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BOOK IIL
INDUCTION.

CHAPTER I.
MEANING AND SCOPE OF INDUCTION.

1. Induction is the arriving at General Propositions, by
means of Observation or Fact.

In an Induction, there are three essentials:—(1) the result
must be a proposition—an affirmation of concurrence or non-
concurrence—as opposed to a Notion: (2) the Proposition
must be general, or applicable to all cases of a given kind: (3)
the method must be an appeal to obssrvation or Fact.

(1) By Induction, we arrive at Propositions,—Affirmations
of coincidence or non-coincidence of distinct properties; we
have to do, not with verbal, but. with Real Predication. That
¢ The boiling temperature destroys animal life,” is an induction
so far as being a proposition, affirmation, or real predication ;
there are two distinot facts—boiling heat, and destruction of
animal life—and these two facts are coupled in an affirmation
of coincidence. '

To this essential of Induction, are-opposed the cases where
what we arrive at: is a Notion or Definition. Sometimes we
are liable to confound the two. This happens when we are
attending too exclusively to the second characteristic of Induc-
tion— generality. In the process of defining, we generalize &
number of individuals, so as to obtain and express their point
or points of community, which expressed community is a De-
finition or Notion; as Heat, Knowledge, Justice. If sach
definitions, or expressed general notions, are absolutely limited'
to one indivisible fact or attribute, they are by that circum-
stance decisively contrasted with inductions, which always join

. 1



2 MEANING AND SCOPE OF INDUCTION.

. at least two facts or attributes. Thus, the generalized notions

. of length, resistance, whiteness, heat, could not be confounded
with inductions ; there is clearly absent from these the con-
joining or coupling of distinct properties. But we have seen
many instances where a definition expresses a plurality of
attributes concurring in the same subject, as in all the natural
kinds—minerals, plants, animals—and in various other things.
There is no small delicacy in placing the boundary between
those generalities ending in plural notions, or definitions, and
proper inductive generalizations. 'We have to ask whether or
not the stress is laid on the circumstance of conjunction,
whether it is made a question—are the properties conjoined
or not, In definition, the conjunction is tacitly assumed; in
induction, it is laid open to question ; it has to be proved or
disproved. (See p. 62).

(2) The Propositions established by Induction are general.
A single individual concurrence, as ¢ the wind is shaking the
tree,’ is in its statement a proposition, but not an induction.
On such individual statements, we base inductions, but one is
not enough. If the coincidence recurs, we mark the recur-
rence ; we are affected by the shock or flash of identity, a very
important step in our knowledge. If, pursuing the sugges-
tion, we remark that as often as the wind is high, the trees
are shaken ; that the two things have concurred within the
whole course of our observation; that the same concurrence
has been uniform in the observation of all other persons
whose experience we have been informed of,—we are then
entitled to take a still wider sweep, and to say, ¢every time
that a high wind has been observed, a waving of the trees has
also been observed.’

Still, with all this multitude and uniformity of observations,
there is no proper Induction. What then remains? The
answer is, the extension of the concurrence from the observed
to the unobserved cases—to the future which has not yet
come within observation, to the past before observation began,
to the remote where there has been no access to observe. This
is the leap, the hazard of Induction, which is necessary to
complete the process. ~Without this leap, our facts are
barren ; they teach us what has been, after the event ; whereas,
we want knowledge that shall instruct us before the event,
that shall impart what we have no means of observing. A
complete induction, then, is a generalization that shall express
what is conjoined everywhere, and at all times, superseding
for ever the labour of fresh observation.
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We thus contrast Induction with that species of ‘Induc-
tions improperly so called,’ where & general statement merely
sums :fp the observed particulars.

If, after observing that each one of the planets shines by the
sun’s light, we affirm that ¢all the planets shine by the sun’s
light,’ we make a general proposition to appearance, but it
falls short of an induction in the full sense of the term. The
general statement is merely another way of exBressing the par-
ticulars ; it does not advance beyond them. ut without such
an advance there is no real inference, no march of information,
no addition to our knowledge. Induction is the instrument of
multiplying and extending knowledge; it teaches us how,
from a few faots observed, to affirm a great many that have
not been observed. If, from the observation of the planets
now discovered, we make an assertion respecting all that have
yet to be discovered, we make the leap implied in real or
inductive inference. If the assertion had been made when
only six planets were known, actual observation would have
been the guarantee for those six, induction for the remaining
hundred or npwards.

8o the proposition all animals have a nervous system’ is
an induction only when affirmed on the observation of a part
of the animal species. If the representatives of every species
had been examined before the statement was made, the pro-
position would be proved by observation, and not by induction;
the generality would be merely a literal repetition or summary
of the particulars.

This kind ef improper induction is assumed in the attempt, made
first by Aristotle an repeated by others, to bring Induction under
the syllogism. Induction *is defined by Aristotle, * proving the
major term of the middle by means of the minor;” in which
dedm'tion, the expressions major, middle, and minor, are used
relatively to their extension, to designate respectively the attribute
proved, the constituted species ogn which 1t is proved, and the

gate of individuals by which the species is comstituted.’
?mel's Aldrich, Note G.). Thus—
X, Y, Z, (minor) are B (major),
X, Y, Z, are all A (middle),
All Ais B

. This has the appearance, but only the appearance of a sgllogism
in the Third Figure. It is liable to the criticism already made
upon syllogisms with two singular premises. It is not a syllogism
at all, in any corvect sense, but a mere process of equivalence. The
two premises can be summed in one, by verbal or grammatical
condensation ; and when that has been done, the conclusion is &
mere repetition of part of the meaning of the combined statement.
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A more ambitious form of the Inductive Syllogism is given by
Aldrich and Whately, which trenches on Induction proper.

The magnets that I have observed, fogether with those that I
have not observed, attract iron, '

These magnets are all magnets,

All magnets attract iron.

The major here obviously assumes the very point to be estab-
lished, and makes the inductive leap. No formal logician is entitled
to lay down a premise of this nature. The process altogether
transcends syllogism or formal logic.

. In no sense is the Inductive Byllogism an admissible logical
orm,

A truly inductive Proposition may be but a narrow genera-
lity. That ‘the breeze always spreads the royal flag hoisted,
at Windsor Castle ’ is a proper induction ; it covers the unseen
and the future as well as the seen. The still wider induction,
¢ the breeze spreads all the flags of all nations,’ is not more
essentially inductive, although of more value as knowledge.

(8) An Inductive Proposition is based on the observation.
of facts. Many true propositions, instead of being based on
a direct appeal to observation, are derived from other propo-,
sitions ; such are, with a few exceptions, the propositions: of
Mathematics, and many truths in all the other sciences. In
this view, Induction is contrasted with Deduction. Induction
is necessarily the prior source of truths; the Deductive pro-
positions are obtained from Inductions. We must commence
with observation of fact, and thence rise to Inductive gene-
ralities, before we can proceed downwards in the way of
deduction.

By the use of our obgerving faculties for the object world,
and of self-consciousness for the mind, we not merely obtain
our notions of things—stars, mountains, trees, men, pleasures
—but algo discern the conjunctions or connexions of things.
A single conjunction excites little notice, but an iterated con-
junction awakens our feeling of identity; we attend to the
circumstance, and watch for the recurrence. If, in the midst of
fluctuation, some one couple of things is found always associ-
ated, we state the fact to ourselves as a natural conjunction, a
law of nature; and the statement is an inductive proposition.
A meteor flaghing along the sky is an isolated circumstance ;
we term it casual or accidental. The recurrence of a stream
of meteors year after year, in the same month, is a coincidence,
which we elevate into an induction, affirming it for the fature
as well as for the past. o

The semblance of Indnetion is put on by certain operations
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purely Deductive. Of thesé Inductions improperly so calléd,
tivo forms may be mentioned.

First. There is a certain likeness to Induction in the demon-
strations of Euclid; which are each made upon an exemplary
diagram, and thence extended to all similar instances, by what
is termed parity of reasoning.

When Euclid proves that the angles at the base of an isos-
ceélés triangle are equal, he proves it upon & single diagram,
and rests the general proposition upon the circumstance that
the same resnlt would be arrived at in every other case of the
same sort. The resemblance to Induction lies in extending
what is found in one instance to all other instances. Yet the
resemblance fails on vital points. _

In reality, such truths are not established by measuring the
particular diagram, and recording that measure as an observed
fact, to be taken with other facts similarly observed, in mak-
ing up 4 general rule; as if we were, by means of an induction
from the pyramids, to lay down a general law of pyramidical
structure. The only use made of the figure is to provide a
cohcrete reference in applying the general language of the
demonstration. One triangle is as good as another for the
parpose. We expressly omit from the reasoning all reference
to the size of the triangle, toits material, to the size of the
aniglé included by the two equal sides; consequently, our
proof is independent of any one of these elements, and holds
under all variations of each. The demonstration is to the
‘offect that, quoad isosceles triangle, the affirmation is true; it
is a perfectly general truth. The expression, ¢ the same might
bé proved of any other isosceles triangle,” would be idle and
superfluous; the fact is already proved of every such tria.ngle.

Becondly. The term Induction bas been improperly applied
to discoveries of identification to establish a minor—a purely
deductive operation. . .

When Kepler, after comparing a great many positions of
Mars, came to the conclusion that all these pldces lay in an
ellipse of certain dimensions, he made an advance from the
known to the unknown, which is one criterion of induction.
‘Without any farthet observations, it was possible to assign
the place of the planet at any mioment of time throughout
the eittire circuit. Yet, notwithstandihg this remarkable
peculiarity, the case is not an induction. It is, in fact, a
deduction.  'We might term it a discovery of identification to
establish a minor. . , ‘

Supposing that, in the time of Kepler, tlie geometrical pro-
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positions of the ellipse had been still undiscovered, he could
not have established his law, nor applied it to fill in the inter-
mediate places of the planet. What he really discovered was
an identity between the series of observed positions of Mars
and the path of an ellipse with the sun in the focus. It was
by the help of the known properties of the ellipse that he made
this identity. The identity once established, any or all of the
giropositions of the ellipse could be applied to the orbit of

ars, and by these the orbit could be as it were drawn, so as
to show the successive positions of Mars as he described his
circuit. There could have been no inference from places
observed, to places unobserved, except through the application
of those laws respecting the ellipse, which had been dis-
covered by the Greek geometers. The propositions of the
ellipse supplied the major premise of the reasoning. Kepler's
observations supplied the minor premise ; they showed that
the places of Mars coincided with the places in an ellipse;
whereupon whatever was true of the ellipse was true of the
orbit of Mars,

Similar instances of discoveries of Deduction could be cited.
When after the inductive establishment of the laws of
magnetism upon Iron, other substances were discovered to
be magnetic as Nickel, Cobalt, Manganese, Chromium, &c.,
the magnetic laws were forthwith transferred deductively to
these bodies. Franklin’s great discovery of the identity of
lightning and electricity, enabled all the previously ascertained
facts regarding electricity to be applied to the atmospheric
charge.

In contrast to the law of the elliptic orbits, we may quote
Kepler’s third law—the relation of the periodic times to the
mean distances, an induction in the proper sense of the word.
There is still a mathematical element present, but that element
is not the major proposition, to which Kepler supplied a minor.
The numerical ratio merely expresses the point of concurrence
of the particulars observed, it being the nature of that con-
currence to be numerical. The basis of the indnction was the
agreement of the six planets in the numerical ratio; and the
induction was brought out in its real character when new
planets were discovered and the law applied to them at once,
and before there was time to observe the fact in each indivi-
dual case.

Of a similar nature to Kepler’s third law is the law of the
refraction of light, a proper induction set in mathematical lan-
guage. From a number of positions of the incident and re-
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fracted rays of light in various substances, Snell found that
the relation of the two could be expressed by a definite
numerical proportion of the sines of the angles, the proportion
being constant for the same transparent medium. He had
observed the relation in a number of cases, and he inductively
affirmed it in all.

In like manner the establishment of the law of gravitation
was an induction numerically expressed.

2. The sole method of attaining Inductive truths being
the observation and the comparison of particulars, the sole
evidence for such truths is Universal Agreement.

A permanent or uniform concurrence can be established, in
the last resort, only by the observation of its uniformity. That
unsupported bodies fall to the ground, is a conjunction sug-
gested by the observation of mankind, and proved by the
unanimity of all observers in all times and places. What is
found true, wherever we have been able to carry our observa-
tions, is to be accepted as universally true, until exceptions are
discovered. This is to apply the Universal Postulate, the
primary assumption at the root of all knowledge beyond the
present—that what has never been contradicted (after sufficient
search) is to be received as true.

Through this method alone—of Universal Agreement in de-
tail—can our most general and fundamental truths be dis-
covered and proved. It is the only proper Inductive Method.
By it are establisbed the Axioms of Mathematics, the Axioms
ofy the Syllogism, the Law of Gravity, the Law of Causation or
of Conservation. Likewise on it ‘'we depend for the proof of
all uniformities that, although not ultimate, are for the time
unresolved into higher nniformities ; or what are termed Empi-
rical Laws.



CHAPTER II

THE GROUND OF INDUCTION—UNIFORMITY OF
NATURE—LAWS OF NATURE.

1. As Induction proper infers from the known to the
unknown ; it assumes that, under certain circumstances
(to be specified), what has been will be. The same thing
18 otherwise expressed by affirming that Nature is Uni-
form ; that there are Laws of Nature.

This great foundation of all possible inference is stated in
many forms of language. ¢ Nature repeats itself,’ ¢ the future
will resemble the past,’ ¢ the absent is like the present,’ ¢ the
Universe is governed by Laws.” In one great department, it
is named Causation, or the Law of Cause and Effect.

The principle is put in another light by the remark of Mr.
Mill that the Uniformity of Nature is the ultimate major premise
of every inductive inference. To prove that the present
generation of men will die, we may construct a syllogism
thus :—major—what has been in the past will continue
(under given circumstances); minor—men have died in the
past ; conclusion—men will continue to die.

Nature is not uniform in all things. One day agrees with
another in part, and differs in part. Human beings are
born with a certain amount of uniformity, and also with
a certain amount of difference. The law of uniformity, there-
fore, needs to be limited and qualified.

2. The course of the world is not ¢ Uniformity, but
Uniformities. There are departments of uniformity, which
are radically distinct.

The most pointed illustration of this statement is the
Classification of the Sciences. Although, in early ages, men’s
minds were strongly prepossessed with a supposed Unity of
Nature, we now recognize a plurality of distinct kinds of

henomena, each kind having its own separate principles or
aws. Thus, the facts and'principles of Number are studied
apart from the facts and principles of Life.



LAWS OF NATURE 9

The phrase ‘ Laws of Nature’ may be understood to imply
(1) that Nature is uniform, and (2) that this uniformity is a
plurality and not & unity. There are separate departments,
each with its own uniformities or laws. That unsupported
bodies fall to the ground, that fire is quenched by water, that
men pursue pleasure—are said to be laws of nature ; they are,
however, generically different laws, and are distributed under
distinct branches or departments of Science or Knowledge.

The word ‘Law’ is a metaphor taken from human society,
where it supposes the relationship named authority and obedi-
ence. Seeing that in all well-constituted societies, the decrees
emanating from the sovereign anthority are alike binding upon
all citizens, inall times and places, they have the characteristio
of uniformity ; and it is on this characteristic alone, that ¢ law’
can be employed to signify the order of the natural world.
The full definition of a law is inapplicable to physical sequences.
The likeness fails in the essential point. In human authority,
a certain beneficial result is aimed at by rules of ¢onduct on
the part of the subjects of the state ; which conduct is enforced
by a penalty or punishment ; and the penalty is directed with
precision upon the wrong doer. In the order of the world,
on the contrary, a man conforming to the physical sequences
is safe, whatever be the extent of his violations of moral law.
Night exposure may be more injurious to the policeman than
to the thief; immunity is purchased not by virtuous conduct
as regards others, but by pradential care as regards self.

8. The term ‘ Law of Nature’ is sometimes used in a
more restricted sense, to express the highest generalities,
or ultimate uniformities of nature.

There being a constant wish to discover, not merely laws
that shall be true, but laws of the highest and most command-
ing generality, such laws are more emphatically termed
¢ The Laws of Nature’—the most centralized and all-compre-
hending expressions of the order of nature. This more
impoeing charadter appears to belong to the law of Gravity,
and to the principle named ¢ The Conservation of Force.’

4. As regards Logical Method, the general Uniformity
of nature may be distributed under three branches, already
éxpressed in the ultimate classification of Propositions—
Co-ExISTENCE (as Co-inherence of Attributes), CAUSATION,
and EQuaLITY. _ ‘

The three great relationships found capable of embracing

»
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all propositions were stated to be (1) Co-existence, (2)
Sequence, (3) Equality and Inequality (Number and Quan-
tity). Under Co-existence was included Order in Place, and
Co-INBERING ATTRIBUTEs; the first—Order in Place, being
resolvable into laws of Quantity. Under Sequence or Succes-
sion was included Order in Time and CAUsATION; the first-named
being also a purely numerical relationship. The third rela-
tionship, Equality and Inequality, is the basis of Mathematics,
the science of QuanTITY and Number.

Thus the three distinct heads of scientific investigation,
comprising all the uniformities or laws of nature, are Unifor-
mities of Co-existence, Uniformities of Succession (Causation),
Uniformities of Egquality and Inequality. These are the three
cases that Induction has to deal with.

In the actnal working of Induction, we find it to be almost
entirely absorbed with the second head—CausaTioN.

Besides that there are very few general laws of pure Co-
existence, Causation is singular in providing a comprehensive
Uniformity, which may be appealed to deductively, for all
cases. The uniformities of Co-existence (independent of
Causation) can be proved only piece-meal; each stands on its
own evidence of observation in the detail ; no one assists us
to prove another. There is thus a blankness of resources
in regard to the proper laws of Co-existence; their Logic is
speedily exhausted.

The same defect, strange as it may sound, attaches to the
uniformities of Quantity—based on the relations of Equality
and Inequality. The certainty of the mathematical axioms is
a certainty due to their easy and thorough verification one by
one; not to their falling under any uniformity more compre-
hensive than themselves. It is by ¢ Agreement through all
Nature’ that we prove that ¢ Things equal to the same thing
are equal ;> having found this fact always true, never false,
we extend it, by the Inductive hazard, to all cases whatsoever.
‘We repeat the operation upon the other great axiom—* The
sums of equals are equal’ We must proceed, in the same
method of detail, to all other axioms—as the dictum of the
syllogism, the axiom a fortiori, &c.

The extended machinery of Inductive research, constituting
the Logic or Method of Induction, is thus nearly confined to
Causation. The greatest resources for eliminating accidental
accompaniments and for seizing the real concomitances of
facts—the so-called ¢ Experimental Methods’—have their full
application only to Caunse and Effect.



CHAPTER III,
INDUCTION OF CO-EXISTENCE.

1. Of Uniformities of Co-existence, a very large num-
ber may be traced to Causation. It remains to be seen
whether there be any not so traceable.

The numerous Co-existences of Order in Place, or the dis-
tribution and arrangements of material objects throughout the
Universe, are all the results of causation, starting from some
prior arrangements. The distribution of sea and land, the
stratification of the earth’s crust, the existence of an atmos-
phere, the distribution of the materials of the globe generally,
—are the result of natural agencies or forces, operating upon
prior arrangements.  Salt is found in the ocean, becaunse the
water has dissolved all aceessible portions of it. The heavy
metals are found in deep rocks in eonsequence of their weight ;
the corrosible and combining metals occur in combination ;
and those that are relyetant to combine, occur nearly pure, as
Platinum and Gold. *: -

There are thus no indépendent laws of co-existence to be
found among uniformities of Order in Place. 'We must seek
for them, if there be any such, among Co-INEEREING ATTRIBUTES.
It is possible that attributes or properties not connected as cause
and effect, may yet be conjoined uniformly through all nature.
If 8o, they are likely to be found among the natural kinds—
Minerals, Plants, Animals. /The conjunction of body and
mind in man, and in the animals, is to all appearance such a
case a8 we are quest of.

2. It is the special peculiarity of the Natural Kinds to
combine many attributes in unity of subject. In them we
have the chief exemplification of co-inhering attributes ;
and they seem to furnish uniformities of co-existence.

Thus Gold unites a certain specific gravity (19.3), crystal-
lization (cubical), tenacity, fusibility (melting point, 1200° C),
colour and lustre (yellow), electrical conduction, atomic weight
(196), combining properties (acted on by aqua regia). These
are eight leading attributes that concur in every piece of gold ;
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and unless we see our way to deriving some of them from
others, we must pronounce them essentie, essential or defining
attributes of gold. There is a co-existence, or co-inherence of
these eight facts, with others, in the object named gold.

To appearance there is here a uniformity of co-existence.
No specimen of gold is devoid of any one of the eight proper-
ties. Propetly speaking, however, this is merely affirming an
identical proposition. Should there occur a specimen wanting
in one, two, or three of the eight, we should say not that a law
of co-existence was infringed, but that a diﬂ%fent substance
was produced. If these be the essential attributes of gold—thie
meaning or connotation of the name, then, on the failure of any
one or more, the name would cease to be applied, the substancé
would not be ranked as gold, it wonld be classed as a new and
distinct substance. Gold with the specific gravity of 9, or
with a silvery colour, or with a liability to corrode, would not
be gold, it would be treated as a different material, a distinct
grouping or aggregate of powers and properties. If there be
any one of the now enumerated properties of gold that we
could see changed and yet keep up the designation gold, that
property is declared not to be the essence, but a concomitant
of gold. A proper inductive enquiry would hold in such a casé,

3. For a Law or Uniformity of Co-existence, properly
so called, we must refer to examples, if such there be,
where two or miore independent properties are conjoiried
through all nature, or in all substances wheré one of them
oceurs,

‘We must search among the properties of kinds—mineral,
vegetable, and animal, for some that are coupled throughout
every species, and under every variety of aggregation. For
example, could we find a certain crystalline form regularly
conjoined with certain chemical characters, not in one sub-
stance only, but in all substances possessing that crystal-
lization,—this would be a proper law or uniformity of co-exist-
erice. There would still remain a question, often difficult to
settle—whether, on the one hand, the two are mutually im-
plicated properties, or, on the other hand, whether they are
connected by cause and effect.

_ To detect such uniformities of general co-existence, among
the essential properties of mineral bodies, whether simple or
compound, is a proper object of scientific enquiry. Nor has
it been neglected by physical enquirers. The following are
the leading examples obtained up to the present time.
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(1) A law has been discovered connecting Atomic Weight
and Specific Heat by an inverse proportion. For equal
weighta of the simple bodies, the atomic weight, maltiplied by
a numben expressing the specific heat, gives a nearly uniform
product. Thus, for sulphur, the atomic weight (82), multis
plied by the specific heat (0.1776), gives 5.68; the atomio
weight of platinum (197), multiplied by its specific heat,
(0.0824), gives 6,38, The products for all the elements are
near the constant, number 6.

(2) Alaw obtains between the Specific Gravity of substances
in the gaseous state and the Atomic Weights. Thus, the specitio
gravity of oxygen is 16, its atomio weight 16; hydroges,
specific gravity 1, atomic weight 1; phosphoras, specifio
gravity 62, atomic weight 81 (the relation here is 2 to 1);
steam, specific gravity 9, atomic weight 18 (relation of 1 to 2).
The relationship of the two numbers is thus, in some instances,
equality ; in other instances, the one is a multiple of the
other. The law is one of importance in ascertaining. atomic
weights. .

ith ap exception to be noticed: presently, these are perhaps.
the two most widely-operating laws, as yet discovered, whereby:
two distinct properties are conjoined throughout substances
generally. There are various laws of narrower range, as, fon
example, Andrews’s laws of the heat of combination of the
metals.

4. A peculiar importance belongs to the law of universal
co-existence uniting the two properties — Inertia and
Gravity. These properties are co-existent through all
matter-and proportionate in. their amount,

Inertia, the defining attribute of matter, means both resist-
ance to movement, and force when moved. It is totally dis-
tinct from gravity. A body rolled on a level surface shows its.
inertia; so also do two weights equipoised, as in the beautifal,
experiments, of Atwood. Now, all inert matter gravitates ;.
and the force of gravitation is proportional to the inertia,
Equal weights, (which are the estimate of gravity), are equally
resisting to a horizontal impulse (the measure of inertia) or to
a vertical impulse in the balanced condition.

It cannot be maintained that these properties are mutually.
implicated. @ We can easily suppose matter (considered as
inert) without the property of distant mutual attraction, or.
gravitation ; this last property may be fairly viewed as added
to, or superinduced upon mere inertia. Nor can we call the
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two either cause and effect, or effects of & common cause ; our
knowledge does not entitle us to make either supposition. We
can prove cause and effect only by exhibiting first a cause,
and then an effect flowing from it. Here the two facts or
properties are inseparable.

There is no other equally unambiguous instance of a law of
universal co-existence. The examples above quoted with
reference to three properties—specific gravity in the gaseous
state, atomic weight, and specific heat—may, for anything we
know, be mutually implicated, or related as cause and effect.
If we understood more thoroughly the ultimate arrangement
of the atoms of bodies, and their intestine motions, we might
not improbably find that some one fundamental property was
at the foundation of all the three ;—a real essence, of which
these are but propria. As regards many of the minor laws,
the existence of either implication or cansation is more than a
mere surmise.

Under such circumstances we are entitled to conclude that
uniformities of general co-existence are very rare. The pre-
sumption or probability (although not the certainty) in every
new case of uniformity is that it is a case of causation and not
of co-existence. Thus, the conjunction of Mind and Body may
be a co-existence independent of caumsation, like inertia and
gravity ; but it may also follow the more prevailing type, and
be a case of cause and effect. Which is cause and which
effect, or whether they are effects of a common caunse, may be
open to dispute.

5. The only proof of Uniformities of Co-existence not
known to depend on causation, is uncontradicted Agree-

ment through all nature.

This is the proof of the Law of Causation itself. Now any
uniformity not coming under causation must stand on its
own independent evidence ; and this evidence is uniform
agreement thronghout the whole compass of observation.
‘We must find it true in all times, all places, and all circum-
stances ; and provided our search has been so extensive, that if
there were any exceptions we should light upon them, and no
exceptions have been found, we are entitled to declare it a law
of all nature.

The coincidence of gravity with inertia has been proved over
the entire globe ; it applies undoubtedly to the solar system ;
and by very strong analogy to the distant stars. This, there-
fore, may be held to be an established uniformity of co-existence,
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The alliance of mind with a bodily mechanism extends
throughout the whole of animal life, past and present.

The co-existences above mentioned regarding the properties
of gaseous specific gravity, atomio weight, and specific heat,
have to be verified by the method of Agreement throughout all
bodies. We cannot, a8 in cause and effect, presume from a
certain number to all the rest.

