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ages of certain other discases will in this case be the very copgy,
to promote the ravages of cholera, A parallel case would be gy
carefully removing the coals of fire from a buildin
safeguard to the structure; but let a sudde
cmbers thus removed would be seattered far and wide,

————
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ILLUSTRATIONS OF THE LOGIC OF SCIENCE

By C. S. PEIRCE,
ASSISTANT IN THE UNITED STATES COAST BURVEY.
SECOND PAPER.—IIOW' TO MAKE OUR IDEAS CLEAR,
: 5

| NG
X

]
HOEVER has looked into a modern treatise on lo
between clear and obscure conceptions
Jused conceptions,

-logioians as among the gems of their doctrine,
A clear idea is defined

be recognized whereve

mistaken for it. If it fails of this clearness, it is said to be obsemr.

This is rather a neat bit of philosophical terminolog

definition a little more plain,

become familiar with it, and to have lost all hesit
" in ordinary cases, hardly seems to desery

than such a famili

but a small merit, which needs to be supplemented by another, whid
they call distinetness. ' ’
A distinet idea is defined as one which contains nothing whid
is‘not clear. This is technical language ; by the contents of anids
logicians understand whatever is contained in its definition, So th
an idea is distinetly apprehended, according to them, when weu

give a precise definition of it, in abstract terms. Here the prof
and I would not have troubleqﬁ' '

sional logicians leave the subject ;

g every night
n gale spring up, a8

E tine. ‘ ‘

gy ; yet, sinceits [
clearness that they were defining, I wish the logicians had made e f
Never to fail to recognize an iden, ul 8
under no circumstarices to mistake another for it, let it come in howm |
ondite a form it may, would indeed imply such prodigious fores s ;
clearness of intellect as is seldom met with in this world. On theoie [
hand, merely to have such an acqudintance with the ‘idea as tohm
ancy in recognizirgi |8
e the name of clearnessd
apprehension, since after all it only amounts to a subjective feelingd ¥
mastery which may be cntirely mistaken. I take it, however, thi |8
when the logicians speak of * clearness,” they mean nothing m |
arity with an idea, since they regard the qualitys |§

v
»
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gder with what they have to say, if it were not such a sl'riking ex-
‘:mple of how they have been slumbering through ages of intellect-

‘ual activity, listlessly disregarding the enginery of modern thought,

aud ever dreaming of applying its lessons to the improvement of

; logie, It i8 easy to show th_:}t the -doctrine that i'a.mi’lin,r 1'“;? and
B Jbsiract distinctuess make the perfection of uplmeh.cumon lms. lt.b\ only
- place in philosophies which h:wc}o_hg been extinet; and it is now
time to formulate the method of attm-mng. to a more perfect clcarngss
E f thought, such as we see and admire in the thl?kch of our own

\

When Descartes set about the reconstruction of philosophy, his
fist step was to (theoretically) permit skepticism and to dlsc:n'(} the
practice of the schoolmen of looking to authority as the ultimate

' sourii of truth. That done, he sought a mor¢ natural fountain of

4 ~ - - . . .
inciples, and professed to find it in the Luman mind; thus

pssing, in the dircctest way, from the method of -authority to that of
gic of thf
common sort, will doubtless remember the two distinetisy [
y and between distinet and o JE
They have lain in the books now for nigh tw i
centuries, unimproved and un modified, and are generally reckonedy |8

apriority, as deseribed in my first paper. Soll'—conscip‘mncs:e was to
furish us with our fundamental- truths, and to decice what was
agrecable to reason.  But since, evidently, not. -:\ll idease are true, he
was led to note, as the first condition of infallibility, that they must Le
dear. The distinetion between an idea seoming clear and really Ueing

; g0, never occurred to him. 1‘rusting to illtr05p0cti011,:1s he did,cven for -
. ! .
as one which is so apprehended that it

