animal substance (by com-
bination with the poison) into a chemical compound, held together by so

powerful a force as to resist the subsequent action of the ordinary causes

of decomposition. Now, organic life (the necessary condition of sensitive

life) consisting in a continual state of decomposition and recomposition of

the different organs and tissues, whatever incapacitates them for this de-

composition destroys life. And thus the proximate cause of the death pro-
duced by this description of poisons is ascertained, as far as the Method
of Agreement can ascertain it.

Let us now bring our conclusion to the test of the Method of Difference.

Setting out from the cases already mentioned, in which the antecedent is

the presence of substances forming with the tissues a compound incapable
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of putrefaction, (and a fortiori incapable of the chemical actions which
constitute life), and the consequent is death, either of the whole organism,
or of some portion of it; let us compare with these cases other cases, as

much resembling them as possible, but in which that effect is not produced.
And, first,

"
many insoluble basic salts of arsenious acid are known not to

be poisonous. The substance called alkargen, discovered by Bunsen, which
contains a very large quantity of arsenic, and approaches very closely in

composition to the organic arsenious compounds found in the body, has

not the slightest injurious action upon the organism." Now when these

substances are brought into contact with the tissues in any way, they do
not combine with them

; they do not arrest their progress to decomposi-
tion. As far, therefore, as these instances go, it appears that when the

effect is absent, it is by reason of the absence of that antecedent which we
had already good ground for considering as the proximate cause.

But the rigorous conditions of the Method of Difference are not yet sat-

isfied
;
for we can not be sure that these unpoisonous bodies agree with

the poisonous substances in every property, except the particular one of

entering into a difficultly decomposable compound with the animal tissues.

To render the method strictly applicable, we need an instance, not of a

different substance, but of one of the very same substances, in circum-
stances which would prevent it from forming, with the tissues, the sort

of compound in question ;
and then, if death does not follow, our case is

made out. Now such instances are afforded by the antidotes to these poi-
sons. For example, in case of poisoning by arsenious acid, if hydrated
peroxide of iron is administered, the destructive agency is instantly check-

ed. Now this peroxide is known to combine with the acid, and form a

compound, which, being insoluble, can not act at all on animal tissues. So,

again, sugar is a well-known antidote to poisoning by salts of copper; and

sugar reduces those salts cither into metallic copper, or into the red sub-

oxide, neither of which enters into combination with animal matter. The
disease called painter's colic, so common in manufactories of white-lead, is

unknown where the workmen are accustomed to take, as a preservative,

sulphuric acid lemonade (a solution of sugar rendered acid by sulphuric

acid). Now diluted sulphuric acid has the property of decomposing all

compounds of lead with organic matter, or of preventing them from being
formed.

There is another class of instances, of the nature required by the Method
of Difference, which seem at first sight to conflict with the theory. Solu-

ble salts of silver, such for instance as the nitrate, have the same stiffening

antiseptic effect on decomposing animal substances as corrosive sublimate

and the -most deadly metallic poisons ;
and when applied to the external

parts of the body, the nitrate is a powerful caustic, depriving those parts of

all active vitality, and causing them to be thrown off by the neighboring
living structures, in the form of an eschar. The nitrate and the other

salts of silver ought, then, it would seem, if the theory be correct, to be

poisonous ; yet they may be administered internally with perfect impunity.
From this apparent exception arises the strongest confirmation which the

theory has yet received. Nitrate of silver, in spite of its chemical proper-

ties, does not poison when introduced into the stomach
;
but in the stom-

ach, as in all animal liquids, there is common salt; and in the stomach
there is also, free muriatic acid. These substances operate as natural anti-

dotes, combining with the nitrate, and if its quantity is not too great, im-

mediately converting it into chloride of silver, a substance very slightly



294 INDUCTION.

soluble, and therefore incapable of combining with the tissues, although to

the extent of its solubility it has a medicinal influence, though an entirely
different class of organic actions.

The preceding instances have afforded an induction of a high order of

conclusiveness, illustrative of the two simplest of our four methods
; though

not rising to the maximum of certainty which the Method of Difference,
in its most perfect exemplification, is capable of affording. For (let us

not forget) the positive instance and the negative one which the rigor of

that method requires, ought to differ only in the presence or absence of

one single circumstance. Now, in the preceding argument, they differ in

the presence or absence not of a single circumstance, but of a single sub-

stance : and as every substance has innumerable properties, there is no

knowing what number of real differences are involved in what is nominally
and apparently only one difference. It is conceivable that the antidote,
the peroxide of iron for example, may counteract the poison through some
other of its properties than that of forming an insoluble compound with it

;

and if so, the theory would fall to the ground, so far as it is supported by
that instance. This source of uncertainty, which is a serious hinderance to

all extensive generalizations in chemistry, is, however, reduced in the pres-
ent case to almost the lowest degree possible, when we find that not only
one substance, but many substances, possess the capacity of acting as anti-

dotes to metallic poisons, and that all these agree in the property of form-

ing insoluble compounds with the poisons, while they can not be ascer-

tained to agree in any other property whatsoever. We have thus, in favor

of the theory, all the evidence which can be obtained by what we termed
the Indirect Method of Difference, or the Joint Method of Agreement and

Difference; the evidence of which, though it never can amount to that of

the Method of Difference properly so called, may approach indefinitely near

to it.

2. Let the object be* to ascertain the law of what is termed induced

electricity; to find under what conditions any electrified body, whether

positively or negatively electrified, gives rise to a contrary electric state in

some other body adjacent to it.

The most familiar exemplification of the phenomenon to be investigated
is the following. Around the prime conductors of an electrical machine
the atmosphere to some distance, or any conducting surface suspended in

that atmosphere, is found to be in an electric condition opposite to that of

the prime conductor itself. Near and around the positive prime conductor
there is negative electricity, and near and around the negative prime con-

ductor there is positive electricity. When pith balls are brought near to

cither of the conductors, they become electrified with the opposite electric-

ity to it; either receiving a share from the already electrified atmosphere
by conduction, or acted upon by the direct inductive influence of the con-

ductor itself: they are then attracted by the conductor to which they are

in opposition ; or, if withdrawn in their electrified state, they will be at-

tracted by any other oppositely charged body. In like manner the hand,
if brought near enough to the conductor, receives or gives an electric dis-

charge; now we have no evidence that a charged conductor can be sud-

denly discharged unless by the approach of a body oppositely electrified.

* For this speculation, as for many other of my scientific illustrations, I am indebted to

Professor Bain, whose subsequent treatise on Logic abounds with apt illustrations of all the

inductive methods.
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In the case, therefore, of the electric machine, it appears that the accumula-
tion of electricity in an insulated conductor is always accompanied by the

excitement of the contrary electricity in the surrounding atmosphere, and
in every conductor placed near the former conductor. It does not seem

possible, in this case, to produce one electricity by itself.

Let us now examine all the other instances which we can obtain, resem-

bling this instance in the given consequent, namely, the evolution of an op-

posite electricity in the neighborhood of an electrified body. As one re-

markable instance we have the Leyden jar ;
and after the splendid experi-

ments of Faraday in complete and final establishment of the substantial

identity of magnetism and electricity, we may cite the magnet, both the

natural and the electro-magnet, in neither of which it is possible to produce
one kind of electricity by itself, or to charge one pole without charging an

opposite pole with the contrary electricity at the same time. We can not

have a magnet with one pole : if we break a natural loadstone into a thou-

sand pieces, each piece will have its two oppositely electrified poles com-

plete within itself. In the voltaic circuit, again, we can not have one cur-

rent without its opposite. In the ordinary electric machine, the glass cyl-
inder or plate, and the rubber, acquire opposite electricities.

From all these instances, treated by the Method of Agreement, a general
law appears to result. The instances embrace all the known modes in

which a body can become charged with electricity ;
and in all of them

there is found, as a concomitant or consequent, the excitement of the op-

posite electric state in some other body or bodies. It seems to follow that

the two facts are invariably connected, and that the excitement of electric-

ity in any body has for one of its necessary conditions the possibility of

a simultaneous excitement of the opposite electricity in some neighbor-

ing body.
As the two contrary electricities can only be produced together, so they

can only cease together. This may be shown by an application of the Meth-
od of Difference to the example of the Leyden jar. It needs scarcely be

here remarked that in the Leyden jar, electricity can be accumulated and
retained in considerable quantity, by the contrivance of having two conduct-

ing surfaces of equal extent, and parallel to each other through the whole
of that extent, with a non-conducting substance such as glass between them.
When one side of the jar is charged positively, the other is charged nega-

tively, and it was by virtue of this fact that the Leyden jar served just now
as an instance in our employment of the Method of Agreement. Xow it

is impossible to discharge one of the coatings unless the other can be dis-

charged at the same time. A conductor held to the positive side can not con-

vey away any electricity unless an equal quantity be allowed to pass from
the negative side : if one coating be perfectly insulated, the charge is safe.

The dissipation of one must proceed part passu with that of the other.

The law thus strongly indicated admits of corroboration by the Method
of Concomitant Variations. The Leyden jar is capable of receiving a much

higher charge than can ordinarily be given to the conductor of an electrical

machine. Xow in the case of the Leyden jar, the metallic surface which
receives the induced electricity is a conductor exactly similar to that which
receives the primary charge, and is therefore as susceptible of receiving
and retaining the one electricity, as the opposite surface of receiving and

retaining the other; but in the machine, the neighboring body which is to

be oppositely electrified is the surrounding atmosphere, or any body casu-

ally brought near to the conductor
;
and as these are generally much in-
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ferior in their capacity of becoming electrified, to the conductor itself, their

limited power imposes a corresponding limit to the capacity of the con-

ductor for being charged. As the capacity of the neighboring body for

supporting the opposition increases, a higher charge becomes possible: and
to this appears to be owing the great superiority of the Leyden jar.
A further and most decisive confirmation by the Method of Difference,

is to be found in one of Faraday's experiments in the course of his re-

searches on the subject of Induced Electricity.
Since common or machine electricity, and voltaic electricity, may be con-

sidered for the present purpose to be identical, Faraday wished to know
whether, as the prime conductor develops opposite electricity upon a con-

ductor in its vicinity, so a voltaic current running along a wire would in-

duce an opposite current upon another wire laid parallel to it at a short

distance. Now this case is similar to the cases previously examined, in

every circumstance except the one to which we have ascribed the effect.

We found in the former instances that whenever electricity of one kind
was excited in one body, electricity of the opposite kind must be excited

in a neighboring body. But in Faraday's experiment this indispensable

opposition exists within the wire itself. From the nature of a voltaic

charge, the t\vo opposite currents necessary to the existence of each other

are both accommodated in one wire; and there is no need of another wire

placed beside it to contain one of them, in the same way as the Leyden jar
must have a positive and a negative surface. The exciting cause can and
does produce all the effect which its laws require, independently of any
electric excitement of a neighboring body. Now the result of the experi-
ment with the second wire was, that no opposite current was produced.
There was an instantaneous effect at the closing and breaking of the vol-

taic circuit; electric inductions appeared when the two wires were moved
to and from one another; but these are phenomena of a different class.

There was no induced electricity in the sense in which this is predicated
of the Leyden jar; there was no sustained current running up the one
wire while an opposite current ran down the neighboring wire; and this

alone would have been a true parallel case to the other.

It thus appears by the combined evidence of the Method of Agreement,
the Method of Concomitant Variations, and the most rigorous form of the

Method of Difference, that neither of the two kinds of electricity can be
excited without an equal excitement of the other and opposite kind : that

both are effects of the same cause
;
that the possibility of the one is a con-

dition of the possibility of the other, and the quantity of the one an im-

passable limit to the quantity of the other. A scientific result of consider-

able interest in itself, and illustrating those three methods in a manner
both characteristic and easily intelligible.*

3. Our third example shall be extracted from Sir John Ilerschel's J)is-

* This view of the necessary co-existence of opposite excitements involves a great extension

of the original doctrine of two electricities. The early theorists assumed that, when amber
was rubbed, the amber was made positive and the rubber negative to the same degree: but it

never occurred to them to suppose that the existence of the amber charge was dependent on
an opposite charge in the bodies with which the amber was contiguous, while the existence

of the negative charge on the rubber was equally dependent on a contrary state of the sur-

faces that might accidentally !>< conf;onted with it : that, in fact, in a case of electrical ex-

citement bv friction, four charge* were the minimum that could exist. Hut this double elec-

trical action is essentiallv implied in the explanation now universally adopted in regard to

the phenomena of the common electric machine.
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course on the Study of Natural Philosophy ,
a work replete with happily-

selected exemplifications of inductive processes from almost every depart-
ment of physical science, and in which alone, of all books which I have met
with, the four methods of induction are distinctly recognized, though not
so clearly characterized and defined, nor their correlation so fully shown,
as has appeared to me desirable. The present example is described by
Sir John Herschel as "one of the most beautiful specimens" which can be
cited "of inductive experimental inquiry lying within a moderate com-

pass;" the theory of dew, first promulgated by the late Dr. Wells, and now

universally adopted by scientific authorities. The passages in inverted

commas are extracted verbatim from the Discourse.*
"
Suppose dew were the phenomenon proposed, whose cause we would

know. In the first place" we must determine precisely what we mean by
dew : what the fact really is whose cause we desire to investigate.

