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I,

EW persons care to study logic, because everybody conceives

himself to be proficient enough in the art of reasoning already.

But I observe that this satisfaction is limited to one’s own ratiocina-
tion, and does not extend to that of other men.

We come to the full possession of our power of drawing infer-
ences the last of all our faculties, for it is not so much a natural gift
as a long and diflicult art. The history of its practice would make a
grand subject for a book. The medieval schoolmen, following the
Romans, made logic the earliest of a boy’s studies after grammar, as
being very easy. So it was, as they understood it. Its fundamental
principle, according to them, was, that all knowledge rests on either
authority or reason ; but that whatever is deduced by reason depends
ultimately on a premise derived from authority. Accordingly, as
soon as a boy was perfect in the syllogistic procedure, his intellectual
kit of tools was held to be complete.

To Roger Bacon, that remarkable mind who in the middle of the
thirteenth century was almost a scientific man, the schoolmen’s con-
ception of reasoning appeared only an obstacle to truth. He saw
that experience alone teaches anything—a proposition which to us
seems easy to understand, because a distinet conception of experience
has been handed down to us from former generations; which to him
also seemed perfectly clear, because its difficulties had not yet un-
folded themselves. Of all kinds of experience, the best, he thought,
was interior illumination, which teaches many things about Nature
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which the external senses could never discover, such as the transub-
stantiation of bread.

Four centuries later, the more celebrated Bacon, in the first book
of his “Novum Organum,” gave his clear account of experience as
something which must be open to verification and re¢xamination.
But, superior as Lord Bacon’s conception is to earlier notions, a mod-
ern reader who is not in awe of his grandiloquence is chiefly struck
by the inadequacy of his view of scientific procedure. That we have
only to make some crude experiments, to draw up briefs of the re-
sults in certain blank forms, to go through these by rule, checking
off everything disproved and setting down the alternatives, and that
thus in a few years physical science would be finished up—what an
idea! ¢ He wrote on science like a Lord Chancellor,” indeed.

The early scientists, Copernicus, Tycho Brahe, Kepler, Galileo,
and Gilbert, had methods more like those of their modern brethren.
Kepler undertook to draw a curve through the places of Mars;* and
his greatest service to science was in impressing on men’s minds that
this was the thing to be done if they wished to improve astronomy ;
that they were not to content themselves with inquiring whether
one system of epicycles was better than another, but that they were
to sit down to the figures and find out what the curve, in truth, was.
He accomplished this by his incomparable energy and courage, blun-
dering along in the most inconceivable way (to us), from one irra-
tional hypothesis to another, until, after trying twenty-two of these,
he fell; by the mere exhaustion of his invention, upon the orbit which
a mind well furnished with the weapons of modern logic would have
tried almost at the outset.

In the same way, every work of science great enough to be re-
membered for a few generations affords some exemplification of the
defective state of the art of reasoning of the time when it was writ-
ten ; and each chief step in science has been a lesson in logic. It was
so when Lavoisier and his contemporaries took up the study of chem-
istry. The old chemist’s maxim had been, ¢ Lege, lege, lege, lubora,
ora, et relege.” Lavoisier’s method was not to read and pray, not to
dream that some long and complicated chemical process would have
a certain effect, to put it into practice with dull patience, after its in-
evitable failure to dream that with some modification it would have
another resnlt, and to end by publishing the last dream as a fact:
his way was to carry his mind into his laboratory, and to make of his
alembics and cucurbits instrnments of thought, giving a new concep-
tion of reasoning, as something which was to be done with one’s eyes
open, by manipnlating real things instead of words and fancies.

The Darwinian controversy is, in large part, a question of logie.
- MrDarwin proposed to apply the statistical method to biology. The
same thing had been done in a widely different branch of science, the

! Not quite so, but as nearly so as can be told in a few words.
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theory of gases. Though unable to say what the movements of any
particular molecule of a gas would be on a certain hypothesis regard-
ing the constitution of this class of bodies, Clausius and DMaxwell
were yet able, by the application of the doctrine of probabilities, to
predict that in the long run such and such a proportion of the mole-
cules would, under given circumstances, acquire such and such veloci-
ties; that there would take place, every second, such and such a num-
ber of collisions, ete. ; and from these propositions were able to deduce
certain properties of gases, especially in regard to their heat-relations.
In like manner, Darwin, while unable to say what the operation of
variation and natural selection in any individual case will be, demon-
strates that in the long run they will adapt animals to their circum-
stances. Whether or not existing animal forms are due to such ac-
tion, or what position the theory ought to take, forms the subject of
a discussion in which questions of fact and questions of logic are curi-
ously interlaced.