6. The special coincidences making up the Natural
Kinds must also be verified by Agreement over the whole
field of instances.

We have already remarked that an exception to a kind,
arising from the failure of an essential property, would not be
the infringement of a uniformity, but the setting up of a new
kind. The only case for proving a co-existence would be the
case of concomitant properties, or those not adopted into the
essence or connotation of the kind. Of such a character is the
blackness of the ecrow, the whiteness of the swan, and varia-
tions of colour generally ; a point seldom treated as essential,
whether in minerals, plants, or animals. Now the sole proof
that ¢ every crow is black,’ is observation through all Nature ;
8o long as no other colour is seen, we affirm the general pro-
position ; the ocourrence of various albinos has disproved the
generality, and reduced it to an approximate generalization, of
a very high order of probability.

CHAPTER 1V.
LAW OF CAUSATION.

1. The Uniformities of Succession presented in nature
are subject to one great uniformity—the law of Causation.

The law may be expressed thus :—In every change, there
is a uniformity of connexion between the antecedents and the
consequents. .

No single expression sums up all that is implied in Caunse
and Effect. ben it is said, ¢ Every effect has a cause, and
every cause an effect, and that the sequence is regular, the
same causes being always followed by the same effects,’ the
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proposition is. ap identical statement; the word ¢ Cause’ means
what brings ahout an effect; and the word ‘Effect,’ what
follows from & cause. To avoid this objection, we may state
the law as follows :—* Hvery event that happens is definitely
and aniformly connected with some prior event, or events,
which happening, it happens; and which failing, it fails’
The kindling of a fire follows regularly on the prior events of
making a heap of combustibles and applying a light.

A law is more sharply stated by help of its denials. Causa:
tion denies two things. Firat, it denies pure spontaneity of
commencement. If the law is true, no change arises out of
vacuity or stillness ; there mnst be some prior event, change,
or movement, as a sine qud non of the occurrence of any new.
event, A fire never bursts out without some commencing
circumstance, in the shape of movement, change, or activity.

Secondly. The law denies that events follow one another.
irregularly, indiscriminately, or capriciously. The same cir~
cumstances that make a fire burst out to-day, will, if repeated,
make it burst out to-morrow, or at any future time. The
same pain, in the same circumstances, does not at one time,
repel, and at another, attract and allure us. In short, the
law is the statement of uniformity in the Succession of events..

2. In Causation, the same cause always produces the.
same effect ; but the converse does not hold; the same-
effect is not always produced by the same cause. There
may be Plurality of Causes.

A severe blow on a man’s head will always cause death :
- but death is not always caused by a blow on the head. There
are many causes of motion ; and the presence of any one in
the proper circumstances, will always be followed by motion.
This is an important limitation of the law, and has to be
kept in view in the investigation of causes. If a change has
occurred, there must have been a previous change, or ante-
cedent fact, but not necessarily one particular antecedent.

3. The Plurality of Causes is subject to uniformity in-
two respects: (1) the number of causes is fixed ; (2) the
character of each is as definite as if it were the sole cause.

The canses of death may he numerous, but they are all
fixed and knowable ; and, when known, may be counted on
with certainty and precision. The fact of plurality readers
. the causation of an event ambiguous; there may be several

alternative antecedents, Yet, lfiese antecedents being, once
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for all, exhaustively known, we are sure that one of them is
the operative circumstance in the case before us.

It will be pointed out afterwards that plurality of causes is
more an inocident of our imperfect knowledge than a fact in
the nature of things. As knowledge extends, we find less of
plurality. The numerous apparent causes of motion are differ-
ent only in superficial appearance ; they are all one at bottom.

4. Causation may be viewed under three different aspects.

(1) The first may be called the practical and popular aspect
~—a partial view suited to the ordinary emergenoies of life.
Under this aspect, the cause is some one circumstance or
oondition .demanding our solicitude, as being precarious.
Thus, when the soldier, on the eve of an engagement, is urged
to keep his powder dry, this is not the whole cause of his
hitting the enemy ; it is the circumstance that happens to be
in peril at the time. ‘

(2) The second aspect is the Scientific or complete view of
Causation. Under this view, all the conditions or antecedent
circumstances are fully enumerated.

(8) A third aspect is Caunsation viewed as embracing the
mogern generalization, entitled the Conservation or Correlation
of Force.

CAUSATION PRACTICALLY VIEWED.

5. In common language, the Cause of an event is some
one circumstance seleeted from the assemblage of condi-
tions, as being practically the turning point at the moment.

A man slips his foot on a ladder, falls, and is killed. The
cause of the fatality is said to be the slipping ; for if this one
circumstance had been prevented, the effect would not have
happened. Yet, in order to the result, many other conditions
were necessary :—the weight of the body (gravity), the height
of the position (a certain collocation), the fragility of the human
frame. Yet, for practical purposes, we leave out of sight at
the moment all the elements that are independent of us and
seoure, taking notice only of what is in our power and needs our
attention. By a common ellipsis, all arrangements that are
fixed and settled, are passed over in silence. We presume
on the forces of heat and gravity, and devote our care to the
choice and shaping of the materials whereby these forces may
be made to work out our ends.

When we speak of food as th2e canse of animal strength, we
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suppose a healthy constitution, able to digest and assimi-
late it. But, in this particular case, mankind long erred in
ignorantly suppressing & condition no less essential than
food, namely, the oxygen of the atmosphere — the aerial
element of our food.* :

Langunage is adapted principally to this mode of viewing
causation. In the distinction of agent and thing acted on,
which pervades the whole of grammar, and gives the character
to the active verb, there is an arbitrary selection of one circum-
stance as cause, other equally indispensable circumstances being
overlooked. A prize ox is reared in a breed of cattle; the
breeder is by courtesy styled the cause oragent ; but his activity
is only a single, although indispensable circumstance. A teacher
instructs a pupil, and is credited as the cause or author of the
pupil’s knowledge. A still more glaring ellipsis is practised
in attributing the issue of a war to the commander-in-chief;
as when we speak of the conquests of Alexander or Ceesar.
‘ The monk that shook the world ’ is rhetoric for the agency of
Luther.

The first attempt at a precise analysis of Causation was made by
Aristotle. He enumerates four kinds of Causes,—the material, the
Jformal, the efficient, and the final. The material cause is literally
the matter used in any construction; marble or bronze is the
material of a statue. The formal cause is the form, type, or
pattern in the mind of the workman ; as, the idea or design con-
ceived by the statuary. The formal cause of a building is the
architect’s plan. The efficient cause is the power acting to produce
the work, the manual energy and skill of the workman, or the
mechanical prime mover, whether human power, wind, water, or
steam. The final cause is the end, or motive on whose account the
work is produced — the subsistence, profit, or pleasure of the
artificer.

Aristotle gives the instance of a physician curing himself, as
combining all the four causes in one subject.

* Whenever the existence or safety of anything depends upon & sum or
system of contrivances adapted to a common end—which, together, are
conditions necessary for its preservation —then the destruction, disturbancs,
or removal of one of these contrivances—the failure of any part of this
composite system of safeguards—is considered as the cause of the ruin of
the whole, For example, if the action of any one of the functions or organs
necessary to human life is stopped, life is extinguished, and the circam-
stances producing that effect is said to be the cause of death. So, if & ship
springs a leak and sinks, or if an army is surprised through the absence of
a sentinel from his post— the springing of the leak, and the absence of the
sentinel, is said to be the cause of the ioss of the ship and the surprise of
the army. The language by which such an effect is commonly ascribed to
a merely negative cause is elliptical. (G. C. Lawis).
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This analysis is obviously taken from human industry, which
contains the several circumstances mentioned. It throws no light
upon causation in the order of nature; while the attempts to
express natural phenomena according to such a scheme, have led
to distortions and unmeaning conceptions,

The first and second causes give the celebrated distinction of
Matter and Form, which pervades the whole of Aristotle’s philo-
sophy. The third, the Efficient, has continued in the lan e of
science ; & better designation for the meaning is Prime Mover, or
Moving Power, The fourth, the Final cause, is more perspicu-
"ously expressed by Motive, End, Intention, Purpose, Object or
Design ; it applies to nature only as personified, or as the work of
& personality.

SCIENTIFIC CAUSATION,

6. Inscientific investigations, the Cause must be regarded
as the entire aggregate of conditions or circumstances re-
quisite to the effect.

All the conditions suppressed by the practical man are
brought back by the scientific man in a full statement of the
cause. If any are omitted, it is because they are so obvious
that no person could overlook them. There is a legitimate
ellipsis of expression, even in the scientific enumeration of con-
ditions.

The cause of the inundations of the Nile would be described
as (1) the fall of moisture as snow on the lofty mountains of
Africa where the Nile has its source; (2) the melting of this
snow by the summer heat. Gravity, the laws of heat, the con-
stitution of water, are all a part of the cause, and if not men-
tioned, are supposed to be fully present to the mind of the
hearer.

The growth of plants is a complicated causation. There
must concur, the properties of the germ, the contact with the
soil, air, water, saline bodies in the soil, heat, light, &ec.
The agriculturist thinks only of a select number of these—the
seed, the quality of the soil, moisture, and heat ; the vegetable
physiologist brings into view the physical, chemical, and vital
agencies, which are the causes of the phenomenon in the final
analysis,

The cause of vision is summarily given as light entering the
lenses of the eye. The full enumeration of the circumstances
would include the optical action of the lenses, the physiology
of the coats of the eye, and of the nerves and bramn; and
finally, the link associating a certain activity of the brain with
a feeling in the mind. .
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The cause of the Reformation was Luther’s preaching against
the sale of indulgences, concurring with the administratior of
the church, and the state of men’s minds at the time.

In speaking of antecedents of the French Revolation, it is
customary to use the plural —Causes ; signifying that a union
of many circumstances or conditions was involved. In the
enumeration of Alison, no less than sizfsen causes are given.

Gibbon attributes the rapid growth of Christianity to one
primary cause, namely, the convincing evidence of the doctrine,
and of the ruling providence of its author; and to five aiding
secondary causes, ‘ which assisted in producing the effect, viz.:
1, the inflexible zeal of the early Christians; 2, the doctrine
of a future life, as held by the Christian Church; 3, the mira-
culous powers ascribed to the primitive church; 4, the pure
and austere morals of the Christians; &5, the union and
discipline of the Christian republic.’ :

The conditions of phenomena include negative as well as
positive circumstances; the absence of hindrances to the
operation of the agents concerned. The sun is the cause of
vision, provided he is not screened, provided the subject is not
asleep or blind. It is usual to suppress the mention of all
such hindrances, if they are really absent.

7. The suppressing of essential conditions is a common
fallacy of Causation.

‘When, in the statement of a cause, there is not merely an
ellipsis of understood circumstances, but an omission of some
essential fact, the consequence is positive error,

‘When the healthy effects of residence at a medicinal spa is
attributed exclusively to the operation of the waters, there is
a fallacy of causation; the whole circamstances and situation
being the cause.

This is a common form of Inductive fallacy, and prevails in
all the complicated sciences, as Politics and Medicine.

CAUSATION AS CONSERVATION OF FORCE.

8. A great advance, in the mode of viewing Causation,
is made by the modern discovery of the law named ¢ Con-
servation of Force,’

The great generalization of recent times, variously designated
the Conservation, Persistence, Correlation, Convertibility,
Equivalence, Indestructibility of Force, is the highest expres-
sion of Cause and Effect. In every instance of causation, there
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is a putting forth of force in given circamstances, and the law
in question states with exactness what becomes of the foroe,
and is often the sufficing explanation of theuffeoia.l phenomensa,
as well as the embodiment of nature’s uniformity in suecces-
sions.

In the number and complicacy of causal conditions, we feel
the want of some principle of analysis or distribution under
heads. Such analysis is provided in the Law of Conservation ;
according to it, we view every cause under two aspeots, (1)
an embodiment of moving power in given amount, and (2) a
collocation, or arrangement of circumstances, for the power to
operate in. These two being given, the law declares the resuit.

In the simpler modes of the operation of force, as in
Mechanics, the moving power is the predominating fact ; the
collocation being simple and easily allowed for. In the com-
plicated phenomena of chemical and vital actions, the colloca=
tion attains an over-ruling importance, and often baffles the
attempt to predict the consequences of a given amount of
power.

Statement of the Law of Conservation.

9. Force, Moving Power, Matter in motion, or Momen-
tum, is embodied in various forms, all mutually convertible
at a given rate; and no force is ever lost.

(1) Inert matier in motion is Force under every manifesta-
tion; but themodes of motion may be very various. We are most
familiar with the fact in the case of mechanical momentum, as
in a flying ball, a water stream, or the wind. There is, how-
ever, reason to believe that the force named Heat consists in
the movements of material particles.

(2) The different kinds of force may, under certain arrange.
ments, be iransmuted one into the other; mechanical force may
pass into heat, and heat into mechanical force. There is a
fixed scale or rate of conversion, to be afterwards given.

(8) In the transfer of force, nothing 18 lost. The mechani-
cal momentum transmuted into heat is fully accounted for in
the heat produced ; by proper arrangements, it could all be
gained back.

Of these three circumstanoces, the first—matter in motion, is
the definition or generalization of force ; the second—transmu.
tation of one mode of motion into another, and the third—
conservation of the amount under all changes, are the pro-
perties or predicades, constituting the Law of Correlation or
Conservation of Force.
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10. In explaining the principle of Conservation as
applied to the different forces, we may rank them in two
divisions, MoLAR and MOLECULAR,—motion in mass and
motion in molecule.

The Molar Forces are the same as those termed
Mechanical.

The molar or mechanical forces are the motions of sensible
masses, a8 & hammer, a waterfall, a locomotive, a planet. The
science of Mechanics, or Molar Physics, is occupied with the
computation of these forces, in their transfer and re-distribu-
tion under all varieties of circumstances.

The Persistence or Conservation of Force was first distinctly
conceived with reference to these palpable motions. Newton’s
First Law of Motion expresses the fact that a mass once in
motion will, if unobstructed, always continue in motion at the
same rate; which is the same as saying that force never
decays. In free space, beyond the reach of molestation from
without, a moving body would preserve its motion for ever.
This is the simplest aspect of Conservation.

A moving body encountering a second body, whether at rest
or already in motion, is said to strike or impel that other
body ; which means imparting its own motion, in whole or in
part, to the body struck. This is a new situation. There is
& loss of power on one side, and a gain on the other; a
redistribution of the movements of the two masses. Now, in
this state of things, the Law of Conservation declares that in
the interchange nothing is wasted ; whatever the striking
body loses, the struck body gains. If a bullet of ten pounds,
moving at a thousand feet a second, were to strike an equal
bullet at rest, the two would proceed together at five hundred
feet a second. The momentum, before and after impact,
would be constant. This new situation was expressed in
Newton’s Second and Third Laws. All the calculations
respecting the collision of bodies, the communication of force
by stroke or impact, are grounded on the conservation of the
totality of force. )

If a contemporary of Newton had been asked what becomes
of the force of cannon shot arrested by a dead wall, he would
probably have answered that an infinitesimally small move-
ment was imparted to the mass of rock and its contiguous
material. This would bave been regarded as a consistent
following out of the theory of conservation in communicated
momentum. The lost momentum of the quick-moving ball
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would exist a8 momentum in a huge mass very slowly mov-

ing.

Had the farther question been asked,—what becomes of the
force of two opposing movements destroying one another,—the
above answer would not have served the purpose. No mo-
mentum is created in any form ; there is nothing to appearance
but sheer waste on both sides.

The new difficulty would in all likelihood have been met by
a very plausible assumption. It might have been said that
the conservation of force was to be interpreted as force operat-
ing in the same direction ; all forces in the opposite direction
being held as negative quantities, like debt to credit. It would
be a safficient account of any force that it had neutralized an
equal and opposing momentum ; as when a payment of a han-
dred pounds to any one’s credit extingnishes a hundred pounds
of debt.

Very probably this explanation was actually entertained by
many, and held to be irresistible and axiomatic, nay, even in-
tuitive and necessary ; its opposite being inconceivable. Yet
it is fallacions as a principle, and in opposition to the facts of
the case. Two movements in opposing directions are not to
be compared to positive and negative; each has a positive
value, for any purpose whatsoever. Two streams running in
opposite directions, are as good for mill-power as two streams
‘moving in the same direction. Easy mechanical contrivances
can, without loss, divert a moving power into any direction.
The two opposing forces that by collision extinguish one
another, could by a suitable arrangement, unite their power in
the same course. The destruction, therefore, that ensues in a
hostile collision, is (on the present assnmption) pure destruc-
tion, unredcemed waste, annihilation. It is at variance with
the Law of Conservation, which would have to be restricted
and qualified to moving bodies always following the same
course.

‘The principle of Conservation has been rescued from this
perplexity by the discoveries of recent times. When two
moving bodies encounter and arrest one another’s movements,
the mechanical or molar energy is indeed sunk ; but re-appears
in an equivalent energy or momentum imparted to the mole-
cules, and manifested as Heaf. The rise of temperature in the
encountering masses is exactly proportioned to the visible
momentum destroyed. This is an entirely new view of Force ;
and saves the principle of Conservation, by giving it an
enlarged scope. It teaches us to take account of all the
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protean transformations of energy, and prevents us from
rashly declaring that force is destroyed when it has ceased to
appear in the original shape. Mechanical force in some oir-
cumstances, well underatood, yields mechanical force ; in other
circumstances, for example, hostile collision, it yields a mole-
calar force, namely, Heat.

Going back upon the first query propounded to a contem-.
porary of Newton, — the account to be given of a ball’s
momentum on a dead rock,—we should now answer the ques-
tion not by mechanical transference—a slow motion imparted
to the rock—but by molecular transformation. The ball and
the place where it struck would both be found to rise in tem-
peratare, and the more as the momentum of the ball was
greater. All the energy would be accounted for in this way.
In every case of collision, and even of impact without opposi-
tion, something is lost by conversion into heat. The loss of
power by friction is & generation of heat.

11. The MoLECULAR Forces may be provisionally enu-
merated as follows :—(1) Heat, (2) Chemical Force, (3)
Electricity, (4) Nerve Force, (5) Light.

This enumeration is to be held as provisional ; it may not
include all the species ; and it may represent, as distinct kinds,
what are only slight modifications of one kind.

(1) Heat.—Probably the best example for showing the mole-
cular forces, in their contrast to the molar, or mechanical, is
Heat. Our experience of this influence is abundant and
various. Yet, only of late years have we been led to call it &
form of moving matter, a species of molecular momentum,
which bursts forth on the shock that extinguishes a mechanical
impetus.

Such shocks of mechanical collision are the usnal mode of
transmuting mechanical momentum into heat. Friction is
only a more gradunal and protracted collision. A familiar
illustration is seen in hammering a piece of cold iron till it
becomes red hot. The high temperatare of the sun is hypo-
thetically accounted for by collisions of enormous swift-moving
masses, brought together by gravity.

Such is the situation for converting mechanical motion
into Heat. The transmutation of heat into Mechanical
force, is effected through the expansion of bulk caused by
raising the temperature of bodies. In solids, and in liquids,
this expansion is small in range, but great in force; and is
adapted only to special cases, as the splitting of rocks, where
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there is need for a great power moving only a very little way.
Through the medium of gases, the expansion can be converted
into mechanical momentum, in any form we please, as in the
diversified performances of steam power.

In generating mechanical power by heat, as in the steam
engine, the source of heat must be of a higher temperature
than the medium ; the fire must be hotter than the water and
the steam. The power is given forth by the descent of the
heating body to a lower temperature. Between bodies equally
hot, there is no development of mechanical power, no forcible
expansion of any one body.

There is a peculiar incontinence attaching to the Heat
force. We usually find that some body possesses it in such
superior degree as leads to radiation upon other bodies, with
loss to the radiating body. This is the moment for obtaining
a mechanical or other equivalent. It is also the moment of
dissipation of emergy without equivalent, if the opportunity is
not turned to acconnt. The solar heat falling on the planets
gives an equivalent in raising their temperature, and in pro-
ducing other forces; what is not intercepted is at once dissi-
pated into empty space, without farther result than to elevate
by a slight addition the general temperature of space; & real
but unprofitable equivalent of the heat lost to the sun.

It is as regards Heat that the rate of exchange with mechan-
ical force has been settled with the highest numerical precision.
The assumed unit of mechanical momentum is the foot-pound
of England (and the metre-kilogramme of the Continent),
meaning the force expended in raising one pound weight one
foot, which is the same a8 a momentum of one pound moving
at eight feet per second. The unit of heat is one pound of
water raised in temperature one degree of the thermometer.
The rate of exchange or equivalence is 772 foot-pounds to one
pound of water raised 1° of Fahrenheit; or 1890 foot-pounds
to 1° Centigrade. In the Continental scale of weights and
measures, the expression is 425 metre-kilogrammes to one
kilogramme of water raised 1° Centigrade. By a perfect
machinery of conversion of heat into mechanical power, the
heat requisite to boil a gallon (ten pounds) of freezing water
would lift 1889600 pounds one foot, or impart to that mass a
velocity of 8 feet per gecond.

(2) Ohemical Force.—The power requisite to separate chemi.
cal compounds, and given forth when bodies combine chemi-
cally, is chemical force, 'When water is decomposed into its
elements—oxygen and hydrogen—a certain amount of force ia
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absorbed or used up in order to bring about the decomposition ;
and the same force is liberated when the elements are
re-combined.

This chemical force is a very slight modification of Heat.
In the case of combination, the force evolved appears as heat
in its common form. Indeed, our artificial heat of combus-
tion, is the chemical force liberated in the chemical combina~
tion of oxygen and carbon (supposing coal or charcoal to be
the fuel). By peculiar arrangements, this force of combination
may be prevented from appearing as sensible heat, and may
take other forms; it may decompose other compounds (as in
the double decomposition of salts) ; or it may pass into elec-
tricity or into magnetism.

Again, Heat may operate as a decomposing agent. Many
compounds are decomposed at once by the application of
heat, as the oxides of the noble metals. A familiar example is
the decomposition of chalk or carbonate of lime, in a lime
kiln ; the heat drives off the carbonic acid, and what remains
is burnt lime. Other compounds are decomposed by heat,
when there is an arrangement for combining one of the de-
composed elements with a third substance ; as when water is
decomposed in & red-hot iron tube, the oxygen combining with
the iron.

That heat, the result of combination, should be the means
of decomposition, is the proper, the natural consequence of
the Law of Conservation. Whatever is given out when ele-
ments combine, must be restored when they separate again.
This is the exact relationship of heat to chemical action, which
is disguised and apparently reversed by the familiar employ-
ment of heat fo make bodies combine, as in lighting a
fire. The application of heat in such a case, however, is a
mere incident ; it seems to operate by disturbing the quies-
cence of the elements. It no more renders heat & combining
power, than the pailful of water thrown into a pump before
pumping is the caunse of the subsequent flow.

The rate of commutation of Heat and Chemical Force, has
to be given in the detail, inasmuch as different compounds
give forth different quantities. I quote as examples a few
oxygen compounds. One pound of kydrogen burnt (that is,
combined with oxygen) would elevate, by 1° C., about thirty-
Jour thousand pounds of water. This is the most heating of
all oxygen combinations ; we have long been familiar with the
intense heat of the oxy-hydrogen blow-pipe. Of simple
bodies burnt, or combined with oxygen, the next in rank, is
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carbon, the chief ingredient of ordinary combustion, and also
of animal combustion. The figure for carbon is less than one
fourth the figure for hydrogen ; a pound of carbon burnt
elevates, by 1° C., about eight thousand poupds of water.
Phosphorus ranks next among the simple bodies examined
(6747 pounds); then sulphur (2307); the metals, zinc, iron,
and tin, are nearly equal (zinc, 1801, iron, 1576, tin, 1233).
(8) Electrioity—This variety of molecular force is distin-
guished by two main peculiarities. The first is polarity, or the
development of opposite forces at opposite points ; the magnet
is the most familiar example of the power, operating in masses
of matter. The second is named conduction, and means the
rapid transmission of the force from one part of a body to
another, along a wire, for example ; a process of conveyance
quite different from any of the modes of the transmission of
heat. An electrical charge passes almost instantaneously, and
with little diminution of force, through miles of copper wire.
The name ° Electricity ’ now includes varions phenomena
marked by characters widely different. Three types or species
may be indicated—Magnetism, Friction or Franklinic Electri-
city, and Voltaic Electricity : the first and second have a molar
or mechanical side; the last is purely molecnlar and in close
relation to chemical force. Magnetism, as a member of the
group of Correlated Forces, under the Law of Conservation,
i8 best studied in the form called Electro-magnetism, or mag-
netism generated from electricity ; for, while the magnetism,
which is a mechanical attraction, can be estimated by its
mechanical effects, the electricity can be estimated chemically
by the amount of acid and zinc combined in the cells of the
battery. Friction Blectricity, in the common electrical machine,
i8 generated by mechanical force (sometimes by heat, as in
steam) ; its discharge, being marked by vehemence, concentra-
tion, or intensity, is not measurable with accuracy ; the effects
are seen in the rupture of atomic eohesions, in strong outbursts
of heat and light, and other indications of concentrated force.
Voltaic Electricity is the species most closely allied with
Chemical Force; which force is its source, its measure, and
one of its results. Through chemical force, a8 measured by
the amount of material chemically combined in the voltaic
cells, we can state the rate of exchange or commutation of
Voltaic Electrieity with Mechanical force, and with Heat.

These three modes of Force—Heat, Chemical force, Elec-
tricity—are the well-defined species of molecular activity ;
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they can all be measured and put into strict equivalence with
Mechanical momentum. There still remain, however, Light,
and any modes of activity in living bodies, distinct from, and
superadded to the forces of the inorganic world; the Nerve
Force is one well-marked example. From the close analogies
between this last-named force and Electricity, we may take. it
next in order.

(4) Nerve Force.—The Nerve Force is the special activity of
the nerves and brain. Like Electricity, it is a current force. It
differs from Electricity in moving at 8 comparatively slow rate;
and also in depending for its maintenance upon chemical com-
binations in the material of the nerves ; hence, while electricity
decreases as it goes, the nerve force increases. Although this
force cannot be subjected to accurate measurement, we con-
clude from analogy that there is an exact equivalence between
it and the chemical transformations that are its source; part
of the food of the body is expended in supplying it. It con-
tributes to muscular power, in which case it has a mechanical
equivalent; and to molecular changes, chemical or other, also
on a definite rate. As the physical concomitant of mental
states, we must still regard it as definitely related in quantity
to these; a double amount of feeling, other things being the
same, involves a double amount of nervous transformation.