" We
must separate dew from rain, and the moisture of fogs, and limit the ap-

plication of the term to what is really meant, which is the spontaneous ap-

pearance of moisture on substances exposed in the open air when no rain

or visible wet is falling." This answers to a preliminary operation which
will be characterized in the ensuing book, treating of operations subsidiary
to induction.f

"
Now, here we have analogous phenomena in the moisture which be-

dews a cold metal or stone when we breathe upon it
;
that which appears

on a glass of water fresh from the well in hot weather
;
that which appears

on the inside of windows when sudden rain or hail chills the external air;
that which runs down our walls when, after a long frost, a warm, moist
thaw comes on." Comparing these cases, AVC find that they all contain the

phenomenon which was proposed as the subject of investigation. Now
"all these instances agree in one point, the coldness of the object dewed,
in comparison with the air in contact with it." But there still remains the

most important case of all, that of nocturnal dew: does the same circum-

stance exist in this case? "Is it a fact that the object dewed is colder

than the air? Certainly not, one would at first be inclined to s:iy; for

what is to make it so ? But .... the experiment is easy : \ve have only to

lay a thermometer in contact with the dewed substance, and hang one at a

little distance above it, out of reach of its influence. The experiment has
been therefore made, the question has been asked, and the answer has been

invariably in the affirmative. Whenever an object contracts dew, it is

colder than the air."

Here, then, is a complete application of the Method of Agreement, estab-

lishing the fact of an invariable connection between the deposition of dew
on a surface, and the coldness of that surface compared with the external

air. But which of these is cause, and which effect ? or are they both ef-

fects of something else? On this subject the Method of Agreement can
afford us no light : we must call in a more potent method. " We must
collect more facts, or, which comes to the same thing, vary the circum-

stances; since every instance in which the circumstances differ is a fresh

fact: and especially, we must note the contrary or negative cases,*, e.,

where no dew is produced :" a comparison between instances of dew and
instances of no dew, being the condition necessary to bring the Method of

Difference into play."
Now, first, no dew is produced on the surface of polished metals, but

*
Pp. 110, 111. t Infra, book iv., chap. ii.. On Abstraction.
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it is very copiously on glass, both exposed with their faces upward, and in

some cases the under side of a hori/ontal plate of glass is also dewed."
Here is an instance in which the effect is produced, and another instance in

which it is not produced ;
but we can not yet pronounce, as the canon of

the Method of Difference requires, that the latter instance agrees with the

former in all its circumstances except one
;

for the differences between

glass and polished metals are manifold, and the only thing we can as yet
be sure of is, that the cause of dew will be found among the circumstances

by which the former substance is distinguished from the latter. ]>ut if

we could be sure that glass, and the various other substances on which dew
is deposited, have only one quality in common, and that polished metals

and tlie other substances on which dew is not deposited, have also nothing
in common but the one circumstance of not having the one quality which
the others have; the requisitions of the Method of Difference would be

completely satisfied, and we should recognize, in that quality of the sub-

stances, the cause of dew. This, accordingly, is the path of inquiry which
is next to be pursued.

" In the cases of polished metal and polished glass, the contrast shows

evidently that the substance has much to do with the phenomenon ;
there-

fore let the substance alone be diversified as much as possible, by exposing
polished surfaces of various kinds. This done, a scale of intensity becomes
obvious. Those polished substances are found to be most strongly dewed
which conduct heat worst; while those which conduct heat well, resist dew
most effectually." The complication increases

;
here is the Method of

Concomitant Variations called to our assistance
;
and no other method was

practicable on this occasion
;
for the quality of conducting heat could not

be excluded, since all substances conduct heat in some degree. The conclu-

sion obtained is, that c&teris paribus the deposition of dew is in some pro-

portion to the power which the body possesses of resisting the passage of

heat
;
and that this, therefore (or something connected with this), must be

at least one of the causes which assist in producing the deposition of dew
on the surface.

"Kut if we expose rough surfaces instead of polished, we sometimes find

this law interfered with. Thus, roughened iron, especially if painted over
or blackened, becomes dewed sooner than varnished paper; the kind of

surface, therefore, has a great influence. Expose, then, the same material
in very diversified states, as to surface" (that is, employ the Method of Dif-

ference to ascertain concomitance of variations), "and another scale of in-

tensity becomes at once apparent ;
those surfaces which part icith their

heat most readily by radiation are found to contract dew most copiously."
Here, therefore, are the requisites for a second employment of the Method
of Concomitant Variations

;
which in this case also is the only method

available, since all substances radiate heat in some degree or other. The
conclusion obtained by this new application of the method is, that ca-teris

paribus the deposition of dew is also in some proportion to the power of

radiating heat; and that the quality of doing this abundantly (or some
cause on which that quality depends) is another of the causes which pro-
mote the deposition of dew on the substance.

"Again, the influence ascertained to exist of substance and surface leads

us to consider that of texture: and here, again, we are presented on trial

with remarkable differences, and with a third scale of intensity, pointing
out substances of a close, firm texture, such as stones, metals, etc., as un-

favorable, but those of a loose one, as cloth, velvet, wool, eider-down, cot-
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ton, etc., as eminently favorable to the contraction of dew." The Method
of Concomitant Variations is here, for the third time, had recourse to;

and, as before, from necessity, since the texture of no substance is absolute-

ly firm or absolutely loose. Looseness of texture, therefore, or something
which is the cause of that quality, is another circumstance which promotes
the deposition of dew; but this third course resolves itself into the first,

viz., the quality of resisting the passage of heat : for substances of loose

texture " are precisely those which are best adapted for clothing, or for im-

peding the free passage of heat from the skin into the air, so as to allow

their outer surfaces to be very cold, while they remain warm within ;" and
this last is, therefore, an induction (from fresh instances) simply corrobora-

tive of a former induction.

It thus appears that the instances in which much dew is deposited, which
are very various, agree in this, and, so far as we are able to observe, in this

only, that they either radiate heat rapidly or conduct it slowly : qualities
between which there is no other circumstance of agreement than that by
virtue of cither, the body tends to lose heat from the surface more rapidly
than it can be restored from within. The instances, on the contrary, in

which no dew, or but a small quantity of it, is formed, and which are also

extremely various, agree (as far as we can observe) in nothing except -in

not having this same property. We seem, therefore, to have detected the

characteristic difference between the substances on which dew is pro-
duced and those on which it is not produced. And thus have been real-

ized the requisitions of what we have termed the Indirect Method of Dif-

ference, or the Joint Method of Agreement and Difference. The example
afforded of this indirect method, and of the manner in which the data are

prepared for it by the Methods of Agreement and of Concomitant Varia-

tions, is the most important of all the illustrations of induction afforded by
this interesting speculation.
We might now consider the question, on what the deposition of dew de-

pends, to be completely solved, if we could be quite sure that the sub-

stances on which dew is produced differ from those on which it is not, in

nothing but in the property of losing heat from the surface faster than the

loss can be repaired from within. And though we never can have that

complete certainty, this is not of so much importance as might at first be

supposed ;
for we have, at all events, ascertained that even if there be any

other quality hitherto unobserved which is present in all the substances

which contract dew, and absent in those which do not, this other property
must be one which, in all that great number of substances, is present or ab-

sent exactly where the property of being a better radiator than conductor
is present or absent; an extent of coincidence which affords a strong pre-

sumption of a community of cause, and a consequent invariable co-existence

between the two properties ;
so that the property of being a better radiator

than conductor, if not itself the cause, almost certainly always accompanies
the cause, and for purposes of prediction, no error is likely to be commit-
ted by treating it as if it were really such.

Reverting now to an earlier stage of the inquiry, let us remember that

we had ascertained that, in every instance where dew is formed, there is

actual coldness of the surface below the temperature of the surrounding
air

; but we were not sure whether this coldness was the cause of dew, or

its effect. This doubt we are now able to resolve. We have found that, in

every such instance, the substance is one which, by its own properties or

laws, would, if exposed in the night, become colder than the surrounding
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air. The coldness, therefore, being accounted for independently of the de\v,
while it is proved that there is a connection between the two, it must be
the dew which depends on the coldness; or, in other words, the coldness is

the cause of the dew.
This law of causation, already so amply established, admits, however, of

efficient additional corroboration in no less than three ways. First, by de-

duction from the known laws of aqueous vapor when diffused through air

or any other gas; and though we have not yet come to the Deductive
Method, we will not omit what is necessary to render this speculation com-

plete. It is known by direct experiment that only a limited quantity of

water can remain suspended in the state of vapor at each degree of tem-

perature, and that this maximum grows less and less as the temperature
diminishes. From this it follows, deductively, that if there is already as

much vapor suspended as the air will contain at its existing temperature,

any lowering of that temperature will cause a portion of the vapor to be

condensed, and become water. But again, we know deductively, from the

laws of heat, that the contact of the air with a body colder than itself will

necessarily lower the temperature of the stratum of air immediately ap-

plied to its surface
;
and will, therefore, cause it to part with a portion of

its water, which accordingly will, by the ordinary laws of gravitation or

cohesion, attach itself to the surface of the body, thereby constituting dew.
This deductive proof, it will have been seen, has the advantage of at once

proving causation as well as co-existence; and it has the additional advan-

tage that it also accounts for the exceptions to the occurrence of the phe-
nomenon, the cases in which, although the body is colder than the air, yet
no dew is deposited ; by showing that this will necessarily be the case

when the air is so under-supplied with aqueous vapor, comparatively to its

temperature, that even when somewhat cooled by the contact of the cold-

er body it can still continue to hold in suspension all the vapor which was

previously suspended in it : thus in a very dry summer there are no dews,
in a very dry winter no hoar-frost. Here, therefore, is an additional con-

dition of the production of dew, which the methods we previously made
use of failed to detect, and which might have remained still undetected, if

recourse had not been had to the plan of deducing the effect from the as-

certained properties of the agents known to be present.
The second corroboration of the theory is by direct experiment, accord-

ing to the canon of the Method of Difference. We can, by cooling the sur-

face of any body, find in all cases some temperature (more or less inferior

to that of the surrounding air, according to its hygrometric condition) at

which dew will begin to be deposited. Here, too, therefore, the causation

is directly proved. We can, it is true, accomplish this only on a small

scale, but we have ample reason to conclude that the same operation, if

conducted in nature's great laboratory, would equally produce the effect.

And, finally, even on that great scale we are able to verify the result.

The case is one of those rare cases, as we have shown them to be, in which
nature works the experiment for us in the same manner in which we our-

selves perform it; introducing into the previous state of things a single
and perfectly definite new circumstance, and manifesting the effect so rap-

idly that there is not time for any other material change in the pre-existing
circumstances. "It is observed thai dew is never copiously deposited in

situations much screened from the open sky, and not at all ill a cloudy

night; but if the clouds withdraw even for <i few niinntei*, and leave a
clear opening, a deposition of dew presently begins, and goes on increas-
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ing Dew formed in clear intervals will often even evaporate again
when the sky becomes thickly overcast." The proof, therefore, is complete,
that the presence or absence of an uninterrupted communication with the

sky causes the deposition or non-deposition of dew. Now, since a clear sky
is nothing but the absence of clouds, and it is a known property of clouds, as

of all other bodies between which and any given object nothing intervenes

but an elastic fluid, that they tend to raise or keep up the superficial tem-

perature of the object by radiating heat to it, we see at once that the dis-

appearance of clouds will cause the surface to cool
;
so that nature, in this

case, produces a change in the antecedent by definite and known means,
and the consequent follows accordingly: a natural experiment which satis-

fies the requisitions of the Method of Difference.*

The accumulated proof of which the Theory of Dew has been found

susceptible, is a striking instance of the fullness of assurance which the in-

ductive evidence of laws of causation may attain, in cases in which the in-

variable sequence is by no means obvious to a superficial view.

4. The admirable physiological investigations of Dr. Brown-Sequard
afford brilliant examples of the application of the Inductive Methods to a

class of inquiries in which, for reasons which will presently be given, di-

rect induction takes place under peculiar difficulties and disadvantages.
As one of the most apt instances, I select his speculation (in the proceed-
ings of the Royal Society for May 16, 1861) on the relations between mus-
cular irritability, cadaveric rigidity, and putrefaction.
The law which Dr. Brown-Sequard's investigation tends to establish, is

the following :

" The greater the degree of muscular irritability at the time of

death, the later the cadaveric rigidity sets in, and the longer it lasts, and the

later also putrefaction appears, and the slower it progresses." One would

say at first sight that the method here required must be that of Concomi-
tant Variations. But this is a delusive appearance, arising from the circum-
stance that the conclusion to be tested is itself a fact of concomitant varia-

tions. For the establishment of that fact any of the Methods may be put
in requisition, and it will be found that the fourth Method, though really

employed, has only a subordinate place in this particular investigation.
The evidences by which Dr. Brown-Sequard establishes the law may be

enumerated as follows :

1st. Paralyzed muscles have greater irritability than healthy muscles.

Xow, paralyzed muscles are later in assuming the cadaveric rigidity than

healthy muscles, the rigidity lasts longer, and putrefaction sets in later, and

proceeds more slowly.