: . P . A, IS D 1g- q \ O
r it is met with, and so that no other wilk & nrespect to the contents of our own minds? But then, I suppose,

aknowledge of external things, why should he question its testimony

feeing men, who seemed to be quite clear and ])()'Sili.\'(', bolding cppo-
site opinions upon fundameuntal principles, he was further led to say
that clearness of ideas is not sufficient, but that they need also to be
distinet, 1. e., to have nothing unclear about them. W i}:l‘t. hie plphubly
meant by this (for he did not explain himself with precision) wis, that. -

- they must sustain the test of dialectical examination ;. that they must

not only seem clear at_the outset, but that discussion must never be
sble to bring to light points of obscurity conneeted with tlicm.
Such was the distinction of Descartes, and one sees that it was

F precisely on the level of his philosophy. It was somewhat developed

by Leibnitz, This great and gingular genivs was as remarkalyle .1'01'
what he failed to sce as for what he saw. That a picce of mechanivm
could not do work perpetually without being fed with power in scme
form, was a thing perfectly apparent to him; yet he did not l‘llld("l‘-
stand that the machinery of the mind can only transform knowiedge, -
but never originate it, unless it be fed with facts of obsor\'gll.ion. lie
thus migsed the most - essential point of the Cartesian ]»]nl.()so]rhy,
which is, that to accept ]3roposit.ions which seem perfeetly evident to
] isathing which, whether it be logical or illogical, we cannot belp
dding. Instead of regarding the matter in this way, he sought to re-
duce the first principles of science to formulas which cannot be denied
withont self-contradiction, and was apparently unaware of the great
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difference between his position and that of Descartes. . So he reveny |
to thé old formalities of Jogic, and, above all, abstract deﬁnitionsp]am ]
a great part in his philosophy. It was quite natural, therefore, t;
on observing that the method of Descartes labored dnder the diffieuly
that e may scem to ourselves to have clear apprehensions of gy §
which in truth are xery hazy, no hetter remedy oceurred to him thagy;
require an abstract definition of every important term. Accordigl,
‘in adopting the distinetion of clewr .:md distinet notions, he desenitd
the latter quality as the clear appreliension of everything eontai
in the definition ; .and the books have ever since copied his wor
There i3 no danger that, his chimerical schenje wil ever again be ore _
valued. Nothing new fan ever be learned by fnalyzing definitios §
Névertheless, our existi 17 beliefs ean be set in order by this Proces,
and order is an,_essentialkelement of intellectual cconomy, as of erey §
other. Itmay beacknowledged, therefore, that the books are rightis
making familiarity with a notion the first step toward élearnesd
apprehension, and the defining of it the sccond. Bt in omitting ol
mention of any higher perspicuity of thought, they simply mirror a pli
losophy which was.exploded a hundred years ago. That much-admind
“ornament of logic ”—the doctrine of clearness and distinctness-
may be pretty enough, but it is high time to relegate to our cabinetd
curiosities- the antique &jjoi, and to wear :1b0)1t us sowmething bet
adapted to modern uses. 7 A

~ The very first lesson that we havea right to demand that logic st
tefich us ig, how to make our ideas clear; and a.most important onei
is, depreeiated only by minds who stand in need of it.  To know wh
we think, to be masters of our own meaning, will make a solid four
-dation for great and weighty fhought. It is most easily learned by
those whose ideas arc meagre and restricted ; and far happier the
than such as wallow helplessly in a rich mud of conceptions, 3
“nation, it is true, may, in the course of generations, overcome theé dis
-advantage of an excessive wealth of lan
comitant, a vast, unfathomable deep of ideas. We may sce it in b
tory, slowly perfeeting its literary forms, sloughing at %Cngt}‘r it
metaphysies, and, by virtue of the untirable patience which is often s
compensation, attaining great excellence in every branchy ef mentd
acquirement. The page of history i§ not vet unrolled which is totel
us whether such a people will or will not in the long-run prevail over
one whose'ideas (like the words of their language).are few, but whit
possesses a wonderful- mastery over those which it Tas, - Fora
individual, however, there can be no qugstion that a few clear ide
are worth more .than many confused ones. = A young man wo
hardly be persuaded to saérifxce the greater part of his thoughts 1
save the rest; and the muddled headis the least apt to sec thie new
sity of such a sacrifice. Iim we dan usually only commiserate, 3
person with a congenital defect. Time will help him, but intellectul