(5) Light.—The divorcing of Light from Heat, in the enu-
meration of the molecular forces, needs to be explicitly justified.
The divorce is at best provisional and temporary ; the reasons
are such as the following. Althoungh Light is a distinct produet
of the other forces, more especially Heat, and is instrumental
in causing at least one of them, chemical force; yet hitherto
nothing has been done towards establishing the rate of com-
mutation or exchange between it and the others. When a
body is heated till it becomes luminous, there ought to be a
definite loss of heat, equivalent, on a certain scale, to the
light produced; at present, however, we have made no ap-
proach to such an estimate. Moreover, although light is
the instigator of chemical change, we cannot say that it oper-
ates by supplying chemical power, as heat or as electricity
does; the effect may be similar to the action of heat in lighting
a fire, & mere disturbance sufficing to begin the chemical
union of elements ready to combine. Chlorine and hydrogen,
mixed together, will not combine chemically im the dark ; the
combination begins under the light. It is to be remarked,
however, that decomposition is the direct test of chemical force.

Now, light will not cause decomposition unless in the presence
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of a body, like hydrogen or chlorine, having a powerful
tendenoy to combine; or, when, as in vegetation, light is
accompanied by heat. 'We are, therefore, led to regard light
chiefly as the prompter to a change otherwise maintained. And
in this view there is a numerical proportion between the amount
of light and the extent of the chemical action ; as shown in
the researches of Bunsen and Roscoe (Phil. Trans., 1857).

‘When mechanical force operates against gravity, as when
8 projectile is thrown upwards, the force is at last spent ; the
equivalent gained is a position of advantage, with respect to
gravity ; for, by the continned operation of the gravitating
energy, the whole of the impetus lost will be restored in the
downward direction (the resistance of the air being left out
of the account). We are familiar with this employment of
gravity in clocks propelled by weights regularly wound up to
a height. To this peculiar situation, Sir W. Thomson has
:{plied the name °‘potential energy,’ to distinguish it from

e energy of a mass in actual motion. The placing asunder
of the celestial bodies, all which gravitate towards each other,
was the primeval situation of advantage, whence may have
arisen (by collisions) the heat of our suns and planets, and by
consequence all the other modes of force—mechanical, chem-
cal, and eleotrical. .

It is by this operation that the force of gravity is introduced
into the circle ot forces, and is counted as a cause or productive
agent. Viewed in itself, it creates no force; what is gained
in power is lost in position; to restore the position would
require the power to be given back, It can, however, divert
power; it can also store np and re-distribute it, as a banker
does money.

A gimilar position of advantage may be found in the mole-
cular forces. Thus, the existence of two elementary bodies,
able to combine, is a potential chemical energy, which, on the
oceurrence of the opportunity and the stimulus, is converted
into actual molecular energy. Such is the potential force of
our coal, and of all the uncombined and combinable elements
of the globe,—as native sulphur, the native metals, and the
lower compounds susceptible of entering into higher com-

nds.

The molecular attractions of bodies (as cohesion) may oper-
ate exactly in the manner of gravity. A spring is an obvious
example. The electricity of compressed air may be turned to
the same account.
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12. Causation, viewed as Conservation, is thus the trans-
ferring or re-embodying of a definite amount of Force.

‘When a ship is propelled by wind or by steam, the motion
is said to be caused by those agents ; which expend themselves
in producing the effect. The expansiveness of steam is due to
heat operating through the medium of water. The heat arises
from the combustion or chemical union of coal and oxygen.
The coal was the carbon of plants of former ages, whose
growth demanded an experditure of solar heat.

So, again, in the human body, mechanical force is obtained
by mucsular exertion ; that exertion is owing to the oxidation
of the materials found in the blood; these materials are either
vegetable products, or the bodies of other animals fed on
vegetables ; and, thus we come round again to the agency of
the solar ray in vegetation.

Transferred energy is thus the final and sufficing explanation
of all change, and the only explanation in the highest sense of
the word. Any fact of causation not carried up into this
:upreme law, may be correctly stated, but it is not accounted

or.

Whatever appearances militate against the principle of Con-
servation are to be held as fallacious. The ¢ perpetual motion’
has long been rejected as incompatible with the mere mechani-
cal phase of the principle. There still remain to be dissipated
various errors against the more comprehensive view. For
example, the incautious remark is frequently made that Light
in the operative cause of vegetative growth, meaning light
alone; but the large amount of chemical power required to
decompose water into its elements (the bodies of all others
most costly in their demands) could be furnished only by the
heating rays of the sun; however much light may co-operate
in giving stimulus or direction. ‘

13. The Law of Conservation exhausts Causation, viewed
as the transfer of Force or Moving Power, but leaves many
complicated, and, as yet, unsolved questions of CoLLOCA-
TION.

If we view causation as the transfer or re-distribution of a
certain definite amount of moving power, nothing can be
simpler than the statement of the principle; and, in many
instances, we find it easy to make the exact calculation. Buat
the circumstances attending the transfer, the sitnation or
collocation of the materials engaged, may have all degrees of
complexity. *
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The simplest situation is the transfer of mechanical power
by impact, a8 when a golf ball is impelled by the momentum of
the club. At least, we usually suppose this to be a simple
case; we take no account of the internal agitations of the
particles of the body struck, being content to assume that the
momentum is transferred with inconsiderable loss. Here,
then, the collocation is the easiest possible; it is the sensible
contact of one moving body with another, either at rest or
slready in motion. Even when one moving body strikes
another moving in a different direction, the difficnlty of the
collocation is not much increased ; the mechanical theorems of
oblique forces will predict the new distribution, and assign the
directions after the impact.

‘When we pass from the interchange of mechanical forces, to
the mutual interchange of mechanical and molecular, we en-
counter sitnations or collocations of various degrees of com-
plexity. Least difficultis the relation of mechanical momentum
with heat. When a moving body encounters a dead resistance,
the whole of the energy is resolved into increase of tempera-
ture of the encountering masses ; if the body struck gives way
in part, and takes on motion, the momentum generated is so
much deducted from the energy transformed into heat.

The transfer of heat into mechanical force, as in the steam
engine, is accomplished by the expansiveness of the heated
matter. Sta.rt.in% from the fact of forcible expansion, the con-
version is merely an instance of mechanical impact. The
difficulties are postponed to the next stage.

The interchange of Heat and Chemical Force, the production
of each from the other, at will, is effected by an arrangement
that can be expressed with considerable definiteness in the
gross, although leaving the ultimate links of transition in deep
obscurity. The active combination of two combinable bodies,
as carbon and oxygen, evolves heat ; but the minute circum-
stances of the evolation can be only kypothetically surmised.
The intestine heat motions of carbon and of oxygen, in their
separation, when transferred to the joint carbonic acid mole-
cales, are in excess, and the surplus gives elevation of tem-
perature, or sensible heat, to the mass.

The re-conversion of Heat into Chemical Force (potential),
as in chemical decompositions, is somewhat more complicated,
but an account can be given of the sitnation in gross. In the
cases where decomposition is effected by heat alone, we have
the simple restoring of the surplus heat of the combination.
In the other cases, where a new combination must be formed,
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we have an additional circumstance, still perfectly definable,
and, in a rough manner, hypothetically conceivable.

The difficulties of Collocation grow thick upon us when we
grapple with the Electrical group of forces. The polarised
state of matter, whether in mass, as the magnet and the
Leyden jar, or in molecule, as in the decomposing cells of the
voltaic battery, is & new and unique phenomenon; and its
generation by mechanical force or by heat may be stated in
the extreme terms, but without intermediate explanation,
even by a plausible hypothesis. After many laborious tenta-
tives, Faraday discovered the arrangement for directly convert-
ing mechanical power into voltaic electricity (commonly called
the magneto-electric machine), but the links of the transition
or intermediate melecular changes are as yet unassignable.

Yet worse perplexities surround the collocations for trans-
ferring force in Living Bodies. Even the simplest case~—the
production of Animal Heat from chemical combination or
combustion—is anomalous when compared with the same
phenomenon out of the body. The general fact is oxidation,
but the circumstances and arrangements are peculiar and
unknown. Again, the production of Muscular Force from the
process of oxidation is in accordance with the Law of Conserva-
tion, while the transition links are hitherto inscrutable. Like-
wise, the Nerve Force has the same common origin in chemical
transformations (or closely allied molecular transformations)
as the other forces, and follows a regular rule of exchange,
while the mode of derivation is involved in obscurity.

14. Seeing that, in Causation, there must be provided,
not merely a sufficient force, energy, or moving power, but
also the suitable arrangement for making the transfer as
required ; this completing arrangement, or collocation, is a
part of the Cause, and (by ellipsis) is frequently spoken of
and investigated as the Cause.

A running stream is the proper source of ‘the energy that
tarns a mill. In order to the effect, however, the due colloea-
tion or connexion must be made for bringing the water to
bear upon the machinery. Hence, the stream being taken for
granted, the cause of the grinding of the corn is the providing
of machinery, and the regulation of the sluices ; which circum-
stances are of the character, not of force, but of collocation.

So, in a Voltaic Battery, intended to decompose water, or
to charge an electro-magnet, the prime mover is chemieal
force arising in the cells of the battery; the completing
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arrangements include the whole apparatus of the battery, and
the final act of closing the circuit.

The combination of the food materials with the axygen of
the air, may be reckoned the source of all animal power;
but so numerous are the conditions to be secured in the
way of arrangement or due collocation, that we have often
to think far more of these than of the propelling agency de-
rived from the primal source of all moving power. We not
unfre%uently assign as the cause of a man’s bodily strength, a
good digestion, healthy lungs, or & good constitution generally,
and say nothing of the real derivation of the strength; the
reason being that, without the complex group of arrangements
implied in these facts, the power would not be transferred from
the common fund and embodied in the man’s muscular and
nervous energies.

When a man properly supplied with food, goes throngh a
day’s work, we recognize a transfer of moving power, under
the Law of Conmservation. When any one prostrate with
weakness is restored to strength by a few drops of laudanum,
there is no proportion between the cause and the effect, con-
sidered as moving power giving birth to equal, although
different moving power. The salutary interference must
regarded, not as a communication of moving energy corres-
ponding to the access of energy that follows, but as the restor-
ing of some arrangement or collocation, necessary to the
conversion of the body’s nourishment into the various forces
of animal life.

As our knowledge of the Law of Conservation is such as to
account for the remote source of all power whatsoever, the
enquiry usually presented for scientific investigation is b
what arrangements a given effect has been secured, or througﬁ
what media the bank of Nature’s Force has been drawn upon
in the particular instance. Not many years ago the pheno-
menon of volcanoes was regarded as wholly mysterious ; since
“the establishment of the Law of Conservation, all that part of
the mystery connected with the source of the upheaving power
has been removed. It is the internal heat of the earth con-
verted at certain points into mechanical energy. What re-
mains for scientificinvestigation is a pure question of collocation;
we are still ignorant of the arrangements for effecting the
transference of power in that particular manner.

In the same way, all the great cosmical changes, marking
the evolution of the solar system, and the geological history of
the earth, are referable to 1;]1?3 primal sources of energy ; the
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moving power at work is no longer a secret. Yet the_circum-
stances, arrangements, or collocations, whereby the power
operated to produce our existing mountain chains, the rise and
fall of continents, the fluctuations of climate, and all the other
phenomena revealed by a geological examination of the earth,
are as yet in uncertainty.

15. The importance of Collocation appears in another
aspect, as representing the modes of Potential Energy.

Potential Energy is energy of situation, arrangement, or
collocation. The Potential Energy, stored up when moving
bodies work against gravity, till their force is exhansted, is
described as a position of advantage, a collocation of power,
with reference to a gravitating mass. Here we have the re-
markable case of force embodied in absolute stillness or quies-
cence. A mountain taru is absolutely quiescent while its
enclosure is perfect ; the immense impetus to be displayed in
its descent to the plains is not represented even by a present
molecular momentum.

A similar energy of collocation is created when bodies are
distended in opposition to their cohesive attractions, as in
springs.

Lastly, there is the energy of separation of Chemical ele-
ments, as in coal, sulphar, metals, and other combinable sub-
stances, simple or compound. Gunpowder is a concentration
of potential chemical energies, or of combinable elements in a
situation of readiness to combine.

It is in the case of these potential energies that we seem to
create momentum, to bring forth force, withont a prior equiva-
lent force, to make small causes yield great effects, The
cause, or antecedert circumstance, of a great outburst of
moving power, is something altogether trivial, as if force were
evoked and absolutely created. Cause and Effect cannot, in
such instances, be stated as one moving power transmuted into
an equal moving power, molar or molecular. A child’s touch
might be made to discharge a man-of-war’s broadside, or
inundate & village. One word of a general, the signature of
& sovereign, may destroy an empire.

Cause, in all these instances, has a peculiar and important
signification. It is not & moving momentum equal to the
momentum of the effect, it is the exertion, however easy, that
changes a sitnation of potential energy to a situation of actnal
energy ; the cutting of the string that suspends a weight, the
drawing of a sluice, the setting a light to a combustible, the
supplying of a motive to human volition.
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The course of experimental investigation must adapt itself to
this position of our knowledge as regards Causation. We
know the ultimate, and, in most instances, the proximate
sources of moving power or energy; we know a certain
number, more or less, of the conditions or collocations of the
transfer ; what we still desiderate is the thorough and fully
generalized knowledge of the remaining collocations.

In the subtle actions of Light, we are at this moment in
doubts whether the luminous ray operates as a dynamical
and force-giving agent, like Heat and Electric Force, or only
as a collocating agent, either to complete the medium for
transmitting a true force, or to convert a potential into an
actual force. As causing chemical combinations, we can
ascribe to it nothing more than the liberation of the potential
chemical energy. 8o, in acting on the eye to rouse our
optical sensibility, it may be no more than a disturber of
latent forces.

The settling of this preliminary point is necessary to our
progress in the investigations of luminous agency. In merely
completing, or else disarranging collocations, Light must
exert a dynamical force, but it may be of the very slightest
amount, and out of all proportion to the results that ensue.
There is no proof that, in any situation, the energies aroused
by light are maintained at the cost of the light.

The character of a disturbing agent must attach to many, if
not most, of our sensations. The tickling of the nose by the
proboscis of a fly cannot be the source of the muscular move-
ments that arise from the feeling. The irritation of a musical
discord, the revulsion at an odour, the energetic discharge of
a bitter morsel from the mouth—are efficacious as disturbing
some collocation, and bringing potential force into actuality.

In the complicated animal framework, there may be violent
displays of energy consequent on the withholding of the
rogular supplies of energy. Extreme hunger may lead to
nausea and retching. In the delirium of fever, when no
nourishment can be received, there is great muscular exertion.
We are at no loss, on the foregoing principles, to solve the
apparent contradiction.

16. As Cause may not always mean the Moving Power
transferred, according to the Law of Conservation, so, the
Effect may not always mean Momentum gained, but a new
arrangement or Collocation of materials.

Moving Power is often expended, not with a view to repro-
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ducing some equivalent power, but merely to re-distribute
materials, as in transporting stones from a quarry to erect s
building. There is a definite expenditure of power, corres-
ponding to the collective amount of the stones, the distance,
and the friction of the roads; but the whole effect consists in
a change of position of the materials, without even potential
energy.

ngh is the nature of many Geological changes. When the
forces of the earth and the sun raise mountains, they imparta
position of advantage, or of potential energy; whereas the
. transport of erratic boulders, the deposition of strata at a dis-
tance from the source of the material, are effects of change
without any embodiment of moving power.

17. The evidence for Causation and for Conservation is
the same.

This follows from the identity of the principles. Now, as
previous to the announcement of the principle of Conserva-
tion, & great body of evidence had been accumulated in favour
of Causation in the old form, all the experimental proofs in
favour of Conservation are a pure addition to the evidence of
Causation. In point of fact, however, these experimental
proofs are themselves considered adequate to establish the
principle of Conservation.

Those speculators that rely on an intuitive basis of proof
for this grand generalization treat the two forms as identical.
Thus, Sir W. Hamilton is singular among metaphysicians, in

iving to the Law of Causation a form almost exactly co-inci-
dent with the principle of Conservation, which he may be said
to have anticipated.

Mr. Herbert Spencer holds that ¢ the total quantity of mastter
in the Universe, cannot really be conceived as diminished, any
more than it can be conceived as increased. Our inability to
conceive Matter becoming non-existent, is immediately con-
sequent on the very nature of thought. Thought consists in
the establishment of relations. There can be no relation estab-
lished, and therefore no thought framed, when one of the
related terms is absent from consciousness. The annihilation
of Matter is unthinkable for the same reason that the creation
of matter is unthinkable; and its indestructibility thus be-
comes an a priort cognition of the highest order—not one that
results from a long continued registry of experience gradually
organized into an irreversible mode of thought: but one that
is given in the form of all experiences whatever > (F1esT PrIN-
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oteLEs, 2nd edit. p. 175). So much as regards Matter, Now
as Matter is known to us merely as exerting force, the reason-
ing really applies to Force as the underlying experience, the
real signification of Matter. Hence, ¢ by the indestructibility
of matter, we really mean the indestructibility of the force
with which Matter affects us.”

Without re-entering into the controversy as to the test of
truth farnished by the inconceivability of the opposite, we
m? remark that in the absence of experimental confirmations
and interpretations, such an a priori conception would be very
hazardous to rely on. It would not tell us, for example, that
all the force of nature seems tending to a mode of dissipation
which is, to all intents and purposes, annihilation, namely, the
radiation of heat into space. Moreover, the case has already
been adduced of two opposing forces meeting to neutralize one
another ; a fact formerly accepted as in full consistenocy with
the indestructibility of mechanical force; the universal belief
of scientific men, as well as of others, was that nothing survived
such a collision. Such a priori renderings are of the nature of
prophecies made after the event.

hen the Inductive Methods have been fully explained, the
proof of the Law of Causation will be reverted to with a view
of indicating its logical character. We here assume it as
snfficiently established, and we shall have to proceed upon it
deductively in several of the methods of Inductive Proof and
Elimination. Without it, there could be no short cut to the
establishment of a law of nature; every. separate induction
wauld have to be proved by a detailed examination of instances
through all nature. The most potent of the Inductive Methods,
the Method of Difference, is a deductive carrying out of the
law of Causation or of Conservation.

18. The Cause, or aggregate conditions, of an Effect
must be sought among the antecedent circumstances con-
joined with it.

To appearance, Cause and Effect are a sequence or succes-
sion ; the cause being first, or the antecedent; the effect,
second, or the consequent. It is, therefore, among the circam-
stances preceding the effect, and in sufficient connexion of
time and place, that we look out for the cause.

The main difficulty of the determination is due %o the fact
that, in most cases, circumstances not entering into the cause
are also found among the antecedents, in as close connexion of
time and place as the causal conditions. It is to extricate the
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real conditions that we must enter on a course of observation,
experiment, and comparison of instances.

19. An invariable antecedent is not necessarily the cause
or any part of the cause of an effect.

The familiar example is the sequence of day and night;
which, although invariable, is not a sequence of cause and
effect. So in the evolution of a living being, there are numer-
ous links of invariable succession ; and yet we are not entitled,
on that circumstance alone, to pronounce the earlier the cause
of the later.

The case of day and night, being an understood phenomenon,
illustrates the difference between causation, and mere invaria-
bility of order. We know that the caunse of day, is the light of
the sun falling upon the earth ; that the caunse of night is the
absence of the sun. We farther know that the earth’s rotation
is the circumstance occasioning the periodical absence of the
light. The caunse of this entire phenomenon is made up of—the
luminosity of the sun, our being placed within reach of that
luminosity, and the earth’s rotation about its axis. The
alternation of light and dark is itself but a consequence—a co-
effect of the assemblage of facts constituting the phenomenon.

Some of the invariabilities of vegetable and animal growth
may be proved, and others presumed, to be only common effects
of the real cause.

Such invariabilities are part of the difficulty of caumsal
elimination.

The cause must be an invariable antecedent, but it must
farther be what Mr. Mill expresses as the ‘wunconditional in-
variable antecedent,’ the sole sufficing circumstance whose
presence makes the effect, and whose absence arrests it. Day-
light is preceded by darkness; but a state of darkmness is not
everywhere followed, after a certain duration, with day-light.
‘We cannot, in the case of day and night, separate darkness from
its order of alternation with light; but, in referring to other
cases, and other situations, we do not find that a present dark-
ness always alternates with illumination.

THE COMPOSITION OF CAUSES.

20. 'When several motive powers are conjoined, the com-
posite effect is the sum or difference of the separate effects,
according as they conspire with, or are opposed to each
other,
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Causes, understood as prime movers, may be combined, and
the result computed by a namerical operation. Two men pul-
ling at the same rope, two locomotives, two weights, when
acting in the same direction, have a total effect equal to the
sum of the separate effects. When they thwart one another,
the result is the difference. For oblique action, the computa-
tion is made by the parallelogram of forces.

In the molecular agencies the same rule applies. Two equal
fires give twice the heat of one; two bashels of coals make
twice the combustion of one, that is, twice the heat; in the
steam engine, to double the fuel is to double the motive power.
Three identical wax candles produce a triple illumination.
Two equal magnets put together will sustain a double weight.
If one cell of a voltaic battery decompose a foqnd of water
in a given time, six equally energetic cells will decompose six
pounds in the same time.

The same principle extends to the Physiological or vital
forces. Increase of heat, light, and assimilating material
makes a corresponding increase of vegetable growth. Food
and oxygen actively combined, give forth a proportionate
amount of animal force.

Even in Mind, the ratio holds, although interfered with by
new forces arising out of the complication. The pleasures
and pains are in accordance with the amount of their several
agents. A man’s enjoyments increase with his gains and
diminish with his losses, other things being the same.

The Social forces in like manner combine, and may be com-
puted by adding the sum of the effects. The addition of new
causes of discontent in a people already dissatisfied, makes a
corresponding advance towards anarchy and revolution. On
the other hand, some agreeable or soothing agency may neu-
tralize an ill feeling already at work.

In all these instances, Cause is to be interpreted as meaning
Motive Power, or Force ; in no other sense does the rule of
arithmetical sum and difference apply. 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 effectnal than one in exploding & barrel
of gunpowder. In medicine, there is a certain dose that
answers the end ; and adding to it does no more good.

21. Composition of Causes is sometimes applied to
Chemical actions, so as to mean not & union of forces, but
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the union of substances or materials. In this way, oxygen
and hydrogen combine to form water.

This part of the chemical process comes under collocation,
and not under force. The mixing of materials, and the union
of forces, are not the same fact.

In chemical action, thus understood, we cannot fully predict
the characters of the compound from the characters of the
elements. It is the speciality of chemical combination to
merge nearly all the physical properties of the substances com-
bined, and to yield a new product, where the combining ele-
ments are not recognizable. Sulphur combines with copper
to form a black flaky substance, the sulphuret of copper.

There are still wanting general laws that would serve us to
compute the resultant of a chemical combination; we know
only that weight is not lost, and that the law of definite pro-
perties holds.

The analogy of Chemical Combination has been applied to
mental and social combinations. Thus, the complex emotions
of the mind are often so far different from their constituents,
as scarcely to suggest these to the mental analyst. The moral
sense, for example, is declared by many to be a simple faonlt{,
on the ground of its having no resemblance to any othersimple
elements of the mind.

Again, in the stady of national characters, we may know
that certain influences concurred in the process of formation,
and yet find a difficulty in tracing them.

These, however, are mere analogies. Chkemical combination
is an illustrative metaphor and little besides. The analo
fails in one essential circumstance, definite combinations. o
disguise of the elements or components is the only point of
similarity : and that would probably be better referred to the
analogy of growth, where the constituents entering at one stage
form a product, still farther combined in succesive operations,
which cannot all preserve a record of themselves.



CHAPTER V.

ELIMINATION OF CAUSE AND EFFECT.—OBSERVA- |
TION AND EXPERIMENT.

1. The enquiry into causation is usually presented in
nature as a complication of influences and arrangements,
some concerned and some not concerned in the cause or
the effect sought.

For instance, a man in good health goes to a new place and
a new occupation. His health gradually fails. There must
be a cause for the failure; assuming that he could have
retained his health in his original abode and occupation, the
cause must lie in the new circumstances that he is placed in.
These new circumstances are perhaps numerous ; the climate
may be hotter or moister, not to mention many other variations ;
ihe man’s new pursuits and recreations may be widely different
from his old. ow, while some of these differences must have
some share in the effect, others probably have no share ; and the
problem lies in disentangling the one class from the other; in
separating the operative from the inoperative surroundings.

The case now supposed represents the inductive search in
its extreme speciality, and as it appears in the commoner
practical questions. A more gereral enquiry is exemplified
in determining the effects of given agents, as heat, moisture,
electricity, ozome, light, foods or medicines, on the human
constitution. Every one of those agents has a variety of pro-
perties, or modes of action; in the case supposed, some are
operative and some not; and we must discriminate the one
class from the other.

Again, we may propose a still more general enquniry—What
is the common antecedent to the effect denominated Heat, or
the peculiar fact or situation always recurring when there is an
increase in the temperature of material bodies ? In looking
at the incidents attending the developmert of heat in any in-
stance, we find them to be numerous and various ; and we have
to find some mode of separating the inefficient from the efficient
elements of the situation.

We know from the law of Causation, even in the less ex-
plicit form (Conservation being left out of view), that in the
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changes going on in the world, the present situation is the re-
sult of the previous sitnation ; and if that previous situation
were reproduced so would the present. But this is not all ;
for we may be able to show that if a certain part of the previ-
ous situation were reproduced, the present would follow; we
can put aside all otiose or inert accompaniments and reduce
the antecedent circumstances to those really operative. This
is the process of INDUCTIVE ELIMINATION, required alike in
special and in general enquiries as to cause and effect.

Yet farther, we may find the sequence of a past and a pre-
sent situation to consist in a plurality of distinguishable
sequerces, which we may analyze and isolate by the methods
to be pointed out. Political causation is almost always a
complication of many distinguishable threads.

2. Preparatory to the disentangling or - eliminating pro-
cess, we make, in our own mind, an analysss of the situation.

As the final end is to discriminate the necessary from the
unnecessary elements of the sitnation, we begin by a separate
enumeration of all the circumstances, taking care to reduce
each to its simplest components. If a man has lost his health,
in a certain locality, we first suppose to ourselves what may be
the distinct agents concerned ; we analyze the climate into all
its constituent circumstances—temperature, moisture, flactua-
tions, purity of air, and so on ; we analyze the peculiarities of
his mode of nourishment, occupation, habits, state of mind;
and the more thorough-going the analysis, the better are we
prepared for the operation that is to follow. Indeed, an in-
sufficient analysis will of itself defeat the best laid schemes of
elimination. Newton’s investigation of the planetary motions
owed its success to his analyzing the course of each planet
into a central tendency towards the sun, and a tangential
tendency. This separation was the first clue to the mystery.
In any enquiry into the camse of some effect due to the sun,
as for example, sun-stroke, the different known constituents of
the solar beam—heating, lighting, and chemical rays—should
be separately viewed as the possible canse.

