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Let us illustrate this rule by some examples; and, to begin with the
simplest one possible, let us ask what we mean by calling a thing
hard. Evidently that it will not be scratched by many other sub-
stances. The whole conception of this quality, as of every other,
lies in its conceived effects. There is absolutely no difference be-
tween a hard thing and a soft thing so long as they are not brought
to the test. Suppose, then, that a diamond could be crystallized in
the midst of a cushion of soft cotton, and should remain there until
it was finally burned up. Would it be false to say that that diamond
was soft? This seems a foolish question, and would be so, in fact,



except in the realm of logic. There such questions are often of the
greatest utility as serving to bring logical principles into sharper
relief than real discussions ever could. In studying logic we must
not put them aside with hasty answers, but must consider them
with attentive care, in order to make out the principles involved.
We may, in the present case, modify our question, and ask what
prevents us from saying that all hard bodies remain perfectly soft
until they are touched, when their hardness increases with the pres-
sure until they are scratched. Reflection will show that the reply is
this: there would be no falsity in such modes of speech. They
would involve a modification of our present usage of speech with
regard to the words hard and soft, but not of their meanings. For
they represent no fact to be different from what it is; only they in-
volve arrangements of facts which would be exceedingly mala-
droit. This leads us to remark that the question of what would oc-
cur under circumstances which do not actually arise is not a
question of fact, but only of the most perspicuous arrangement of
them. For example, the question of free-will and fate in its simplest
form, stripped of verbiage, is something like this: I have done
something of which I am ashamed; could I, by an effort of the will,
have resisted the temptation, and done otherwise? The philosophi-
cal reply is, that this is not a question of fact, but only of the
arrangement of facts. Arranging them so as to exhibit what is par-
ticularly pertinent to my question—namely, that I ought to blame
myself for having done wrong—it is perfectly true to say that, if I
had willed to do otherwise than I did, I should have done other-
wise. On the other hand, arranging the facts so as to exhibit another
important consideration, it is equally true that, when a temptation
has once been allowed to work, it will, if it has a certain force,
produce its effect, let me struggle how I may. There is no objection
to a contradiction in what would result from a false supposition.
The reductio ad absurdum consists in showing that contradictory
results would follow from a hypothesis which is consequently
judged to be false. Many questions are involved in the free-will
discussion, and I am far from desiring to say that both sides are
equally right. On the contrary, I am of opinion that one side denies
important facts, and that the other does not. But what I do say is,
that the above single question was the origin of the whole doubt;
that, had it not been for this question, the controversy would never
have arisen; and that this question is perfectly solved in the manner
which I have indicated. 

Let us next seek a clear idea of Weight. This is another very easy
case. To say that a body is heavy means simply that, in the absence
of opposing force, it will fall. This (neglecting certain specifica-
tions of how it will fall, etc., which exist in the mind of the
physicist who uses the word) is evidently the whole conception of
weight. It is a fair question whether some particular facts may not



account for gravity; but what we mean by the force itself is com-
pletely involved in its effects. 

This leads us to undertake an account of the idea of Force in gen-
eral. This is the great conception which, developed in the early part
of the seventeenth century from the rude idea of a cause, and con-
stantly improved upon since, has shown us how to explain all the
changes of motion which bodies experience, and how to think
about all physical phenomena; which has given birth to modern
science, and changed the face of the globe; and which, aside from
its more special uses, has played a principal part in directing the
course of modern thought, and in furthering modern social devel-
opment. It is, therefore, worth some pains to comprehend it.
According to our rule, we must begin by asking what is the imme-
diate use of thinking about force; and the answer is, that we thus
account for changes of motion. If bodies were left to themselves,
without the intervention of forces, every motion would continue
unchanged both in velocity and in direction. Furthermore, change
of motion never takes place abruptly; if its direction is changed, it
is always through a curve without angles; if its velocity alters, it is
by degrees. The gradual changes which are constantly taking place
are conceived by geometers to be compounded together according
to the rules of the parallelogram of forces. If the reader does not
already know what this is, he will find it, I hope, to his advantage
to endeavor to follow the following explanation; but if mathemat-
ics are insupportable to him, pray let him skip three paragraphs
rather than that we should part company here. 

A path is a line whose beginning and end are distinguished. Two
paths are considered to be equivalent, which, beginning at the same
point, lead to the same point. Thus the two paths, A B C D E and A
F G H E (Fig. 3), are equivalent. Paths which do not begin at the
same point are considered to be equivalent, provided that, on
moving either of them without turning it, but keeping it always
parallel to its original position, [so that] when its beginning coin-
cides with that of the other path, the ends also coincide. Paths are
considered as geometrically added together, when one begins
where the other ends; thus the path A E is conceived to be a sum of
A B, B C, C D, and D E. In the parallelogram of Fig. 4 the diagonal
A C is the sum of A B and B C; or, since A D is geometrically
equivalent to B C, A C is the geometrical sum of A B and A D.