* I must, however, remark, that this example, which seems to militate against the assertion

we made of the comparative inapplicability of the Method of Difference to cases of pure ob-

servation, is really one of those exceptions which, according to a proverbial expression, prove
the general rule. For in this case, in which Nature, in her experiment, seems to have imi-

tated the type of the experiments made by man, she has only succeeded in producing the

likeness of man's most imperfect experiments ; namely, those in which, though he succeeds

in producing the phenomenon, he doe(s so by employing complex means, which he is unable

perfectly to analyze, and can form, therefore, no sufficient judgment what portion of the effects

may be due, not to the supposed cause, but to some unknown agency of the means by which

that cause was produced. In the natural experiment which we are speaking of, the means
used was the clearing oft' a canopy of clouds; and we certainly do not know sufficiently in

what this process consists, or on what it depends, to be certain a priori that it might not oper-
ate upon the deposition of dew independently of any thermometric effect at the earth's surface.

Even, therefore, in a case so favorable as this to Nature's experimental talents, her experiment
is of little value except in corroboration of a conclusion already attained through other means.
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Both these propositions had to be proved by experiment; and for the

experiments which prove them, science is also indebted to Dr. Brown-Se-

quard. The former of the two that paralyzed muscles have greater irri-

tability than healthy muscles he ascertained in various ways, but most

decisively by "comparing the duration of irritability in a paralyzed muscle
and in the corresponding healthy one of the opposite side, while they are

both submitted to the same excitation." He "often found, in experiment-

ing in that way, that the paralyzed muscle remained irritable twice, three

times, or even four times as long as the healthy one." This is a case of in-

duction by the Method of Difference. The two limbs, being those of the

same animal, were presumed to differ in no circumstance material to the

case except the paralysis, to the presence and absence of which, therefore,
the difference in the muscular irritability was to be attributed. This as-

sumption of complete resemblance in all material circumstances save one,

evidently could not be safely made in any one pair of experiments, because
the two legs of any given animal might be accidentally in very different

pathological conditions; but if, besides taking pains to avoid any such dif-

ference, the experiment was repeated sufficiently often in different animals

to exclude the supposition that any abnormal circumstance could be pres-
ent in them all, the conditions of the Method of Difference were adequate-

ly secured.

In the same manner in which Dr. Brown-Sequard proved that paralyzed
muscles have greater irritability, he also proved the correlative proposition

respecting cadaveric rigidity and putrefaction. Having, by section of the

roots of the sciatic nerve, and again of a lateral half of the spinal cord,

produced paralysis in one hind leg of an animal while the other remained

healthy, he found that not only did muscular irritability last much longer
in the paralyzed limb, but rigidity set in later and ended later, and putre-
faction began later and was less rapid than on the healthy side. This is a

common case of the Method of Difference, requiring no comment. A fur-

ther and very important corroboration was obtained by the same method.
When the animal was killed, not shortly after the section of the nerve, but
a month later, the effect was reversed; rigidity set in sooner, and lasted a

shorter time, than in the healthy muscles. But after this lapse of time, the

paralyzed muscles, having been kept by the paralysis in a state of rest, had
lost a great part of their irritability, and instead of more, had become less

irritable than those on the healthy side. This gives the ABC, a be, and
B C, b c, of the Method of Difference. One antecedent, increased irrita-

bility, being changed, and the other circumstances being the same, the con-

sequence did not follow; and, moreover, when a new antecedent, contrary
to the first, was supplied, it was followed by a contrary consequent. This
instance is attended with the special advantage of proving that the re-

tardation and prolongation of the rigidity do not depend directly on the

paralysis, since that was the same in both the instances
;
but specifically on

one effect of the paralysis, namely, the increased irritability ;
since they

ceased when it ceased, and were reversed when it was reversed.

2d. Diminution of the temperature of muscles before death increases

their irritability. But diminution of their temperature also retards cadav-

eric rigidity and putrefaction.
Both these truths were first made known by Dr. Brown-Sequard himself,

through experiments which conclude according to the Method of Differ-

ence. There is nothing in the nature of the process requiring specific

analysis.
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3d. Muscular exercise, prolonged to exhaustion, diminishes the muscu-
lar irritability. This is a well-known truth, dependent on the most gener-
al laws of muscular action, and proved by experiments under the Method
of Difference, constantly repeated. Now, it has been shown by observa-

tion that overdriven cattle, if killed before recovery from their fatigue,
become rigid and putrefy in a surprisingly short time. A similar fact has

been observed in the case of animals hunted to death
;
cocks killed during

or shortly after a fight ;
and soldiers slain in the field of battle. These va-

rious cases agree in no circumstance, directly connected with the muscles,

except that these have just been subjected to exhausting exercise. Under
the canon, therefore, of the Method of Agreement, it may be inferred that

there is a connection between the two facts. The Method of Agreement,
indeed, as has been shown, is not competent to prove causation. The pres-
ent case, however, is already known to be a case of causation, it being cer-

tain that the state of the body after death must somehow depend upon its

state at the time of death. We are, therefore, warranted in concluding that

the single circumstance in which all the instances agree, is the part of the

antecedent which is the cause of that particular consequent.
4th. In proportion as the nutrition of muscles is in a good state, their

irritability is high. This fact also rests on the general evidence of the

laws of physiology, grounded on many familiar applications of the Method
of Difference. Now, in the case of those who die from accident or vio-

lence, with their muscles in a good state of nutrition, the muscular irrita-

bility continues long after death, rigidity sets in late, and persists long
without the putrefactive change. On the contrary, in cases of disease in

which nutrition has been diminished for a long time before death, all these

effects are reversed. These are the conditions of the Joint Method of

Agreement and Difference. The cases of retarded and long continued

rigidity here in question agree only in being preceded by a high state of

nutrition of the muscles
;
the cases of rapid and brief rigidity agree only

in being preceded by a low state of muscular nutrition
;
a connection is,

therefore, inductively proved between the degree of the nutrition, and the

slowness and prolongation of the rigidity.
5th. Convulsions, like exhausting exercise, but in a still greater degree,

diminish the muscular irritability. Now, when death follows violent and

prolonged convulsions, as in tetanus, hydrophobia, some cases of cholera,
and certain poisons, rigidity sets in very rapidly, and after a very brief du-

ration, gives place to putrefaction. This is another example of the Meth-
od of Agreement, of the same character with No. 3.

6th. The series of instances which we shall take last, is of a more com-

plex character, and requires a more minute analysis.
It has long been observed that in some cases of death by lightning, ca-

daveric rigidity either does not take place at all, or is of such extremely
brief duration as to escape notice, and that in these cases putrefaction is

very rapid. In other cases, however, the usual cadaveric rigidity appears.
There must be some difference in the cause, to account for this difference

in the effect. Now, "death by lightning may be the result of, 1st, a syn-

cope by fright, or in consequence of a direct or reflex influence of light-

ning on the par vagum ; 2d, hemorrhage in or around the brain, or in the

lungs, the pericardium, etc.
; 3d, concussion,, or some other alteration in

the brain ;" none of which phenomena have any known property capable of

accounting for the suppression, or almost suppression, of the cadaveric ri-

gidity. But the cause of death may also be that the lightning produces
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" a violent convulsion of every muscle in the body," of which, if of suffi-

cient intensity, the known effect would be that "muscular irritability
ceases almost at once.'' It Dr. Brown-Sequard's generalization is a true

law, these will be the very cases in which rigidity is so much abridged as

to escape notice; and the cases in which, on the contrary, rigidity takes

place as usual, will be those in which the stroke of lightning operates in

some of the other inodes which have been enumerated. How, then, is this

brought to the test? By experiments, not on lightning, which can not be

commanded at pleasure, but on the same natural agency in a manageable
form, that of artificial galvanism. Dr. Brown-Sequard galvanized the en-

tire bodies of animals immediately after death. Galvanism can not operate
in any of the modes in which the stroke of lightning may have operated,

except the single one of producing muscular convulsions. If, therefore, af-

ter the bodies have been galvanized, the duration of rigidity is much short-

ened and putrefaction much accelerated, it is reasonable to ascribe the

same effects when produced by lightning to the property which galvanism
shares with lightning, and not to those which it does not. Now this Dr.

Brown-Sequard found to be the fact. The galvanic experiment was tried

with charges of very various degrees of strength ;
and the more powerful the

charge, the shorter was found to be the duration of rigidity, and the more

speedy and rapid the putrefaction. In the experiment in which the charge
was strongest, and the muscular irritability most promptly destroyed, the

rigidity only lasted fifteen minutes. On the principle, therefore, of the

Method of Concomitant Variations, it may be inferred that the duration

of the rigidity depends on the degree of the irritability; and that if the

charge had been as much stronger than Dr. Brown-Sequard's strongest, as

a stroke of lightning must be stronger than any electric shock which we
can produce artificially, the rigidity would have been shortened in a corre-

sponding ratio, and might have disappeared altogether. This conclusion

having been arrived at, the case of an electric shock, whether natural or

artificial, becomes an instance, in addition to all those already ascertained,
of correspondence between the irritability of the muscle and the duration

of rigidity.
All these instances are summed up in the following statement: "That

when the degree of muscular irritability at the time of death is considera-

ble, either in consequence of a good state of nutrition, as in persons who
die in full health from an accidental cause, or in consequence of rest, as in

cases of paralysis, or on account of the influence of cold, cadaveric rigidity
in all these cases sets in late and lasts long, and putrefaction appears late,

and progresses slowly ;" but " that when the degree of muscular irritability
at the time of death is slight, either in consequence of a bad state of nu-

trition, or of exhaustion from overexertion, or from convulsions caused by
disease or poison, cadaveric rigidity sets in and ceases soon, and putrefac-
tion appears and progresses quickly." These facts present, in all their

completeness, the conditions of the Joint Method of Agreement and Dif-

ference. Early and brief rigidity takes place in cases which agree only in

the circumstance of a low state of muscular irritability. Rigidity begins
late and lasts long in cases which agree only in the contrary circumstance,
of a muscular irritability high and unusually prolonged. It follows that

there is a connection through causation between the degree of muscular ir-

ritability after death, and the tardiness and prolongation of the cadaveric

rigidity.
This investigation places in a strong light the value and efficacy of the
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Joint Method. For, ns we have already seen, the defect of that Method is,

that like the Method of Agreement, of which it is only an improved form,
it can not prove causation. But in the present case (as in one of the steps
in the argument which led up to it) causation is already proved ; since

there could never be any doubt that the rigidity altogether, and the putre-
faction which follows it, are caused by the fact of death : the observations
and experiments on which this rests are too familiar to need analysis, and
fall under the Method of Difference. It being, therefore, beyond doubt
that the aggregate antecedent, the death, is the actual cause of the whole
train of consequents, whatever of the circumstances attending the death
can be shown to be followed in all its variations by variations in the effect

under investigation, must be the particular feature of the fact of death on
which that effect depends. The degree of muscular irritability at the

time of death fulfills this condition. The only point that could be brought
into question, would be whether the effect depended on the irritability it-

self, or on something which always accompanied the irritability : and this

doubt is set at rest by establishing, as the instances do, that by whatever
cause the high or low irritability is produced, the effect equally follows

;

and can not, therefore, depend upon the causes of irritability, nor upon the
other effects of those causes, which are as various as the causes them-

selves, but upon the irritability, solely.

5. The last two examples will have conveyed to any one by whom
they have been duly followed, so clear a conception of the use and practi-
cal management of three of the four methods of experimental inquiry, as

to supersede the necessity of any further exemplification of them. The

remaining method, that of Residues, not having found a place in any of

the preceding investigations, I shall quote from Sir John Herschel some

examples of that method, with the remarks by which they are introduced.
" It is by this process, in fact, that science, in its present advanced state,

is chiefly promoted. Most of the phenomena which Nature presents are

very complicated ;
and when the effects of all known causes are estimated

with exactness, and subducted, the residual facts are constantly appearing
in the form of phenomena altogether new, and leading to the most impor-
tant conclusions.

" For example : the return of the comet predicted by Professor Encke a

great many times in succession, and the general good agreement of its cal-

culated with its observed place during any one of its periods of visibility,
would lead us to say that its gravitation toward the sun and planets is the
sole and sufficient cause of all the phenomena of its orbitual motion

; but
when the effect of this cause is strictly calculated and subducted from the
observed motion, there is found to remain behind a residual phenomenon,
which would never have been otherwise ascertained to exist, which is a

small anticipation of the time of its re-appearance, or a diminution of its

periodic time, which can not be accounted for by gravity, and whose cause
is therefore to be inquired into. Such an anticipation would be caused by
the resistance of a medium disseminated through the celestial regions;
and as there are other good reasons for believing this to be a vera causa'1 ''

(an actually existing antecedent),
"

it has therefore been ascribed to such a

resistance.*
" M. Arago, having suspended a magnetic needle by a silk thread, and set

* In his subsequent work, Outlines of Astronomy ( 570), Sir John Herschel suggests an-

other possible explanation of the acceleration of the revolution of a comet.

20
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it in vibration, observed, that it came much sooner to a state of rest when
suspended over a plate of copper, than when no such plate was beneath it.