4

b beautiful Melusing of the fable, and-the

than the “distinetness ™ of the logicians,

guage and its natural cor §
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maiurity with regard ito clearness comes rathér late, an unfortunate
smangement of Nature, inasmuch as elearness is of less use to .
setled in life, whose errors have in great measure had their cffect,
than it would be to one whose path lies befere him. It is terrible to
see how a single unclear idea, a single formula without meaning, lurk-
ingin a young man’s he:xd,“will sometimes act lik'e an obstruction of
inert matter in an- artery, hindering the nutrition of the brain, and
condemning its vietim to pinc fvay in the fullness of his intellectual
vigor and in the midst of intellectual plenty. Many a man has cher-
~ ished for years as his holby some vague shadow of .an idea, too mean-
ingless to be positively false; he has, nevertheless, passionately loved
it, basmade 1t his companion by day and by night, and has given to
ithis strength and his life, leaving all other occupations for its sake,
and in short hys lived with it and forit, until it has become, as it were,
flesh of bis ﬂcih and bone of his bone; and then he has waked up
some bright morning to find it®*pone, clean vanished® away like the
essence of his life gone with
it Ihave mysclf known sucla man; and who ¢an tell how
historics of circle-squarers, metaphysicians

a4 Iman-

many
s astrologers, and what not,

- meyu0t be told in the old German story ¥ : E

N

L. .

The principles set forth in the first of these

papers lead, at onee,
tamethod of reaching a clearness of thoug

ht of a far higher grade

We have there found that,

the action of thought is excited by the irritation of doubt, and ocases
when belief iy attained; so thag the production of belief is the sole
function of thought. Al these words, however, are too strong for
f purpose, It iy as if I had deseribed the phenomena as they ap-
pearunder a mental mieroscope. Doubt and Belief, as the words are
oumonly employed, relate to religious or other grave discussions, -
But here T use them to designate the starting of any question, no mat- .
ter how small or how great, and the résolution of it. If, for instance,

. iﬂﬂhorse-car, I pull out my purse and find a five-cent nickel and five
tppers, I decide, while my hand is going to the parse, in which way 1
will pay my fare, To call such a question Doubt, and my decision

- Belief, 18 certainly to use words very disproportionate to the oceasion,
Tosgiak 6f such a doubt as causing an irritation which needs to be
ppessed, sugwests a temper which is uncomfortable to
of insanity, Yet, laoking at t
ted that, if 1

the verge

he matter minately, it must be admit-
ere is the least h{giml.}'on as to whether T shull pay the
fire coppers or-the fickel (as there will I et be, unless I act
ffom. Some previously contracted habit in the matter), though irrita-
tion i§ too Strong a word, yet T am excited to such small mental activy
ty ag lay be necefsary to deciding how I shall act. Most frequentl;p”
VoL, x11.—19 ' -

A

3
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doubts arise from some indecision, however momentary, in our aetip
Sometimes it's not so. 1 have, for example, to wait in a railwy.
station, and to pass the time I read the udvm'(‘ismnents on the walk
I compare the advantages of different truins\:md different Toutes v
[never expeet to take, merely fancying myself to be in a sty
hesitaney, beeause I am bored with having nothing to trouble i
Feigned hesitaney, whether feigned for niere amusement or with s ;
lofty purpose, plays a gréat part in the production of” scientific . f
quiry. However the doubt may originate, it stimulates the migdy
an activity’ which may be slight or energetie; calm or {urbuly §
Images pass rapidly through consciousness, one incessantly meli
into another, until at last, when all is over—it may be bf a fractiong
a second, in an hour, or after long years—we find ourselyes decideds
to how we should act under such circumstances as those which o §
sioned our hesitation.  In other words, we have attained belief,