All this is purely conventional. It simply amounts to this: that we
choose to call paths having the relations I have described equal or
added. But, though it is a convention, it is a convention with a
good reason. The rule for geometrical addition may be applied not
only to paths, but to any other things which can be represented by
paths. Now, as a path is determined by the varying direction and
distance of the point which moves over it from the starting-point, it
follows that anything which from its beginning to its end is deter-
mined by a varying direction and a varying magnitude is capable
of being represented by a line. Accordingly, velocities may be rep-
resented by lines, for they have only directions and rates. The same
thing is true of accelerations, or changes of velocities. This is evi-
dent enough in the case of velocities; and it becomes evident for
accelerations if we consider that precisely what velocities are to
positions—namely, states of change of them—that accelerations
are to velocities.

The so-called “parallelogram of forces” is simply a rule for com-
pounding accelerations. The rule is, to represent the accelerations
by paths, and then to geometrically add the paths. The geometers,
however, not only use the “parallelogram of forces” to compound
different accelerations, but also to resolve one acceleration into a
sum of several. Let A B (Fig. 5) be the path which represents a
certain acceleration—say, such a change in the motion of a body
that at the end of one second the body will, under the influence of



that change, be in a position different from what it would have had
if its motion had continued unchanged such that a path equivalent
to A B would lead from the latter position to the former. This ac-
celeration may be considered as the sum of the accelerations
represented by A C and C B. It may also be considered as the sum
of the very different accelerations represented by A D and D B,
where A D is almost the opposite of A C. And it is clear that there
is an immense variety of ways in which A B might be resolved into
the sum of two accelerations. 

After this tedious explanation, which I hope, in view of the ex-
traordinary interest of the conception of force, may not have
exhausted the reader’s patience, we are prepared at last to state the
grand fact which this conception embodies. This fact is that if the
actual changes of motion which the different particles of bodies
experience are each resolved in its appropriate way, each compo-
nent acceleration is precisely such as is prescribed by a certain law
of Nature, according to which bodies, in the relative positions
which the bodies in question actually have at the moment, [1] al-
ways receive certain accelerations, which, being compounded by
geometrical addition, give the acceleration which the body actually
experiences. 

This is the only fact which the idea of force represents, and who-
ever will take the trouble clearly to apprehend what this fact is,
perfectly comprehends what force is. Whether we ought to say that
a force is an acceleration, or that it causes an acceleration, is a
mere question of propriety of language, which has no more to do
with our real meaning than the difference between the French id-
iom “Il fait froid” and its English equivalent “It is cold.” Yet it is
surprising to see how this simple affair has muddled men’s minds.
In how many profound treatises is not force spoken of as a “myste-
rious entity,” which seems to be only a way of confessing that the
author despairs of ever getting a clear notion of what the word
means! In a recent admired work on Analytic Mechanics [by



Kirchhoff] it is stated that we understand precisely the effect of
force, but what force itself is we do not understand! This is simply
a self-contradiction. The idea which the word force excites in our
minds has no other function than to affect our actions, and these
actions can have no reference to force otherwise than through its
effects. Consequently, if we know what the effects of force are, we
are acquainted with every fact which is implied in saying that a
force exists, and there is nothing more to know. The truth is, there
is some vague notion afloat that a question may mean something
which the mind cannot conceive; and when some hair-splitting
philosophers have been confronted with the absurdity of such a
view, they have invented an empty distinction between positive
and negative conceptions, in the attempt to give their non-idea a
form not obviously nonsensical. The nullity of it is sufficiently
plain from the considerations given a few pages back; and, apart
from those considerations, the quibbling character of the distinc-
tion must have struck every mind accustomed to real thinking. 

4.

Let us now approach the subject of logic, and consider a concep-
tion which particularly concerns it, that of reality. Taking clearness
in the sense of familiarity, no idea could be clearer than this. Every
child uses it with perfect confidence, never dreaming that he does
not understand it. As for clearness in its second grade, however, it
would probably puzzle most men, even among those of a reflective
turn of mind, to give an abstract definition of the real. Yet such a
definition may perhaps be reached by considering the points of dif-
ference between reality and its opposite, fiction. A figment is a
product of somebody’s imagination; it has such characters as his
thought impresses upon it. That those characters are independent of
how you or I think is an external reality. There are, however, phe-
nomena within our own minds, dependent upon our thought, which
are at the same time real in the sense that we really think them. But
though their characters depend on how we think, they do not de-
pend on what we think those characters to be. Thus, a dream has a
real existence as a mental phenomenon, if somebody has really
dreamt it; that he dreamt so and so, does not depend on what any-
body thinks was dreamt, but is completely independent of all
opinion on the subject. On the other hand, considering, not the fact
of dreaming, but the thing dreamt, it retains its peculiarities by
virtue of no other fact than that it was dreamt to possess them.
Thus we may define the real as that whose characters are inde-
pendent of what anybody may think them to be. 