Now, in both cases there were two vert.e causw" (antecedents known to

exist)
"
why it should come at length to rest, viz., the resistance of the air,

which opposes, and at length destroys, all motions performed in it
;
and the

want of perfect mobility in the silk thread. But the effect of these causes

being exactly known by the observation made in the absence of the cop-

per, and being thus allowed for and subducted, a residual phenomenon
appeared, in the fact that a retarding influence was exerted by the copper
itself; and this fact, once ascertained, speedily led to the knowledge of

an entirely new and unexpected class of relations." This example belongs,

however, not to the Method of Residues but to the Method of Difference,
the law being ascertained by a direct comparison of the results of two ex-

periments, which differed in nothing but the presence or absence of the

plate of copper. To have made it exemplify the Method of Residues, the

effect of the resistance of the air and that of the rigidity of the silk should

have been calculated a priori, froni the laws obtained by separate and fore-

gone experiments.
"
Unexpected and peculiarly striking confirmations of inductive laws

frequently occur in the form of residual phenomena, in the course of in-

vestigations of a widely different nature from those which gave rise to the

inductions themselves. A very elegant example may be cited in the unex-

pected confirmation of the law of the development of heat in elastic fluids

by compression, which is afforded by the phenomena of sound. The in-

quiry into the cause of sound had led to conclusions respecting its mode
of propagation, from which its velocity in the air could be precisely cal-

culated. The calculations were performed ; but, when compared with

fact, though the agreement was quite sufficient to show the general cor-

rectness of the cause and mode of propagation assigned, yet the whole ve-

locity could not be shown to arise from this theory. There was still a

residual velocity to be accounted for, which placed dynamical philosophers
for a long time in great dilemma. At length Laplace struck on the happy
idea, that this might arise from the heat developed in the act of that con-

densation which necessarily takes place at every vibration by which sound
is conveyed. The matter was subjected to exact calculation, and the result

was at once the complete explanation of the residual phenomenon, and a

striking confirmation of the general law of the development of heat by
compression, under circumstances beyond artificial imitation."

"Many of the new elements of chemistry have been detected in the

investigation of residual phenomena. Thus Arfwedson discovered lithia

by perceiving an excess of weight in the sulphate produced from a small

portion of what he considered as magnesia present in a mineral he had an-

alyzed. It is on this principle, too, that the small concentrated residues of

great operations in the arts are almost sure to be the lurking-places of new
chemical ingredients: witness iodine, brome, selenium, and the new metals

accompanying platina in the experiments of Wollaston and Tennant. It

was a happy thought of Glauber to examine what every body else threw

away."*
" Almost all the greatest discoveries in Astronomy," says the same au-

thor,!
" have resulted from the consideration of residual phenomena of a

quantitative or numerical kind It was thus that the grand discovery

*
Discourse, pp. 156-8, and 171. t Outlines of Astronomy, 85G.
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of the precession of the equinoxes resulted as a residual phenomenon, from
the imperfect explanation of the return of the seasons by the return of the
sun to the same apparent place among the fixed stars. Thus, also, aberra-

tion and nutation resulted as residual phenomena from that portion of the

changes of the apparent places of the fixed stars which was left unaccounted
for by precession. And thus again the apparent proper motions of the stars

are the observed residues of their apparent movements outstanding and
unaccounted for by strict calculation of the effects of precession, nutation,
and aberration. The nearest approach which human theories can make to

perfection is to diminish this residue, this caput mortuum of observation,
as it may be considered, as much as practicable, and, if possible, to reduce
it to nothing, either by showing that something has been neglected in our
estimation of known causes, or by reasoning upon it as a new fact, and on
the principle of the inductive philosophy ascending from the effect to its

cause or causes."

The disturbing effects mutually produced by the earth and planets upon
each other's motions were first brought to light as residual phenomena, by the

difference which appeared between the observed places of those bodies, and
the places calculated on a consideration solely of their gravitation toward the

sun. It was this which determined astronomers to consider the law of gravi-
tation as obtaining between all bodies whatever, and therefore between all

particles of matter
;

their first tendency having been to regard it as a force

acting only between each planet or satellite and the central body to whose

system it belonged. Again, the catastrophists, in geology, be their opinion

right or wrong, support it on the plea, that after the effect of all causes now
in operation has been allowed for, there remains in the existing constitu-

tion of the earth a large residue of facts, proving the existence at former

periods either of other forces, or of the same forces in a much greater de-

gree of intensity. To add one more example : those who assert, what no
one has shown any real ground for believing, that there is in one human
individual, one sex, or one race of mankind over another, an inherent and

inexplicable superiority in mental faculties, could only substantiate their

proposition by subtracting from the differences of intellect which we in

fact see, all that can be traced by known laws either to the ascertained

differences of physical organization, or to the differences which have ex-

isted in the outward circumstances in which the subjects of the comparison
have hitherto been placed. What these causes might fail to account for

would constitute a residual phenomenon, which and which alone would be

evidence of an ulterior original distinction, and the measure of its amount.
But the asserters of such supposed differences have not provided them-
selves with these necessary logical conditions of the establishment of their

doctrine.

The spirit of the Method of Residues being, it is hoped, sufficiently in-

telligible from these examples, and the other three methods having already
been so fully exemplified, we may here close our exposition of the four

methods, considered as employed in the investigation of the simpler and
more elementary order of the combinations of phenomena.

6. Dr. Whewell has expressed a very unfavorable opinion of the utili-

ty of the Four Methods, as well as of the aptness of the examples by which
I have attempted to illustrate them. His words are these :*

*
Philosophy of Discovery, pp. 263, 264.
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"Upon these methods, the obvious tiling to remark is, that they take for

granted the very thing which is most difficult to discover, the reduction of

the phenomena to formula) such as are here presented to us. When we
have any set of complex facts offered to us

;
for instance, those which were

offered in the cases of discovery which I have mentioned the facts of the

planetary paths, of falling bodies, of refracted rays, of cosmical motions, of

chemical analysis; and when, in any of these cases, we would discover the

law of nature which governs them, or, if any one chooses so to term it, the

feature in which all the cases agree, where are we to look for our A, B, C,
and a,b,c? Nature does not present to us the cases in this form; and
how are we to reduce them to this form ? You say ichen we find the com-
bination of A B C with a b c and A B D with a b d, then we may draw our
inference. Granted

;
but when and where are we to find such combina-

tions ? Even now that the discoveries are made, who will point out to us

what are the A, B, C, and a, b, c, elements of the cases which have just been
enumerated ? Who will tell us which of the methods of inquiry those

historically real and successful inquiries exemplify ? Who will carry these

formula) through the history of the sciences, as they have really grown up,
and show us that these four methods have been operative in their forma-
tion

;
or that any light is thrown upon the steps of their progress by refer-

ence to these formula; ?"

He adds that, in this work, the methods have not been applied
" to a

large body of conspicuous and undoubted examples of discovery, extending
along the whole history of science ;" which ought to have been done in or-

der that the methods might be shown to possess the "
advantage" (which

he claims as belonging to his own) of being those "
by which all great dis-

coveries in science have really been made." (P. 277.)
There is a striking similarity between the objections here made against

Canons of Induction, and what was alleged, in the last century, by as able
men as Dr. Whewell, against the acknowledged Canon of Ratiocination.
Those who protested against the Aristotelian Logic said of the Syllogism,
what Dr. Whewell says of the Inductive Methods, that it

" takes for grant-
ed the very thing which is most difficult to discover, the reduction of the

argument to formula) such as are here presented to us." The grand diffi-

culty, they said, is to obtain your syllogism, not to judge of its correctness
when obtained. On the matter of fact, both they and Dr. Whewell are

right. The greatest difficulty in both cases is, first, that of obtaining the

evidence, and next, of reducing it to the form which tests its conclusive-
ness. But if we try to reduce it without knowing what it is to be reduced

to, we are not likely to make much progress. It is a more difficult thing
to solve a geometrical problem, than to judge whether a proposed solution
is correct: hut if people were not able to judge of the solution when found,
they would have little chance of finding it. And it can not be pretended
that to judge of an induction when found is perfectly easy, is a thing for

which aids and instruments are superfluous; for erroneous inductions, false

inferences from experience, are quite as common, on some subjects much
commoner than true ones. The business of Inductive Logic is to provide
rules and models (such as the Syllogism and its rules are for ratiocination)
to which if inductive arguments conform, those arguments are conclusive,
and not otherwise. This is what the Four Methods profess to be, and
what I believe they are universally considered to be by experimental phi-

losophers, who had practiced all of them long before any one sought to re-

duce the practice to theory.
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The assailants of the Syllogism had also anticipated Dr.Whevvell in the
other branch of his argument. They said that no discoveries were ever
made by syllogism ;

and Dr. Whewell says, or seems to say, that none were
ever made by the Four Methods of Induction. To the former objectors,

Archbishop Whately very pertinently answered, that their argument, if

good at all, was good against the reasoning process altogether ;
for what-

ever can not be reduced to syllogism, is not reasoning. And Dr. Whewell's

argument, if good at all, is good against all inferences from experience. In

saying that no discoveries were ever made by the Four Methods, he affirms

that none were ever made by observation and experiment ;
for assuredly if

any were, it was by processes reducible to one or other of those methods.
This difference between us accounts for the dissatisfaction which my ex-

amples give him
;
for I did not select them with a view to satisfy any one

who required to be convinced that observation and experiment are modes
of acquiring knowledge : I confess that in the choice of them I thought
only of illustration, and of facilitating the conception of the Methods by
concrete instances. If it had been my object to justify the processes them-
selves as means of investigation, there would have been no need to look
far off, or make use of recondite or complicated instances. As a specimen
of a truth ascertained by the Method of Agreement, I might have chosen
the proposition,

"
Dogs bark." This dog, and that dog, and the other dog,

answer to A B C, A D E, A F G. The circumstance of being a dog an-

swers to A. Barking answers to a. As a truth made known by the Meth-
od of Difference, "Fire burns" might have sufficed. Before I touch the

fire I am not burned
;
this is B C : I touch it, and am burned

;
this is A B

C, a B C.

Such familiar experimental processes are not regarded as inductions by
Dr. Whewell

;
but they are perfectly homogeneous with those by which,

even on his own showing, the pyramid of science is supplied with its base.

In vain he attempts to escape from this conclusion by laying the most ar-

bitrary restrictions on the choice of examples admissible as instances of

Induction : they must neither be such as are still matter of discussion

(p. 265), nor must any of them be drawn from mental and social subjects

(p. 269), nor from ordinary observation and practical life (pp. 241-247).

They must be taken exclusively from the generalizations by which scientific

thinkers have ascended to great and comprehensive laws of natural phe-
nomena. Xow it is seldom possible, in these complicated inquiries, to go
much beyond the initial steps, without calling in the instrument of Deduc-

tion, and the temporary aid of hypothesis ;
as I myself, in common with

Dr. Whewell, have maintained against the purely empirical school. Since,

therefore, such cases could not conveniently be selected to illustrate the

principles of mere observation and experiment, Dr. Whewell is misled by
their absence into representing the Experimental Methods as serving no

purpose in scientific investigation ; forgetting that if those methods had
not supplied the first generalizations, there would have been no materials

for his own conception of Induction to work upon.
His challenge, however, to point out which of the four methods are exem-

plified in certain important cases of scientific inquiry, is easily answered.

"The planetary paths," as far as they are a case of induction at all,* fall

under the Method of Agreement. The.law-of "falling bodies," namely,
that they describe spaces proportional to the squares of the times, was his-

*
See, on this point, the second chapter of the present book.
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toric.illy a deduction from the first law of motion
;
but the experiments by

which it was verified, and by which it might have been discovered, were

examples of the Method of Agreement; and the apparent variation from
the true law, caused by the resistance of the air, was cleared up by experi-
ments in I'ticuo, constituting an application of the Method of Difference.

The l.i \v of " refracted rays
"
(the constancy of the ratio between the sines

of incidence and of refraction for each refracting substance) was ascertained

by direct measurement, and therefore by the Method of Agreement. The
" cosmic.il motions " were determined by highly complex processes of

thought, in which Deduction was predominant, but the Methods of Agree-
ment and of Concomitant Variations had a large part in establishing the

empirical laws. Every case without exception of " chemical analysis
"
con-

stitutes a well-marked example of the Method of Difference. To any one

acquainted with the subjects to Dr. Whewell himself, there would not be
the smallest difficulty in setting out " the ABC and ale elements "

of

these cases.

If discoveries are ever made by observation and experiment without De-

duction, the four methods are methods of discovery : but even if they were
not methods of discovery, it would not be the less true that they are the

sole methods of Proof
;
and in that character, even the results of deduction

are amenable to them. The great generalizations which begin as Hypo-
theses, must end by being proved, and are in reality (as will be shown

hereafter) proved, by the Four Methods. Xow it is with Proof, as such,
that Logic is principally concerned. This distinction has indeed no chance
of finding favor with Dr. Whewell; for it is the peculiarity of his system,
not to recognize, in cases of Induction, any necessity for proof. If, after

assuming an hypothesis and carefully collating it with facts, nothing is

brought to light inconsistent with it, that is, if experience does not disprove
it, he is content: at least until a simpler hypothesis, equally consistent with

experience, presents itself. If this be Induction, doubtless there is no ne-

cessity for the four methods. But to suppose that it is so, appears to me a

radical misconception of the nature of the evidence of physical truths.