)L

The object of reasoning is to find out, from the consideration of
what we already know, something else which we do not know. Con-
sequently, reasoning is good if it be such as to give a true conclusion
from true premises, and not otherwise. Thus, the question of its
validity is purely one of fact and not of thinking. A being the
preniises and B the conclusion, the question is, whether these facts
are really so related that if A is Bis. If so, the inference is valid;
if not, not. It is not in the least the question whether, when the
premises are accepted by the mind, we feel an impulse to accept the
conclusion also. It is trne that we do generally reason correctly by
nature. But that is an accident; the true conclusion would remain
true it we had no impulse to accept it; and the false one would re-
main false, though we could not resist the tendency to believe in it.

We are, doubtless, in the main logical animals, but we are not
perfectly so. Most of us, for example, are naturally more sanguine
and hopeful than logic would justify. We seem to be so constituted
that in the absence of any facts to go upon we are happy and self-
satisfied ; so that the effect of experience is continually to contract
our hopes and aspirations. Yet a lifetime of the application of this
corrective does not usually eradicate our sanguine disposition. Where
hope is unchecked by any experience, it is likely that our optimism is
extravagant. Logicality in regard to practical matters is the most
useful quality an animal can possess, and might, therefore, result from
the action of natural selection; but outside of these it is probably of
more advantage to the animal to have his mind filled with pleasing
and encouraging visions, independently of their truth; and thus,
upon unpractical subjects, natural selection might occasion a falla-
cious tendency of thought.
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That which determines us, from given premises, to draw one in-
ference rather than another, is some habit of mind, whether it be con-
stitutional or acquired. The habit is good or otherwise, according as
it produces true conclusions from true premises or not; and an infer-
ence is regarded as valid or not, without reference to the truth or fal-
sity of its conclusion specially, but according as the habit which
determines it is such as to produce true conclusions in general or not.
The particular habit of mind which governs this or that inference
may be formulated in a proposition whose truth depends on the va-
lidity of the inferences which the habit determines; and such a for-
mula is called a guiding principle of inference. Suppose, for example,
that we observe that a rotating disk of copper quickly comes to rest
when placed between the poles of a magnet, and we infer that this
will happen with every disk of copper. The guiding principle is, that
what is true of one piece of copper is true of another. Such a guid-
ing principle with regard to copper would be much safer than with
regard to many other substances—Dbrass, for example.

A book might be written to signalize all the most important of
these guiding principles of reasoning. It would probably be, we
must confess, of no service to a person whose thought is directed
wholly to practical subjects, and whose activity moves along thor-
oughly-beaten paths. The problems which present themselves to
such a mind are matters of routine which he has learned once for
all to handle in learning his business. DBut let a man venture into an
unfamiliar field, or where his results are not continually checked by
experience, and all history shows that the most masculine intellect
will ofttimes lose his orientation and waste his efforts in directions
which bring him no nearer to his goal, or even carry him entirely
astray. He is like a ship in the open sea, with no one on board who
understands the rules of navigation. And in such a case some gen-
eral study of the guiding principles of reasoning would be sure to be
found useful.