But, however satisfactory such a definition may be found, it would
be a great mistake to suppose that it makes the idea of reality per-
fectly clear. Here, then, let us apply our rules. According to them,



reality, like every other quality, consists in the peculiar sensible
effects which things partaking of it produce. The only effect which
real things have is to cause belief, for all the sensations which they
excite emerge into consciousness in the form of beliefs. The ques-
tion therefore is, how is true belief (or belief in the real)
distinguished from false belief (or belief in fiction). Now, as we
have seen in the former paper, the ideas of truth and falsehood, in
their full development, appertain exclusively to the experiential
method of settling opinion. A person who arbitrarily chooses the
propositions which he will adopt can use the word truth only to
emphasize the expression of his determination to hold on to his
choice. Of course, the method of tenacity never prevailed exclu-
sively; reason is too natural to men for that. But in the literature of
the dark ages we find some fine examples of it. When Scotus Eri-
gena is commenting upon a poetical passage in which hellebore is
spoken of as having caused the death of Socrates, he does not
hesitate to inform the inquiring reader that Helleborus and Socrates
were two eminent Greek philosophers, and that the latter, having
been overcome in argument by the former, took the matter to heart
and died of it! What sort of an idea of truth could a man have who
could adopt and teach, without the qualification of a perhaps, an
opinion taken so entirely at random? The real spirit of Socrates,
who I hope would have been delighted to have been “overcome in
argument,” because he would have learned something by it, is in
curious contrast with the naive idea of the glossist, for whom (as
for “the born missionary” of today) discussion would seem to have
been simply a struggle. When philosophy began to awake from its
long slumber, and before theology completely dominated it, the
practice seems to have been for each professor to seize upon any
philosophical position he found unoccupied and which seemed a
strong one, to intrench himself in it, and to sally forth from time to
time to give battle to the others. Thus, even the scanty records we
possess of those disputes enable us to make out a dozen or more
opinions held by different teachers at one time concerning the
question of nominalism and realism. Read the opening part of the
Historia Calamitatum of Abelard, who was certainly as philoso-
phical as any of his contemporaries, and see the spirit of combat
which it breathes. For him, the truth is simply his particular
stronghold. When the method of authority prevailed, the truth
meant little more than the Catholic faith. All the efforts of the
scholastic doctors are directed toward harmonizing their faith in
Aristotle and their faith in the Church, and one may search their
ponderous folios through without finding an argument which goes
any further. It is noticeable that where different faiths flourish side
by side, renegades are looked upon with contempt even by the
party whose belief they adopt; so completely has the idea of loy-
alty replaced that of truth-seeking. Since the time of Descartes, the
defect in the conception of truth has been less apparent. Still, it will



sometimes strike a scientific man that the philosophers have been
less intent on finding out what the facts are, than on inquiring what
belief is most in harmony with their system. It is hard to convince a
follower of the a priori method by adducing facts; but show him
that an opinion he is defending is inconsistent with what he has
laid down elsewhere, and he will be very apt to retract it. These
minds do not seem to believe that disputation is ever to cease; they
seem to think that the opinion which is natural for one man is not
so for another, and that belief will, consequently, never be settled.
In contenting themselves with fixing their own opinions by a
method which would lead another man to a different result, they
betray their feeble hold of the conception of what truth is. 

On the other hand, all the followers of science are animated by a
cheerful hope that the processes of investigation, if only pushed far
enough, will give one certain solution to each question to which
they apply it. One man may investigate the velocity of light by
studying the transits of Venus and the aberration of the stars; an-
other by the oppositions of Mars and the eclipses of Jupiter’s
satellites; a third by the method of Fizeau; a fourth by that of Fou-
cault; a fifth by the motions of the curves of Lissajoux; a sixth, a
seventh, an eighth, and a ninth, may follow the different methods
of comparing the measures of statical and dynamical electricity.
They may at first obtain different results, but, as each perfects his
method and his processes, the results are found to move steadily
together toward a destined centre. So with all scientific research.
Different minds may set out with the most antagonistic views, but
the progress of investigation carries them by a force outside of
themselves to one and the same conclusion. This activity of
thought by which we are carried, not where we wish, but to a fore-
ordained goal, is like the operation of destiny. No modification of
the point of view taken, no selection of other facts for study, no
natural bent of mind even, can enable a man to escape the predes-
tinate opinion. This great hope is embodied in the conception of
truth and reality. The opinion which is fated [2] to be ultimately
agreed to by all who investigate, is what we mean by the truth, and
the object represented in this opinion is the real. That is the way I
would explain reality. 