In this process we observe two sorts of clements of conseiousnes,
the distinetion between which wmay best be made clear by meg
of an illustration.  Tu a piece of husie there are the separate note,
and there is the air. A\ single tone may be prolonged for an be
or a day,’and it exists as perfeetly in cach second of that ti:
as in the whole taken together; so that, as long as it is soundiug,
it might he present to a serffe from which everything Ail} the p?st
was as completely absent as the future itself. But it is (llﬁere.nt vk
the air, the performance of which ocenpies acertain time, during the
portions of which only portions of it are played. It consistsina ‘
orderliness in the suceession of sounds which strike the ear at difir
ent times; and to perceive it there must be some continuity of cor
sciousness which makes the events of lapse of time present tot:
We certainly only pgrecive the air by bearing the separate note;
yet we cannot be siid to dircetly hear it, for we hear only whatis
i)mseflt at the instant, and an orderliness of succession eaunot existi
an instant.  These two sorts of objects, what we are immediatdy

i

conseious of and what we are sediately conseious of, are found in sl i

consciousness,  Some clements (the sensations) are eomplete]ypte&
ent at evéry instant so long as they last, while others (like though)
are actions having beginning, middle, and end, and consist in a cor
grwin «tvhc.succc-'ssion of sensations which flow through the mmd.A
They eannot be immediately present to us, but must cover some per
tion of the past or future. Thonght is a thread of melody runirg
through the succession of our sensations, . o

*We.may add that just as a piece of musie may: be written B
parts, each part having its own air, so various systems of 'r‘c}a‘lloﬂ‘
ship of succession subsist together between the same seqsption®
These different systems are distinguished by having different rr'lt_)t!Yﬁl
pieas, or functions. Thought is only one such system, for its sok

ative, idea, and funetion, is to produce belief, and whatevq does

. o

- e that it scems to vex them to think that the

areaware of; second, it appeases the irri

- motive for thinking
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not coucern that purpose belongs to some othe
The action of thinking may incidentally have other results ; it may
serve to amuse us, for example, and among dilettanti it is not rare
to find those who have so perverted ﬂmught to the purposes of pleas-
questions upon which
ally settled; and a positive
t out of the arena of literary

This disposition is the very
and meaning of thought, ab-
accompany it, though it may
made to direet itself toward

r system of relations,

they delight to exercise it may eyer get fin
discovery which takes a fuvorite\sul»jec
debate is met with ill-coneealed dislike,
debauchery ot thought.  But the soul
stracted from the other clements which
he voluntarily thwarted, can neve# be
anything but the production of belief, Thought in action has for its
oly possible motive the attainment of thought at rest; and what-
eer does not refer-to helief is no part of the thought itself,

Aud what, then, Is belief? It is the demi-cadence which closes a
musical phrase in the symphony of our intellectual life, We have
seen thatit has just three properties: First, it is something that we
tation of doubt; and, third,
¢ of a rule of action, or, say
As iCappeases the irritation of doubt, which is the
» thought relaxes, and comes to rest for a moment
when belief is reached. But, since bélief is a rule for action, the
ypplication of which involves further doubt and further thought, at

itinvolves the establishment in our natur
for short, 2 Aabie,

the same time that it is a stopping-place, it is also'a new starting-

plce for thought. . That .is why I have permitted myself to call it
thought at rest, althongh thought is essentially an action, The Jinal’
upshot of thinking is the exercise of volition, and of this thought no
lnger forms & part; but belief is only a stadium of mental action,
weffect upon our nature due to thought, which will influence future
thinking, )