So real and practical is the need of a test for induction, similar to the

syllogistic test of ratiocination, that inferences which bid defiance to the

most elementary notions of inductive logic are put forth without misgiv-

ing by persons eminent in physical science, as soon as they are off the

ground on which they are conversant with the facts, and not reduced to

judge only by the arguments; and as for educated persons in general, it

may be doubted if they are better judges of a good or a bad induction

than they were before Bacon wrote. The improvement in the results of

thinking has seldom extended to the processes ;
or has reached, if any proc-

ess, that of investigation only, not that of proof. A knowledge of many
laws of nature has doubtless been arrived at, by framing hypotheses and

finding that the facts corresponded to them; and many errors have been

got rid of by coming to a knowledge of facts which were inconsistent with

them, but not by discovering that the mode of thought which led to the

errors was itself faulty, and might have been known to be such independ-

ently of the facts which disproved the specific conclusion. Hence it is,

that while the thoughts of mankind have on many subjects worked them-
selves practically right, the thinking power remains as weak as ever: and
on all subjects on which the facts which would check the result are not ac-

cessible, as in what relates to the invisible world, and even, as has been
seen lately, to the visible world of the planetary regions, meii of the great-
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est scientific acquirements argue as pitiably as the merest ignoramus. For

though they have made many sound inductions, they have not learned from
them (and Dr. Whewell thinks there is no necessity that they should learn)
the principles of inductive evidence.

CHAPTER X.

OF PLURALITY OF CAUSES, AND OF THE INTERMIXTURE OF EFFECTS.

1. IN the preceding exposition of the four methods of observation

and experiment, by which we contrive to distinguish among a mass of co-

existent phenomena the particular effect due to a given cause, or the par-
ticular cause which gave birth to a given effect, it has been necessary to

suppose, in the first instance, for the sake of simplification, that this ana-

lytical operation is encumbered by no other difficulties than what are essen-

tially inherent in its nature
;
and to represent to ourselves, therefore, every

effect, on the one hand as connected exclusively with a single cause, and
on the other hand as incapable of being mixed and confounded with any
other co-existent effect. We have regarded abcde, the aggregate of

the phenomena existing at any moment, as consisting of dissimilar facts,

a, b, c, d, and e, for each of which one, and only one, cause needs be sought;
the difficulty being only that of singling out this one cause from the mul-
titude of antecedent circumstances, A,B,C,D, and E. The cause indeed

may not be simple ;
it may consist of an assemblage of conditions

;
but we

have supposed that there was only one possible assemblage of conditions

from which the given effect could result.

If such were the fact, it would be comparatively an easy task to investi-

gate the laws of nature. But the supposition does not hold in either of

its parts. In the first place, it is not true that the same phenomenon is

always produced by the same cause: the effect a may sometimes arise

from A, sometimes from B. And, secondly, the effects of different causes

are often not dissimilar, but homogeneous, and marked out by no assign-
able boundaries from one another: A and B may produce not a. and b, but

different portions of an effect a. The obscurity and difficulty of the inves-

tigation of the laws of phenomena is singularly increased by the necessi-

ty of adverting to these two circumstances : Intermixture of Effects, and

Plurality of Causes. To the latter, being the simpler of the two considera-

tions, we shall first direct our attention.

It is not true, then, that one effect must be connected with only one

cause, or assemblage of conditions; that each phenomenon can be pro-
duced only in one way. There are often several independent modes in

which the same phenomenon could have originated. One fact may be the

consequent in several invariable sequences; it may follow, with equal uni-

formity, any one of several antecedents, or collections of antecedents.

Many causes may produce mechanical motion
; many causes may produce

some kinds of sensation
; many causes may produce death. A given effect

may really be produced by a certain cause, and yet be perfectly capable of

being produced without it.

2. One of the principal consequences of this fact of Plurality of Causes

is, to render the first of the inductive methods, that of Agreement, uncer-
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tain. To illustrate that method, we supposed two instances, ABC follow-

ed by a b c, and A U E followed by a d e. From these instances it might
apparently be concluded that A is an invariable antecedent of a, and even
that it is the unconditional invariable antecedent, or cause, if we could be
sure that there is no other antecedent common to the two cases. That this

difficulty may not stand in the way, let us suppose the two cases positive-

ly ascertained to have no antecedent in common except A. The moment,
however, that we let in the possibility of a plurality of causes, the conclu-

sion fails. For it involves a tacit supposition, that a must have been pro-
duced in both instances by the same cause. If there can possibly have
been two causes, those two may, for example, be C and E: the one may
have been the cause of a in the former of the instances, the other in the

latter, A having no influence in either case.

Suppose, for example, that two great artists or great philosophers, that

two extremely seltisli or extremely generous characters, were compared
together as to the circumstances of their education and history, and the

two cases were found to agree only in one circumstance: would it follow

that this one circumstance was the cause of the quality which characterized

both those individuals? Not at all; for the causes which may produce
any type of character are very numerous; and the two persons might
equally have agreed in their character, though there had been no manner
of resemblance in their previous history.

This, therefore, is a characteristic imperfection of the Method of Agree-
ment, from which imperfection the Method of Difference is free. For if

we have two instances, ABC and B C, of which B C gives b c, and A being
added converts it into a b c, it is certain that in this instance at least, A was
either the cause of a, or an indispensable portion of its cause, even though
the cause which produces it in other instances may be altogether different.

Plurality of Causes, therefore, not only does not diminish the reliance due
to the Method of Difference, but does not even render a greater number
of observations or experiments necessary: two instances, the one positive
and the other negative, are still sufficient for the most complete and rigor-
ous induction. Not so, however, with the Method of Agreement. The
conclusions which that yields, when the number of instances compared is

small, are of no real value, except as, in the character of suggestions, they
may lead either to experiments bringing them to the test of the Method
of Difference, or to reasonings which may explain and verify them de-

ductively.
It is only when the instances, being indefinitely multiplied and varied,

continue to suggest the same result, that this result acquires any high de-

gree of independent value. If there are but two instances, ABC and
AD E, though these instances have no antecedent in common except A, yet
as the effect may possibly have been produced in the two cases by differ-

ent causes, the result is at most only a slight probability in favor of A
;

there may be causation, but it is almost equally probable that there was

only a coincidence. But the oftener we repeat the observation, varying
the circumstances, the more we advance toward a solution of this doubt.

For if we try A F G, A II K, etc., all unlike one another except in contain-

ing the circumstance A, and if we find the effect a entering into the re-

sult in all these cases, we must suppose one of two things, either that it is

caused by A, or that it lias as many different causes as there are instances.

With each addition, therefore, to the number of instances, the presump-
tion is strengthened in favor of A. The inquirer, of course, will not neg-
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lect, if an opportunity present itself, to exclude A from some one of these

combinations, from AH K for instance, and by trying H K separately, ap-

peal to the Method of Difference in aid of the Method of Agreement. By
the Method of Difference alone can it be ascertained that A is the cause
of a/ but that it is either the cause, or another effect of the same cause,

may be placed beyond any reasonable doubt by the Method of Agreement,
provided the instances are very numerous as well as sufficiently various.

After how great a multiplication, then, of varied instances, all agreeing
in no other antecedent except A, is the supposition of a plurality of causes

sufficiently rebutted, and the conclusion that a is connected with A divest-

ed of the characteristic imperfection, and reduced to a virtual certainty?
This is a question which we can not be exempted from answering: but
the consideration of it belongs to what is called the Theory of Probability,
which will form the subject of a chapter hereafter. It is seen, however, at

once, that the conclusion does amount to a practical certainty after a suffi-

cient number of instances, and that the method, therefore, is not radically
vitiated by the characteristic imperfection. The result of these considera-

tions is only, in the first place, to point out a new source of inferiority in

the Method of Agreement as compared with other modes of investigation,
and new reasons for never resting contented with the results obtained by
it, without attempting to confirm them either by the Method of Difference,'
or by connecting them deductively with some law or laws already ascer-

tained by that superior method. And, in the second place, we learn from
this the true theory of the value of mere number of instances in inductive

inquiry. The Plurality of Causes is the only reason why mere number is

of any importance. The tendency of unscientific inquirers is to rely too

much on number, without analyzing the instances
;
without looking closely

enough into their nature to ascertain what circumstances are or are not

eliminated by means of them. Most people hold their conclusions with a

degree of assurance proportioned to the mere mass of the experience on
which they appear to rest; not considering that by the addition of in-

stances to instances, all of the same kind, that is, differing from one another

only in points already recognized as immaterial, nothing whatever is add-

ed to the evidence of the conclusion. A single instance eliminating some
antecedent which existed in all the other cases, is of more value than the

greatest multitude of instances which are reckoned by their number alone.

It is necessary, no doubt, to assure ourselves, by repetition of the observa-

tion or experiment, that no error has been committed concerning the indi-

vidual facts observed
;
and until we have assured ourselves of this, instead

of varying the circumstances, we can not too scrupulously repeat the same

experiment or observation without any change. But when once this as-

surance has been obtained, the multiplication of instances which do not ex-

clude any more circumstances is entirely useless, provided there have been

already enough to exclude the supposition of Plurality of Causes.

It is of importance to remark, that the peculiar modification of the

Method of Agreement, which, as partaking in some degree of the nature

of the Method of Difference, I have called the Joint Method of Agreement
and Difference, is not affected by the characteristic imperfection now
pointed out. For, in the joint method, it is supposed not only that the in-

stances in which a is, agree only in containing A, but also that the in-

stances in which a is not, agree only in not containing A. Now, if this be

so, A must be not only the cause of
or,

but the only possible cause : for if

there were another, as for example B, then in the instances in which a is
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not, B must have been absent as well as A, and it would not be true that
these instances agree only in not containing A. This, therefore, consti-

tutes an immense advantage of the joint method over the simple Method
of Agreement. It may seem, indeed, that the advantage does not belong
so much to the joint method, as to one of its two premises (if they may be
so called), the negative premise. The Method of Agreement, when applied
to negative instances, or those in which a phenomenon does not take place,
is certainly free from the characteristic imperfection which affects it in the

affirmative case. The negative premise, it might therefore be supposed,
could be worked as a simple case of the Method of Agreement, without re-

quiring an affirmative premise to be joined with it. But though this is

true in principle, it is generally altogether impossible to work the Method
of Agreement by negative instances without positive ones ; it is so much
more difficult to exhaust the field of negation than that of affirmation.

For instance, let the question be what is the cause of the transparency of

bodies; with what prospect of success could we set ourselves to inquire

directly in what the multifarious substances which are not transparent

agree? But we might hope much sooner to seize some point of resem-
blance among the comparatively few and definite species of objects which
are transparent; and this being attained, we should quite naturally be put
upon examining whether the absence of this one circumstance be not pre-

cisely the point in which all opaque substances will be found to resemble.

The Joint Method of Agreement and Difference, therefore, or as I have
otherwise called it, the Indirect Method of Difference (because, like the

Method of Difference properly so-called, it proceeds by ascertaining how and
in what the cases where the phenomenon is present differ from those in which
it is absent) is, after the Direct Method of Difference, the most powerful
of the remaining instruments of inductive investigation ;

and in the sciences

which depend on pure observation, with little or no aid from experiment,
this method, so well exemplified in the speculation on the cause of dew, is

the primary resource, so far as direct appeals to experience are concerned.

n. We have thus far treated Plurality of Causes only as a possible sup-

position, which, until removed, renders our inductions uncertain
;
and have

only considered by what means, where the plurality does not really exist,
M-C may be enabled to disprove it. But we must also consider it as a case

actually occurring in nature, and which, as often as it does occur, our
methods of induction ought to be capable of ascertaining and establishing.
For this, however, there is required no peculiar method. When an effect

is really producible by two or more causes, the process for detecting them
is in no way different from that by which we discover single causes. They
may (first) be discovered as separate sequences, by separate sets of in-

stances. One set of observations or experiments shows that the sun is a

cause of heat, another that friction is a source of it, another that percus-

sion, another that electricity, another that chemical action is such a source.

Or (secondly) the plurality may come to light in the course of collating a

number of instances, when we attempt to find some circumstance in which

they all agree, and fail in doing so. We find it impossible to trace, in all

the cases in which the effect is met with, any common circumstance. We
find that we can eliminate all the antecedents

;
that no one of them is

present in all the instances, no one of them indispensable to the effect.

On closer scrutiny, however, it appears that though no one is always pres-

ent, one or other of several always is. If, on further analysis, we can de-
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tect in these any common element, we may be able to ascend from them
to some one cause which is the really operative circumstance in them all.

Thus it is now thought that in the production of heat by friction, percus-
sion, chemical action, etc., the ultimate source is one and the same. But if

(as continually happens) we can not take this ulterior step, the different

antecedents must be set down provisionally as distinct causes, each suffi-

cient of itself to produce the effect.

We here close our remarks on the Plurality of Causes, and proceed to

the still more peculiar and more complex case of the Intermixture of Ef-

fects, and the interference of causes with one another: a case constituting
the principal part of the complication and difficulty of the study of nature

;

and with which the four only possible methods of directly inductive inves-

tigation by observation and experiment, are, for the most part, as will ap-

pear presently, quite unequal to cope. The instrument of Deduction alone

is adequate to unravel the complexities proceeding from this source; and
the four methods have little more in their power than to supply premises
for, and a verification of, our deductions.