The ability to perform these mental analyses is partly depen-
dent on the state of knowledge at the time. Thus, we now
know, what was not known in the beginning of the last cen-
tury, the constituents of the atmosphere; we are therefore pre-
pared for an enquiry, according to the methods of elimination,
into the precise cause of any atmospheric effect. If it is pro-
posed for enquiry, why does meat putrefy in the air, we keep
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in view the distinct constitnents—nitrogen, oxygen, water,
earbonic acid, dust, living germs; as among these, or among
some concurrent action of these the cause must be found. So,
it is only of late, that the analysis of the solar ray bas indi-
cated the so-called chemical rays in addition to the luminous
and the heat-giving rays.

It may be farther remarked, that this analytic ability is a
special mental aptitude personal to the enquirer, and indicat-
ing the scientific faculty.

3. In separating the essential from the non-essential
accompaniments in cause and effect, the course is to vary
the circumstances, for which end we must resort to Observa-
tion and Experiment.

The different antecedents and consequents being separated
in thought, we have to ascertain which antecedent is connected
with a given consequent. Having usually a plurality of ante-
cedents, or a plurality of consequents, or both, we need to
single ot the connected couples of antecedent and consequent.
This requires us to look for other instances where the group-
ings are different, and to note what happens when particular
antecedents or consequents are wanting : an operation described
by Bacon as ¢ varying the circumstances.’

The varied circumstances, or groupings, are 80 many new
facts attainable only by Observation, to which we may add
Experiment. The distinction between these two processes is
not fundamental, and is seldom important. Observation is
Jinding a fact, Experiment is making one. The worth of the
fact depends on what it is in itself, and, not on the manner of
obtaining it. Both methods are used as far as possible.

The advantages of Experiment are not confined to the
obvious circamstance of multiplying the facts, important as it
must often be to maultiply them. A second consideration is
the power that we may have of suiting the facts to the case in
hand—of producing the sort of variation that we need. Thus,
in order to ascertain which of the gases of the atmosphere
supports combustion, or animal life, and what are the elements
that bring about putrescence and decay, we must, by means of
experiments, separate artificially one or another of the gases
from the rest; such separation not being provided for us in
nature.

Dr. Balfour Stewart remarks, with reference to an investiga-
tion by Dulong and Petit as to the cooling of a body surrounded
by a gas, that the research was a very troublesome one, from
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the variations that had to be made in the temperature of the
body, and in the density, temperature, and chemical nature of

o gas. .

Ag:l:ird saperiority of Experiment over Observation lies in
the power of producing a phenomenon wnder known circum-
stances and surroundings, so as to take account of all extraneous
influences. Thus, instead of observing electricity in thunder
discharges, we evolve it in a room where we know all the
modifying influences. For the examination of magnetism, a
house is constructed wholly of wood, so that the local disturb-
anoe of pieces of iron may be prevented. Likewise, the best

pportunity for the study of disease is in hospitals, where the
sxc are wholly under the control of the physician.

Experiment finds its greatest scope in Physics and in Chemis-
try. It is admissible in Physiology, in the Human Mind, and in
Human Society, with limitations easily divinable by any
reflecting student.

In the situation of enquiring into the Cause of a given
Bffect, Experiment is for 8 moment nnavailing. We can try
the effect of & given cause, but we cannot try the cause of a
given effect. Assuming heat as an agent, we can make experi-
ments on its varions powers or capabilities ; but given the heat
of a fermenting mass, as an effect, we cannot, by experiment,
get out the canse. 'We must first conjecture a cause; experi-
ments may then be instituted to find out the effects of that
supposed cause; if these tally with the effect in questxon,
we have made out our point.

The problem of Causation may thus be presented in both
aspects—given a canse to find the effect, given an effect to
find the canse——but the experimental solution is one ; namely,
to watch the effect of an assumed cause. The course of the
phenomenon flows in one way ; cause first, effect second.
When we seem to be working backward, we are in reality
working forward.

REVIEW OF THE COMPLICATIONS OF CAUSE AND EFFECT.,

4. The Inductive Elimination of Causes and Effects may
be illustrated by a review of the various complications
actually met with,

We have already adduced examples of the complications
that have to be unravelled, in order to assign the neat effects
of a cause, or the causes of an effect. We are able to present
a more comprehensive view of the actnally occurring entangle~
ments,
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Those natural aggregates, termed Kinds by pre-eminence,
are marked by the conourrence, in a single object, of many
different properties. Oxygen, carbon, phosphorus, iron, mer-
ocury, platinnm—have each s great number of distinct powers
or activities ; hence, when the introduction of any one of them
is followed by some change in the things they are brought into
contact with, we are at first uncertain which of all the many
properties of the substance is the operative circumstance.
Carbon, for example, is found to absorb gases in large amount;
which suggests the enquiry, which of the properties of carbon
is this owing to:—its specific gravity, porosity, blackness,
amorphous structure, or any other ? Again, mercury has
certain medicinal effects ; and we desire to know which of its
many properties is the causative circumstance. Platinum, in
8 finely divided or spongy state, brought into contact with a
sh'ea.u?l of hydrogen, makes it ignite. What does this depend
upon

Pgo then, in the elementary bodies of Chemistry, the simplest
substances known to us, there is a great concourse of anteced-
ents present whenever any one is brought into play. But, in
nature, these are usually found mixed together (I am not
alluding to Chemical combination, which yields new substances)
in great varieties of compounds. Thus, the Atmosphere is a
mixture of two simple bodies—nitrogen and oxygen ; varions
known chemical compounds—water, carbonic acid, and am-
monia; and a great many other gaseous effluvia, together
with solid particles, partly dust and partly ova of plants and
animals, oreover, it possesses at each moment a certain
temperature, a certain electrical condition, and perhaps
other peculiarities. Thus, when the atmospheric air is pre-
sented to us as a cause or agency, the possible variety of
antecedents is very great. Many researches have been occu-

ied in eliminating the caumsal conditions in combustion, in
vegetable and in animal life, in putrefaction, in spontaneous
generation (so-called), &c.

Again, the sea is not pure water, but a solation of numerons
saline bodies.

Most minerals are mixed substances. A geological stratum
is highly compound; and when certain vegetables are found
to grow in a particular soil, elimination must be applied to
ascertain which are the needful constituents.

In Vegetable, and in Animal Kinds, the complication is
still greater. The chemical constituents of plants and of ani-
mals have very complex atoms, whose disintegration may yield
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a variety of different products.  Hence, vegetable and animal
substances used as food, as medicines, as dyes, &c., have many
possible modes of operating. 'We must, however, when living
bodies are agents, farther take into account the organic or living
structure ; the poison of a living plant or animal has powers
of derangement quite different from the chemical action of its
chemical constituents.

The complication in the world of Mind is very great. A
human being is by nature many-sided, and by education still
more so. Hence, when one person exercises an influence npon
another, it is far from obvious, at first sight, by what peculiari-
ties the effect arises. So again, in the explanation of motives,
a historian is often bafled to select the one that actually
swayed a given effect. ‘

The operations of Gfovernment are ramified in their conse-
quences. A single enactment—the imposition of a tax on
windows or its removal, free-trade, or its opposite—operates
variously according to circumstances.

WEAPONS OF ELIMINATION.

5. It is in the comprehensive Law of Causation itself,
once established by Induction, that we have the instru-
ments for eliminating causes and effects in the detail.

As already said, there is but one proper Inductive Method
—Universal Agreement; there is, in the first instance, no
shorter cut to an Inductive Generalization. We must go
through the labour of & full examination of instances, until we
feel assured that our search is complete, that if contrary cases
existed, they must have been met with.

By such thorough-going examination, various indactive laws
have been established, including that momentous trath called
the Law of Causation. Now, in whichever of its two properly
scientific aspects, we view this law-—whether in the less sug-
gestive but perfectly accurate form of Uniformity of Sequence,
or in the new and better form of Conservation accompanied
with Collocation, we find in it a means of shortening the labour
of ascertaining specific causes and effects. By applying the
general law, in either form, there is often a possibility of prov-
ing causation by a single instance.

Thus, to take the first form of Causation—*Every event is
uniformly followed by some other event; and every event is
uniformly preceded by one or other of a definite number of
events :—given an antecedent, one consequent succeeds ; given
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a consequent, some one of & few definite antecedents has pre-
ceded. Now from this it follows, that whenever an agent is
introdnced into a quiescent state of things, and when certain
changes follow at once on that fact, the sequence happening
once will happen always. Nothing springs out of nothing.
Nature in the matter of sequences is uniform; and a single
case, cleared of ambiguities, establishes a law. By the stroke
of an axe, a block is cleft ; the same effect will always follow
the cause. Hence, a single experiment in the laboratory may
establish for ever a causal property.

On the second or more precise form of Causation, there is
a definite transfer of motive power under some given arrange-
ment of things. We know, by this law, without any new
observation, that a blow with a hammer will realize its
e?nivalent, either in mechanical momentum, or in some form
of molecular force. If in a certain situation, it splinters a
stone, it will always do the same thing, in the same situation.
In a different arrangement, it raises the temperature of a
surface ; and what it does once, it does always. All that we
have to settle empirically in this form of the law, is the
transfer attending each collocation, and the collocation attend-
ing each transfer. By induction proper (universal agree-
ment) we have already ascertained this to be uniform, and
accordingly pronounce upon a single clear instance.

There 18 thus only one Inductive Method at the foundation
(Agreement), but there are several Deductive Methods, or
methods depending upon the grand generalization of Cause.
For instance, the method known as the ¢ Method of Differ-
ence,’ is not an inductive but a deductive method ; for, with-
out the law of Causation, the method would be incompetent.
Even the ¢ Method of Agreement’ as employed for the pur-
pose of elimination, supposes the Law of Causation, and is to
that extent a deductive method.

6. The Law of Causation involves the three following
affirmations, each of which is the groundwork of a process
of Elimination.

(1) Whatever antecedent can be left out, without preju-
dice to the effect, can be no part of the cause.

A cause is what produces an effect. As the presence of
the cause is the presence of the effect, so the absence of the
caunse is the absence of the effect. The absence of the cause,
with the presence of the effect, would be a contradiction of
the law. © are sure, therefore, that whatever can be omitted



48 WEAPONS OF ELIMINATION.

or withdrawn without making any difference to ihe effect in
question, i8 not the cause, or any part of the canse. If we
cut a string that we suppose to be the support of a weight,
and the weight continues to be supported, the string is not
the support.

Upon the Law of Causation, viewed on this side, reposes
Mr. Mill’'s Method of elimination by Agreement. A certain
effect remains after the successive withdrawal of all the ante-
cedents except one; which leaves that one in sole and undis-
puted possession, and therefore the cause.

(2) When an antecedent cannot be left out without the
consequent disappearing, such antecedent must be the
cause or a part of the cause.

This affirmation, likewise, ie implied in the law. It presents
the other side of the same linking of cause and effect ; absenee
of the cause is absence of the effect. Whatever, by disappear-
ing, makes the effect to disappear, is by that very fact an
essential or cansal condition. If the cutting of a string ¢s the
falling of a weight ; the string is the support of the weight.

This aspect of cause gives the decisive Method of Difference;
the method whereby a single instance may be incontrovertible
proof of a cause.

(3) An antecedent and a consequent rising and falling
together vn numerical concomitance are to be held as Cause
and Effect.

This is Causation in the more special aspect of Conserva-
tion, and is directly implicated in that principle. In the
transfer of moving power, the quantity gained is the quantity
lost ; and the tracing of quantitative concomitance is our very
best clue to the force operativein a given effect. Asthe com-
bustion of a locomotive is increased, so is the steam power.

In those agencies that merely bring about a collocation,
there is no numerical ratio betweeun the agent and the result.
A slight touch is enough to complete the electric circuit, and
a double vehemence adds nothing to the energy of the circnit.

The process now described is the Method of Concomitant
Variations. ‘

These are the three chief methods of Eliminating the un-
concerned circumstances present in cause and effect. After
considerable progress has been made in the discovery of
causes, recourse may be had to a farther proceeding, namely,
to allow for the influence of all known causes, and to attribute
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what remains of the effect to what remains of the canse. This
also i8 a proper inference from the Law of Causation. Itis
termed the Method of Residues.

The Method of Agreement may be employed negatively ;
that is, cases may be found where cause and effect are uni-
formly absent together. We may call it Agreement in Absence.
‘When this circumstance can be conjoined with the positive
method—Agreement in presence, an approach is made to the
decisive cogency of the Method of Difference. Mr. Mill has
given to this conjoint mede the designation—Joint- Method.

The following chapter will exemplify the employment of
these Five Methods of Inductive (or Deductive) Elimination
in investigating Cause and Effect.

It is not possible to separate from the thorough working of
these instruments of Elimination the process of generalizing,
or attaining to Inductive generalities. In carrying out the
Method of Agreement, for example, the collation of a large
number of instances where a cause or an effect is present,
cannot fail to suggest laws of cansation of a higher generality
than the enquirer sets ont with. Nevertheless, it will not be
expedient to dwell upon this generalizing operation while we
are bent upon the eliminating process. Generalization belongs
to Discovery ; Elimination is Proof; and Proof, more than
Discovery, is the end of Logic. Still, we shall have to make
room for a consideration of the best modes of arriving at the
higher generalities.

CHAPTER VI.
THE EXPERIMENTAL METHODS.

1. There are three chief methods of eliminating the
cause of a phenomenon from the neutral or indifferent
accompaniments —Agreement, Difference, and Concomitant
Variations.

METHOD OF AGREEMENT.

2. The Method of Agreement is expressed thus :—If
two or more instances of a phenomenon under investiga-
4
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tion have only one circumstance in common, that circum-
stance is the cause (or effect) of the phenomenon.

The instances are studiously varied so as to leave out in
turn all the circumstances attending the phenomenon. What-
ever is left out, in any one instance, without detriment to the
effect, cannot be the cause; the possibilities are gradually
reduced in number ; and, if the means of elimination are com-
plete, the enquiry terminates in assigning one circumstance
that has never been wanting where the phenomenon appears.

The method is illustrated symbolically thas :—Let A repre-
sent a cause and a an effect. In nature we seldom have A
followed by a alone ; were such isolation the rule, the Experi-
mental Methods would be unnecessary. What we find is A in
combination with other things as A B C, and a also in com-
bination, a8 in a b ¢. But, now, if these conjunctions were
rigid and invariable, we should have no opening for the
methods. The real fact is, however, that though a cause may
be always in combination with other agents, it is not always
in the same combination ; at one time the union is A B C, at
another time A B D, and again A C E; there being corres-
ponding conjunctions in the effects—a b¢c,a b d, ace.

If we suppose, then, the instances—

A B Cgivingabe,

A B D giving a b d,

A CE givingace,
we reason thus. So far as the first instance is concerned—
A B C giving a b ¢, the effect a may be produced by A, or
by B, or by C. In the second instance—A B D giving a b d,
the cause C is absent, the effect @ still remaining ; hence C is
not a cause of a. In the third instance—A C E giving a ¢ ¢,
—B is absent, a remaining ; hence B is not a cause of a. The
only antecedent persisting through all the instances is A ;
when a is present as a consequent, A is always present as an
antecedent. If, then, we are sure that every other antecedent
circamstance has been removed in turn, the consequent a still
surviving, we have conclusive evidence that A is a cause,
condition, or invariable accompaniment of a. .

It matters not which is the form of the enquiry,—given an
effect to find a cause, or given a cause to find an effect. The
first is supposed to be the more frequent occurrence. Science,
from of old, was

——— Terum Cognoscere causas.
If the problem be given in the first form, the proof is always
given in' the second; we try a cause to see what effect
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will follow, which proves at once that the consequent is the
effect of the antecedent, and that the antecedent is the cause
of the consequent ; the two affirmations being identical.

Although our professed object now is to unfold the Induc-
tive elimination of Cause and Effect, having already disposed
of the case of Co-existence as Co-inhering Attributes, yet, in
expounding the Methods, we must receive instances indis-
criminately, as we do not at first know how they will turn out.
There are many connexions of Cause and Effect that appear
a8 Co-existences, and there are instances that we must leave
undecided, being unable to assign the ultimate nature of the
union. The more obvious tests of Causation are these :—
(1) sequence in time, as when innoculation is followed by the
small-pox pustule; (2) expenditure of energy, as when a
cannon ball shatters a fort, Where these tests are wanting, as
in co-inhering powers of the same substance—for example,
gravity and inertia—we are left to presume co-existence,
there being, as alternative possibilities, mutual implication, and
the co-existing effects of & common cause.

This explanation is more especially called for in commenc-
ing the Method of Agreement—the universal or fundamental
mode of proof for all connexions whatever. Under this
method in particular, we must be ready to admit all kinds of
conjunctions ; reducing them under Causation, when we are
able, and indicating pure Co-existence when the presumption
inclines to that mode.

As a simple example, we may take the case of the conver-
sion of solid bodies into liquids, and the farther conversion of
liquids into gases. The bodies so converted are of every
possible variety of properties ; the one circumstance common
to all the instances of such conversion is the application of
heat. The elimination is complete as regards this antecedent,
whioch is therefore correctly assigned as the essential condition
or cause. We may apply in this example, the most decided
test of Causation, the expenditure of energy or force ; we should
never regard the fact as a mere Co-existence.

The next example is of a different character.

The peculiar phenomenon called the polarization of light,—
consisting in the exhibition of bands of alternating or ‘periodi-
cal’ colonrs, when a beam of light prepared in & particular
manner is thrown upon certain transparent substances,—may
be propounded for investigation. We may ask—is there any
other property or phenomenon elways present in the bodies
that show this pceculiar effect? Now, the bodies must, as a
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matter of course, be transparent; but all transparent bodies
do not exhibit the polarized bands; henoe, transparency is
eliminated. By farther comparison of instances, we find that
there is no constant mode of colour, of weight, of hardness,
of form (crystalline), of composition (physical or chemical) ;
‘80 that no one of all these properties is concerned in the
phenomenon. There is, however, one circuamstance that has
never failed to be present in polarizing substances; they are
all doubly refracting substances, that is, present two images of
things seen through them obliquely. By Agreement through
all known substances, there is proof of the concurrence of
these two properties. .

It is not ascertained, however, and cannot be ascertained by
Agreement alone, whether the two facts are canse and effeot,
or whether they are a case of co-existence without causation.
Agreement is the method of proof for all conjunctions what-
soever—whether Causation or Co-existence. The enquiry
belongs to a particular class—the conjoined Properties of
Kinds, where there may be laws of co-existence without cau-
sation. The decisive criteria of causation are wanting in the
case.

To take a third example. In flowers, there is a remark-
able concurrence between the scarlet colour and the absence
of fragrance. The following quotation gives a selection of
instances.

¢ Among all the colours that blooms assume, none are less
associated with fragrance than scarlet. We cannot at present
recollect a bright scarlet blossom that is sweet-scented—yet
no other colour among flowers is more admired and sought
after. Scarlet prevails among Balsamina, Euphorbia, Pelar.
gonium, Poppy, Salvia, Bouvardia, and Verbena, yet none of
the scarlets are of sweet perfumes. Some of the light-coloured
Balsams and Verbenas are sweet-scented, but none of the
scarlets are. The common Sage, with blue blooms, is odorifer-
ous both in flower and foliage; but the scarlet Salvies are
devoid of smell. None of the sweet-scented-leaved Pelar-
goniums have scarlet blooms, and none of the scarlet bloomers
have sweet scent of leaves nor of hlooms. Some of the white-
margined Poppies have. pleasant odours; but the British
scarlets are not sweet-scented. The British white-blooming
Hawthorn is of the most delightful fragrance; the scarlet-
flowering has no smell. Some of the Honeysuckles are
sweetly perfumed, but the Scarlet Trumpet is scentless’ (ELDER,
American Gardener’s Monthly). :
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Fourth Example, The Norih-East wind is known to be
specially injurious to a great many persons. Let the enquiry
be—what circumstance or quality is this owing to? By a
mental analysis, we can distinguish various qualities in winds;
—the degree of violence, the temperature, the humidity or
dryness, the electricity, and the ozone. We then refer to
the actual instances to see if some one mode of any of these
qualities uniformly accompanies this particular wind. Now
we find, that as regards violence, easterly winds are generally
feeble and steady, but on particular occasions; they are stormy;
hence, we cannot attribute their noxiousness to the intensity
of the current. Again, while often cold, they are sometimes
comparatively warm ; and although they are more disagree-
able when cold, yet they do not lose their character by being
raised in temperature ; so that the bad feature is not coldness.
Neither is there one uniform degree of motsture; they are some-
times wet and sometimes dry. Again, as to electricity, there
is no constant electric charge connected with them, either
positive or negative, feeble or intense ; the electric tension of
the atmosphere generally rises as the temperature falls.
Farther, as respects ozone, they have undoubtedly less of this
element than the South-West winds ; yet an easterly wind at
the sea shore has more ozone than a westerly wind in the heart
of & town. It would thus appear that the depressing effect
cannot be assigned to any one of these five circumstances.
‘When, however, we investigate closely the conditions of the
north easterly current, we find that it blows from the pole
towards the equator, and is for several thousand miles close
upon the surface of the ground ; whereas the south-west wind
coming from the equator descends upon us from a height.
Now, in the course of this long contact with the ground, a
great nomber of impure elements—gaseous effluvia, fine dust,
microscopic germs—may be caught up and may remain sus-
pended in the lower stratum breathed by us. On this point
alone, 8o far a8 we can at present discover, the agreement is
constant and uniform.

What is the conclusion ? As Agreement by itself does not
decide that conjoined circumstances are caunse and effect, we
maust find some mode of excluding Co-existence, and rendering
the case one of succession. When the two circumstances are
plainly in succession, as when a fracture follows a blow, uni-
form agreement (with elimination) proves causation ; when
they are not demonstrably successive, the agreement fails in
this respect.
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Now, there is a general belief that the two events supposed
—the east wind and the uncomfortable sensations—are not
contemporaneous, but in succession; the wind first, the feel-
ings afterwards. This belief is sapported by the circumstance
that a change of feelings, must have, according to the law of
causation, an antecedent condition; and if all antecedents,
besides the one above named, are eliminated, that oune is the
cause, or an essential part of the cause.

The phenomenon to be explained is not a permanent fact
or potentiality, like polarization or double refraction, it is &
temporary manifestation, and requires some causal circum-
stance to bring it forth. In this respect, it resembles the
aotual display of one of these optical properties; it cannot
happen without a suitable agent and collocation, which is pro-
perf;r a cause of the appearance.

If then, the elimination be supposed complete, there is a
proof by Agreement that the deleterious influence of the east
wind is due to the circumstance named ; and the case exempli-
fies the eliminating efficacy of the method.

In the foregoing example, we cannot withhold from our
mind a certain presumption in favour of the result, grounded
on our knowledge of the deleterious tendency of atmosphere
impurities caught up from the surface of the ground. This
is a circumstance not properly belonging to the proof by
Agreement ; it is a confirmation from deductive sources. The
addition of such a presumption always operates strongly on
our belief ; the total absence of it leaves a considerable shade
of uncertainty in all the methods, but most of all in Agree-
ment. The third example shows this deficiency ; we are not
at present aware of any connexion of a causal kind between
the scarlet colour of flowers and the absence of fragrant
odour ; the proof of the law rests upon the Agreement alone.
That method of proof is final, only when the elimination has been
exhausted, by variation of circumstances, and when the coin-
cidence has been shown through all nature, so as to establish
u law of Universal Co-existence.

Fifth Example. Letthe phenomenon given be Crystallization,
and let the thing sought be the antecedent circumstances,
positive and negative, of the formation of crystals. This is a
case of succession, and therefore of Causation.

‘We maust begin by collecting instances of the effect. In the
following series, the circumstances are purposely varied with
a view to elimination :—

1. Freezing of water.
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2. Cooling and solidifying of molten metals and minerals.

8. Deposition of salts from solations,

4. VoYatilizing of solutions.

5. Deposition of solids from the gaseous state, as iodine.

6. Pressure.

7. Slow internal change, as in rocks.

8. The transformation of metals from the tough to the
brittle condition, by hammering, vibration, and re-
peated heatings and coolings.

Looking at the first and second instances—ice, and the
solidifying of molten metal—we discover two antecedent cir-
cumstances, namely, lowering of temperature, aud change
from the liquid to the solid state.

The ‘third instance—deposition of salts from solution—
agrees in the same two circumstances, there is a lowering of
temperature, and also a change from liquid to solid.

The fourth instance—the volatilizing of solutions, as in
boiling down sea-water—appears to failin the matter of cool-
ing, but still contains the circumstance of prior liquidity ; the
prominent fact is that the solvent is driven off, and the dis-
solved substance thereby compelled to resume the solid state.

The fifth instance—the deposition of solids at once from
the gaseous state, as in the case of iodine—seems to eliminate
i)‘rior liquidity. We must then shift the ground, and, for

iquidity, substitute one of the two higher states of matter.

The sixth instance is ¢ heavy and long continued pressure
upon an amorphous substance ; ’ principally shown in geology.
This would eliminate the prior liquid or gaseous condition, and
bring to view the forced approximation of the constituent
particles of bodies. But the same circumstance accompanies
all the previous cases, being merely a different expression of
what is common to them. We know heat as forcibly enlarg-
ing the bulk of bodies—making their particles mutnally re-
pellent ; the withdrawal of this force leaves the attractions of
the particles free to operate.

The seventh instance—slow geological transformation—
unless viewed by the light of the circumstance just named, is
difficult to interpret. It is not, however, incompatible with
the predominance of the molecular attractive forces by the
abatement of the repellent forces.

The eighth instance—change of metals from the tough to
the brittle state—is a true case of crystallization ; brittle-
ness is accompanied with an imperfect crystalline arrangement.
The effect is produced by cooling after hammering ; by re-
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peated heating and cooling ; by long-continued vibration or
concussion :—all which influences tend to expel the structural
heat of the substance; the consequence being that the mole-
cular attraction is more preponderant.

We have thus eliminated Cooling, Deposition from Solution,
and Prior Liquidity ; and have found but one uniform antece-
dent—the increased scope and operation of the molecular or
solid-forming cohesion ; to which point, however, these other
circumstances really tend ; they are all of them remoter ante-
cedents of the one constant antecedent. The examination of
the instances has enabled us to generalize the phenomenon, as
well as to establish the generality upon evidence, namely, the
evidence of Agreement.