The subject could hardly be treated, however, without being first
limited; since almost any fact may serve as a guiding principle.
But it so happens that there exists a division among facts, such that
in one class are all those which are absolutely essential as guiding
principles, while in the others are all which have any other interest as
objects of research. This division is between those which are neces-
garily taken for granted in asking whether a certain conclusion fol-
lows from certain premises, and those which are not implied in that
question. A moment’s thought will show that a variety of facts are
already assumed when the logical question is first asked. Itis im-
plied, for instance, that there are such states of mind as doubt and
belief—that a passage from one to the other is possible, the object of
thought remaining the same, and that this transition is subject to
gome rules which all minds are alike bound by. As these are facts
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which we must already know before we can have any clear concep-
tion of reasoning at all; it cannot be supposed to be any longer of
much interest to inquire into their truth or falsity. On the other
hand, it is easy to believe that those rules of reasoning which are
deduced from the very idea of the process are the ones which are the
most essential ; and, indeed, that so long as it conforms to these it
will, at least, not lead to false conclusions from true premises. In
point of fact, the importance of what may be deduced from the as-
sumptions involved in the logical question turns out to be greater
than might be supposed, and this for reasons which it is difficult to
exhibit at the outset. The only one which I shall here mention is,
that conceptions which are really products of logical reflection, with-
out being readily seen to be so, mingle with our ordinary thoughts,
and are frequently the causes of great confusion. Thisis the case,
for example, with the conception of quality. A quality as such is
never an object of observation. We can see that a thing is blue or
green, but the quality of being blue and the quality of being green
are not things which we see; they are products of logical reflection.
The truth is, that common-sense, or thought as it first emerges above
the level of the narrowly practical, is deeply imbued with that bad
logical quality to which the epithet metaphysical is commonly applied ;
and nothing can clear it up but a severe course of logic.

IIL

We generally know when we wish to ask a question and when we
wish to pronounce a judgment, for there is a dissimilarity between the
sensation of doubting and that of believing.

But this is not all which distinguishes doubt from belief. There is
a practical difference. Our beliefs guide our desires and shape our
actions. The Assassins, or followers of the Old Man of the Mountain,
used to rush into death at his least command, because they believed
that obedience to him would insure everlasting felicity. Had they
doubted this, they would not have acted as they did. So it is with
every belief, according to its degree. The fecling of believing is a
more or less sure indication of there being established in our nature
some habit which will determine our actions. Doubt never has such
an effect.

Nor must we overlook a third point of difference. Doubt is an un-
casy and dissatisfied state from which we struggle to free ourselves
and pass into the state of belief; while the latter is a calm and satis-
factory state which we do not wish to avoid, or to change to a belief
in anything else.' On the contrary, we cling tenaciously, not merely
to believing, but to believing just what we do believe.

1T am not speaking of secondary effects occasionally produced by the interference
of other impulses.
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Thus, both doubt and belief have positive effects npon us, though
very different ones. Belief does not make us act at once, but puts us
into such a condition that we shall behave in a certain way, when the
occasion arises. Doubt has not the least eftect of this sort, but stim-
ulates us to action until it is destroyed. This reminds us of the irri-
tation of a nerve and the reflex action produced thereby; while for
the analogue of belief, in the nervous system, we must look to what
are called nervous associations—for example, to that habit of the
nerves in consequence of which the smell of a peach will make the
mouth water.

Iv.

The irritation of doubt causes a struggle to attain a state of belief.
I shall term this struggle ¢nguiry, though it must be admitted that
this is sometimes not a very apt designation.

The irritation of doubt is the only immediate motive for the strug-
gle to attain belief. It is certainly best for us that our beliefs should
be such as may truly guide our actions so as to satisfy our desires;
and this reflection will make us reject any belief which does not seem
to have been so formed as to insure this result. But it will only do so
by creating a doubt in the place of that belief. With the doubt,
therefore, the strnggle begins, and with the cessation of doubt it ends.
Hence, the sole object of inquiry is the settlement of opinion. e
may fancy that this is not enough for us, and that we seek, not merely
an opinion, but a true opinion. But put this fancy to the test, and it
proves groundless; for as soon as a firm belief is reached we are en-
tirely satisfied, whether the belief be true or false. And it is clear
that nothing out of the sphere of our knowledge can be our object, for
nothing which does not affect the mind can be the motive for a mental
effort. The most that.can be maintained is, that we seek for a belief
that we shall ¢Zink to be trne. But we think each one of our beliefs
to be true, and, indeed, it is mere tautology to say so.

That the settlement of opinion is the sole end of inquiry is a very
important proposition. It sweeps away, at once, various vague and
erroneous conceptions of proof. A few of these may be noticed here.