The essence of belief is the establishment of a habit, and different
heliefs are distinguished by the different modes of action to which
they give rise, If belicfs do not differ in this respect, if they appease
the same- Agqubt by producing the same rule of action, then no mere
iferences in the manner of consciousness of them ean nake them
Hifferent beliefs, any more than playing a tune in different keys is
pla_ving different tunes, Imnginnry distinetions are often drawn
between beliefs which differ only iu their mode of expression ;—the
vrangling which ensues is real enough, however, To believe that any
objects are arranzed as in Fig. 1, and to, believe that they are arranged

| g 2 are one and the same belief; yet it is conceivable that a man

should o

$sert one proposition and deny the other. Such false dis-
tinetiong

do as much harm as the confusion of beliefs really different,
and are among the pitfalls of which we ought constantly to beware,
Specially when we are upon metaphysical ground. One singular

®eption of this sort, which often occurs, is to mistake the sensation
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\
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o

‘produced by our own unclearness of thought for a character of e

1

292 THE POPULAR S CIEA"CE MONTHL ’Y.

object we are thinking, Instead of pereeiving that the ()})scurit‘;ﬁ
purely subjective, we fancy thav we ('Ulll(i]lllgl:ll(‘ a qu:'lhty of th
objeet which is essentially mysterious; and if our coneeption !:)e after
ward presented to us in a clear form we do m>t_r0co;7r11‘1z? it astls
same, owing to the abrence of the feeling of unintelligibility, &

. v ;e » 3 h - . -
\
s
. . .
. - » . v . . . ™ . . e
. - .
-
4 L4 . v ¢ o . v ® . . N e .« .
\ - - .
¢ « * . L T B . . [
- - . +
- -
» . e » « * o s v o . . . . Yo
. . . .
. . . . '
h . L - - v « o - .
. . . . ‘
. . . .
. - o . . « o . - . . N . “ . . <«
Y - . . L] N
- -
* * T Y s e . e \ . “ s
L4 »
. . - . [N
b e s .
1] v [ .
. +* . . - o - \] . . - v
. . .
A R ] L ¢
>.~ A
Fra. 1. . : Fia. 2

long as this dec'option las#, it obviously puts an impassable barig
in the way of perspicuous thinking; so that it equally interests
oppouents of rational thought to perpetuate ity and its adherentst
guard hgainst it, .« e

Another such deception is to mistuke a weres difference i
grammatical construction of two words for a distinetion’ between ll:f‘
ideas they express. In this pedantic age, when the general mob d
writers attend so much more to words than to things, this erori
common enough,  When 1 just said that thought is an (lctz'on,.‘i'iiul
that it consists in a relation, although a person performs an actin
but not a relation, which can only Le the result of an nction,‘jél
there was no inconsistency in what T said, but only a gmmmatngl
vagueness. ' ' ' -

From all these sophisms we shall be perfectly safe so long aswe
reflect that the whole function of thought is to producy habits .Of it
tion; and that whatever there is connected with a thought, but imde
vant to its purpose, is an aceretion to it, but no part of ir, If ther
be a unity among our sensations which has no reference to how ¥t
shall act on a given occasion, as when we listen 1o a picce of must,
why we do not call that thinking. To develop its meaning, we bavt
therefore, simply to determine what habits it produces, fot W‘h““;
thing means is simply what habits it involves, Now, the Jdentlty‘;
a habit depends on how it might lead us to act, not mercly under E‘ﬂii
circumstances as are likely to é}risc, but under such as might possity

. oceasion, act in regard to such things as we be
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'occur, 1o matter how improbable they may be. What the habit is

depends on when and how it causes us to act. As for the when, every
stimulus to action is derived from perception; as for the o, every
pur_pos\;e of action is to produce some sensible result,  Thus, we come
down to what is tangible and practical, as the root of every real dis-
tinction of thought, no matter how subtile it may be; and there is no
distinction of meaning so fine as to consist in anything but a possible
difference of practice, ’