As we have stated this enquiry, it is a clear case of Cause
and Effect. We have sought the antecedent circumstances
whereby a body in an amorphous or uncrystallized state be-
comes crystallized ; and we find that there is an expenditure
and re-distribution of power or energy. The result of the ex-
penditure is not an active manifestation, as when we produced
mechanical force, or heat ; it is an arrangement, or structaral
collocation ; a case already contemplated (p. 35) among the
results of expended force.

Sixth Example. Let us next apply the method to eliminate
the cause, or the antecedent conditions essential to the pro-
duction and maintenance, of Light.

Now, the most constant circumstance is a kigh temperature ;
solid bodies become luminous at a temperature of from 980°
to 1000° Fahrenheit. So far, there is a remarkable unanimity.
It is found, however, that gases do not always become lumin-
ous at this temperature, nor at a much higher; a current of
gas may be raised to upwards of 2000° F. without being
luminous; whence we conclude that the state of the body is
also a condition. Again, the electric spark is a luminous
effect, which would give the disturbance of the electric
discharge as an antecedent. As there is a possibility, however, °
that the great violence of the discharge may be accompanied
with sudden rise of temperature, this may be merely another
form of heat. 'W® should need to show, by varying the
instances, that high temperature is not essential to the spark,
In the next place, certain substances give light at commen
temperatures, to which fact has been given the name phosphor-
esconce. Some minerals, gently heated, emit a feeble light,
which soon ceases, and cannot be renewed until the body has
been exposed to the sun or the electric spark. This is still a
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forni of heat, but not of the intense degree of ordinary light.
More peculiar still is animal phosphorescence, as the glow-
worm, fire-fly, and certain sea animalcules. Here the accom-
paniment is a special mode of vitality hitherto uneliminated,
and excluding the circumstance of high temperature (Mr.
Herbert Spencer suggests that it is an incident attending
oxidation). Once more, & faint flash of light occurs with
certain substances in the act of crystallizing.

‘We may thus collect from Agreement, that ignited solids at
the temperature of 1000° are Inminous, and that an electric
discharge is luminous; but we cannot at present lay down
any wider generalization. Excepting the very general fact of
molecular disturbance of some kind or other, which we are
unable to qualify in the precise mode coucerned in the effect,
our comparison of instances does not point to a constant
circumstance. For the present, we regard Light as having
a plurality of causes.

As farther instances of Agreement, we may quote the proof
of the coincidence of Sleep with low nervous action, which
means a feeble cerebral circulation; also, the connexion of
Memory with the intensity of Present Consciousness. The
uniformity of these conjunctions under all varieties of other
conditions is the evidence afforded by Agreement. The Rela-
tivity of Knowledge is established partly by Agreement, partly
by the method of Concomitant Variations, as will be shown.

The cogency of Agreement is manifestly in proportion tq
the thoroughness of the elimination. Whatever circumstance
has never been eliminated is a possible cause. There are not
a few instances, as in the action of drugs, where nature does
not provide the variety requisite for a thorough elimination.
The complicacy of the Natural Kinds passes our means of
extrication by Agreement alone.

METHOD OF DIFFERENCE.

3. Elimination by Difference is expressed in the follow-
ing canon :—If an instance where a phenomenon occurs,
and an instance where it does not occur, have every cir-
cumstance in common except one, that one occurring only
in the first ; the circumstance present in the first and
absent in the second, is the cause, or a part of the cause,
of the given phenomenon.

'We are supposed to have two instances and only two. Each
is a complex requence, a group of antecedents followed by a
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group of consequents. The two complex sequences differ by
only a single sequence, present in the one, and absent in the
other. Thus the sequence A B C D gives a b ¢ d, and B C D
gives b ¢ d: the only difference being the presence of A in the
antecedent, and of a in the consequent, of one sequence, and
the absence of these in the other sequence. Supposing A B CD
changed into B C D, by the loss of A; while at the mom-
ent a b-c d is changed into b ¢ d by the loss of a; we have
a proof of the connexion of A with a. Indeed, the assertions
are identical; to say that the disappearance of one thing is
followed by the disappearance of another thing, there being no
other change, is merely a way of expressing causal connexion.

Difference plays a great part in our everyday inferences.
The usual form is the sudden introduction of some limited and
definite agency or change, followed by an equally definite con-
sequence. When the drinking of water is followed at once by
the cessation of thirst, we do not hesitate to pronounce the one
fact the cause of the other. The human system is a great
complication, but the only difference made mpon it in two
successive minutes is the sequence of drinking and the satisfy-
ing of thirst; there has been, we presume, no time for any
other change to manifest itself. So when we waken a sleeper
by a noise, or strike a light by the friction of a match, we
infer causation; the new agency being instantaneously fol-
lowed by the new effect.

The first example given, under Agreement, is also proved by
Difference. That Heat is the cause of the melting of ice, of
wasx, or of lead, is proved by making, upon these substances,
the one change of raising the temperature. Being quite sure
that in the conversion of ice into water, no change has been
made except this, we have a conclusive experiment of Differ-
ence to show that heat is the cause.

The same substance in two states, as solid and liquid, or as
amorphous and crystallized, enables us to ascertain what effects
are due to change of state. Thus charcoal, uncrystallized, is
black, opaque, and a conductor of electricity ; as crystallized,
in the Diamond, it is transparent and a non-conductor.

A large part of our knowledge of nature and of living beings
is gained by making experimental changes and watching the
consequences. Our proof is the immediate result. An im-
mediate response is satisfactory evidence in almost any de-
partment. Thus, in medicine, there is little doubt as to the
operative force of purgatives, emetics, sudorifics, diuretics,
narcotics, stimulants, irritants; the uncertainty attaches to



METHOD OF DIFFERENCE. 59

alteratives, tonics, and the protracted treatment of chronic
cases. The effect of quinine, in ague, is established beyond
dispute.

Whether it be to add, or to withdraw, a definite agent, a
change instantly following is proved to be an effect. Even in
politics, we may have a proof from difference; as in the
acoession .or resignation of & minister, like Chatham. No
other circumstances arising in the ordinary course of a year
would make that total change in the course of politics that
followed on Chatham’s becoming minister. It conld not be
denied that he was the cause (in the practical sense of cause)
of our successes in America, and on the continent of Europe.
The consequences of his retirement were equally decided as

ving, on the method of Difference, the vast superiority of
is powers as an administrator.

Wherever Difference can be resorted to, the knowledge of
causes is gained at once. In ordinary cases, the method is so
obvious in its application, so satisfactory and conclusive, as
scarcely to need a master to explain or enforce it. The special
discipline of Logic, so far as this method is concerned, lies in
showing the precantions requisite in the more complicated
cases.

In Physiology, the functions of the nerves were ascertained
by the experiment of dividing each in turn, and watching the
effect. 'Whatever function is immediately arrested on the
division of a mnerve, is shown to be due to that nerve, or to
require that nerve in order to its performance. Such experi-
ments, however, do not exhibit the entire circle of conditions
involved in the function in question. We know that the
integrity of the spinal cord is necessary to sensation and to
movement in the trunk and in the extromities of the body;
we do not exhaustively know what else is necessary. For this
more extensive knowledge we should have to multiply experi-
ments all through the brain. If the destruction of any part
interferes with these functions, that part enters into the
cansal conditions; if otherwise, it does not enter into those
conditions. '

The extension’ of this class of experiments to the brain
exemplifies one situation where the method of Difference may
be indecisive. Deep incisions in the brain, intended to affect
one single organ, as the cerebellum, may injure adjoining
organs ; and may therefore be inconclusive as to the functions
of the special organ in view. It is on this ground that
Brown-Séquard objects to the views of Flourens regarding the
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function of the cerebellum. The one certain inference in such
cases is, that whatever fanction survives, in its integrity, the
destruction of an organ, cannot be exclusively due to that
organ. The obverse inference is certain only on the snpposi-
tion that the injary has been confined to the part affected.

With reference to the connexion of scarlet bloom with
absence of odour, we have a seeming case of Difference in
comparing such varieties as the white-flowering and the red-
flowering hawthorn : the one fragrant, the other not. In the
complicacy of Kinds, we can seldom be sure that a variation
is rigidly confined to the circumstances that are apparent.
Moreover, where there is not & clear case of Causation, Differ-
ence is insufficient to prove a coincidence.

Sir G. C. Lewis lays it down as essential to the validity of
a proof by Difference, that we should know, by a previous
induction, the general adequacy of the assigned camse to the
production of the effect. When we infer that a man, shot
throngh the heart, drops down dead, we need to know, he
thinks, that, as a general rule, a gunshot wound in the heart,
is a cause of death. To this remark the reply is, that practi-
cally we do make use of such previous knowledge, but it is
not essential to the method of Difference. Provided we are
quite sure that the new agent is the only change that has
preceded the effect, the instance is conclusive, on the Luw of
Causation solely. The use of a more specific induction is to
supply the defect of certainty in the instance itself. There
may be other unseen agencies at work, as well as the one
supposed, and this is the only ground either for invoking a
general presumption, or for multiplying instances of the
phenomenon. In practice, we seek both for presumptions
(from prior inductions) and for repetition of instances; but
an ideally perfect instance of Difference, in a case of Cansation,
is conclusive in itself.

Agreement and Difference can be easily compared as to their
respective advantages and disadvantages. Agreement needs
a large number of instances, but their character is not re.
stricted. Any instance that omits a single antecedent contri-
butes to the result ; the repetition of the same instance is of use
only as giving means of selection. Difference requires only
one instance ; but that one is peculiar, and rarely to be found.

A great extension is given to the power of Agreement, by
extending it to agreement in absence. When such cases are
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conjoined with those where the agreement is in presencs, there
is an approach to the conclusiveness of the method of Differ-
ence. This double employment of the method of Agreement
is brought forward by Mr. Mill under the designations—the
¢ Joint Method of Agreement and Difference,’ and the ¢ Indirect
Method of Difference.’” It might also be called the ‘Method
of Double Agreement.’

JOINT METHOD.

4 The canon of this Method is:—If two or more in-
stances where the phenomenon occurs have only one cir-
cumstance in common, while two or more instances where
it does not occur have nothing in common save the absence
of that one circumstance ; the circumstance wherein alone
the two sets of instances differ, is the effect, or the cause,
or a necessary part of the cause of the phenomenon.

If we require to ascertain, under this method, that A is
the cause of a, or a the effect of A, we add, to the instances of
uwniform presence of A and a, other instances of uniform
absence, a8 B F G followed by b f g, C H I followed by ¢ & 1,
and so on. If we have never discovered A wanting as an
antecedent without baving a absent as a consequent, there is
a strong additional ‘presumption that A and a are united as
eaugé and effect—a presumption that may approach to the
certainty of the method of Difference.

It is a eonfirmation of the cause, suggested by Agreement,
of the noxiousness of the North-East wind, that the South-
West wind, the genial and wholesome current, is wanting in
the circumstance assigned. It descends uwpor us from the
eleyated regions of the atmosphere, where impurities are
highly diluted by dissemination.

Again, to revert to the example of Crystallization. Let us
review the non-crystallized solids, and note the mode of
their formation. The amorphous stones and rocks, as sand-
stone, chalk, &c., are known to be sedimentary deposits from
water. Before being solidified, they existed as solid particles;
they were not dissolved in water, neither did they exist in a
molten condition. This Agreement in absence would confirm
the inference from Agreement in presence—that (so far as
certain instances went) crystals existed in a previous higher
condition. But the general inference, from the full compari-
son of examples, was the superior play given to the molecular
attraction by. counterworking the molecular repulsion. Now,



62 THE EXPERIMENTAL METHODS,

this general fact is absent from all mere sedimentary deposits;
these bodies have no aid, in the shape of loss of heat or other
cause, to their molecular attractions.

The comparison of the amorphous rocks yields another
circumstance, namely, the irregular mizture of different sub-
stances. For, although in a mud sediment silica or alumina
may prevail, neither is ever pure ; and the mixture of different
elements is a bar to crystallization, unless they are of the
kind called isomeric (from crystallizing alike). There is more
to be got over in crystallizing compounds of unlike elements,
and the crystals must be deficient in regularity.

Another uncrystallized class comprizes the vegetable and
animal tissues. In their case, however, the antecedent circum-
stances are too complicated and obscure to furnish insight;
they rather stand in want of illustration by the parallel lights
of more obvious cases. Besides, there is in them a method
and order of aggregation more analogous to the crystallized,
than to the amorphous solids.

A third class includes the Colloids, or glue-bodies, of
Graham (represented by gum, starch, gelatin, albumin, tannin,
caramel). They are net confined to the viscid form of glus,
but include compact solids, as flint. The points of contrast
between these and erystallized bodies are numerous and
important. Their mode of formation is various; many of
them are the products of living bodies, and therefore share in
the complication of living growth. Flint is an aggregate of
particles of silica, which particles were originally the shells of
animals, and therefore also organic in their formation. In
this case, the molecular attraction of silica, in its progress
towards erystallization, is thwarted by the pre-existing forms
of the silicious particles.

It would require too long a discussion to show the bearing
of the colloid peculiarities on the question as to the antece-
dents of the crystalline formation, Enough has been given to
show the working of the method of Obverse Agreement.

METHOD OF CONCOMITANT VARIATIONS,

5. Canon of the Method : — Whatever phenomenon
varies in any manner whenever another phenomenon
varies in sowe particular manner, is either a cause or an
effect of that phenomenon, or is connected with it through
.some bond of concomitance.

The effects of Heat are known only through proportionate
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variation. We cannot deprive a body of all its heat ; the
nature of the agency forbids us. But, by making changes in
the amount, we ascertain concomitant changes in the accom-
nying circumstances, and so can establish cause and effect.
t is thus that we arrive at the law of the expansion of bodies
by heat. In the same way, we prove the equivalence of Heat
and Mechanical Force as a branch of the great law of Con-
servation or Persistence of Force.

The proof of the First Law of Motion, as given by Newton,
assumed the form of Concomitant Variations. On the earth,
there is no instance of motion persisting indefinitely. In
mportion, however, as the known obstructions to motion—

iction and resistance of the air—are abated, the motion of a
body is prolonged. A wheel spinning in an exhausted receiver
upon & smooth axle runs a very long time. In Borda’s experi-
ment with the pendulum, the swing was prolonged to more
than thirty hours, by diminishing friction and exhausting the
air. Now, comparing the whole series of cases, from speedy
exhaustion of movement to prolonged continuance, we find
that there is a strict concomitance between the degree of
obstruction and the arrest ; we hence infer that if obstruction
were entirely absent, motion would be perpetunal.

The celebrated experiment of carrying the barometer to the
top of Puy de Déme was a proof by variation of the connexion
between the pressure of the air and the rise of the mercury.

By Concomitant Variations, we derive one of the proofs of
the connexion between the brain and the mind. In the same
manner, we learn to associate health with the healthy agencies,
and diseases with noxious agencies.

The doctrine that change of impression is an essential con-
dition of consciousness, from which proceeds the theory of
Relativity as applied to feeling and to knowledge, is most
strikingly attested by Concomitant Variations. The intensity
of a mental impression notably varies according to the greatness
of the transition from one state to another: witness the in-
fluence of novelty, of all great changes of circumstances, of
suddenness and surprise.

The Statistics of Crime, reveal causes by the method of
Variations. When we find crimes diminishing according as
labour is abundant, according as habits of sobriety have in«
creased, according to the maultiplication of the means of
detection, or according to the system of punishments, we may
presume a causal connexion, in circamstances not admitting
of the method of Difference.
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The Concomitance may be inverse. Thus we find that the
tendency to chemical action between two substances increases
as their cohesion is diminished, being much greater betwden
liquids than between solids. So, the greater the elevation of
the land, the less the temperature, and the more scanty the
vegetation. .

Parallel Variation is sometimes interrupted by critical
points, as in the expansion of bodies by heat, which suffersea
reverse near the point of freezing. Again, the energy of a solu-
tion does not always follow the strength ; very dilute solutions
occasionally exercise a specific power, not possessed in any
degree by stronger. So, in the animal body, food and stimu-
lants operate proportionallz up to & certain point, at which
their farther operation is checked by the peculiarities in the
structure of the living organs.

The properties of highly rarefied gases do not exhibit an
exact continuity of the phenomena that vary with density. In
a perfect vacuum, there is no electrical discharge; but the
variations of the discharge, in highly rarefied air, do not pro-
ceed in exact accordance with the degree of rarefaction.

‘We cannot always reason from a few steps in a series to the
whole series, partly because of the occurrence of critical points,
and partly from the development at the extremes of new and
unsuspected powers. Sir John Herschel remarks, that until
very recently ¢the formulsee empirically deduced for the elas-
ticity of steam, those for the resistance of fluids, and on other
similar subjects, have almost invariably failed to support the
theoretical structures that have been erected npon them.’

The method of Concomitant Variations is powerful in-
suggesting, as well as efficacious in proving, causal connexions.
The mind is apt to be aroused to the bond between two
circumstances by encountering several conjunctions of the
two in unequal degrees. Very often, we are not alive to a
connexion of cause and effect till an unusual manifestation of
the one is accompanied with an unusual manifestation of the
other. We may be using some hurtful article of food for a
length of time unknowingly; the discovery is made by an
accidental increase of quantity occurring with an aggravation
of some painful sensation. This is one form of the effi of
an Extreme Case; an efficacy felt both in science and in
rhetoric.

A remarkable case of Concomitant Variations is farnished by
the discovery of a connexion between the solar spots and the
positions of the planets. Thus, as regards Venus, spots are
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nearest to the solar equator when the heliographical latitude
of Venus is 0°’ and obversely.

" An important device for discovering, and also for proving,
laws of causation, consists in arranging things possessing a
common property in a serial order, according to the degree of
the property. Thus, we may arrange bodies according to
their Transparency or Opacity, according to Specific Gravity,
to Conduction of Heat and Electricity, and so on. We are
then in a position to detect any corresponding increase in
some accompanying property, and thereby to establish a law of
concomitance or causation. This method is designated, by
Mr. Mill, Classification by Series, and by Sir G. C. Lewis,
the Method of Continnous Comparison. The progress of Life
in the animal scale; the progress of mental development in
human beings; the progress of civilized institutions, as
Government, Judicature, the Representative System,—may be
expressed in & series, so as to trace concomitant variations.

It is greatly to be desired that, in Physical Science, all the
substances in Nature should be set forth in distinct tabala-
tions, according to the degree of every important property.
It was when transparent bodies were arranged in the order of
their refracting power, that the connexion was discovered
between high refracting power and combustibility.

METHOD OF RESIDUES.

6. The canon of Residues is :— Subduct from any
phenomenon such part as previous induction has shown
to be the effect of certain antecedents, and the residue of
the phenomenon is the effect of the remaining antecedents,

After a certain progress is made in the inductive determina-
tion of Causes, new problems are greatly simplified by sub-
ducting from a complex sequence, the influence of known
causes. Sometimes this of itself may amount to a complete
elimination Such procedure is styled the Method of Residues.
It is an instrument of Discovery as well as of Proof.

The method is symbolically illustrated thus :—Suppose the
antecedents A B C followed by the consequents a b ¢; and
that by previous inductions, we have ascertained that B gives
b, and C gives ¢. Then by subtraction, we find A to be the
cause of a. The operation is substantially the method of Dif-
ference, and has all the decisiveness belonging' to that method.

Sir Jobn Herschel was the first to show the importance of
studying residual 'phenomena.5 His examples are very strik-
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ing (Introduction to Natural Philosophy, p. 156). Thus,
the retardation of the comet of Encke has been the means of
suggesting, and may ultimately suffice to prove, the existence
of & resisting medium diffused throughout space. Again, the
observation of Arago—that a magnetic needle, set a vibrating,
is sooner brought to rest when suspended over a plate of copper
—was the first clue to the discovery of Magneto-Electricity.

The anomalies in the motion of Uranus led Adams and Le
Verrier to the discovery of Neptune.

The study of the electrical odour was the first step to the
discovery of the remarkable substance—Ozone.

Sir G. C. Lewis remarks that ¢ the unforeseen effects of
changes in legislation, or of improvements in the useful arts,
may often be discerned by the Method of Residunes. In
comparing statistical accounts, for example, or other registers
of facts, for a series of years, we perceive at a certain period
an altered state of circumstances, which is unexplained by the
ordinary course of events, but which must have some cause.
For this residuary phenomenon, we seek an explanation until it
is furnished by the incidental operation of some collateral
cause. For example, on comparing the accounts of live cattle
and sheep annually sold in Smithfield market for some years
past, it appears that there is a large increase in cattle, while
the sheep are nearly stationary. The consumption of meat in
London may be presumed to have increased, at least in pro-
portion to the increase of its population; and there is no
reason for supposing that the consumption of beef has increased
faster than that of mutton. There is, therefore, a residuary

henomenon, viz., the stationary numbers of the sheep sold
in Smithfield—for which we have to find a cause. This cause
is the increased transport of dead meat to the metropolis,
owing to steam navigation and railways, and the greater
convenience of sending mutton tban beef in a slanghtered
state.’

The question as to the existence of a special force of Vitality—
the vital force, or the vital principle—takes the form of an
enquiry into a residuum. We have first to make allowance
for the operation of all the known forces of inorganic matter ;
and when these have been exhaustively computed, the re-
mainder may be set down to a special influence, or vital
principle. For anything we know at present, the inoryanic
forces, operating in the special collocations of organized bodies,
may be competent to produce all the observed effects.

The only proof of an exhaustive Analysis, whether in
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material actions or in mental processes, is there being nothing
left. Thus, in the Human Mind, it is disputed whether there
be a separate and unique faculty, called the Moral Faculty, or
the Moral Sense. ow, there can be no doubt as to the
presence of common elements of Feeling, Will, and Thought, in
our moral judgments and actions ; as, in the case of the vital
principle, the question is, what remains, when these are all
allowed for. The same application of the Method of Residues
occurs in the controversy as to Instincts, and Innate Ideas;
does Experience, concurring with the usually admitted Intel-
lectnal Powers, account for the whole of the facts P

CHAPTER VIL
EXAMPLES OF THE METHODS.

The Experimental Methods have been regarded mainly as
instruments of Elimination and Proof, or of separating irrele-
vant accompaniments from causal accompaniments. In their
working, however, they unavoidably lead to inductive generali-
zations, in which aspect they are methods of Discovery. The
same search for instances, the same comparison of them when
found, both conduct us to new principles or laws, and prove
them when once attained. Still, it was not desirable to keep
up the double illustration throughout. In the miscellaneous
examples that are to follow, occasional allusion will be made
to the procedure suited for the discovery of generalities.

The proofs adduced to show that the mode of action, in
Smelling, is Oxidation, may be quoted in illustration of the
Methods. The phenomenon is one of great interest, and of
some perplexity. The following important facts were indicated
by Graham.

The sweet odours are due to hydro-carbons, as the ethers,
alcohol, and the aromatic perfumes. Now, all these substances
are highly oxidizable at common temperatures, being speedily
decomposed in the air. Again, sulphuretted hydrogen, the
most familiar of malodorous substances, is readily oxidized,
and is destroyed in that manner. These are instances of
Agreement (in presence).
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A farther instance of Agreement is shown in the decomposi-
tion of hydrogen compounds, in the act of causing smell.
When a small quantity of seleniuretted hydrogen is inhaled
by the nose, the metallic selenium is found reduced upon the
lining membrane of the cavities. The sensation is an intensely
bad smell.

A remarkable case of Agreement in Absence is furnished by
the marsh gas—carburetted hydrogen. This gas hasno smell.
As the proof of the concurring absence of its oxidation at com-
mon temperatures, Grabam obtained it from the deep mines
where it existed, for geological ages, in contact with oxygen.
Again, hydrogen itself, if obtained in purity, has no smell ; and
it does not combine with oxygen at the usual temperature of
the air.

An instance approaching to Difference is the following. If
oxygen is excluded from the cavities of the nose, there is no
smell. Also, a current of carbonic acid arrests the odour; an
influence which may (although not with absolute certainty)
be supposed hostile to oxidation.

To make the evidence complete, it is requisite that all the
instances of the effect should be of the same unvarying tenor, or
that there should be no exceptions. Until every appurent dis-
crepancy is reconciled, the facts are inconclusive. A seeming
exception is the pungency of ozone, which is looked upon as a
more active form of oxygen. Now we can hardly suppose that
ozone combines with oxygen; a more likely supposition is
that, by its superior activity, it combines with the nasal mucus.

The research into the cause of Dew has been used by Sir
John Herschel, and again by Mr. Mill, as a happy example of
experimental elimination involving nearly the whole of the
methods. All the stages of this inductive determination are
highly instructive. _

The first point is to settle precisely the phenomenon to be
explained. This is an exercise of Definition, and can never be
too rigidly attended to. There is some danger, in the present
case, of confounding the effect with certain other effects ; and
hence the expediency of defining by an exhaustive confrast,
Well, Dew is moisture ; but that moisture is not rain, and not
fog or mist; it is moisture spontaneously appearing on the
surface of bodies when there is no visible wetness in the air.
In a perfectly clear and cloudless night, there may be a copious -
moisture on the surface of the ground, and this moisture is the
thing to be accounted for.
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Now, the problem being given as an effect, with the cause
unknown, we cannot make experiments, until a cause ig sug-
gested. This is a pure effort of Discovery, preparatory to the
application of the methods of inductive proof. On the various
occasions when dew appears, we must look out for the atten-
dant circunmstances, with a view to their successive elimination,
We know, for example, that dew appears chiefly at night,
which would suggest some of the circumstances connected
with night-fall, as darkness, cold, and any of the concomitants
of these. That darkness is not the cause could be shown if
either dew appears before sunset, or if it ever fails to appear
at night. As the last alternative is very frequent, we must,
so far as the Experimental Methods are concerned, pronounce
%g!;.tiinst darkness. There would then remain the agency of

old.

Farther, in this preliminary stage of looking out for a pos-
sible cause, we need not confine ourselves to the actual pheno-
menon. In the conduct of the research, as recorded, much
stress was laid upon the reference to analogous effects, or to
other cases where moisture spontaneously appears on surfaces,
in the absence of visible wet. All such analogies are valuable
for suggestion or discovery, in the first instance, and for proof
afterwards. They are these:—(1) the moisture that gathers
on cold stone or metal when breathed upon ; (2) the moisture
on the outside of a tumbler of spring water fresh from the
well in hot weather; (3) the moisture that often appears on
glasses when brought in to a hot room full of people; (4)
what appears on the inside of windows when a room is
crowded, and during changes in the outside temperature ; (5)
what rans down our walls, especially outer passages, when a
warm moist thaw succeeds to frost. All these cases correspond
to the definition ; and their comparison is likely to indicate
some circumstance to be subjected to experimental elimination.
To take the first instance—the breath upon a cold metallic sur-
face ; the warmth of the air and the coldness of the sarface
are obvious accompaniments. Some of the others would sug-

st the eéame conjunction, while all are compatible with it.

ow, this is the situation already suggested by the original
phenomenon, the dew at night-fall. Consequently, we are in
a position to proceed expetrimentally ; we can try the cooling
down of surfaces under variation of circnmstances.