1. Some philosophers have imagined that to start an inquiry it
was only necessary to utter a question or set it down upon paper, and
have even recommended us to begin our studies with questioning
everything ! DBut the mere putting of a proposition into the interrog-
ative form does not stimulate the mind to any struggle after belief.
There must be a real and living doubt, and without this all discussion
is idle.

2. It is a very common idea that a demonstration must rest on
some ultimate and absolutely indubitable propositions. These, ac-
cording to one school, are first principles of a general nature; accord-
ing to another, are first sensations. But, in point of fact, an inquiry,
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to have that completely satisfactory result called demonstration, has
only to start with propositions pertectly free from all actual doubt.
If the premises are not in fact doubted at all, they cannot be more
satisfactory than they are.

3. Some people seem to love to argue a point after all the world is
fully convinced of it. DBut no further advance can be made. When
doubt ceases, mental action on the subject comes to an end ; and, if it
did go on, it would be without a purpose.

V.

If she settlement of opinion is the sole object of inquiry, and if
belief is of the nature of a habit, why should we not attain the desired
end, by taking any answer to a question which we may fancy, and
constautly reiterating it to ourselves, dwelling on all which may con-
duce to that belief, and learning to turn with contempt and hatred
from anything which might disturb it? This simple and direct
method is really pursued by many men.. I remember once being en-
treated not to read a certain newspaper lest it might change my
opinion upon free-trade. “Lest I might be entrapped by its fallacies
and misstatements,” was the form of expression. *You are not,” my
friend said, “a special student of political economy. You might,
therefore, easily be deceived by fallacious arguments upon the subject.
You might, then, if you read this paper, be led to believe in protec-
tion. Dut you admit that free-trade is the true doctrine; and you do
not wish to believe what is not true.” I have often known this sys-
tem to be deliberately adopted. Still oftener, the instinctive dislike
of an undecided state of mind, exaggerated into a vague dread of
doubt, makes men cling spasmodically to the views they already take.
The man feels that, if he only holds to his belief without wavering, it
will be entirely satisfactory. Nor can it be denied that a steady and
immovable faith yields great peace of mind. It may,indeed, give rise
to inconveniences, as if a man should resolutely continue to believe
that fire would not burn him, or that he would be eternally damned
it he received his Zngeste otherwise than through a stomach-pump.
But then the man who adopts this method will not allow that its in-
conveniences are greater than its advantages. Ie will say, “I hold
steadfastly to the truth, and the truth is always wholesome.” And in
many cases it may very well be that the pleasure he derives from his
calm faith overbalances any inconveniences resulting from its decep-
tive character. Thus, if it be true that death is annihilation, then the
man who Delieves that he will certainly go straight to heaven when
he dies, provided he have fulfilled certain simple observances in this
life, has a cheap pleasure which will not be followed by the least dis-
appointment. A similar consideration seems to have weight with
many persons in religious topics, for we frequently hear it said, © Oh,
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I could not believe so-and-so, because I should be wretched if I did.”
When an ostrich buries its head in the sand as danger approaches, it
very likely takes the happiest course. It hides the danger, and then
calmly says there is no danger ; and, if it feels perfectly sure there is
none, why should it raise its head to see? A man may go through
life, systematically keeping out of view all that might cause a change
in his opinions, and if he only succeeds—basing his method, as he
does, on two fundamental psychological laws—I do not see what can
be said against his doing so. It would be an egotistical impertinence
to object that his procedure is irrational, for that only amounts to
saying that his method of settling belief is not ours. He does not
propose to himself to be rational; and, indeed, will often talk with
scorn of man’s weak and illusive reason. So let him think as he
pleases.

But this method of fixing belief, which may be called the method
of tenacity, will be unable to hold its ground in practice. The social
impulse is against it. The man who adopts it will find that other men
think differently from him, and it will be apt to occur to him, in some
saner moment, that their opinions are quite as good as his own, and
this will shake his confidence in his belief. This conception, that an-
other man’s thought or sentiment may be equivalent to one’s own, is
a distinctly new step, and a highly important one. It arises from an
impulse too strong in man to be suppressed, without danger of destroy-
ing the human species. Unless we make ourselves hermits, we shall
necessarily influence each other’s opinions; so that the problem be-
comes how to fix belief, not in the individual merely, but in the com-
munity.