4. A concurrence of two or more causes, not separately producing each
its own effect, but interfering with or modifying the effects of one anoth-

er, takes place, as has already been explained in two different ways. In

the one, which is exemplified by the joint operation of. different forces in

mechanics, the separate effects of all the causes continue to be produced,
but are compounded with one another, and disappear in one total. In the

other, illustrated by the case of chemical action, the separate effects cease

entirely, and are succeeded by phenomena altogether different, and govern-
ed by different laws.

Of these cases the former is by far the more frequent, and this case it is

which, for the most part, eludes the grasp of our experimental methods.
The other and exceptional case is essentially amenable to them. When the

laws of the original agents cease entirely, and a phenomenon makes its

appearance, which, with reference to those laws, is quite heterogeneous ;

when, for example, two gaseous substances, hydrogen and oxygen, on be-

ing brought together, throw off their peculiar properties, and produce the

substance called water; in such cases the new fact may be subjected to

experimental inquiry, like any other phenomenon ;
and the elements which

are said to compose it may be considered as the mere agents of its pro-
duction the conditions on which it depends, the facts which make up its

cause.

The effects of the new phenomenon, the properties of water, for instance,
are as easily found by experiment as the effects of any other cause. But
to discover the cause of it, that is, the particular conjunction of agents
from which it results, is often difficult enough. In the first place, the ori-

gin and actual production of the phenomenon arc most frequently inacces-

sible to our observation. If we could not have learned the composition of

water until we found instances in which it was actually produced from

oxygen and hydrogen, we should have been forced to wait until the casual

thought struck some one of passing an electric spark through a mixture
of the two gases, or inserting a lighted taper into it, merely to try what
would happen. Besides, many substances,, though they can be analyzed,
can not by any known artificial means be recompounded. Further, even
if we could have ascertained, by the Method of Agreement, that oxygen
and hydrogen were both present when water is produced, no experimenta-
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tion on oxygen and hydrogen separately, no knowledge of their laws, could

have enabled us deductively to infer that they would produce water. We
require a specific experiment on the two combined.
Under these difficulties, we should generally have been indebted for our

knowledge of the causes of this class of effects, not to any inquiry direct-

ed specifically toward that end, but either to accident, or to the gradual

progress of experimentation on the different combinations of which the

producing agents are susceptible ;
if it were not for a peculiarity belonging

to effects of this description, that they often, under some particular com-
bination of circumstances, reproduce their causes. If water results from
the juxtaposition of hydrogen and oxygen whenever this can be made suf-

ficiently close and intimate, so, on the other hand, if water itself be placed
in certain situations, hydrogen and oxygen are reproduced from it: an

abrupt termination is put to the new laws, and the agents re-appear sepa-

rately with their own properties as at first. What is called chemical anal-

ysis is the process of searching for the causes of a phenomenon among its

effects, or rather among the effects produced by the action of some other

causes upon it.

Lavoisier, by heating mercury to a high temperature in a close vessel

containing air, found that the mercury increased in weight, and became
what was then called red precipitate, while the air, on being examined
after the experiment, proved to have lost weight, and to have become in-

capable of supporting life or combustion. When red precipitate was ex-

posed to a still greater heat, it became mercury again, and gave off a gas
which did support life and flame. Thus the agents which by their com-
bination produced red precipitate, namely, the mercury and the gas, re-

appear as effects resulting from that precipitate when acted upon by heat.

So, if we decompose water by means of iron filings, we produce two effects,

rust and hydrogen. Now rust is already known, by experiments upon the

component substances, to be an effect of the union of iron and oxygen :

the iron we ourselves supplied, but the oxygen must have been produced
from the water. The result, therefore, is that water has disappeared, and

hydrogen and oxygen have appeared in its stead
; or, in other words, the

original laws of these gaseous agents, which had been suspended by the

superinduction of the new laws called the properties of water, have again
started into existence, and the causes of water are found among its effects.

Where two phenomena, between the laws or properties of which, con-

sidered in themselves, no connection can be traced, are thus reciprocally
cause and effect, each capable in its turn of being produced from the oth-

er, and each, when it produces the other, ceasing itself to exist (as water
is produced from oxygen and hydrogen, and oxygen and hydrogen are re-

produced from water) ;
this causation of the two phenomena by one an-

other, each being generated by the other's destruction, is properly trans-

formation. The idea of chemical composition is an idea of transformation,
but of a transformation which is incomplete; since we consider the oxy-

gen and hydrogen to be present in the water as oxygen and hydrogen, and

capable of being discovered in it if our senses were sufficiently keen : a

supposition (for it is no more) grounded solely on the fact that the weight
of the water is the sum of the separate weights of the two ingredients. If

there had not been this exception to the entire disappearance, in the com-

pound, of the laws of the separate ingredients; if the combined agents had

not, in this one particular of weight, preserved their own laws, and produced
a joint result equal to the sura of their separate results; we should never,
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probably, have had the notion now implied by the words chemical compo-
sition

; and, in the facts of water produced from hydrogen and oxygen,
and hydrogen and oxygen produced from water, as the transformation
would have been complete, we should have seen only a transformation.

In these cases, where the heteropathic effect (as we called it in a former

chapter)* is but a transformation of its cause, or in other words, where
the effect and its cause are reciprocally such, and mutually convertible into

each other; the problem of finding the cause resolves itself into the far

easier one of finding an effect, which is the kind of inquiry that admits of

being prosecuted by direct experiment. But there are other cases of

heteropathic effects to which this mode of investigation is not applicable.

Take, for instance, the heteropathic laws of mind
;
that portion of the phe-

nomena of our mental nature which are analogous to chemical rather than
to dynamical phenomena ;

as when a complex passion is formed by the co-

alition of several elementary impulses, or a complex emotion by several

simple pleasures or pains, of which it is the result without being the ag-

gregate, or in any respect homogeneous with them. The product, in these

cases, is generated by its various factors
;
but the factors can not be re-

produced from the product; just as a youth can grow into an old man,
but an old man can not grow into a youth. We can not ascertain from
what simple feelings any of our complex states of mind are generated, as

we ascertain the ingredients of a chemical compound, by making it, in its

turn, generate them. We can only, therefore, discover these laws by the

slow process of studying the simple feelings themselves, and ascertaining

synthetically, by experimenting on the various combinations of which they
are susceptible, what they, by their mutual action upon one another, are

capable of generating.

5. It might have been supposed that the other, and apparently simpler
variety of the mutual interference of causes, where each cause continues

to produce its own proper effect according to the same laws to which it

conforms in its separate state, would have presented fewer difficulties to

the inductive inquirer than that of which we have just finished the consid-

eration. It presents, however, so far as direct induction apart from de-

duction is concerned, infinitely greater difficulties. When a concurrence
of causes gives rise to a new effect, bearing no relation to the separate
effects of those causes, the resulting phenomenon stands forth undisguised,

inviting attention to its peculiarity, and presenting no obstacle to our rec-

ognizing its presence or absence among any number of surrounding phe-
nomena. It admits, therefore, of being easily brought under the canons of

Induction, provided instances can be obtained such as those canons require ;

and the non-occurrence of such instances, or the want of means to pro-
duce them artificially, is the real and only difficulty in such investigations ;

a difficulty not logical but in some sort physical. It is otherwise with cases

of what, in a preceding chapter, has been denominated the Composition of

Causes. There, the effects of the separate causes do not terminate and give

place to others, thereby ceasing to form any part of the phenomenon to be

investigated ;
on the contrary, they still take place, but are intermingled

with, and disguised by, the homogeneous and closely allied effects of other

causes. They are no longer a, b, c, d, e, existing side by side, and -continu-

ing to be separately discernible
; they are + a, , ^ #, &, 2

,
etc.

;
some of

*
Ante, chap, vii., 1.
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which cancel one another, while many others do not appear distinguisha-

bly, but merge in one sum
; forming altogether a result, between which

and the causes whereby it was produced there is often an insurmountable

difficulty in tracing by observation any fixed relation whatever.

The general idea of the Composition of Causes has been seen to be, that

though two or more laws interfere with one another, and apparently frus-

trate or modify one another's operation, yet in reality all are fulfilled, the

collective effect being the exact sum of the effects of the causes taken sepa-

rately. A familiar instance is that of a body kept in equilibrium by two

equal and contrary forces. One of the forces if acting alone would carry
the body in a given time a certain distance to the west, the other if acting
alone would carry it exactly as far toward the east; and the result is the

same as if it had been first carried to the west as far as the one force would

carry it, and then back toward the east as far as the other would carry
it that is, precisely the same distance

; being ultimately left where it was
found at first.

All laws of causation are liable to be in this manner counteracted, and

seemingly frustrated, by coining into conflict with other laws, the separate
result of which is opposite to theirs, or more or less inconsistent with it.

And hence, with almost every law, many instances in which it really is

entirely fulfilled, do not, at first sight, appear to be cases of its operation
at all. It is so in the example just adduced : a force in mechanics means
neither more nor less than a cause of motion, yet the sum of the effects of

two causes of motion may be rest. Again, a body solicited by two forces

in directions making an angle with one another, moves in the diagonal;
and it seems a paradox to say that motion in the diagonal is the sum of two
motions in two other lines. Motion, however, is but change of place, and
at every instant the body is in the exact place it would have been in if the

forces had acted during alternate instants instead of acting in the same
instant (saving that if we suppose two forces to act successively which are

in truth simultaneous we must of course allow them double the time). It

is evident, therefore, that each force has had, during each instant, all the

effect which belonged to it; and that the modifying influence which one
of two concurrent causes is said to exercise with respect to the other may
be considered as exerted not over the action of the cause itself, but over
the effect after it is completed. For all purposes of predicting, calcula-

ting, or explaining their joint result, causes which compound their effects

may be treated as if they produced simultaneously each of them its own
effect, and all these effects co-existed visibly.

Since the laws of causes are as really fulfilled when the causes are said

to be counteracted by opposing causes, as when they are left to their own
undisturbed action, we must be cautious not to express the laws in such
terms as would render the assertion of their being fulfilled in those cases a

contradiction. If, for instance, it were stated as a law of nature that a

body to which a force is applied moves in the direction of the force, with a

velocity proportioned to the force directly, and to its own mass inversely ;

when in point of fact some bodies to which a force is applied do not move
at all, and those which do move (at least in the region of our earth) are,
from the very first, retarded by the action of gravity and other resisting

forces, and at last stopped altogether ;
it is clear that the general proposi-

tion, though it would be true under a certain hypothesis, would not ex-

press the facts as they actually occur. To accommodate the expression of

the law to the real phenomena, we must say, not that the object moves
}
but
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that it tends to move, in the direction and with the velocity specified.
We might, indeed, guard our expression in a different mode, by saying
that the body moves in that manner unless prevented, or except in so far

as prevented, by some counteracting cause. But the body does not only
move in that manner unless counteracted

;
it tends to move in that manner

even when counteracted
;

it still exerts, in the original direction, the same

energy of movement as if its first impulse had been undisturbed, and pro-

duces, by that energy, an exactly equivalent quantity of effect. This is

true even when the force leaves the body as it' found it, in a state of abso-

lute rest
;
as when we attempt to raise a body of three tons' weight with

a force equal to one ton. For if, while we are applying this force, wind or

water or any other agent supplies an additional force just exceeding two

tons, the body will be raised
;
thus proving that the force we applied ex-

erted its full effect, by neutralizing an equivalent portion of the weight
which it was insufficient altogether to overcome. And if, while we are

exerting this force of one ton upon the object in a direction contrary to

that of gravity, it be put into a scale and weighed, it will be found to have
lost a ton of its weight, or, in other words, to press downward with a force

only equal to the difference of the two forces.

These facts are correctly indicated by the expression tendency. All laws
of causation, in consequence of their liability to be counteracted, require to

be stated in words affirmative of tendencies only, and not of actual results.

In those sciences of causation which have an accurate nomenclature, there

are special words which signify a tendency to the particular effect with
which the science is conversant

;
thus pressure, in mechanics, is synony-

mous with tendency to motion, and forces are not reasoned on as causing
actual motion, but as exerting pressure. A similar improvement in termi-

nology would be very salutary in many other branches of science.