But it may be said that this view is directly opposed to the abstract
definition which we have given of reality, inasmuch as it makes the
characters of the real depend on what is ultimately thought about
them. But the answer to this is that, on the one hand, reality is in-
dependent, not necessarily of thought in general, but only of what
you or I or any finite number of men may think about it; and that,
on the other hand, though the object of the final opinion depends
on what that opinion is, yet what that opinion is does not depend
on what you or I or any man thinks. Our perversity and that of oth-



ers may indefinitely postpone the settlement of opinion; it might
even conceivably cause an arbitrary proposition to be universally
accepted as long as the human race should last. Yet even that
would not change the nature of the belief, which alone could be the
result of investigation carried sufficiently far; and if, after the ex-
tinction of our race, another should arise with faculties and
disposition for investigation, that true opinion must be the one
which they would ultimately come to. “Truth crushed to earth shall
rise again,” and the opinion which would finally result from inves-
tigation does not depend on how anybody may actually think. But
the reality of that which is real does depend on the real fact that
investigation is destined to lead, at last, if continued long enough,
to a belief in it. 

But I may be asked what I have to say to all the minute facts of
history, forgotten never to be recovered, to the lost books of the
ancients, to the buried secrets.

“Full many a gem of purest ray serene
The dark, unfathomed caves of ocean bear;
Full many a flower is born to blush unseen,
And waste its sweetness on the desert air.”

Do these things not really exist because they are hopelessly beyond
the reach of our knowledge? And then, after the universe is dead
(according to the prediction of some scientists), and all life has
ceased forever, will not the shock of atoms continue though there
will be no mind to know it? To this I reply that, though in no pos-
sible state of knowledge can any number be great enough to
express the relation between the amount of what rests unknown to
the amount of the known, yet it is unphilosophical to suppose that,
with regard to any given question (which has any clear meaning),
investigation would not bring forth a solution of it, if it were car-
ried far enough. Who would have said, a few years ago, that we
could ever know of what substances stars are made whose light
may have been longer in reaching us than the human race has ex-
isted? Who can be sure of what we shall not know in a few
hundred years? Who can guess what would be the result of con-
tinuing the pursuit of science for ten thousand years, with the
activity of the last hundred? And if it were to go on for a million,
or a billion, or any number of years you please, how is it possible
to say that there is any question which might not ultimately be
solved? 

But it may be objected, “Why make so much of these remote con-
siderations, especially when it is your principle that only practical
distinctions have a meaning?” Well, I must confess that it makes
very little difference whether we say that a stone on the bottom of



the ocean, in complete darkness, is brilliant or not—that is to say,
that it probably makes no difference, remembering always that that
stone may be fished up tomorrow. But that there are gems at the
bottom of the sea, flowers in the untraveled desert, etc., are propo-
sitions which, like that about a diamond being hard when it is not
pressed, concern much more the arrangement of our language than
they do the meaning of our ideas. 

It seems to me, however, that we have, by the application of our
rule, reached so clear an apprehension of what we mean by reality,
and of the fact which the idea rests on, that we should not, perhaps,
be making a pretension so presumptuous as it would be singular, if
we were to offer a metaphysical theory of existence for universal
acceptance among those who employ the scientific method of fix-
ing belief. However, as metaphysics is a subject much more
curious than useful, the knowledge of which, like that of a sunken
reef, serves chiefly to enable us to keep clear of it, I will not trou-
ble the reader with any more Ontology at this moment. I have
already been led much further into that path than I should have de-
sired; and I have given the reader such a dose of mathematics,
psychology, and all that is most abstruse, that I fear he may already
have left me, and that what I am now writing is for the compositor
and proof-reader exclusively. I trusted to the importance of the
subject. There is no royal road to logic, and really valuable ideas
can only be had at the price of close attention. But I know that in
the matter of ideas the public prefer the cheap and nasty; and in my
next paper I am going to return to the easily intelligible, and not
wander from it again. The reader who has been at the pains of
wading through this paper, shall be rewarded in the next one by
seeing how beautifully what has been developed in this tedious
way can be applied to the ascertainment of the rules of scientific
reasoning. 

We have, hitherto, not crossed the threshold of scientific logic. It is
certainly important to know how to make our ideas clear, but they
may be ever so clear without being true. How to make them so, we
have next to study. How to give birth to those vital and procreative
ideas which multiply into a thousand forms and diffuse themselves
everywhere, advancing civilization and making the dignity of man,
is an art not yet reduced to rules, but of the secret of which the
history of science affords some hints. &

Notes

1. Possibly the velocities also have to be taken into account.

2. Fate means merely that which is sure to come true, and can no-
how be avoided. It is a superstition to suppose that a certain sort of



events are ever fated, and it is another to suppose that the word fate
can never be freed from its superstitious taint. We are all fated to
die.

From Popular Science Monthly 12 (January 1878), 286-302.
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