To see what this principle leads to, consider in the light of it such
s doctrine as that of transubstantiation. The Protestant churches
generally hold that the elements of the sacrament are flesh and blood
anly in a tropical sense; they nourish our souls as meat and the juice
of it would .onr. hodies,
literally just that ; although they possess all the sensible qualities of
wafer-cakes and diluted wine,  But we can have no conception of
wine exeept what may enter into a belief, either— ’

1 That this, that, or the other, is wine; or,

2. That wine possesses eertain properties,

Such beliefs are nothing hat self-notifications that we should, upon

lieve to be wine accord-
ing to the qualities which we believe wine to possess.  The oceasion
of such action weuid be some sensible perception, the motive of it to
produce some sensible result. Thus our action has exclusive reference
towhat affeets the senses, our habit has the same bearing as our ae-
tion, our belief the same as our habit, our conception the same as our
belief; and we can consequently mean nothing by wine but what has
eertain effects, direct or indirect, upon our senses; and to talk of
smething as having all the sensible characters of wine, yet being in
rality blood, is senseless Jargon,  Now, it is not my object to pursue
the'theologrical quest lonj and having used it ag a logical example T

drop it, withont caring to anticipate the theologianw’s reply, 1 only

lesire to point out how impossible it is that we should have an
idea in our minds which relates to anything but coneeived sensible
effects of things.  Our idea of anything s our idea of its sensible
@ﬁl‘cts; and if wo faney that we have any other we deceive ourselves,
and mistake a mere sensation accompanying the thought for a part of
the thonght itself, Tt is absurd to say that thought has any meaning
unrelated to jts ouly funetion. Tt is foolisk for Catholics and Protes-
tants to fancy themselves in disagreement about the elements of the

Sacrament, if they agree in regard to all their sensible effcets, here or

hereafter,

s
It appears, then, that the rule for attaining the third grade of
dlearness of apprehension is as follows: Consider what effects, which
might cbnceiv:lhly have practical bearings, we conceive the object of
9 conception to haye, Then, our conception of these coffects is the
Whole of oy conception of the object,

But- the-Catholies muintaii thiit they are ™ T
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Let us illustrate this rule by some examples; and, to begin vt

the simplest one possible, let us ask what we mean by callingath}ng ;
hard. Evidently that it will not Le seratched by many other g
stances. The whole conception of this quality, as of every other ly §
in its conceived effcets.  There is absolutely no difference betwea;
hard thing and a soft thing so long as they are not brought toth f
test. Suppose, then, that a diamond could be crystallized in themil: §
of a cushion of soft cotton, and should remain there until it was finaly
Woull it be false to say that that diamond wasi k

burned up.

This seems a foolish question, and would be s0, in fact, exceptint

realm of logic. There such questions. are. often of -the. greatest iy
as serving to bring logical principles into sharper relief than real d: §
cussions ever could.  In studying logic we must not put them sk

with "hasty answers, but must consider them with attentive car
-order to make out the principles involved. We may, in the pres

¥ its effects,

case, modify our question, and ask what prevents us from saying the B
all hard bodies remain perfectly soft until they are touched, vhi:
their hardness increases with the pressure until they are seratehd

Reflection will show that the' reply is this: there would be no Jabit B

in such modes of speech. They would involve a modification of ez
present usage of speech with regard ¢o the words hard and soft, b

not of their meanings. For they represent no fact to be diferst

from what it is; only they involve arrangements of facts which woil |
be exceedingly maladroit. This leads us to remark that the questio §
of what would oceur under cireumstances which do not actually ani¢ §
is not u question of fact, but only of the most perspicuous arrgt §

ment of them. For example, the question of frec-will and fateini
simplest form, stripped of verbiage, is something like this: I har

done something of which I am ashamed ; could I, by an effort of th

- will, have resisted the temptation, and done otherE'iso? The phile
but only of th §

sophical reply is, that this ‘is not a question of fac

R
arrangement of facts,

Arranging them s0 as to exhibit.what ispr

ticularly pertinent to my question—namely, that T ought to blant |§

myself for having done wrong—it, ig perfeetly true to say that, if T hd
willed to do otherwise than I did, L.should have done otherwise. 0
the other hand, arranging the facts so as to exhibit another importart
consideration, it is equally true that, when a temptation has once beet
allowed to work, it will, if it has a certain force, produce its eﬁ'ect,l'ﬂ
me struggle how I may. There is no objection to a contradiction 1
what would result from a false supposition; The reductio ad abow
dum consists in showing that contradictory results wonld followffﬂm
a hypothesis which is consequently judged to be false. Many question
are involved in the frec-will discussion, and I am far from desiring