Let the will of the state act, then, instead of that of the individual.
Let an institution be created which shall have for its object to keep
correct doctrines before the attention of the people, to reiterate them
perpetually, and to teach them to the young ; having at the same time
power to prevent contrary doctrines from being taught, advocated,
or expressed. Let all possible causes of a change of mind be removed
from men’s apprehensions. Let them be kept ignorant, lest they
should learn of some reason to think otherwise than they do. Let
their passions be enlisted, so that they may regard private and unusual
opinions with hatred and horror. Then, let all men who reject the
established belief be terrified into silence. Let the people turn out
and tar-and-feather such men, or let inquisitions be made into the
manner of thinking of suspected persons, and, when they are found
guilty of forbidden Dbeliefs, let them be subjected to some signal
punishment. When complete agreement could not otherwise be
reached, a general massacre of all who have not thought in a certain
way has proved a very effective means of settling opinion in a coun-
try. If the power to do this be wanting, let a list of opinions be
drawn up, to which no man of the least independence of thought can
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assent, and let the faithful be required to accept all these propositions,
in order to segregate them as radically as possible from the influence
of the rest of the world.

This method has, from the earliest times, been one of the chief
means of upholding correct theological and political doctrines, and
of preserving their universal or catholic character. In Rome, espe-
cially, it has been practised from the days of Numa Pompilius to
those of Pius Nonus. This is the most perfect example in history ;
but wherever there is a priesthood—and no religion has been without
one—this method has been more or less made use of. Wherever
there is an aristocracy, or a guild, or any association of a class of
men whose interests depend or are supposed to depend on certain
propositions, there will be inevitably found some traces of this natu-
ral product of social feeling. Cruelties always accompany this sys-
tem; and when it is consistently carried out, they become atrocities
of the most horrible kind in the eyes of any rational man. Nor
should this occasion surprise, for the officer of a society does not feel
justified in surrendering the interests of that society for the sake of
mercy, as he might his own private interests. It is natural, there-
fore, that sympathy and fellowship should thus produce a most ruth-
less power.

In judging this method of fixing belief, which may be called the
method of authority, we must, in the first place, allow its immeasur-
able mental and moral superiority to the method of tenacity. Its
success is proportionately greater; and, in fact, it has over and over
again worked the most majestic results. The mere structures of
stone which it has caused to be put together—in Siam, for example,
in Egypt, and in Europe—have many of them a sublimity hardly
more than rivaled by the greatest works of Nature. And, except
the geological epochs, there are no periods of time so vast as those
which are measured by some of these organized faiths. If we scru-
tinize the matter closely, we shall find that there has not been one
of their creeds which bas remained always the same; yet the change
is so slow as to be imperceptible during one person’s life, so that
individual belief remains sensibly fixed. For the mass of mankind,
then, there is perhaps no better method than this, If it is their
highest impulse to be intellectual slaves, then slaves they ought to
remain,

But no institution can undertake to regulate opinions upon every
subject. Only the most important ones can be attended to, and on
the rest men’s minds must be left to the action of natural causes.
This imperfection will be no source of weakness so long as men are in
such a state of culture that one opinion does not influence another—
that is, so long as they cannot put two and two together. But in the
most priestridden states some individuals will be found who are
raised above that condition. These men possess a wider sort of social
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fecling ; they see that men in other countries and in other ages bave
held to very different doctrines from those which they themselves
have been brought up to believe ; and they cannot Lelp seeing that it
is the mere accident of their having been taught as they have, and
of their having been surrounded with the manners and associations
they have, that has caused them to Dlelieve as they do and not far
differently. And their candor cannot resist the reflection that there
is no reason to rate their own views at a higher value than those
of other nations and other centuries; and this gives rise to doubts in
their minds.