The habit of neglecting this necessary element in the precise expression
of the laws of nature, has given birth to the popular prejudice that all gen-
eral truths have exceptions ;

and much unmerited distrust has thence ac-

crued to the conclusions of science, when they have been submitted to the

judgment of minds insufficiently disciplined and cultivated. The rough
generalizations suggested by common observation usually have exceptions ;

but principles of science, or, in other words, laws of causation, have not.
" What is thought to be an exception to a principle

"
(to quote words used

on a different occasion),
"

is always some other and distinct principle cut-

ting into the former
;
some other force which impinges* against the first

force, and deflects it from its direction. There are not a law and an excep-
tion to that law, the law acting in ninety-nine cases, and the exception in

one. There are two laws, each possibly acting in the whole hundred cases,
and bringing about a common effect by their conjunct operation. If the

force which, being the less conspicuous of the two, is called the disturbing

force, prevails sufficiently over the other force in some one case, to consti-

tute that case what is commonly called an exception, the same disturbing
force probably acts as a modifying cause in many other cases which no one
will call exceptions.
"Thus if it were stated io be a law of nature that all heavy bodies fall

to the ground, it would probably be said that the resistance of the atmos-

phere, which prevents a balloon from falling, constitutes the balloon an ex-

* It seems hardly necessary to say that the word impinge, as a general term to express col-

lision of forces, is here used by a figure of speech, and not as expressive of any theory respect-

ing the nature of force.
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ccption to that pretended law of nature. But the real law is, that all heavy
bodies tend to fall

;
and to this there is no exception, not even the sun and

moon
;
for even they, as every astronomer knows, tend toward the earth,

with a force exactly equal to that with which the earth tends toward them.
The resistance of the atmosphere might, in the particular case of the bal-

loon, from a misapprehension of what the law of gravitation is, be said to

prevail orcr the law
;
but its disturbing effect is quite as real in every

other case, since though it does not prevent, it retards the fall of all bodies

whatever. The rule, and the so-called exception, do not divide the cases

between them; each of them is a comprehensive rule extending to all cases.

To call one of these concurrent principles an exception to the other, is su-

perficial, and contrary to the correct principles of nomenclature and ar-

rangement. An effect of precisely the same kind, and arising from the

same cause, ought not to be placed in two different categories, merely as

there does or does not exist another cause preponderating over it."*

G. We have now to consider according to what method these complex
effects, compounded of the effects of many causes, are to be studied

;
how

we are enabled to trace each effect to the concurrence of causes in which
it originated, and ascertain the conditions of its recurrence the circum-
stances in which it may be expected again to occur. The conditions of a

phenomenon which arises from a composition of causes, may be investi-

gated either deductively or experimentally.
The case, it is evident, is naturally susceptible of the deductive mode of

investigation. The law of an effect of this description is a result of the

laws of the separate causes on the combination of which it depends, and is,

therefore, in itself capable of being deduced from these laws. This is call-

ed the method a priori. The other, or a posteriori method, professes to

proceed according to the canons of experimental inquiry. Considering
the whole assemblage of concurrent causes which produced the phenome-
non, as one single cause, it attempts to ascertain the cause in the ordinary
manner, by a comparison of instances. This second method subdivides

itself into two different varieties. If it merely collates instances of the

effect, it is a method of pure observation. If it operates upon the causes,
and tries different combinations of them, in hopes of ultimately hitting the

precise combination which will produce the given total effect, it is a method
of experiment.

In order more completely to clear up the nature of each of these three

methods, and determine which of them deserves the preference, it will be

expedient (conformably to a favorite maxim of Lord Chancellor Eldon, to

which, though it has often incurred philosophical ridicule, a deeper phi-

losophy will not refuse its sanction) to "clothe them in circumstances."
AVe shall select for this purpose a case which as yet furnishes no very brill-

iant example of the success of any of the three methods, but which is all

the more suited to illustrate the difficulties inherent in them. Let the sub-

ject of inquiry be, the conditions of health and disease in the human body;
or (for greater simplicity) the conditions of recovery from a given disease

;

and in order to narrow the question still more, let it be limited, in the first

instance, to this one inquiry: Is, or is not, some particular medicament

(mercury, for instance) a remedy for the given disease.

Now, the deductive method would set out from known properties of

*
Essays on some Unsettled Questions of Political Economy, Essay V.
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mercury, and known laws of the human body, and by reasoning from these,
would attempt to discover whether mercury will act upon the body when
in the morbid condition supposed, in such a manner as would tend to re-

store health. The experimental method would simply administer mercury
in as many cases as possible, noting the age, sex, temperament, and other

peculiarities of bodily constitution, the particular form or variety of the

disease, the particular stage of its progress, etc., remarking in which of

these cases it was attended with a salutary effect, and with what circum-

stances it was on those occasions combined. The method of simple obser-

vation would compare instances of recovery, to find whether they agreed
in having been preceded by the administration of mercury ;

or would com-

pare instances of recovery with instances of failure, to find cases which,

agreeing in all other respects, differed only in the fact that mercury had
been administered, or that it had not.

7. That the last of these three modes of investigation is applicable to

the case, no one has ever seriously contended. No conclusions of value on
a subject of such intricacy ever were obtained in that way. The utmost
that could result would be a vague general impi'ession for or against the

efficacy of mercury, of no avail for guidance unless confirmed by one of the

other two methods. Not that the results, which this method strives to ob-

tain, would not be of the utmost possible value if they could be obtained.

If all the cases of recovery which presented themselves, in an examination

extending to a great number of instances, were cases in which mercury had
been administered, we might generalize with confidence from this expe-

rience, and should have obtained a conclusion of real value. But no such
basis for generalization can we, in a case of this description, hope to obtain.

The reason is that which we have spoken of as constituting the character-

istic imperfection of the Method of Agreement, Plurality of Causes. Sup-
posing even that mercury does tend to cure the disease, so many other

causes, both natural and artificial, also tend to cure it, that there are sure

to be abundant instances of recovery in which mercury has not been ad-

ministered, unless, indeed, the practice be to administer it in all cases
;
on

which supposition it will equally be found in the cases of failure.

When an effect results from the union of many causes, the share which
each has in the determination of the effect can not in general be great,
and the effect is not likely, even in its presence or absence, still less in its

variations, to follow, even approximately, any one of the causes. Recov-

ery from a disease is an event to which, in every case, many influences

must concur. Mercury may be one such influence
;
but from the very fact

that there are many other such, it will necessarily happen that although
mercury is administered, the patient, for want of other concurring influ-

ences, will often not recover, and that he often will recover when it is

not administered, the other favorable influences being sufficiently powerful
without it. Neither, therefore, will the instances of recovery agree in the

administration of mercury, nor will the instances of failure agree in its

non- administration. It is much if, by multiplied and accurate returns

from hospitals and the like, we can collect that there ar-e rather more re-

coveries and rather fewer failures when mercury is administered than when
it is not

;
a result of very secondary value even as a guide to practice, and

almost worthless as a contribution to the theory of the subject.*
* It is justly remarked by Professor Bain, that though the Methods of Agreement and Dif-

ference are not applicable to these cases, they are not wholly inaccessible to the Method of

21
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8. The inapplicability of the method of simple observation to ascertain

the conditions of effects dependent on many concurring causes, being thus

recognized, we shall next inquire whether any greater benefit can be ex-

pected from the other branch of the a posteriori method, that which pro-
ceeds by directly trying different combinations of causes, either artificially

produced or found in nature, and taking notice what is their effect
; as, for

example, by actually trying the effect of mercury in as many different cir-

cumstances as possible. This method differs from the one which we have

just examined in turning our attention directly to the causes or agents,
instead of turning it to the effect, recovery from the disease. And since,
as a general rule, the effects of causes are far more accessible to our study
than the causes of effects, it is natural to think that this method lias a

much better chance of proving successful than the former.

The method now under consideration is called the Empirical Method
;

and in order to estimate it fairly, we must suppose it to be completely, not

incompletely, empirical. We must exclude from it every thing which par-
takes of the nature not of an experimental but of a deductive operation.

If, for instance, we try experiments with mercury upon a person in health,
in order to ascertain the general laws of its action upon the human body,
and then reason from these laws to determine how it will act upon persons
affected with a particular disease, this may be a really effectual method

;

but this is deduction. The experimental method does not derive the law
of a complex case from the simpler laws which conspire to produce it, but
makes its experiments directly upon the complex case. We must make
entire abstraction of all knowledge of the simpler tendencies, the inodi

operandi of mercury in detail. Our experimentation must aim at obtain-

ing a direct answer to the specific question, Docs or does not mercury tend
to cure the particular disease ?

Let us see, therefore, how far the case admits of the observance of those
rules of experimentation which it is found necessary to observe in other

cases. When we devise an experiment to ascertain the effect of a given
agent, there are certain precautions which we never, if we can help it, omit.

In the first place, we introduce the agent into the midst of a set of circum-
stances which we have exactly ascertained. It needs hardly be remarked
how far this condition is from being realized in any case connected with
the phenomena of life

;
how far we are from knowing what are all the cir-

cumstances which pre-exist in any instance in which mercury is adminis-
tered to a living being. This difficulty, however, though insuperable in

Concomitant Variations.
"
If a cause happens to vary alone, the effect will also vary alone :

a cause and effect may be thus singled out under the greatest complications. Thus, when the

appetite for food increases with the cold, we have a strong evidence of connection between
these two facts, although other circumstances may operate in the same direction. The as-

signing of the respective parts of the sun and moon in the action of the tides may be effected,
to a certain degree of exactness, by the variations of the amount according to the positions
of the two attractive bodies, By a series of experiments of Concomitant Variations, directed

to ascertain the elimination of nitrogen from the human body under varieties of muscular ex-

ercise, Dr. 1'arkes obtained the remarkable conclusion, that a muscle grows during exercise,
and loses bulk during the subsequent rest." (Logic, ii., 83.)

It is, no doubt, often possible to single out the influencing causes from among a great num-
ber of mere concomitants, by noting what are the antecedents, a variation in which is followed

by a variation in the effect. But when there are many influencing causes, no one of them

greatly predominating over the rest, and especially when some of these arc continually chan-

ging, it is scarcely ever possible to trace such a relation between the variations of the effect

and those of any one cause as would enable us to assign to that cause its real share in the

production of the effect.
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most cases, may not be so in all
;
there are sometimes concurrences of

many causes, in which we yet know accurately what the causes are. More-

over, the difficulty may be attenuated by sufficient multiplication of experi-

ments, in circumstances rendering it improbable that any of the unknown
causes should exist in them all. But when we have got clear of this ob-

stacle, we encounter another still more serious. In other cases, when we
intend to try an experiment, we do not reckon it enough that there be no
circumstance in the case the presence of which is unknown to us. We re-

quire, also, that none of the circumstances which we do know shall have
effects susceptible of being confounded with those of the agents whose

properties we wish to study. We take the utmost pains to exclude all

causes capable of composition with the given cause
; or, if forced to let in

any such causes, we take care to make them such that we can compute
and allow for their influence, so that the effect of the given cause may, af-

ter the subduction of those other effects, be apparent as a residual phe-
nomenon.

These precautions are inapplicable to such cases as we are now consid-

ering. The mercury of our experiment being tried with an unknown mul-
titude (or even let it be a known multitude) of other influencing circum-

stances, the mere fact of their being influencing circumstances implies that

they disguise the effect of the mercury, and preclude us from knowing
whether it has any effect or not. Unless we already knew what and how
much is owing to every other circumstance (that is, unless we suppose the

very problem solved which we are considering the means of solving), we
can not tell that those other circumstances may not have produced the

whole of the effect, independently or even in spite of the mercury. The
Method of Difference, in the ordinary mode of its use, namely, by com-

paring the state of things following the experiment with the state which

preceded it, is thus, in the case of intermixture of effects, entirely unavail-

ing ;
because other causes than that whose effect we are seeking to deter-

mine have been operating during the transition. As for the other mode
of employing the Method of Difference, namely, by comparing, not the

same case at two different periods, but different cases, this in the present
instance is quite chimerical. In phenomena so complicated it is question-
able if two cases, similar in all respects but one, ever occurred

;
and were

they to occur, we could not possibly know that they were so exactly
similar.