* say that both sides dre equally right. On the contrary, Iam of apinie

“na} position, when it

.
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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 5 that, had it not been for this question, the controversy

would never have arisen; and that this question is perféctly solved in
- the manner which I bave indicated.

Let us next seek a clear idea of Weight, This is another very easy
wse. Tosay that a body is heavy means simply that, in the absence
of opposing force, it will full. This (neglecting ceriain specifieations
of how it will fall; ete., 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 «ccount for grav-
ity; but what we mean by the force itsc

This leads us to undertake an account of the ide
aal. This is the great conceeption which, develope
of the seventeenth eentury from the rude idea of
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 5 and which, aside from its more
special uses, has played a principal part in directing the course of mod-

a of Force in gen-
d in the early part
a cause, and con-

- em thought, and in furthering modern social development. 1t is,

therefore, worth some pains to comprehend it,
vemust begin by asking what is the immediate use of thinking about
force; and the answer is, that we thus accoung for changes of motion.
If bodies were Teft to themsclves, without the intervention - of foreces,

erery motion would continue unchanged both' in velocity and | in
dircetion, Furthermore, change of motion never takes place abrupt-
ly; if its direction is changed, it is always through a curve without
angles ; if itg velocity alters, it is Dy degrees. Phe gradual changes
which are constantly taking place are conceived by geometers to be
mpounded together according to the rules of the parallelogram of
forees. Tf the reader does not alr ady know what this is, he will find
i, Thope, to his advantage to -endeavor to follow the following ex-
Phanation; but if mathematies are insupportable to him, pray let him
skip three paragraphs rather than that we should part company here,
‘Apath s a line whose beginning and end are distinguished., Two
Pths are considered to be equivalent, which, beginning at the same
point, lead to the same point. Thus the.two paths, 4 B ¢ D E and
A.FG H E, arc equivalent.  Paths which do not begin at the same
pomt are considered to be equivalent, provided that, on moving either
of them without turning it, but keeping it always parallel to its origi-
s beginning coincides with that of the other path,
the ends aleq coincide. Paths are considered as geometrically added
Yogether, when one begins where the other ends; thus the path 4 ¥

According to our rule,

Beonceived to be'a sum of B,B C,CDand D E 1Inthe paral-

If is completely involved in o
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lelogram of Fvi‘g. 4 the diagonal 4 C is the sum of 4 Band’]}g}-

or, since 4 D is geometrically equivalent to B ¢
rical sum of A 2 and . D.

e, 3. Fia. 4,

‘All this is purely conventional. Tt simply amounts to this: ek
“wechoose toreall piaths having the ve

lations I have described equal
added. But, though it is & convention
reason. The rule for geometrical addition may be
paths, but to any other things which can be
Now, as a path is determined by the varying
of the point which moves over it from the st
that anything which from its beginning to its
varying direction and a varying magnitude is
sented by a line.
- for they have only directions and rates,
accelerations, or changes of veloeitios,
case of velocities ; and it becomes evide
sider that precisely what velocities are
of clange of them—that acceler _
The so-called parallelogram of forces ” is simply a rnle for con
pounding accelerations, The rule s, to repre
paths, and then to geometrically add the paths,
ever, not_'ouly use the “ parallelogram of for
ent acc:lerations, but also to resolve one
several.  Let 4 B (Fig. 5)

capable of being repe

The same thing is true of
This is evident enough in t

ations are to veloeities,

acceleration into g sum of

accelcr:xtion~suy, such a changeln

under the influence of that chang,
bein a position different from wht
it would have had if its motin
had continued unchanged such tht
2 path equivalent to 4 B woul
lead from the latter position to the
: former. This acceleration may bf_
considered as the sum of the accelerations represented by 4 € md
C'B. Tt may also be considered as the sum of the very different s¢
celerations represented by 4 D and D B, whére A D is almost e
opposite of 4 (!, Apd it is clear that there is an immense varjety of