They will further perceive that such doubts as these must exist
in their minds with reference to every belief which seems to be deter-
mined Dby the caprice either of themselves or of those who origi-
nated the popular cpinions. The willful adherence to a belief, and
the arbitrary forcing of it upon others, must, therefore, both be given
up, and a new method of settling opinions must be adopted, which
shall not only produce an impulse to believe, but shall also decide
what proposition it is which is to be believed. Let the action of nat-
ural preferences be unimpeded, then, and under their influence let.men,
conversing together and regarding matters in different lights, grad-
ually develop beliefs in harmony with natural causes. This method
resembles that by which conceptions of art have been brought to ma-
tuzity. The most perfect example of it is to be found in the history
of metaphysical philosoplhy. Systems of this sort have not usually
rested upon any observed facts, at least not in any great degree.
They have Dbeen chiefly adopted because their fundamental proposi-
tions seemed “agreeable to reason.” This is an apt expression; it
does not mean that which agrees with experience, but that which we
find ourselves inclined to believe. Plato, for example, finds it agree-
able to reason that the distances of the celestial spheres from one an-
other should be proportional to the different lengths of strings which
produce harmonious chords. Many philosophers have been led to
their main conclusions Dby considerations like this; bnt this is the
lowest and least developed form which the method takes, for it is
clear that another man might find Kepler’s theory, that the celestial
spheres are proportional to the inseribed and circumseribed spheres
of the different regular solids, more agreeable to Aés reason. But the
shock of opinions will soon lead men to rest on preferences of a far
more universal nature. Take, for example, the doctrine that man only
acts selfishly—that is, from the consideration that acting in one way
will afford him more pleasure than acting in another. This rests on
no fact in the world, but it bas had a wide acceptance as being the
only reasonable theory.

This method is far more intellectual and respectable from the point
of view of reason than either of the others which we have noticed.
But its failure has been the most manifest. It makes of inquiry
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something similar to the development of taste; but taste, unfortu-
nately, is always more or less a matter of fashion, and accordingly
metaphysicians have never come to any fixed agreement, but the pen-
dulum has swung backward and forward between a more material
and a more spiritual philosophy, from the earliest times to the latest.
And so from this, which has been called the « priori method, we are
driven, in Lord Bacon’s phrase, to a true induction. We have ex-
amined into this @ priori method as something which promised to
deliver our opinions from their accidental and capricious element.
But development, while it is a process which eliminates the effect
of some casual circumstances, only magnifies that of others. This
method, therefore, does not ditfer in a very essential way from that of
authority. The government may not have lifted its finger to intlu-
ence my convictions ; I may have been left outwardly quite free to
choose, we will say, between monogamy and polycamy, and, appeal-
ing to my conscience only, I may have concluded that the latter prac-
tice is in itself licentious. DBut when I come to see that the chief
obstacle to the spread of Christianity among a people of as high cult-
ure as the Hindoos has been a conviction of the immorality of our
way of treating women, I cannot help seeing that, though govern-
ments do not interfere, sentiments in their development will be very
greatly determined by accidental causes. Now, there are some peo-
ple, among whom I must suppose that my reader is to be found, who,
when they see that any belief of theirs is determined by any circum-
stance extraneous to the facts, will from that moment not merely
admit in words that that belief is doubtful, but will experience a real
doubt of it, so that it ceases to be a belief.

To satisfy our doubts, therefore, it is necessary that a method
should be found by which our beliefs may be caused by nothing hu-
man, but by some external permanency—by something upon whieh
our thinking has no effect. Some mystics imagine that they have
such a .method in a private inspiration from on high. DBut that is
only a form of the method of tenacity, in which the conception of
truth as something public is not yet developed. Our external perma-
nency would not be external, in our sense, if it was restricted in its
influence to one individual. It must be something which affects, or
might affect, every man. And, though these aftections are necessarily
as various as are individual conditions, yet the method must be such
that the ultimate conclusion of every man shall be the same. Such is
the method of science. Its fundamental hypothesis, restated in more
familiar language, is this: There are real things, whose characters
are entirely independent of our opinions about them ; those realities
affect our senses according to regular laws, and, though our sensa-
tions are as different as our relations to the objects, yet, by taking
advantage of the laws of perception, we can ascertain by reasoning
how things really are, and any man, if he have suflicient experience