Any thing like a scientific use of the method of experiment, in these com-

plicated cases, is therefore out of the question. We can generally, even in

the most favorable cases, only discover by a succession of trials, that a cer-

tain cause is very often followed by a certain effect. For, in one of these

conjunct effects, the portion which is determined by any one of the in-

fluencing agents, is usually, as we before remarked, but small
;
and it must

be a more potent cause than most, if even the tendency which it really ex-

erts is not thwarted by other tendencies in nearly as many cases as it is ful-

filled. Some causes indeed there are which are more potent than any
counteracting causes to which they are commonly exposed ;

and according-

ly there are some truths in medicine which are sufficiently proved by direct

experiment. Of these the most familiar are those that relate to the efficacy
of the substances known as Specifics for particular diseases,

"
quinine,

colchicum, lime-juice, cod-liver oil,"* and a" few others. Even these are

* Bain's Logic, ii.
,
360.
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not invariably followed by success
;
but they succeed in so large a propor-

tion of cases, and against such powerful obstacles, that their tendency to

restore health in the disorders for which they are prescribed may be re-

garded as an experimental truth.*

If so little can be done by the experimental method to determine the

conditions of an effect of many combined causes, in the case of medical

science; still less is this method applicable to a class of phenomena more

complicated than even those of physiology, the phenomena of politics and

history. There, Plurality of Causes exists in almost boundless excess, and
effects are, for the most part, inextricably interwoven with one another. To
add to the embarrassment, most of the inquiries in political science relate

to the production of effects of a most comprehensive description, such as

the public wealth, public security, public morality, and the like : results

liable to be affected directly or indirectly either in plus or in minus by
nearly every fact which exists, or event which occurs, in human society.
The vulgar notion, that the safe methods on political subjects are those of

Baconian induction that the true guide is not general reasoning, but spe-
cific experience will one day be quoted as among the most unequivocal
marks of a low state of the speculative faculties in any age in which it is

accredited. Nothing* can be more ludicrous than the sort of parodies on

experimental reasoning which one is accustomed to meet with, not in pop-
ular discussion only, but in grave treatises, when the affairs of nations

are the theme. "
How," it is asked,

" can an institution be bad, when the

country has prospered under it?" "How can such or such causes have
contributed to the prosperity of one country, when another has prospered
without them ?" Whoever makes use of an argument of this kind, not in-

tending to deceive, should be sent back to learn the elements of some one
of the more easy physical sciences. Such reasoners ignore the fact of

Plurality of Causes in the very case which affords the most signal example
of it. So little could be concluded, in such a case, from any possible colla-

tion of individual instances, that even the impossibility, in social phenomena,
of making artificial experiments, a circumstance otherwise so prejudicial to

directly inductive inquiry, hardly affords, in this case, additional reason of

regret. For even if we could try experiments upon a nation or upon the

human race, with as little scruple as M. Magendie tried them on dogs and

rabbits, we should never succeed in making two instances identical in every
respect except the presence or absence of some one definite circumstance.
The nearest approach to an experiment in the philosophical sense, which
takes place in politics, is the introduction of a new operative element into

national affairs by some special and assignable measure of government,
such as the enactment or repeal of a particular law. But where there are

so many influences at work, it requires some time for the influence of any
new cause upon national phenomena to become apparent; and as the causes

operating in so extensive a sphere are not only infinitely numerous, but in

a state of perpetual alteration, it is always certain that before the effect of

* What is said in the text on the applicability of the experimental methods to resolve par-
ticular questions of medical treatment, does not detract from their efficacy in ascertaining the

general laws of the animal or human system. The functions, for example, of the different

classes of nerves have been discovered, and probably could only have been discovered, by ex-

periments on living animals. Observation and experiment are the ultimate basis of all knowl-

edge : from them we obtain the elementary laws of life, as we obtain all other elementary truths.

It is in dealing with the complex combinations that the experimental methods are for the most

part illusory, and the deductive mode of investigation must be invoked to disentangle the com-

plexity.
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the new cause becomes conspicuous enough to be a subject of induction, so

many of the other influencing circumstances will have changed as to vitiate

the experiment.*
Two, therefore, of the three possible methods for the study of phenomena

resulting from the composition of many causes, being, from the very nature
of the case, inefficient and illusory, there remains only the third that which
considers the causes separately, and infers the effect from the balance of

the different tendencies which produce it : in short, the deductive, or a pri-
ori method. The more particular consideration of this intellectual process
requires a chapter to itself.

CHAPTER XI.

OF THE DEDUCTIVE METHOD.

1. THE mode of investigation which, from the proved inapplicability
of direct methods of observation and experiment, remains to us as the

main source of the knowledge we possess or can acquire respecting the

conditions and laws of recurrence, of the more complex phenomena, is

called, in its most general expression, the Deductive Method
;
and consists

of three operations : the first, one of direct induction
;
the second, of ra-

tiocination
;
the third, of verification.

I call the first step in the process an inductive operation, because there

must be a direct induction as the basis of the whole
; though in many par-

ticular investigations the place of the induction may be supplied by a prior
deduction

;
but the premises of this prior deduction must have been de-

rived from induction.

The problem of the Deductive Method is, to find the law of an effect,
from the laws of the different tendencies of which it is the joint result.

The first requisite, therefore, is to know the laws of those tendencies
;
the

law of each of the concurrent causes : and this supposes a previous proc-
ess of observation or experiment upon each cause separately ;

or else a pre-
vious deduction, which also must depend for its ultimate premises on ob-

servation or experiment. Thus, if the subject be social or historical phe-
nomena, the premises of the Deductive Method must be the laws of the

causes which determine that class of phenomena ;
and those causes are hu-

man actions, together with the general outward circumstances under the

* Professor Bain, though concurring generally in the views expressed in this chapter, seems
to estimate more highly than I do the scope for specific experimental evidence in politics.

(Logic, ii., 333-337.) There are, it is true, as he remarks (p. 336), some cases "when an

agent suddenly introduced is almost instantaneously followed by some other changes, as when
the announcement of a diplomatic rupture between two nations is followed the same day by a

derangement of the money-market." But this experiment would be quite inconclusive merely
as an experiment. It can only serve, as any experiment may, to verify the conclusion of a

deduction. Unless we already knew by our knowledge of the motives which act on business

men, that the prospect of war tends to derange the money-market, we should never have been

able to prove a connection between the two facts, unless after having ascertained historically
that the one followed the other in too great a number of instances to be consistent with their

having been recorded with due precautions. Whoever has carefully examined any of the at-

tempts continually made to prove economic doctrines by such a recital of instances, knows
well how futile they are. It always turns out that the circumstances of scarcely any of the

cases have been fully stated; and that cases, 'in equal or greater numbers, have been omitted
which would have tended to an opposite conclusion.
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influence of which mankind are placed, and which constitute man's posi-
tion on the earth. The Deductive Method, applied to social phenomena,
must begin, therefore, by investigating, or must suppose to have been al-

ready investigated, the laws of human action, and those properties of out-

ward things by which the actions of human beings in society are deter-

mined. Some of these general truths will naturally be obtained by obser-

vation and experiment, others by deduction : the more complex laws of

human action, for example, may be deduced from the simpler ones; but
the simple or elementary laws will always, and necessarily, have been ob-

tained by a directly inductive process.
To ascertain, then, the laws of 'each separate cause which takes a share

in producing the effect, is the first desideratum of the Deductive Method.
To know what the causes are which must be subjected to this process of

study, may or may not be difficult. In the case last mentioned, this first

condition is of easy fulfillment. That social phenomena depend on the acts

and mental impressions of human beings, never could have been a matter
of any doubt, however imperfectly it may have been known either by what
laws those impressions and actions are governed, or to what social conse-

quences their laws naturally lead. Neither, again, after physical science

had attained a certain development, could there be any real doubt where to

look for the laws on which the phenomena of life depend, since they must
be the mechanical and chemical laws of the solid and fluid substances com-

posing the organized body and the medium in which it subsists, together
with the peculiar vital laws of the different tissues constituting the organic
structure. In other cases, really far more simple than these, it was much
less obvious in what quarter the causes were to be looked for: as in the

case of the celestial phenomena. Until, by combining the laws of certain

causes, it was found that those laws explained all the facts which experi-
ence had proved concerning the heavenly motions, and led to predictions
which it always verified, mankind never knew that those were the causes.

But whether we arc able to put the question before, or not until after, we
have become capable of answering it, in either case it must be answered;
the laws of the different causes must be ascertained, before we can proceed
to deduce from them the conditions of the effect.

The mode of ascertaining those laws neither is, nor can be any other

than the fourfold method of experimental inquiry, already discussed. A
few remarks on the application of that method to cases of the Composition
of Causes are all that is requisite.

It is obvious that we can not expect to find the law of a tendency by
an induction from cases in which the tendency is counteracted. The laws
of motion could never have been brought to light from the observation of

bodies kept at rest by the equilibrium of opposing forces. Even where the

tendency is not, in the ordinary sense of the word, counteracted, but only
modified, by having its effects compounded with the effects arising from
some other tendency or tendencies, we are still in an unfavorable position
for tracing, by means of such cases, the law of the tendency itself. It

would have been scarcely possible to discover the law that every body in

motion tends to continue moving in a straight line, by an induction from
instances in which the motion is deflected into a curve, by being compound-
ed with the effect of an accelerating force. Notwithstanding the resources

afforded in this description of cases by the Method of Concomitant Varia-

tions, the principles of a judicious experimentation prescribe that the law
of each of the tendencies should be studied, if possible, in cases in which
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that tendency operates alone, or in combination with no agencies but those

of which the effect can, from previous knowledge, be calculated and allow-

ed for.

Accordingly, in the cases, unfortunately very numerous and important,
in which the causes do not suffer themselves to be separated and observed

apart, there is much difficulty in laying down with due certainty the induc-

tive foundation necessary to support the deductive method. This difficulty
is most of all conspicuous in the case of physiological phenomena ;

it being
seldom possible to separate the different agencies which collectively com-

pose an organized body, without destroying the very phenomena which it

is our object to investigate:

following life, in creatures we dissect,
We lose it, in the moment we detect.

And for this reason I am inclined to the opinion that physiology (greatly
and rapidly progressive as it now is) is embarrassed by greater natural dif-

ficulties, and is probably susceptible of a less degree of ultimate perfec-

tion, than even the social science
;
inasmuch as it is possible to study the

laws and operations of one human mind apart from other minds, much less

imperfectly than we can study the laws of one organ or tissue of the hu-

man body apart from the other organs or tissues.

It has been judiciously remarked that pathological facts, or, to speak in

common language, diseases in their different forms and degrees afford in

the case of physiological investigation the most valuable equivalent to ex-

perimentation properly so called
;
inasmuch as they often exhibit to us a

definite disturbance in some one organ or organic function, the remaining
organs and functions being, in the first instance at least, unaffected. It is

true that from the perpetual actions and reactions which are going on

among all parts of the organic economy, there can be no prolonged disturb-

ance in any one function without ultimately involving many of the others
;

and when once it has done so, the experiment for the most part loses its

scientific value. All depends on observing the early stages of the derange-
ment; which, unfortunately, are of necessity the least marked. If, how-

ever, the organs and functions not disturbed in the first instance become
affected in a fixed order of succession, some light is thereby thrown upon
the action which one organ exercises over another : and we occasionally
obtain a series of effects which we can refer with some confidence to the

original local derangement; but for this it is necessary that we should know
that the original derangement icas local. If it was what is termed consti-

tutional; that is, if we do not know in what part of the animal economy it

took its rise, or the precise nature of the disturbance which took place in

that part, we are unable to determine which of the various derangements
was cause and which effect; which of them were produced by one another,
and which by the direct, though perhaps tardy, action of the original cause.

Besides natural pathological facts, we can produce pathological facts ar-

tificially : we can try experiments, even in the popular sense of the term,

by subjecting the living being to some external agent, such as the mercury
of our former example, or the section of a nerve to ascertain the functions

of different parts of the nervous system. As this experimentation is not

intended to obtain a direct solution of any practical question, but to dis-

cover general laws, from which afterward the conditions of any particular
effect may be obtained by deduction, the best cases to select are those of

which the circumstances can be best ascertained : and such are generally
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not those in which there is any practical object in view. The experiments
are best tried, not in a state of disease, which is essentially a changeable
state, but in the condition of health, comparatively a fixed state. In the

one, unusual agencies are at work, the results of which we have no means
of predicting: in the other, the course of the accustomed physiological

.phenomena would, it may generally be presumed, remain undisturbed, were
it not for the disturbing cause which we introduce.

Such, with the occasional aid of the Method of Concomitant Variations

(the latter not less encumbered than the more elementary methods by the

peculiar difficulties of the subject), are our inductive resources for ascer-

taining the laws of the causes considered separately, when we have it not

in our power to make trial of them in a state of actual separation. The

insufficiency of these resources is so glaring, that no one can be surprised
at the backward state of the science of physiology ;

in which indeed our

knowledge of causes is so imperfect, that we can neither explain, nor could

without specific experience have predicted, many of the facts which are

certified to us by the most ordinary observation. Fortunately, we are

much better informed as to the empirical laws of the phenomena, that is,

the uniformities respecting which we can not yet decide whether they are

cases of causation, or mere results of it. Not only has the order in which
the facts of organization and life successively manifest themselves, from
the first germ of existence to death, been found to be uniform, and very
accurately ascertainable

; but, by a great application of the Method of

Concomitant Variations to the entire facts of comparative anatomy and

physiology, the characteristic organic structure corresponding to each class

of functions has been determined with considerable precision. Whether
these organic conditions are the whole of the conditions, and in many cases

whether they are conditions at all, or mere collateral effects of some com-
mon cause, we are quite ignorant; nor are we ever likely to know, unless

we could construct an organized body and try whether it would live.

Under such disadvantages do we, in cases of this description, attempt
the initial, or inductive step, in the application of the Deductive Method to

complex phenomena. But such, fortunately, is not the common case. In

general, the laws of the causes on which the effect depends may be obtain-

ed by an induction from comparatively simple instances, or, at the worst,

by deduction from the laws of simpler causes, so obtained. By simple in-

stances are meant, of course, those in which the action of each cause was
not intermixed or interfered with, or not to any great extent, by other

causes whose laws were unknown. And only when the induction which
furnished the premises to the Deductive method rested on such instances

has the application of such a method to the ascertainment of the laws of a

complex effect, been attended with brilliant results.

2. When the laws of the causes have been ascertained, and the first

stage of the great logical operation now under discussion satisfactorily ac-

complished, the second part follows
;
that of determining from the laws of

the causes what effect any given combination of those causes will produce.
This is a process of calculation, in the wider sense of the term

;
and very

often involves processes of calculation in the narrowest sense. It is a

ratiocination
;
and when our knowledge of the causes is so perfect as to

extend to the exact numerical laws which they observe in producing their

effects, the ratiocination may reckon among its premises the theorems of

the science of number, in the whole immense extent of that science. Not