An easy experiment will tell us whether the cooling of the
surface be a uniform fact, in the production of dew. Laya
thermometer on the dewed grass, hanging another in the air;
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and repeat this on many successive nights. The actual resalt
is that whenever a surface is dewed, it is colder than the air
around it. This is a proof from Agreement ; but proofs from
Agreement, unless they can be multiplied through all nature,
in all climes, seasons, and situations, will not of themselves
decide either causation, or universal coincidence. .

By varying the circumstances, we can bring to bear the
other methods. We may, for example, try Agreement in
Absence ; that is, make the same appeal to experiment in
nights where there is no dew acywhere. The phenomenon,
however, would be found to evade this test; there would be
cases of actual cooling of surfaces below the temperature of
the air, and yet without dew. Hence the necessity of a dif-
ferent course of proceeding.

Observation reveals to us the fact that on the same night,
and in the same spot, some surfaces are dewed, and others
not. This holds out the prospect of an appeal to the Method
of Difference. On the surface of a plate of glass, there may be
dew, while on a polished metallic surface, there is none. Unfor-
tunately, however, such a couple is not suited to the canon of
Difference. The points of diversity between glass and metal
are too numerous to comply with the stringent requisite of that
canon. We must, therefore, shift our ground once more.

It being apparent that the nature of the material enters
into the effect, let us expose a great variety of different
materials—metals, glass, stone, wood, cloth, &c. We now
find that there is a scale of degree ; between the extremes of
no dew and copious dew, there is a gradation of amount. The
enquiry then arises, is there any other property of these
different materials varying in concomitance with their being
dewed ? Does their temperature (which is the clue that we
are going upon) change in exact accordance with the amounnt
of dew? There was here scope for a direct appeal to the
thermometer. We have not, however, to record the issue of
such an appeal; the history of the research pursues another
and more circuitous route for arriving at the conclusion. It
8o happened, that the experiments, begun by Sir John Leslie,
upon the conduction and the radiation of heat, came in to the
ald of the present enquiry; and the use made of these is
sufficiently illustrative of the canons of Elimination. It
appeared, on the comparison of the various materials, that the
rate of becoming dewed varies inversely with the conducting
power of the substance; the good conductors—the metals—
are not dewed, the bad conductors are dewed according to
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their badness as conductors. This is the method of Concomi-
tant Variations; what it points to will be seen presently.

It is next desired to ascertain how far difference of surface
operates, material being the same. The comparison shows
that rough surfaces are more dewed than smooth, and black
more than white. Instead of the direct test of the thermo-
meter, the appeal here also is to Leslie’s experiments on the
radiation of heat from surfaces; those surfaces that are most
dewed—rough and black—are the best radiators of heat. The
interpretation of this will be taken with the foregoing.

In the meantime, make another variation, namely, for texture;
comparethe compact textures of metal, stone, wood, velvet, eider-
down, cotton, &c. ; the compact bodies are little dewed, in the
comparison, the loose bodies, much. Now, as regards heat, the
loose bodies are very bad conductors ; they resist the passage
of heat through them, and are therefore chosen as clothing.

Let us now seek the interpretation of these three last re-
sults of Concomitant Variations. The first and third relate to
bad conduction of heat as a concomitant, the second to good
surface-radiation. Now, both circumstances point to one re-
sult, that is, surface cooling, in a cold atmosphere. A surface
is cooled down by a cool contact, but if heat is rapidly sup--
plied from within (which is good conduction) the lost heat is
made good, and the fall of temperature is delayed, until the
interior has cooled also. In bad conductors, the loss is not
made good in the same way, and the surface temperature falls.
Thus, bad conductors sooner become superficially cold, in a
cold atmosphere. Next as to Radiation. The explanation
here is still more easy. Good radiation is, by implication, sur-
face cooling ; bad radiation, as from a polished metal surface,
is retention of surface heat. We thus come round to the con-
clusion, which a series of trials by the thermometer would
have given at once, namely, that surfaces become dewed exactly
as they fall in temperature. To all appearance, therefore, we
have established a link of connexion between cooling and dew.

The appearance is not the reality. There is still ontstand-
ing the fact that the same fall of surface temperature will not
always bring out dew. Neithor the same absolute surface
temperature, nor the same difference between the surface
temperature and the air temperature, is constantly followed
by & deposit of moistnre. We have here obviously a residual
circumstance, whose investigation should next follow. The
instances where the same thermometric difference is unattended
with dew need to be studied by exactly the same routine as
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has now been followed. 'We must look out for the suggestion
of a possible agency ; and next subject that to experimental
trial, with a view to proof or disproof. This residuum would
have given rise to a very arduous research if it had been left to
experimental determination. The difficulty was conquered in
another way. Already (1799) had Dalton published his theory
of Aqueous Vapour, or the Atmosphere of Steam, which was the
missing link in the explanation of Dew. His positions were—
that the aqueous vapour contained in the atmosphere is vari-
able in amount, according to circumstances, and that the
amount is limited by temperature. To each degree of temper-
ature corresponds a certain amount, which is the saturation of
the air at that temperature. An amount equal to one inch of
mercury is sustained at 80°, half an inch, at 59°. Supposing
the air saturated at any one moment, a fall of temperature
will lead to precipitation as visible moisture ; but as the air is
not always saturated, a fall of temperature will not bring
dew or mist, unless the fall extends below the degree corres-
ponding to saturation, called the temperature of the Dew-
point. This is the residual circumstance, the thing wanted to
complete the proof of the connexion of dew with surface cold-
ness.

The present instance is a case of Cause and Effect ; as may
be shown in various ways. In the way that the case has been
stated, there is not apparent any transfer of energy, which is
the best criterion of causation ; but underneath the appearance,
we find there is such a transfer. Heat is necessary to convert
water and steam, and this conversion is an instance of the
transmutation of power according to a definite rate of exchange.
The withdrawal of the heat is followed by the re-collapse of
the invisible vapour into water or visible moisture. So that
the production of dew is clearly a sequence under the great
law of transferred energy. Other proofs of causation are dis-
pensed with by this decisive consideration. Mr. Mill, however,
remarks, as a distinct criterion of cause and effect, as well as a
means of settling which is cause, and which is effect, that cool-
ing is a consequence of known and independent antecedents,
and therefore cannot be set down as consequent on the occur-
rence of dew.

The next example is of value as showing the Experimental
Methods in their purity, or in the absence of all deductive
applications of laws, such as completed the enquiry into the
cause of Dew.
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On the 16th of May, 1861, Dr. Brown-Séquard delivered the
Croonian Lecture before the Royal Society, and took for his
subject the °Relations between Muscular Irritability, Cada-
veric Rigidity, and Putrefaction.’” In this he adduced facts
to maintain the following position :—

¢ The greater the degres of muscular irritability at the time of
death, the later the cadaveric rigidity sets in and the longer tt
lasts, and the later also pulrefaction appears and the slower tt
progresses.’

By muscular irritability is meant muscular power or apti-
tude for contracting. A man fresh in the morning for his
day’s work would be said to have a good store of muscular
irritability : at the end of the day’s work, the stock is com-
paratively exhausted. It would of course be still more ex-
bausted after protracted fatigues continned through many
ds;

y’.l;'l;e cadaveric rigidity is a stiffening of the muscles that
occurs in all animals some time after death., The time when
the stiffening begins, and the duration of it, are variable, and
Dr. Brown Séquard tries to establish the law or cause or con-
dition of this variation. This he does by a series of observa-
tions, whose force will be appreciated by noting how far they
comply with the exigencies of the experimental methods.

First set of Experiments.—Paralyzed muscles. Here he has
two connexions to establish, in order to the end in view.
He first shows that the paralysis of a muscle leaves it for a
time with more irritability than the unparalyzed or exerted
muscles. He paralyzed the muscles of one leg in a dog, by -
section of the nerve. Five hours afterwards the dog is
killed (by asphyxia). In the paralyzed muscles the irritability
lasted ten hours; that is, it was possible to induce contrac-
tions in them (by stimulants) up to that time. In the healthy
leg, the irritability lasted only four hours; in other words
was very much less. Now compare the results as regards
Rigidity and the delay of Putrefaction—

Douration of irrit. Duration of rigidity. ©2ireroction
Paralyzed M. 10 hours 18 days 17th day.
Heal y » 4 It} ) ) 7th 9

Here then is an experiment clearly of the nature of Differ-
ence ; for two legs of the same animal were compared, and
the only difference was the paralysis of one of them. It is
true, a8 in all cases of vivisection, that an experiment of Dif-
ference must always be received with caution, seeing that



74 EXAMPLES OF THE EXPERIMENTAL METHODS.

other changes may be made by the means taken to produce
the difference. Yet, at all events, here is a strong presumption.

The doctrine is confirmed farther by another aspect of the
paralysis. If an animal is allowed to live a month after
paralysis of & member, the paralyzed muscles are then inferior
in irritability, and when compared under those circumstances,
they become rigid and putrefy sooner.

Second set of Experiments.—Effects of diminution of tem-
perature upon muscles.—Dr. Brown-Séquard had determined,
by previous experiments, that cold increases the vital proper-
ties of the nerves and muscles—a fact on which the stimulating
power of cold upon the animal system depends. He now
applies this fact to the enquiry in hand.

Two kittens of the same litter were placed in different tem-
peratures. After death, the following differences were discern-
ible. The one, kept at a temperataure of 98°.6, assumed the
rigidity in 37 hours; this lasted three days, putrefaction
commencing in the fourth. In the other, which had been kept
80 cool, that a thermometer inserted in the rectum stood at
77°, the rigidity was delayed till the 10th hour, and lasted
nine days, putrefaction commencing on the tenth. This experi-
ment was repeated with many animals, and is also an experi-
ment according to the Method of Difference. This is the
general principle of the fact known in hot climates, that the
dead putrefy almost immediately after death, and must be
interred without a moment’s delay. The relaxation of the
vital powers in hot climates is only a part of the same fact.
- The full explanation of this point, or the resolution of the law
into still higher laws is not yet fully made out.

Influence of death by lUightning and galvanism.— It was
thought by John Hunter that animals killed by lightning did
not stiffen. This has been found not the case. Still there are
instances where the rigidity has either not set in, or been of
so short duration, that its existence has not been traced.
Lightning may kill in various ways :—1st, By fright ; 2nd, By
heemorrhage; 3rd, By concussion of the brain. In all these
three modes, there ought to be a manifestation of the rigidity.
But there is a fourth mode, which is to convulse all the
mauscles so violently as utterly to exhaust their irratibility ; in
which case the rigidity may fail to be noticed. This is the
way that galvinism acts upon animals.

Experiments were accordingly tried by galvanizing the
limbs of Rabbits; comparing the galvanized with the un-
galvanized limbs, with respect to the time of rigidity.
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Galvanised Limb. Not Galvanized,

Daration of Irritability, 7 to 20 minutes. 120 to 400 min.

” of Rigidity, 2 to 8 hours, 1 to 8 days.
Putrefaction advanced, withiu a day. After several days.
The experiments were repeated on dogs with the very same

results.

Also, guinea-pigs were subjected wholly to galvanism, but
in different degrees. In those powerfully galvanized, the
irritability lasted a short time, ard the rigidity was correspond-
ing rapid and brief. With a less degree of galvanism, the time of
both phenomena was protracted. We have, therefore, an
additional corroboration of the law, still by the powerful
Method of Difference. '

Influence of prolonged muscular exorcise.— This, of course,
is & cause of diminished irritability. Now, there are well-
ascertained facts that connect prolonged exertion with rapid
putrefaction. Over-driven cattle and animals hunted to death
Esltﬁfy speedily. 8o in cocks killed after a fight. Soldiers

illed in a very prolonged fight show the same phenomenon.
The rigidity is quickly over, and the putrefaction rapid.

These are instances of the Method of Agreement.

Influence of nutrition on muscles.—Dr. Brown-Séquard
here oollects confirming instances, from the comparison of
cases where death happens in & well nourished condition of the
mauscles, with cases where death had been preceded by inanition.
Thus, when men strong and fresh have been killed suddenly,
the rigidity and putrefaction have appeared very late. A case
is recorded of muscular irritability continuing twenty-six hours
in a decapitated man. Here is Agreement in presence.
Compare those instances with others of persons dying of slow
exhaustion, and the appearance is reversed. A man dying of
prolonged typhoid fever, for example, was found to show no
trace of rigidity, and putrefaction commenced in less than an
hour. This is Agreement in Absence.

Influence of Oonvulsions on rigidity and putrefaction.—It
appears that muscles much attacked with cramps before death
speedily give way to putrefaction.

Certain potsons (as strychnine) sometimes produce con-
vulsions before death, and in those cases the rigidity and
putrefaction progress rapidly.

Such is an ample body of evidence from observation and
experiment to establish the position laid down. The Methods
of Agreement, of Difference, the Joint Method, and the Method
of Variations, have been all brought into play. And if there

.



76 FRUSTRATION OF THE EXPRIMENTAL METHODS.

are any doubts about the decisiveness of the experiments on
the Method of Difference, from the possibility of making other
changes besides the one intended, these doubts are dispelled
by the coincidence of results from so many distinct experi-
ments. The research is purely Inductive. No consideration
of a Deductive kind has been introduced; although there
are general considerations that give great probability to the
conclusion. Mauscular irritability is the living condition
of the muscle—its vitality—which may be greater or less;
and the greater it is, the longer the muscle will retain its
living characters, or the longer it will be in passing to the
characters of death, which are rigidity and putrefaction.
These, therefore, are delayed by fulness of vitality ; while loss
of vitality hands the system over all the sooner to the
destroyer.

When we form conclusions, on an insufficient employment
of the methods of elimination, we commit Fallacies of Induc-
tion. Of these, numerous examples might be given, and the
proper place for them is in the course of the exposition of the
Methods themselves. As it is still the custom, however, to
retain, in works of Logic, a separate chapter or book on
Fallacies, we shall reserve for that part of the smbject, the
instances of Inductive fallacy.

CHAPTER VIIIL
FRUSTRATION OF THE METI]

1. In the Inductive Methods as hitherto contemplated,
two conditions have been supposed; first, that an effect
has only one cause, or set of antecedents; secondly, that
different effects are kept apart and distinguishable.  Both
conditions may be wanting.

In the method of Agreement, for example, it is assumed, that
the effect a has only the cause A; should A and C both be
causes, the method would be defeated. The absence of A
would not prove-that it is not a cause; for the effect might
still be due to C. The special difficulties attending this case
must now be considered.
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in, the effects a b ¢ are supposed to stand out distin-
guishable. They may, however, be fused or united in one
simple effect 2 d-c, or 3 @. This is the Intermixture of Effects ;
and is still more baffling to the inductive methods, as hitherto
given.

PLURALITY OF CAUSES.

2. In many instances, the same effect is produced by a
PLURALITY OF CAUSES : as Motion, Heat, Pleasure, Death.

Bodies are put in motion by all the different agencies termed
Prime Movers—animal strength, wind, water, steam, combus-
tion (a8 in gunpowder), &c. Finding a body in motion,
therefore, we cannot ascribe it to any special agent, merely
from the fact that it is in motion : we see a wheel turning and
doing work, but we may not be able to attribute its motion to
one agent rather than another. In like. manner, there are
various sources of Heat; the solar ray and combustion are
the most familiar ; but friction and electricity are also sources.
Hence the fact of the evolution of heat does not point out the
cause ; as an example, uncertainty still attaches to the immedi-
ate antecedent of animal heat.

There are numerous causes of pleasure and of pain : nume-
rous modes of stimulating the nervous system ; nomerous
agencies -of \gpod health and of bad bealth; numerous ways of

ing & livelihood ; numerous causes of death.

. It'is to be toted, however, that the plurality in some of
these instatices is on the surface only. As regards Motion, the
law of the Persistence of Force assigns a common origin to all
the #0-called prime movers ; these, therefore, are prozimate, and
nob the ultimate sources. The same law covers the produc-
tion of Heat, however various the apparent antecedents, The
causes of Pleasure can be generalized into a small number of
agencies, if not into one. Possibly all stimulants may, in the
last analysis, be found to have a common effect on the sub-
stanoe of the nerves. The ways to Wealth may be apparently
many, but we can cover them all by one general expression,—
earning and saving. In Health and Sickness, there might
possibly be generalized expressions of the many proximate
causes. So with Death.

Nevertheless, for practical purposes, we have to ascertain
not simply the primal cause, but the special embodiment of
that cause, on a certain occasion. It is not enough, when a

‘man is found dead, to assign the stoppage of the heart, or of
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the lungs, or the extinction of the vital forces; we desire to
know in what form and circumstances these generalized causes
were specialized ; whether by cold, by inanition, by poison, by
mechanical violence, or otherwise.

3. The chief consequence of Plurality of Causes is to
frustrate the Method of Agreement.

The Method of Difference remains intact. Whatever be the
plurality of causes of motion, if we observe the introduction of
some one agent followed by the effect, we know the cause in
that instance. There may be many ways of keeping up the
animal heat, but the transition from the temperature of 60° to
30°, by causing an immediate sense of chilliness shows that the
external temperature is essential to comfortable warmth on
that particular occasion.

The operation of Plurality is to give uncertainty to the
Method of Agreement. For example, we observe numerous
cases of unhealthy human beings whose parents were un-
healthy; this would be to a certain extent a proof from
Agreement. On the other hand, many nnhealthy persons are
the children of perfectly healthy parents ; whence, concluding
by the strict rule of Agreement, we should affirm that
unhealthiness in the parents is in no case a cause of unhealthi-
ness in the children; that the two facts are not in any way
connected as cause and effect. The conclusion is obviously
wrong ; it would be correct were there only one cause of ill
health ; it is illegitimate if there be many causes.

Plurality is illustrated by our English spelling. The
method of Agreement is nullified in this instance. In ocertain
words, the letters ough agree with a peculiar sound, as in
‘rough.” The same word occurs with other letters, as in ‘ruff,
and the same letters occur with a different sound, as in ‘bough.’
Whence, by the Method of Agreement, we should infer that
there was never any connexion between either sound and
‘ough.’ A similar illustration is afforded by ambiguous
words. The word “air’ is spoken in company with a musical
melody ; at other times it is spoken where there is no music;
any one unprepared for plurality, and following out Agreement,
would conclude that the connexion with music was purely
casual ; that there was no fixed bond of union between the
two. We acquire the meanings of the vocables of our langnage
chiefly by the method of Agreement. We gradually eliminate
all accompaniments that may be absent consistently with the
employment of each word. We find, after a number of
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repetitions of the word ‘fire’ in various connexions, that the
one fact common to all is blazing combustion with heat. We
learn in course of time to extend the word to metaphorical
significations. These being conjunctions of pure co-existence,
without causation, they cannot be dealt with by any other
method, while the occurrence of plurality, even when under-
stood and allowed for, is a serious and painful distraction to
the inductive process.

in, pressure on the brain is a cause of insensibility ;
yet, as we find insensibility where there has been no pressure,
we should say, according to Agreement, that pressure is not
a canse. In the same way, every one of the causes might be
proved not to be a cause—deficiency of blood, excess of dark
unhealthy blood, ruptare of the nervous continuity, &o.

Extraordinary facts have come to light showing the possi-
bility of exerting the mental powers, under disease of very
large portions of the brain. These facts would seem to
prove that such parts have no share in the mental functions.
The safer inference is that there is a plurality of nervous seats
or tracks for the same fanctions. It has long been supposed
that the two hemispheres have common functions.

The discussion of the problem of Beauty is often rendered
fruitless by the negleet of Plurality. The attempt is made to
assign some one circumstance present in all beautiful things—
as Colour, Harmony, Fitness, Unity, Suggestion of Mental
qualities. Now, by the unqualified method of Agreement,
every assignable circumstance could be disproved ; with refer-
ence to each one in turn, would it be possible to find objects
of unquestioned beauty where that one 1s not present. Jeffrey
thinks it a safficient refutation of the theories he opposes,
to produce beautiful objects where the alleged source of beanty
is absent.

4. The counteractives to the failure of Agreement, in
the case of Plurality, are (1) great multiplication of in-
itianoes, and (2) Agreement in absence, that is, the Joint

ethod.

(1) One remedy for the failure of the Method of Agreement,
under Plurality, is multiplitation of instances, This will
operate in various ways. It will tend to bring out all the
causes ; which is one desirable issue of Plurality. An ex-
tended statistics of Crime or Pauperism will show us the pos-
sible agencies, by giving a wide scope for elimination. The
long experience of medical practitioners has teught them
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nearly all the possible causes of the greater number of
disedses. At this stage of exhausted plurality, the only point
for enquiry, in the special instance, is—Which of the canses
are present, and are these free to operate ? Knowing, all the
contributing causes of Pauperism, we ask which of these ocoar
in England, in Ireland, or in Scotland, and are they free or
uncounteracted ? Being aware of the various antecedents of
dyspepsia—bad food, too much food, too little food, hard labour,
want of exercise, intemperance, mental wear and tear, bad air,
a hot climate, &c.—we can judge what brought on the disease
in a given instance.

If we do not know which causes are present on & given
occasion, and whether those actually present are counteracted,
mere Agreement is wholly fallacions. The fal named post
hoc, ergo propter hoc, is an abuse of Agreement, where elimina-
tion is vitiated by Plurality, as in a great number of political
inferences. It is remarked that Protestantism is accompanied
with superior industry ; the instances attainable are insuffi-
cient in number, to eliminate other causes.

(2) The other remedy is the Joint Method. We should seek
out cases of Agreement in absence, which are of a very decisive
nature. If in all cases where a particular effect fails, one par-
ticular cause is absent, there is, in spite of possible plurariu A
a strong presumption that these two circumstances are cause
and effect in those instances. The reason grows out of that
close approach to the Method of Difference furnished by
Agreement in absence. Although there are various causes of
light, yet the union of agreecment in presence with agreement
in absence is sufficiently decisive of the connexion of light
with a high temperatare. The special connexions of light
with low temperature are not denied; they are admitted as
exceptions to agreement in absence, as a residuum to be ao-
counted for. We know one cause thoroughly; we find there
are other causes, as yet imperfectly known, which have this
uncertainty, namely, that a body at the common temperature
of the air may possibly be luminous.

THE INTERMIXTURE OF EFFECTS.

5. The Methods of Elimination suppose different effects
to remain separate and distinguishable ; whereas cases
arise where the effects of different causes unite in a homo-
geneous total.

When, in an aggregate phenomenon, distingunishable ante-
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cedents produce distinguishable consequents—A B C giving
abe and A D E giving a d ¢, the experimental methods
operate to advantage. The combination of wind, rain, and
increased temperature, produces a combination of distinguish-
able effects—waves on the surface of water, flooding of streams,
the sensation of warmth.

In other cases, and these very numerous, the effect of the
several causes is homogeneous, and is merely increased in
amount by the concurrence. The sea is fed by innumerable
rivalets. The wind often concurs with tidal agency, so as
to produce a higher tide. A body propelled by several prime
movers, a8 when a train is urged by three locomotive engines,
shows only one effect, velocity of movement. The moon’s
path is a resultant of the attractive forces of the sun and
moon combined with its own projectile movement. The path
of a comet is the resultant of many influences; it does not
bear on the face of it the story of them all. An invalid repairs
to some salubrions spot, and plies all the means of restoration
to health; many influences combine to the result, but the
effect is one and indivisible.

A still more perplexing situation is the conflict of opposing
agencies. In an equal balance nothing is seen, and yet great
powers have been at work. In unequal contests there is an
effect ; but that effect does not suggest the fact of conflict. A
trader has a net profit at the end of the year; the statement
of that profit, however, gives no information of his expenditure
and receipts. The patient may be under various healthy
stimulants, each working its proper effect; but some one
noxious agency may counteract the whole.

Natural agencies can never be suspended ; they may be
counteracted by opposite agents. The force of gravity is not
interfered with when a balloon rises, it is merely opposed by a
greater force ; it still operates but in a different form. Instead
of causing the usual appearance, namely, the descent of bodies
to the ground, it operates to diminish the effect of an upward
force, the buoyancy of the air (itself an indirect consequence
of gravity). N s

A counteracted force is technically said to exist in fendency.
There is a tendency in all bodies to descend to the ground ; in
water to find its level ; in the moon to move towards the earth,
and towards the sun. There is a tendency in human beings to
seek their own interest ; in despotic sovereigns to abuse their
power. The tendencies are not annihilated when they fail to be
realized ; theyare only connteracted by some opposingtendencies.

6
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A farther circumstance working to invalidate the operation
of the methods is the mutuality of cause and effect. In political
causation, this is illustrated by Sir G. C. Lewis as follows :—
‘It happens sometimes that when a relation of causation is
established between two facts, it is hard to decide which, in
the given case, is the canse and which the effect, because they
act and re-act upon each other, each phenomenon being in
turn canse and effect. Thus, habits of industry may produce
wealth ; while the acquisition of wealth may promote industry :
again, habits of study may sharpen the understanding, and
the increased acuteness of the understanding may afterwards
increase the appetite for study. So an excess of population
may, by impoverishing the labouring classes, be the cause of
their living in bad dwellings; and, again, bad dwellings, by
deteriorating the moral habits of the poor, may stimulate
population. The general intelligence and good sense of a
people may promote its good government, and the goodness of
the government may, in its turn, increase the intelligence of
the people, and contribute to the formation of sound opinions
among them. Drunkenness is in general the consequence of
a low degree of intelligence, as may be observed both among
savages and in civilized countries. But, in return, a habjt of
drunkenness prevents the cultivation of the intellect, and
strengthens the cause out of which it grows. As Plato
remarks, education improves nature, and nature facilitates
education. National character, again, is both effect and
cause; it re-acts on the circumstances from which it arises.
The national peculiarities of a people, its race, physical struc-
ture, climate, territory, &c., form originally & certain character,
which tends to create certain institutions, political and domes-
tic, in harmony with that character. These institutions
strengthen, perpetuate, and reproduce the character out of
which they grew, aud so on in succession, each new effect
becoming, in its turn, a new cause. Thus, a brave, energetic,
restless nation, exposed to attack from neighbours, organizes
military institutions ; these institutions promote and maintain
a warlike spirit; this warlike spirit, again, assists the develop-
ment of the military organization, and it is farther promoted -
by territorial conquests and success in war, which may be it
result—each successive effect thus adding to the cause out of
which it sprung.’ (Methods of Politics, L p. 875).