12 THE POPULAR SCIENCE MONTHLY.

and reason enough about it, will be led to the one true conclusion.
The new conception here involved is that of reality. It may be asked
how I know that there are any realities. If this hypothesis is the
sole support of my metkod of inquiry, my method of inquiry must
not be used to support my hypothesis. The reply is this: 1. If in-
vestigation cannot be regarded as proving that there are real things,
it at least does not lead to a contrary conclusion; but the method
and the conception on which it is based remain ever in harmony. No
doubts of the method, therefore, necessarily arise from its practice,
as is the case with all the others. 2. The feeling which gives rise to
any method of fixing belief is a dissatisfaction at two repugnant
propositions. But here alreadyis a vague concession that there is
some one thing to which a proposition should conform. Nobody,
therefore, can really doubt that there are realities, or, if he did,
doubt would not be a source of dissatisfaction. The hypothesis,
therefore, is one which every mind admits. So that the social im-
pulse does not cause me to doubt it. 3. Everybody uses the scien-
tific method about a great many things, and only ceases to use it
when he does not know how to apply it. 4. Experience of the method
has not led me to doubt it, but, on the contrary, scientific inves-
tigation has had the most wonderful triumphs in the way of set-
tling opinion. These afford the explanation of my not doubting the
method or the hypothesis which it supposes; and not having any
doubt, nor believing that anybody else whom I could influence has,
it would be the merest babble for me to say more about it. It
there be anybody with a living doubt upon the subject, let him con-
sider it.

To describe the method of scientific investigation is the object of
this series of papers. At present I have only room to notice some
points of contrast between it and other methods of fixing belief.

This is the only one of the four methods which presents any dis-
tinction of a right and a wrong way. If I adopt the method of
tenacity and shut myself out from all influences, whatever I think
necessary to doing this is necessary according to that method.
So with the method of authority: the state may try to put down
heresy by means which, from a scientific point of view, seem very ill-
calculated to accomplish its purposes; but the only test on that meth-
od is what the state thinks, so that it cannot pursue the method
wrongly. So with the @ priori method. The very essence of it is to
think as one is inclined to think. All metaphysicians will be sure to
do that, however they may be inclined to judge each other to be per-
versely wrong. The Iegelian system recognizes every natural ten-
dency of thought as logical, although it be certain to be abolished by
counter-tendencies. ITegel thinks there is a regular system in the
succession of these tendencies, in consequence of which, after drifting
one way and the other for a long time, opinion will at last go right.
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And it is true that metaphysicians get the right ideas at last ; Hegel’s
system of Nature represents tolerably the science of that day; and
one may be sure that whatever scientific investigation has put out of
doubt will presently receive a priori demonstration on the part of
the metaphysicians. DBut with the scientific method the case is dif-
ferent. I may start with known and observed facts to proceed to
the unknown ; and yet the rules which I follow in doing so may not
be such as investigation would approve. The test of whether I am
truly following the method is not an immediate appeal to my feelings
and purposes, but, on the contrary, itself involves the application of
the method. Hence it is that bad reasoning as well as good reason-
ing is possible; and this fact is the foundation of the practical side
of logic.

It is not to be supposed that the first three methods of settling
opinion present no advantage whatever over the scientific method.
On the contrary, each has some peculiar convenience of its own. The
a priori method is distinguished for its comfortable conclusions. It is
the nature of the process to adopt whatever belief we are inclined to,
and there are certain flatteries to the vanity of man which we all be-
lieve by nature, until we are awakened from our pleasing dream by
some rough facts. The method of authority will always govern the
mass of mankind; and those who wield the various forms of organized
force in the state will never be convinced that dangerous reasoning
ought not to be suppressed in some way. If liberty of speech is to
be untrammeled from the grosser forms of constraint, then uniformity
of opinion will be secured by a moral terrorism to which the respect-
ability of society will give its thorough approval. Following the
method of authority is the path of peace. Certain non-conformities
are permitted; certain others (considered unsafe) are forbidden.
These are different in different countries and in different ages; but,
wherever you are, let it be known that you seriously hold a tabooed
belief, and you may be perfectly sure of being treated with a cruelty
less brutal but more refined than hunting you like a wolf. Thus, the
greatest intellectual benefactors of mankind have never dared, and
dare not now, to utter the whole of their thought; and thus a shade
of prima facie doubt is cast upon every proposition which is con-
sidered essential to the security of society. Singularly enough, the
persecution does not all come from without ; but a man torments him-
self and is oftentimes most distressed at finding himself believing
propositions which he bas been brought up to regard with aversion.
The peaceful and sympathetic man will, therefore, find it hard to resist
the temptation to submit his opinions to authority. But most of all
I admire the method of tenacity for its strength, simplicity, and
directness. DMen who pursue it are distinguished for their decision of
character, which becomes very easy with such a mental rule. They
do not waste time in trying to make up their minds what they want,
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but, fastening like lightning upon whatever alternative comes first,
they hold to it to the end, whatever happens, without an instant’s
irresolution. This is one of the splendid qualities which generally
accompany brilliant, unlasting success. It is impossible not to envy
the man who can dismiss reason, although we know how it must turn
out at last.

Such are the advantages which the other methods of settling
opinion have over scientific investigation. A man should consider
well of them ; and then he should consider that, after all, he wishes
his opinions to coincide with the fact, and that there is no rcason why
the results of these threc methods should do so. To bring about this
effect is the prerogative of the method of science. Upon such con-
siderations he has to make his choice—a choice which is far more
than the adoption of any intellectual opinion, which is one of the
ruling decisions of his life, to which, when once made, hic is bound to
adhere. The force of habit will sometimes cause a man to hold on to
old beliefs, after he is in a condition to sec that they have no sound
basis. DBut reflection upon the state of the casc will overcome these
habits, and he ought to allow reflection its full weight. Pcople some-
times shrink from doing this, having an idea that beliefs are whole-
some which they cannof help feeling rest on nothing. But let such
persons suppose an analogous though diffierent case from their own.
Let them ask themgelves what they would say to a reformed Mussul-
man who should hesitate to give up his old notions in regard to the
relations of the sexes; or to a reformed Catholic who should still
shrink from reading the Bible. Would they not say that thesec per-
sons ought to consider the matter fully, and clearly understand the
new doctrine, and then ought to embrace it, in its entircty? DBut,
above all, let it be considered that what is more wholesome than any
particular belief is integrity of belicf, and that to avoid looking into
the support of any belief from a fear that it may turn out rotten is
quite as immoral as it is disadvantageous. The person who confesses
that there is such a thing as truth, which is distinguished from false-
hood simply by this, that if acted on it will carry us to the point we
aim at and not astray, and then, though convinced of this, dares not
know the truth and sceks to avoid it, is in a sorry state of mind
indeed.

Yes, the other methods do have their merits: a clear logieal con-
science docs cost something—just as any virtue, just as all that we
cherish, costs us dear. But we should not desire it to bhe otherwise.
The genius of a man’s logical method should be loved and reverenced
as his bride, whom he has chosen from all the world. Ile need not
contemn the others; on the contrary, he may honor them decply, and
in doing so he only honors her the more. DBut she is the one that he
has chosen, and he knows that he was right in making that choice.
And having made it, he will work and fight for her, and will not com-
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plain that there are blows to take, hoping that there may be as many
and as hard to give, and will strive to be the worthy knight and
champion of her {from the blaze of whose splendors he draws his
inspiration and his courage.

THE GROWTII OF TIIE STEAM-ENGINE.

By Proressor R. HH. THURSTON,
OF THE STEVENS INSTITCTE OF TECHNOLOGY.

F16. 1.—THE GRECIAN IDEA OF THE STEAM-ENGINE.

! This sketeh is eondensed from lectures originally written for delivery to an audi-
ence of engineers and meehanies, at the Stevens Institute of Technology, in the winter
of 1871-"72, and from leetures since prepared for elasses in the Department of Meehani-
cal Engineering, and revised to date. The most novel portion—referring to the praeti-
cal realization of the * perfect steam-engine ”’— is here more fully developed than it had
previously been, and the paper, as a whole, is for the first time here published. The
illustrations are principally from Stuart and Farey, and from the artiele “ Steam-Engine,”
prepared by the writer of these leetures for AppLETONS’ CyYcLOP.EDIA, new edition.

A very eomplete history of ““ The Growth of the Steam-Engine ” has been prepared by
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