6. The Intermixture of Effects is a bar to the Experi-
mental Methods. ‘
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If A B O D conspire to yield, not a b ¢ d, but a; and if
A B C F yield still a, nothing is eliminated, there is no pro-
gress. If a were precisely measurable, and if its variations
corresponded definitely to the removal of particular agents,
the Method of Difference would cope with the case: the
omission of A followed by the reduction of a to } a, would be
a proof that A produced } a. But the Method of Agreement,
in its proper character of varying the circumstance by ex-
cluding some agents and including others, could not furnish
a decisive proof, so long as a represented the sum of several
effects.

Now, as in many departments, effects are thus inextricably
blended, we should be at a stand-still, were we not in posses-
sion of some method more searching than Agreement. Even
in the Inorganic Sciences, as Mechanics and Chemistry, we
have this complication ; in Biology, Mind, and Society, we
have it still more. A good crop is a single effect ; the agency
may be multifarious. A voluntary action may be the result-
ant of several motives. The rise and fall of prices, the general
prosperity of a country, the increase of population, seldom
depend on one cause exclusively ; yet the effect in each case
is, to our eyes, homogeneous.

Concomitant Variations is the only one of the Methods that
can operate to advantage in such cases. If & cause happens
to vary alone, the effect will also vary alone, and cause and
effect may be thus singled out under the greatest complica-
tions. Thus, when the appetite for food increases with the
cold, we have a strong evidence of connexion between those
two facts, although other circumstances may operate in the
same direction.

The assigning 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 variation of the amount according to the
positions of the two attracting bodies. :

By a series of experiments of Concomitant Variations, directed
to ascertain the elimination of nitrogen in the human body
under varieties of muscular exercise, Dr. Parkes obtained the
remarkable conelusion, that a muscle grows during exercise,
and loses bulk during the subsequent rest.

For the first of the difficulties now illustrated—Plurality,
with the aggravation of counteracting influences—an import-
ant instrument remains, an additional Method of Elimination,
termed ‘Elimination by the Computation of Chance.’ For.
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dealing with the same uncertainty, and for the still greater
(and often accompanying) uncertainty of Intermixture of
Effects, the chief resort is to DepuctioN. The two next chap-
ters will be occupied with those two subjects.

CHAPTER IX.
CHANCE, AND ITS ELIMINATION.

- 1. An important resource in eliminating the irrelevant
_ antecedents or accompaniments of an effect is obtained
" through the calculation of Chance or Probability.

This is to approach the problem of Induction from a novel
aspect. Instead of varying the circumstances so as to procure
the absence of the several antecedents A B C in turn, we
consider whether these agents might not be present of them-
selves without any regard to the effect in question. Thus, a
person dies at midnight, when the sun is below the horizon.
and due north. Now, seeing that this event happens every
twenty-four hours, as a consequence of cosmical operations, it
must come round and must coincide with a great many
things that happen on the earth. The fact of such coincidence
is not of itself held as proving caumsation or regular concomi-
tance with everything that happens at that time. Before we
presume a concurrence of causation between two coinciding
things, we enquire whether the two things are not equally
liable to concur, whether connected or unconnected.

The night that Oliver Cromwell died, a great storm devas-
tated London. The coincidence might affect the minds of the
superstitious, but there was no proof of causal connexion.
Each event grew out of its own independent series of causes
and conditions ; the one was a consequence of the bodily con-
stitution and manner of life of Cromwell; the other wasa
consequence of the laws of the atmosphere. They concurred
in time, and that is all that shonld be said regarding them.

Every event of every man’s life must concur with some one
position of the planets, on the supposition of their being no
connexion whatever. Hence, such concurrences prove nothing
at all ; they are left out of account without even the trouble of
elimination.
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There are cartain cases, where a cause fails to produce its
effect, being connteracted by some other camse. A B C is
followed by b ¢ d, from which the inference, by Agreement
would be, that A is not the cause of a. Bark is administered
to a patent in ague, but the symptoms are not alleviated. The
strict application of the Method of Agreement would lead to
the inference that bark does not cure ague. Yet wo do not,
in practice, lose faith in medicines from individual failures.
We are prepared to encounter exceptions to cases of compli-
cated causation. The question then comes, how far is this to
go? How are we to be sure of causes at all, if they fail to
work their effects? What difference can we draw between
such instances and mere accidental concurrences P

The theory of Chances, or Probabilities, applies to both the
situations now illustrated ;—the dropping without the trouble
of elimination what would be present whether another thing
were present or not; and the proving of a causal agent,
although not uniform in producing the proper effect.

2. A chance coincidence is one where thaore is no implied
connexion of cause and effect, or one that would be the
same in the absence of any such connexion.

Instances have been already given, and could be maltiplied
at pleasure. A person walking on the sea shore at a certain
hour every day, will, on a given day, walk at low water ; but
the concurrence is said to be a chance concurrence, as the
person’s walking is not in any way regulated by the state of
the tide. On the other hand, the concurrence with the time
of day is not chance. There{s a concurrence in both cases;
the one without cause, or a matter of chance, the other with
a cause, and not a matter of chance.

If it is proposed to enquire what coincidences are due to
chance and what not, the method is dictated by the so-called
rules of Chance.

Common sense suggests the principle of the solution. We
know that low tide coincides with a certain hour of the day
twice a month: . If, on a long average, the coincidences of low
tide and the person’s walking on the shore happened exactl
twice & month, we should say the relationship is casuaf,
accidental, or without any link of cansation; for on the supposi-
tion of there being no connexion, this number of coincidences
might occur through the laws of tides. If, on the other hand,
the two facts coiucided daily, we should presume a coincidence.
Moreover, even if it did- not occur daily, but once or twice a
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week, this would be more than chance would account for, and
there would be a presumption of a causal connexion, which,
however, is liable to be defeated or counteracted.

So with the connexion between the walking and the hour
of the day. Suppose the person might walk at any time dur-
ing fifteen hours of the day, he would, by mere chance, walk
during any particular hour, once every fifteen days on a long
average. If in fact, some one hour coincided with the walking
only once in sixty days, there would be proof of an influence
hostile to going out at that hour; if at some other hour, the
walking occurred six days in seven, there would be proof of
positive connexion with the said hour.

These obvious considerations are redaced to principles and
rules in the logico-mathematical science called the ¢ Doctrine
of Chances or Probabilities.’

3. The principle is as follows :—Consider the positive
frequency of the phenomena themselves, and how great
frequency of coincidence must follow from that, supposing
there is neither connexion nor repugnance. If there be a
greater frequency, there is connexion ; if a less, repugnance,

This may be called the general case, as distinguished from
certain modified cases to be stated afterwards.

If we find from observation (sufficiently extended to genera-
lize the facts) that A exists in one instance out of every two,
and that B exists in one instance out of every three; then, if
A and B are wholly indifferent to each other—neither con.
nected nor repugnant—the instances of A and B happening
together will be (in the Arithmetic of Chances) one out of
every six, on a sufficient average. If, in fact, the two co-exist
oftener, there is connexion ; if seldomer, repugnance.

By this method singly, could we determine a connexion of
cause and effect in the instance of rain occurring with a par-
ticular wind, say the South-West. The experimental methods
fail in such an instance. It is well remarked by Mr. Venn
(Logic of Chance, p. 127) ¢that in Probability we distinctly
take notice of, and regard as evidence, reasons so faint that
they would scarcely be called by any other name than mere
hypothesis elsewhere.’

In the Chinese astronomical observations, frequent entry
was made of new stars ; and by far the larger number of these
appeared in the milky way. {'be coincidences implied some
law of connexion, but no such law was suspected by the
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Chinese astronomers. We now know that the milky way
contains the great mass of the stars of our galaxy; conse-
quently all changes connected with the stars will be most
numerous there. The circumstance has been adverted to as
an important confirmation of the accuracy of the Chinese
astronomical records.

In the generalizations of co-inhering attributes, in Physics
and in Chemistry, there is often a want of perfect agreement
in the details: yet the agreement is too extensive to be the
product of chance, and hence we must admit the existence of
& law, which, in the complications of the phenomena, is occa-
sionally crossed and counteracted. Itis a law that the alka~
line bases are oxides of the metals; a remarkable exception
occurs in ammonia. The law does not become waste paper
because of this exception. The coincidenee is one that mere
chance cannot account for; and some way has to be sought
out to reconcile the discrepancy. Perhaps an expression will
be found that will apply alike to ammonia and to the other
alkalies. The discovery of a metal in ammonia has been
looked to as a solution of the difficulty.

Many genera of plants are centralized in definite geogra-
phical areas, Erica for example; the species being collected
within a certain tract, at some one point of which there is
found the maximum number of species. As chance cannot
account for such localizations, the endeavour is made to trace
out laws of connection (cause and effect) between the plants
and the locality.

In the controversies raised on the subject of Phrenology,
the opponents of the system have considered that they dis-
proved it by instancing decided exceptions to the phrenological
allocation of faculties—cases of mathematicians with a small
organ of number, or musicians with a small organ of tune.
The facts supposed, however, are not conclusive against the
system. For, in the first place, the disproof of the coincidences
alleged, in respect of one or two faculties, or any number,
would not disprove all the rest, But, in the second place, a
few exceptions would not thoroughly disprove the alleged
oonnexion ; they would only disprove its unfailing uniformity.
The phrenologist could still retreat upon the principle we
are now discussing; for, if the coincidences of a certain
distinguished mental aptitude,—as number, music, colour—
with the unusual size of a certain region of the head, were
more frequent than it would be on mere chance, or in the
absence of all connexion, he would be entitled to infer a
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relationship between the two. No doubt, the practical value
of the facts would be very much lowered by the supposed
relationship being frequently defeated ; still, the bond must be
considered as established. In this view, an extensive series of
observations on the size and form of the human head, and on
the accompanying mental qualities, if reduced to & statistics
of comparative frequency, could yield indications of the loca-
lizing of mental functions, if sach be the actnal case.

The homceopathic maxim *similia similibus curantur,” may
be subjected to the same criticism. Exceptions do not nullify
the principle, although they reduce its value as a guide. Both
this and the opposite maxim (‘contraria contrariis curantar ’)
may hold in nature. The coincidences in both cases may be
greater than chance would account for.

The prevalence of the different forms of Christianity after
the Reformation shows a coincidence with Race that chance
would not account for. The Greek church was propagated
principally in the Slavonic race; the Roman Catholic charch
coincides largely with the Celtic race ; and the Protestant
church has found very little footing out of the Teutonic races.
From this coincidence must be presumed a positive affinity
between the several forms and the mental peculiarities of the
races :—which, as an empirical law, may be applied to cases
immediately adjacent, and as a derivative law (so it may be
considered) may be applied still wider. We may fairly con-
clude, that any speedy conversion of one church to another is
very unlikely. But'the law being at best a derivative law,
involving a plurality of simpler uniformities under collocations
or co-efficients, may be subverted by circumstances arising in
the lapse of time. It might also happen that change of place
and of circnmstances might defeat the law; such as emigra-
tion to other countries, or great political revolutions.

We may apply the principle to the problem of the Spread of
Language. The articulate modes of the human voice being
nearly the same in all races, there would be a great many
common words struck out, without any communication be-
tween the races. Then it might happen too that some of
these common words might be applied to the same objects,
because some name or other must be applied. Of course, the
probability of the same sound as the radical ma, being &
plied to the maternal parent, by different races independently
18 a very small probability ; and the probability of any great
number of such coincidences is still smaller. Therefore, if we
find in the languages of India, and of Great Britain, a very
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considerable number of names almost the very same, applied
‘o the same things, we must conclude that the coincidence is
not the work of chance, and is the result of some cause.

4. A special case of the elimination of chance is pre-
sented by the combination. of Chance with Law, or of
casual and causal links. In a sufficiently prolonged ex-
perience, chance may be eliminated.

Thaus, so far as the mere decay of the human system is con-

cerned, deaths wonld be equally frequent at all periods of the °
, and at all hours of the day. In the statistics of Mortality,
owever, we fin@ that some months are marked by an exces-
sive number of deaths ; as December, Janunary, and February.
This points to a law of connexion between winter severity and
mortality. In the same way, if we had the statistics of the
deaths ocourring at different hours of the day. we might find
a greater number occurring in the depressing hours of the
night, namely, between midnight and dawn. There is an
element of chance, and an element of law ; the chance can be
eliminated by statistics, and the law ascertained and estimated.

The combination of chance and law is seen in the progress of
the seasons. The Chance element is the fluctuation from day
to day, due to meteorological changes, which, in our ignoracce,
we view as fortuitous. The Law is the progress of the sun,
which if undisturbed would be shown in the steady increase of
temperature from January to July, and reversely. The influ-
ence of the winds interferes with this regular course ; but by
averages taken for many years, we could ascertain for any one
place the temperature proper to each day of the year, through
the solar influence alone.

The skill of a player at cards is shown by his winnings at a
year’s end. 8o, the keeper of a gaming table, in spite of daily
flnactuations, has a sure profit in the long run ; the table being
constracted with a definite percentage in his favour.

In taking observations, it is usual to multiply instances, and
to strike an average. This eliminates mistakes of the senses,
accidents, and all errors that do not grow out of seme perma-
nent bias.

5. A thitd form of the elimination of chance is the
discovery of causes so small in amount as to be submerged
by the casual accompaniments.

Loaded dice are detected after a long series of throws.
Aoctual trials have shown that, in the course of 1200 throws,
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there would be very nearly 200 turns-up of each side. Any
great deviation from equality would be a proof of loading.

It was by the average of many daily observations of the
barometer that the diurnal variations were discovered. Those
periodical variations were too small to be noticed in the midst
of the fluctuations from day to day; but the elimination
of these last by & long course of observations brought the other
to light, and gave their amount.

A small bias in an instrument might be detected by great
multiplication of instances. All the chance errors would be
eliminated, and would show a residuum, to be accounted for
only by some permanent bias.

PRINCIPLES OF CHANCE OR PROBABILITY.

6. Probability expresses a state of the mind, and also a
situation among objective facts.

As a state of the mind, it is a grade or variety of Belief
The highest degree of belief is called Certainty; the inferior
degrees are degrees of Probability. The psychological criterion
of strength of belief is readiness to act.

As a situation of objective facts, it points to our experience
of the recurrence of events with more or less uniformity.
‘What happens always, under certain circumstances,—as the
rise of the sun, the termination of human life—is called cer-
tain ; our assurance in such instances is at the highest. What
happens, not always, but sometimes,—as that the sun rises in
a clondless sky, that men live seventy years—is not certain.
Neither the fact, nor the failure of the fact, is certain. To
this middle situation, is applied the term Probability.

At a first glance, we might be disposed to say that such
events are positively uncertain ; thatany judgment as to their
happening is incompetent ; that we are in as great ignorance
as to whether the sun will ever rise clear, or whether any man
will live to seventy, as if we had never known the sun to rise
or any man to die. TIn this emergency, however, we derive
an aid from extended observation. If, in the same locality,
we observe the rise of the sun for a great many days, we find
that the rise in a clear sky happens in a certain fixed propor-
tion, which is more and more steady as observation is pro-
longed. So, if we keep a record of the duration of men's
lives, for a considerable period of time, we find the seventy
years’ lives to recur in a fixed proportion, the more steady the
longer the records are extended. Hence, if it is of any value
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to us to know how many days in the year the sun rises cloud-
less in a given climate, or how many men live to seventy, we
can obtain the information with absolute certainty.

Now, there are many occasions when this knowledge of
proportionate recurrences of events, or of what is called
averages, i8 of the highest practical moment. It is needless
to cite, among other examples, the system of Insurance, which
is wholly built apon it.

7. When a sufficiently extended series of observations
shows a fixed proportion in the relative occurrence of
events, this proportion is called the Probability of the
occurrence of any single event ; which, however, is a fiction,
meaning only the certainty of the proportion, or average,
on the whole.

If, in the run of many years, it appears that there have been,
in some one place four dry days for three wet, then it isa
matter of inductive certainty, that in the future that propor-
tion will hold. We may stake any practical interest upon the
recurrence of that proportion. But we are unable to say, be-
fore hand, of any one day whether it will be wet or dry. Still,
a convenient fiction is msed applicable to a single day. We
see that the chances or probabilities are that some given day
will be dry. A numerical expression is used for the degree of
the probability ; it is said to be four to three in favour of dry-
ness, or against rain. This does not mean that we gain any-
thing in a single case; a case taken apart must be held as
absolutely uncertain. Unless we act upon the gross or total,
we gain nothing by taking into account the numerical pro-
babilities with a view to a single instance.

But although we are no wiser as to the individual day that
we desire to be dry or wet, yet, as there are a great many
gimilar emergencies in life, where we have to apply averages
to single cases,—by following the measure of probability on all
such occasions, and on all subjects, we shall be oftener right
on the whole, than if we were to neglect this probability.
This is the justification of our presuming that a given day will
be dry and not wet, under the probability assigned.

8. Itis found that the experienced recurrence of events
coincides with an estimate formed thus :—Suppose that we
know of several events that some one will certainly happen,
and that nothing in the constitution of things determines

one rather than another; in that case each will recur, 1
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the long run, with a frequency in the proportion of one to
the whole.

Thus, in the familiar case of tossing a penny, there is sup-
posed to be nothing in the form of the coin, or in the impulse
given to it,to determiue one side rather than another. In
this case, every second throw will, in the long run, be heads.

So, in throwing dice, if they are fair, every sixth throw, on
a long series of trials, will give ace.

An a priori necessity has been assumed for this proportionate
recurrence of events. Such a necessity appears to be justified
in the tossing of & penny ; we seem to be 1n a state of equipoise
between the two possibilities of head and tail, and feel that
any inequality in the result would be without reason or cause.
Accordingly, we are apt to assume, a8 a necessity of the case,
that the turning up of head and of tail should be equally
balanced at the end of a long trial. The fact is, however, that,
in this and like cases, we are exceptionally circumstanced in
point of knowledge ; we know what are the causes at work,
and that there is nothing to give a bias in the long run to
either side of the penny.

In the more complicated cases, as human life, shipwrecks,
fires, &c., we should not be disposed to predict anything before
hand from such considerations as the above. e should not
consider all years, from one to ninety, as equally open for men
to die in, or that the year of age is quite indifferent. 'We soon
come to know better; and, refraining from a priori supposi-
positions we trust solely to induction from £ sufficiently
prolonged basis of actual observation.

9. The important theorems growing out of the general
principles and applied to problems in Logic, are these.

I. The probability of the concurrence of two indepen-
dent events is the product of the separate probabilities.

If A occur once in six times, its probability is §, or one for
and five against; if B occur once in ten times, its probability
is 1%, or one for, and nine against ; the probability, or relative
frequency in the long run, of the concaurrence of the two is
do—one for and fifty-nine against.

This rule is an arithmetical consequence of the general foi
mula, and does not need a separate appeal to observation and
induction. Sappose two days in three are dry, and ome in
three has a westerly wind, then (if the two phenomena were
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independent), the chance is § X § or §; that is two for and
seven against.

10. IL. The probability of the occurrence of one or other
of two events that cannot concur is the sum of the separate
probabilities.

¢If one man in ten is over six feet, and one in twelve under
five; thenin a large number, say 120,000, there will be about
12,000 over-six-feet men, and about 10,000 under-five-feet
men ; the sum of the two 22,000, will represent the number of
such as are one kind or the other.’

11. IIL. The rule for the cumulation of independent
Testimonies in favour of a fact, is to multiply the numbers
expressing the proportionate value of each Testimony.

If a witness is correct six times out of seven, or speaks six
truths for one error, his relative testimony is six for and one
against, or §. Two witnesses of this character concurring
would give a probability of 6 to 1 maultiplied by 6 to 1, or
36 to 1, and 80 on.

12. IV. The rule for the deterioration of testimony in
passing from one person to another, that is, for the weaken-
ing of traditional evidence through lapse of time, is to
multiply the fractions expressing the separate probabilities.

If one witness speaks truth five times in six, the fraction is
§; if another witness speaks truth nine times in ten, the value
18 y%. If the one repeats what he has heard from the other,
the testimony is weakened by the transmission to § <
& =45 or g Of facts attested by the second witness, de-
riving from the first, three will be true and one false. A few
such transitions bring the evidence below probability, and
render it worthless. Four successive witnesses each valued
3, would give oY, which would be a probability against their
testimony. Now, there are many cases where a testimony is not
put too low by the above fraction ; if a want of perfect veracity
18 joined with inadequate comprehension of the statement,
weak memory, or other infirmity, a witness would not be correct
three times in four.

The application of the Theory of Probabilities to the induc-
tive determination of Causes is given in the following theorem
taken by Mill from Laplace.
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13. ‘Given an effect to be accounted for, and there being
severdl causes that might have produced it, but of whose
presence in the particular case nothing is known ; the
probability that the effect was produced by any of these
causes s as the antecedent probability of the cause, multiplied
by the probability that the cause,vf it existed, would have pro-
duced the given effect.

‘Let M be the effect, and A, B, two causes, by either of
which the effect might have been produced. To find the pro-
bability that it was produced by the one and not by the o&er,
ascertain which of the two is most likely to have existed, and
which of them, if it did exist, was most likely to produce the
effect M ; the probability seught is a compound of these two
probabilities.

¢ Case 1. Let the canses A and B be both alike in the second
respect : either A or B, when existing, being supposed equally
likely (or equally certain) te produce M ; but let A be itself
twice as likely as B to exist, that is twice as frequent a pheno-
menon. Then it is twice as likely to have existed in this
and to have been the producing cause of M. :

¢ Case II, Reversing the last supposition, let us suppose that
the causes are equally frequent, equally likely to have existed,
but not equally likely, if they did exist, to produce M ; thatin
three times that A occurs, it produces that effect twice, while
B, in every three times produces it but once. Since the two
causes are equally frequent in their occurrence, in every six
times that either exists, A is three times and B three times.
But A in three occurrences produces M in two; while B in
three occurrenees produces M in one. Thus, in the whole six
times, M is produced thrice, but twice by A and once by B.
So that the probability is in favour of A in the proportion of
two to one. )

¢ Case III. Let there be an inequality in both respects. Let
A be twice as frequent as B; and let A produce the effect
twice in four times; B thrice in four times. Then the
antecedent probability of A to B is 2 to 1: the probabili
of their producing M is as 2 to 3; the product is 4 to 8. .
In other words the probabilities in favour of A being the
cause are as 4 to 3. And so on with any other combination.’

The principle may be applied to distinguish casaal coin-
cidences from those that result from law. ‘The given faeb
may have originated either in a casual conjunction of causes,’
orin a law of nature. The probabilities, therefore, that the
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fact originated in these two modes, are as their antecedent
probability, multiplied by the probabilities that if they existed
they would produce the effect. But the peculiar combination
of chances, if it occurred, or the law of nature if real, would
certainly produce the series of coincidences. The probabilities,
therefore, aro as the antecedent probabilities of the causes.
One of these—the antecedent probability of the combination of
mere chances that would produce the given result—is an
appreciable quantity, on the principles already laid down.
The antecedent probability of the other may be estimated more
or less exactly, according to the nature of the case.’

CHAPTER X.
INDUCTION AIDED BY DEDUCTION.

1. It is desirable at every stage to carry out Inductive
laws into their Deductive applications. Now, Deductions
cannot be made or verified without Observation of facts.

Deduction or Ratiocination, in its- purely formal aspect, is
given in the Syllogism. In its material side, it involves the
comparison of facts, and is akin to Induction. We have yet
to view it as it plays a part in the Inductive Sciences.

2. The full scope of the Deductive Method comprises
three operations.
L. There must be certain pre-established INDUCTIONS.

‘We must somehow arrive at Inductive Generalizations, and
next prove them when arrived at. The Experimental Methods
have in view these two ends, and especially the last, namely,
Proof. Incidentally, the methods indicate the mode of Dis-
covery, but they have not been expressly aimed with that view.
It has been apparent, however, that the collection and study of
instances, under the Method of Agreement, must suggest the
points of Agreement, when we are ignorant of them, which is
to suggest a general law. Our examination of the problem of
Crystallization, and the enquiry into the canse of Dew, led
first to the discovery, and next to the proof, of generalized
coincidences. Still, it was not advisable to carry on a double
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illustration, by means of the Experimental Methods, to eluci-
date at once Discovery and Proof; of the two ends, the
logician has most to do with the second; Proof is his main
object, for which he can lay down definite laws ; Discovery is
a valuable end, likewise, but it is not equally amenable to
prescribed rules. .

In the management of particular instances, with a view to
the Discovery of generalities, assistance may be obtained in the
three following ways :—

(1) The number of instances should be a8 extensive as pos-
sible. In the comparison of a large number the mind will be
struck with points of community, from the very fact of the
recurrence; as in the examples collected in the research on
Dew. Moreover, there will start forth some one that contains
the circumstance sought, in startling prominence; these are
the glaring or saggestive inetances. Such, in the case of
Dew, was the example of the warm breath upon a cold iron
surface, as a knife blade.

(2) When out of mere number and variety of instances, the
identity does not flash upon the mind, the next thing is to
select a few for careful scrutiny. Each instance should be
studied 1in isolation, should be gone over in every minute point,
and examined from every side; the features being exhanstively
set down in writing. After a few separate instances have been
considered in this thorough way, the resemblances (unless at
the time inscrutable for want of other lights) will become
apparent to the view. Newton’s study of the phenomenon of
the coloured rings of the soap-bubble, was an exercise of the
severe mental concentration now described.

(3) The general laws of phenomena must be sought in the
cases where they are least complicated or combined with other
laws. This is an obvions precaution conducing to Discovery.
The laws of motion are studied in simple cases, such as straight-
lined movements, or wheel-movements, under a single impulse:
Gravity is best studied in bodies falling perpendicularly, where
there is no other force operating. Neither the first law of motion,
nor the law of gravity, could have been advantageously genera-
lized, in the flow of rivers, or in the motions of the planets.
These complications are not suited for inductive discovery, but
for deductive application, as at present contemplated. The
first principles of Optics are sought, not in the workings of the
eye, nor in complicated lenses, but in the simple mirror for
reflexion, and in the plane transparent surface for refraction.
So the more transcendental powers of light, in causing mole-
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enlar change, are not studied on the retina of the eye, but in
the easier (although still obsoure) cases—chemical action and
photography. The osmotic action of cells is illustrated by
Graham’s experiments on the passage of liquids through per-
celain partitions. The capillary cirenlation of the blood is
compared to the flow of liquids in capillary tubes. Salivation
and digestion are examined by withdrawing saliva and gas-
tric juice from the animal body, and subjecting different
materials to their action apart. The laws of Mind, which are
to be carried out deductively in resolving the complicated
sitnations of human beings, as in Society, are to be generalized
from observations of the individual man in favourable situa-
tions. For the laws of mental growth, we have to begin at
infancy ; for the germs of moral sentiment, we refer to the
uncivilized races.*

3. I1. DepucTION proper involves two stages of com-
plexity ; (1) The simple extension of an inductive law to
a new case, and (2) the combination of several laws in a
conjoint result, involving processes of Computation.

(1) Simple Deduction is the extending of an inductive
generalization to new cases. As in all enlargements of know-
ledge, 80 in this, there is both discovery and proof. The cases
have first to be suggested to the mind, and next to be rigor-
ously verified by the procedure suited to the case.

Without dwelling upon the means of suggesting new
applications of laws, let us consider the mode of proving such
applications. This resolves itself into & question of identity.

Supposing that the inductive proposition ¢ all matter gravi-
tates’ ia.s been formed upon solids and liquids, shall we apply
it to gases? This depends upon whether gases are matter—
whether any property of gases is identical with the defining
property of matter. Now, the defining property of matter is
1nertia, and gases are proved to possess this property; whence,
the proposition ‘matter gravitates’ is extended to them.
Again, ﬁoes Ether (the supposed medium of Light and Heat)
also gravitate ? As before, we must test its identity with the
characteristic property of matter. Now, if, as seems to be
implied in the retardation of Encke’s comet, the ether is
a resisting substance, then it is matter, and accordingly
gravitates.

* The Arts of Discovery, brought out by scattered allusions throughout
the work, will be systematically give’xz: in ArpEnDIx H.



98 INDUCTION AIDED BY DEDUCTION.

Questions of identity to establish a minor are necessarily
part and parcel of inductive research ; but they must not be
confounded, as they sometimes are, with the process of induc-
tive generalization to establish a major or a general law.
Thus, it is a moot point, whether any, and what alloys are
chemical compounds; which must be settled by examining
the characteristics of alloys, and comparing them with the
essentials or characteristics of chemical combination.

‘We may instance important researches that have for their
end the proof of an identity. Thus, Dr. Andrews insti-
tuted a series of experiments to identify Ozone (formed by
Electricity) with the atmospheric constituent that decomposes
Iodide of Potassium. He selected three peculiarities of
ozone ;—(1) the power of oxidizing mercury, (2) the destruo-
tion of ozone reactions by dry peroxide of manganese, (3) the
destruction of its reactions at a high rate of temperature
(237° C) ; and tried the element found in the atmosphere by
these tests. It answered to them all. The first, however,
(the oxidizing of mercury) is not conclusive, as other bodies,
besides ozone, tarnish mercury. The last of the three tests
(high temperature), answers to no known substance, except
ozone. The three tests conjoined furpish superabundant
evidence of the identity of the so-called ozone of the air, with
ozone as obtained by electrolysis, and by the electrical machine.

Another remarkable discovery of Identity is seen in Graham’s
experiments on the relations of Hydrogen to Palladium.
There have always been chemical reasons for believing that
hydrogen gas is the vapour of a highly volatile metal.
Graham has contributed new evidence in favour of the
identity. The metal palladinum is capable of absorbing eight
or nine hundred times its volume of hydrogen gas; and,
when so charged, is found to undergo changes in Density,
Tenacity, Electrical Conductivity, Magnetism, relations to Heat,
and Chemical properties. On investigating these changes,
Grabam shows that they correspond to the alterations made
on one metal when united in an alloy with another metal ; 8o
that, as far as metallic properties can be shown in such a union,
hydrogen is metallic. The metal ¢hydrogenium’ has a white
aspect, is of sp. gr. 2, has a certain amount of tenacity, and is
magnetic. The cumulation of proof is all but equivalent to
the separate production of the solid metal.

Sir G. C. Lewis confounds the establishment of a minor, as
a part of Deduction, with the establishment of an Inductive
major by the method of Difference. He considers that the
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proof of a burglary in a Court of Law, or the proof that Sir
Philip Francis wrote Junius, is an employment of the Experi-
mental or Inductive method of Difference as one of the
Indactive methods. In reality, all such cases are the making
good of an identity to prove a minor. The kind of Difference
employed consists in bringing out successive details or cir-
cumstantials, to exclude by degrees every person but one;
and thereby to complete the identity of that one person with
the actor in the given case.

(2) The more difficalt employment of Deduction is in the
concurrence of different agents to a combined result; as
when we deduce the path of a projectile from gravity, the
force of projection, and the resistance of the air; or the tides
from the united action of the sun and the moon. This is the
form of the Deductive Method, whereby we cope with the
otherwise intractable situation called Intermixture of Effects.

Physical Astronomy will ever remain the grand exemplar
of Deductive Investigation, as the computation of joint causes
producing an effect. The causes can be estimated with numeri-
cal precision, and their combined operation can be calculated
by the higher Mathematics. In other parts of Physics, there
are instances of the Deductive Method. The calculations
respecting Machinery, Fluid Pressures, Motions of Fluids,
Gaseous Pressure and Movements, Sound, Light, Heat, Elec-
tricity,—proceed upon inductive laws, often united in their
operation, and requiring to be computed in their joint effect.

It has been seen, in the research on Dew, that Dalton’s
generalization of the laws and constitution of the atmosphere
of vapour, deductively applied, made up the wanting link in
the experimental investigation.

Equally telling examples of the Deductive Method may be
culled from the recent applications of Chemistry to Animal
Physiology. The laws of chemical combination enable ue to
trace the metamorphosis of tissue, by meaus of the products
of waste. The single fact of oxidation is all-pervading in the
animal system, and the deductions from it clear up at once
many obscurities beyond the reach of experimental elimina~
tion. The difficalt question of Animal Heat is to a great
extent solved already by this deductive application, and its
complete solution will probably depend on the same method.

e may quote farther the special applications of Chemistry,
under the great law of Persistence, to the phenomenon of
muscular power, of which no adequate account could be given
by mere observation or experiment. We now know that
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muscular expenditure represents a definite combustion of the
material of the food, although we do not know the precise
links of the transmutation.

When purely Inductive or Experimental proofs are sup-
ported by reasons, or by a consideration of the nature of the
case, the meaning is that Deduction is brought to the aid of
Induction. The conclusion respecting the N. E. wind was
confirmed by the general operation of atmospheric impurities,
The result gained from the comparison of instances of Crystal-
lization, is in accordance with the theoretical views of the
two opposing molecular forces — attraction and repulsion.
The experimental facts as to the exhaustion of the mind along
with the body, are supported by what we know of the brain
as the organ of the mind. Our inductions respecting despotic
governments are aided by deductions from the laws of human
nature.

The applications to the Human Mind, to Character, and to
Society, will be more fully exemplified afterwards, in the
special chapters on the Methods of these Sciences.

4, III. The Deductive process is completed by VERIFI-
CATION.

This applies- more particularly to the Computation of
combined causes.

The way to verify the deductive extension of a single law to
a new case, 18 actual observation of that case. We a
deductively the law of gravity to air, and verify the deduction
by observing whether the air has weight. As, however, we
may dispense with deduction when we have actual observation,
such an instance does not show the power of the Deductive
Method. The thing meant is, that after verifying a deduction
by one or more instances, we shall be able to apply it to other
instances without farther verification; these last instances
depending for their proof solely on the deductive process.

When an effect is the result of several conspiring causes, we
may deduce it from a computation of the causes; as, for
example, the lunar and planetary perturbations. To show
that we have taken account of all the causes, that we have
obtained a proper estimate of each, and that we have correctly
computed their conjoined action, we must compare the deduced
effects with the observed effects in a variety of instances. If
the two precisely tally, the deductive machinery is verified ;
if not, not. A want of accordance points to a defect in ome or
other of the circumstances quoted :—the causes or agents are
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not fully taken account of ; their exact amount is not precisely
obtained; or the calculation of their united action is not
perfect. Sometimes, the first point is defective, there being a
residual agent. In other cases, we know the cause but not its
exact numerical amount; thus, in Astronomy, we need to
know the relative masses of the sun, moon, and planets,
together with their mutual distances. Finally, it may happen
that the calculations are impracticable.

In Astronomy, where Deduction has gained its greatest
triumphs, verification has also been most thoroughly worked.
Upwards of fifty Observatories are incessantly engaged in
watching celestial phenomena; the observations have been
the means of perfecting the deductive operation, and making
good all its shortcomings.

The deductive theory of projectiles combined gravity, pro-
jectile force, and the air’s resistance ; the experiments on
gunnery are the verification.

The laws of the strength of materials are deduced trom
geometrical and mechanical laws, involving the size, shape,
and position of beams, &o.; and however certain the principles
may appear, they cannot dispense with actual trials.

We bhave snpﬁ osed the verifying tests to consist of detached
observations ; they may be furnished by groups of observa-
tions, summed up into what are termed Empirical Laws,
Snch was the verification of Newton’s pla.net;ary theory
(founded on gravity) by Kepler's Laws. So, any theory or
generalization of the operation of refracting surfaces on light,
must be in consistency with Snell’s law of the proportion of
the sines of incidence and refraction.

The formulee of fluid motions are of themselves insufficient
to predict the facts; experiments on the flow of rivers must
be conjoined in a matter of so great complicacy.

Newton calculated deductively the velocity of sound, and, on
comparing it with the observed velocity, found a difference of
nearly twenty per cent. It is only of late years, that the dis-
crepancy has been got over, by a more complete view of the
forces developed in the act of propagation. In sucha delicate
question, one verifying instance is too little. Newton himself

the results by arbitrary assumptions (as the thickness
of the air particles), which would have required for their con-
firmation an independent class of facts.

Very confident predictions have been made to the intent
that the Sun is cooling down in consequence of his enormous
radiation ; and that the earth’s rotation must ultimately decay,
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through the friction of the Tides. The data and the calcula-
tions seem very secure in both instances; yet, in order that
the deductions may be fully established, we need evidence of
an actnal change, in past time, as regards both these moment-
ous facts.

Combined Induction and Deduction expresses the full force
of scientific method for resolving the greatest complications.
Induction alone, and Deduction alone, are equally incompetent
to the great problems even of the Inorganic world ; still more
so with Life, Mind, and Society. Induction, exclusively relied
on, is called ¢ empiricism;’ Deduction, without an adequate
basis and an adequate check in the Inductive Methods, ex-
presses the bad sense of ¢ theoretical.’

The two following chapters will continue the exemplification
of the Deductive Method, of which they merely vary the
aspect.

CHAPTER XI.
SECONDARY LAWS—EMPIRICAL AND DERIVATIVE.

1. The importance of Secondary (as opposed to Ulti-
mate) Laws, grows out of their close adaptation to concrete
realities. ‘

Speculation delights to attain ultimate generalities, which
give the key to a vast department of nature; as Gravity,
Conservation, and Relativity. These are highly satisfactory
to the mind in its craving after unity, simplicity, ¢ the one in
the many.’ A far more important use of these supreme
generalities is to perfect the statement of the Secondary Laws,
which are the more immediate guides of conduct, and the
expression of the phenomena in their actual or concrete
embodiment. The generalization of gravity did not supersede
Kepler’s Laws of the Planetary Motions. So long as the
concrete fact of planetary motion has an interest for us, so
long are we concerned with the secondary laws representing
that fact. The use of the higher laws of Newton is to render
these indispensable secondary laws more precise.

The secondary laws are the ‘media axiomata’ of Bacon.
They were viewed by him (too exclusively) as the steps for
ascending to the supreme laws. Equally essential is the
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descending movement from the higher to the middle generali-
ties. No branch of knowledge is complete until it has
assembled all the secondary laws that express the more usual
configurations of actnal phenomena, and until these secondary
laws have attained all the precision that induction and deduc-
tion can give them.

‘We formerly had occasion to remark (p. 79), with reference
to Propositions, that, like the notion, they vary in regard to
the reciprocal properties—Extension and Comprehension. As
we increase the extension, we lose comprehension, and con-
versely. Now, of the two attributes, the one most important
for us practically is Comprehension. We huve to deal with
small classes, and with individuals, and our interest lies in
knowing the whole of the specialities attaching to these. An
English statesman needs to know the peculiarities of English-
men. A physician has to deal with the diseases special to
homanity, and still more those special to his own sphere ;
while even this degree of generality, is but to prepare him for
mastering individual cases.

Hence, the narrowing of a proposition, which may seem a
defect to the theorizing or speculative intellect, is the highest’
merit in applications to practice: provided always that the
limitation of extent is accompanied with a corresponding in-
crease in amount of predication, that is, in meaning, connota-
tion, orintent. The full enumeration of the properties special
to iron, as it is found in a certain district, is essential to the
working of that particular ore; the account of the properties
common to all metals would be valuable merely as contributing
a quota to the highly specialized and exhaustive knowledge
velative to the particular substance.

It was a frequent remark of Aristotle that the finishing
stroke of knowledge is the tact that modifies all general pro-
positions according to the individual case. Thie of course is
in the more purely practical point of view.

The secondary laws are either EMPIRICAL or DERIVATIVE.

2. An EmpiricAL LAW is a uniformity supposed to be
secondary, that is, resolvable into some more general uni-
formities, but not yet resolved.

That quinine cures a fit of agne is an Empirical Law. It
is a uniformity established by experience; it is, however, a
secondary uniformity ; we have reason to believe that it is
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capable of being resolved into higher uniformities. The pre-
sent inability to resolve it is a disadvantage, not merely in a
theoretical or speculative point of view, but as regards the
application of the law in practice.

3. When what was an Empirical Law has been resolved
into more general uniformities, or into highest laws, it is
termed & DERIVATIVE Law.

The occurrence of snow on high mountains was at one time
an empirical uniformity. It was established as an induction
from experience, but was not susceptible of being referred to
any higher generalizations. We can now resolve it into the
laws connected with radiant heat passing through the atmos-
phere. These may not themselves be the highest attainable
generalities ; still they are much more general than the induc-
tion connecting snow with height.

The converting of an Empirical Law into a Derivative
Law is a step gained both in scientific explanation, and in
practical facilities. The defects inherent in an Empirical Law
do not inhere to the same degree in a Derivative Law.

4. Empirical Laws are of various kinds. Their charac-
ters are judged from their appearance after being resolved,
that is, made derivative.

I. Many are obviously made up of the combination of
higher uniformities under definite arrangements or collo-
cations.

We sce this class largely exemplified in the explained or
derived laws. The law of a projectile, Kepler’s laws, the tides,
the laws of wind and rain, the laws of geological action (igne-
ous and sedimentary), combustion, the nourishment of living
bodies—being formerly empirical laws, and now derived—we
can, from them, presume the character of those that are still
empirical. '

These combinations have been already discussed under the
Deductive Method. They suppose certain nltimate laws, con-
curring in their operation, and also a certain definite arrange-
ment and amount of the concrete agencies or forces that the
laws refer to.

5. 1I. Some secondary laws take the form of laws of
succession between effects and remofe causes ; they still,
however, possess the character last named,
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‘When a sudden shower disperses a crowd, the shower is a
very remote cause of the effect; a number of intermediate
links of causation are assignable. The taking of food is re-
moved by a good many stages from the renswal of the musca-
lar strength. The sowing of & seed is followed at a long
interval with the maturing of an oak. .

This is merely a superficial variety of the first case—com-
bination of agents, in definite collocation. Each one of the
links is a distinct law of causation or coincidence, requiring to
be embodied in a definite collocation; and the combination of
the whole, in a suitable arrangement, is necessary to the
result.

6. ITI. Some are laws of Co-existence or of Succession
between effects of the same cause.

Such are the phases of the Tides, the flow of the Seasons,
Day and Night. Here also there is the same constant circum-
stance—a conjunction of agents and collocations. In every
case of a secondary law, there is, from the nature of the case,
more than one power at work. Only ultimate laws express
agents in isolation, purity, or abstractness,

In any complicated structure, a new agent produces a
variety of changes. The taking of food leads to concurring
alterations in almost every organ in the body. Every disease
has concurring symptoms. A country engaging in war has
its economy simultaneously disturbed in many different ways;
hence there are numerous empirical statements applicable to
the condition of war, which are co-effects of the one general
situation.

7. The aggregation of properties in a natural kind—a
mineral, plant, or animal—has something ir common with
Empirical Laws,

As there may be uniformities of co-existence, not resolvable
into cause and effect, such uniformities stand solely on their
own inductive evidence, like empirical laws. They are proved
by the method of Agreement alone, and the proof extends no
farther than the cases observed.

8. The criteria of an Empirical Law are principally
these :—

If a uniformity is established only by Agreement, it is
not shewn to be a law of causation ; and (if not an ulti-
mate law of co-existence) it is an empirical law.



108 SECONDARY LAWS.

Agreement does not single out a cause when there is plurality.
It is at fault, besides, in discriminating cause and effect from
effects of the same cause. Moreover, unless the variation of
the circumstances has been thorough and complete, there is
an uncertainty even in cases where there is but & single canse,
and where the antecedents contain that cause.

The Method of Difference does not at once lead to ultimate
laws. The swallowing of alcohol is followed by a certain
sensation ; this is proved by the Method of Difference to be
cause and effect, yet it is not an ultimate sequence; it is an
empirical uniformity.

9. The other criteria arise out of the characters already
mentioned.

Thus, when phenomena are obviously complicated, and
when there are intermediate links of operation, the laws of
such phenomena are not ultimate but secondary ; they are
empirical, or, if resolved, derivative.

The law that connects the fall of the barometer with wind
or raiun is plainly empiriecal. We can see that many different
agencies enter into the sequence; and, also, that there are
many intermediato steps between the antecedent and the
consequent. '

We presume the action of a drug to be an empirical law,
because we know, from the complication of the human body
and the plurality of attributes of natural kinds, that there
must be many concurring processes, each one governed by its
own law or laws of causation.

LIMITED APPLICATION OF DERIVATIVE AND EMPIRICAL LAWS.

10. A Derivative Law, and still more an Empirical Law,
must not be extended beyond narrow limits of T'ime, Place,
and Circumstance.

It being supposed that such laws are established by all the
evidence that the case admits of, still they are applicable only
a certain way beyond the narrow sphere where they have been
observed to operate.

The reasons are those already stated under the Deductive
Method. A uniformity depending on several higher uniformi-
ties, and on a definite collocation of agents, that is, on certain
special co-efficients, must fail, first, if any of the concurring
uniformities be counteracted, and secondly, if the proper ad-
jostment of the agencies is departed from.: The elliptio
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motion of the planets would be defeated, if some great dis-
turbing body were sufficiently near to counteract solar
attraction, or if the tangential force were made different from
what it is. Hence we cannot extend the law of the ellipse to
every body that may now or at any future time revolve about
the sun, g

This limit to the extenmsion of secondary laws—whether
Empirical or Derivative—is the all-important fact respecting
them, in the logical point of view. A large number of pre-
vailing errors might be described as the undue extension of
Empirical Laws. We shall present a few examples of secondary
laws, calling attention to the difference of our position in
regard to them, according as they are Empirical or Derivative.

e rise of water in pumps was an empirical law, previous
to the discovery of the pressure of the atmosphere. The
application of the Method of Agreement in different countries,
and with pumps of different bore, proved that no pumps could
draw water beyond about 33 feet. The law could be relied on
within the wide limits of place and circumstance where it had
been tried. It could not have been extended to other planets ;
bat it might be extended, with apparent safoty to any part of
the earth.

Bince the law became derivative, the limits of its operation
are precisely defined ; we can tell exactly where it would have
failed. We know that on the tops of high mountains the
maximum height would have been much below 33 feet; that
the exact height would not be the same at all times; that
other liquids, as alcohol, sulphuric acid, solutions of salts,
mercury, vary in the height attained. Now, probably none
of all these limitations had been actually discovered in the
empirical stage ; they might have been obtained by sufficiently
wide and careful experiments ; the derivation superseded the
laborious task, which was probably beyond the competence of
an unscientific age.

It is an empirical law that the temperature of the earth
increases, as we descend, at a nearly uniform rate of 1° of
Fahrenheit to 50 feet of descent. This law has been verified
by observations down to almost a mile. 'We might extend the
law inferentially to the adjacent depths, as far perhaps as
several miles ; but we are not at liberty to extend it to the
centre of the globe. 'We do not know that the requisite col-
locations extend so far.

Yet this law i not wholly empirical. It is a derivative

uniformity. It is connected with the known facts—that the
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earth has a high temperature in the interior, and is cooled at
the surface by radiation in space. Knowing these, we are yet
unable to deduce the law of decrease from the higher laws
concerned, because we are ignorant of the degree of central
heat, and imperfectly acquainted with the laws of its conduc-
tion through the unknown materials of the globe. We under-
stand the general situation, but do not possess the numerical
and other data requisite for computing the effects.

That air-breathing animals are hot-blooded, is & law formerly
empirical, now derivative. It comes under the general law of -
the dependence of temperature on the oxygenation of the blood,
and may be extended widely on the faith of that great
generality. : .

The Law of Continuity—* Natara non agit per saltam *—is
un Empirical Law, In the continuity of Vegetable and Animal
Life, there would be, under the Doctrine of Development, a
reason for the fact, and it wounld be in that case Derivative.
Also, in the transition from one state of matter to another,—as
in melting, boiling, and their opposites—there must be s
certain amount of continuity owing to the greatness of the
transition. But except where there is some presumption of
this nature, the extension of the law is wholly unsafe; we are
not to expect, for example, that the simple bodies of natare
should be arranged in series with continuous or shading pro-
perties. ‘Wefind the greatest gaps in almost all the properties
of the elementary bodies. .

In medical science, there is hardly such a thing as a single
effect produced by a simple canse. What is worse, there are
scarcely any great inductive generalities relating to the cure of
disease, except through hygienic or constitutional treatment.
Thus the use of drugs is almost exclusively empirical.

The limitation in this case operates variously. It forbids
our inferring that two medicines of close kindred will have
the same effect ; thus bark and quinine are mot interchange-
able, although the one is the crude form and the other the
essential extract. It also forbids our extending a mode of
treatment to a closely allied ailment, as in reasoning from
one species of fever to another. Lastly, it forbids the applios-
tion of the same treatment to the same diseass, in differemt
persons.

Hence, medicine is of all sciences the one most completely
tentative. Experience gives a probability to begin with ; buf
until the effect is tried in the new case, we cannot, a3 8
general rule, rely on it.
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Until the day arrives when the operation of medicines is
made derivative, the only progress possible is to obtain throngh
multiplied experience, & more exact statement of the conditions
attending on the successful application of certain modes of
treatment ; a8 for example, the constitutional or other circum-
stances in the patient favourable or unfavourable to special

The treatment of tape worm by male fern is of old date in
medicine. In the early period, the failures were frequent ;
at present, the oil of the fern is extracted and given instead of the
root, with an almost uniform success. This empirical unifor-
mity is to a certain extent derived or explained ; the substance
is a poison to the parasite. After such an explanation, there
is afforded a clue to other remedies for the disease; previons
to the explanation, the uniformity was confined to the one
remedy.

As an empirical law in Medicine, we may instance Bright’s
discovery of the connexion between albuminons urine, and
degeneration of the kidney. The law is as yet unresolved
into any higher law of structure and function; the kidney

neration is not associated with degeneration in any other
tissues of the body ; and no account is given of the temporary
production of albumen without the permanent disease.

It is an empirical law that about 250 persons in a year
oommit suicide in London. This law may be extended a little
way into the futare, but it may not be extended into a remote
time, when moral habits may be different, nor to other cities
and populations.

The Statistics of Mortality show a remarkable coincidence
between the rate of mortality and the density of the popula-
tion. A high degree of longevity is found in thinly peopled
districts, notwithstanding even the poverty that sometimes
occurs in sterile tracts ; and mortality reaches its maximum
in the most crowded parts of cities. If we knew nothing of
the causes of this uniformity, if it were as empirical as the
medicinal action of mercury on the system, we could not
extend the law into other countries and other circumstances of
the population. But it is a derivative law, and knowing what
agents the effect depends on, and what circumstances would
defeat their operation, we apply it without scruple to every
portion of the human race. We should, however, refrain from
applying it to animals very differently constituted from man
a8 to the necessities of breathing pure air. All animals require
oxygen, but some need it in smaller quantity, and are indif-
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ferent to impure gases ; while warmth and the opportunities of
better food might, more than compensate for the close atmos-
phere of a confined habitation.

In regard to the Human Mind and character, we have
uniformities that cannot be extended to the race generally.
Thus, the universality of sympathy or fellow-feeling is liable to
exceptions. Mr. Samuel Bailey, after quoting, from a travel-
ler in Burmah, the incident of a drowning man being beheld
by & crowd as an amusing spectacle, and being allowed to
sink without an attempt at succour, makes the following
remarks :—

‘ Incidents of this kind (and the example might be easily
parallelled from other nations) serve to show that' when we
ascribe certain sentiments to human nature or to men univers-
ally on given occasions, because they exist amongst ourselves
on those occasions, it is by no means a safe inference; we
cannot safely ascribe them except to men under analogous
circumstances of knowledge and civilization.

‘ We may attribute with confidence to most men and to most
races of men, the rudimentary feelings which I have shown to
originate and to constitute moral sentiment; and some of them
with equal confidence to all men : namely, sensibility to cor-
poreal pleasure and pain; liking the causes of one and dis-
liking the causes of the other; the propensity to reciprocate
both good and evil; the expectation of the same reciprocation;
and more or less sympathy with other sensitive beings; but
the direction and intensity of these emotions respectively it is
often difficult and even impossible to assign: there are so
many causes at work to counteract, or modify, or suppress
such of these common susceptibilities as can be counteracted,
or modified, or suppressed—to call them forth or to k
them in, that, unfurnished with precise knowledge of natioﬁ
and social circumstances, we cannot predict with confidence
how they will manifest themselves on particular occasions
‘Without specific information of this kind we cannot safely
pronounce that the people of rude or distant and imperfectly
explored countries would, under given circumstances, share in
those affections and moral sentiments which it seems contrary
to our own very nature, under such circumstances, not to have.’

That ¢ the mind of man is by nature conciliated and adapted
to his condition’ was formerly an empirical law. We may
now consider it as a deduction or derivation from the law of
Universal Relativity. The principle has been greatly abused.
It has been loosely extended far beyond the limits where it is
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observed to hold true ; indeed those limits were never correctly
marked in its empirical state. As a derivative uniformity, we
may assign its limits with tolerable precision.

The laws of Political Society are all secondary laws, either
empirical or derivative. Hence the necessity for limiting their
application. The politician is, like the ancient sailors, obliged
to sail close by the shore, rarely venturing out of sight of land.

We are not at liberty to transfer to our own time the maxims
suitable to the ancient world, supposing even that the ancients
really attained any political rules highly salutary in their own
case.

¢ The distinction between ancient and modern history,’ says
Mommsen, ¢