Fic. 5.

hY

, A Cis the geons I

,..accelemtions,.which,,,lmi,u,g.@G,l,l,l_l,mmdu}.by.. ,

, 1t is 2 convention with age |
applied not oalyy; f
represented by paty f
direction and distae f
arting-point, it follm f
end is determined by §

Aceordingly, veloritics may be represented by lins,

ut for accelerations if we cor ;
to positions—namely, stute

sent the accelerationsly |
The geometers, bov §
ces ” to compound difer |

be the path which represents a certain f

the motion of a body that at the
end of gne second the body v, §
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ways in which 4 B might be resolved. into the sum of tw
tions, .

After 'this tedious explanation, which I hope, in view of the ex-
traordivary interest of the cbﬁception of force, may not have exhaust- -
ed the reader’s patience, we are prepared at last to state the grand
fact which this conception embodies. This fact s that if the actual
éhunges of motion which the different particles of bodies e
are each resolved In its appropriate way, cach component accclera-
tion is precisely such as is preseribed by a certain law of Nature,
according to which bodies in the relative positions which the bod-
ies in question actually have at the moment,' alw

0 accelera-

xperience

ays reccive certain

&

the acceleration which the body actually experiences.

This is the only fact which the idea of force re
ever will take the trouble clearly to apprehend what this fact is, per-
fectly comprehends what force is.  Whether e ought to say that a
force is an acceleration, or that it canses an acceler
question of propriety of language, which has no mor

presents, and who-

ration, is o mere
¢ to do with our

_ralmeaning than the difference between the French idiom It fuit

Jroid” and its Eriglish equivalent 17 is cold” Yet it is surprising
tosee how this simple affair has muddled men’s minds, In how many
profound treatises is not force spoken of as a “mysterious entity,”
which seems to be only a way of confessing that the author despairs
o ever.getting a clear notion of what the word means! In a recent
sdmired work on ¢ Analytie Mechanies ” it is stated that we. under-
stand precisely the cftect of foree, but what force itself is we do not
understaud! This is simply a self-contradiction. The idea which the
word force exeites in our minds has no other function than to affect
aractions; and these actions can have no reference to foree other-
¥ise than through its cffects, Consequently, if we know what the

- effects of force are, we are acquainted with every fact whicl is implied

insaying that a foree exists, and there is nothing more to know. The
truth is, there is some vague notion afloat that a question may mesan
something which the mind cannot conceive; and when some hair-,
litting philosophiers have been confronted with tlie absurdity of -
stch a vie, they have invented an empty distinction between posi-
tve and negative conceptions, in the attempt to give their non-idea
tform not obviously nousensical, The nullity-of it is sufficiently plain
fom the considerations given a few pages hack; and, apart from -
those considerations, the quibbling character of the distinetion must
e struck every mind aceustomed to real thinking. '

v

1v.

- Let us now approach the subjeet of logie, and consider a concep-

00 whigh particularly concerns it, that of reality. Taking clearness

! Possibly the velocitics also have to be taken into aceount,

eometrical wddition, give*
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in the sense of familiarity, no idea could be clearer thun this, R
child uses it with perfect confidence, never dreaming that he doeg gy
understand it.  As fot clearness in its second grade, however, ity

probably puzzle most men, even among those of a reflective tun ¢E

mind, to give an abstract définition of the real,

Yet such a definin §

may perhaps be reached by considering the points of differencels f

tween reality and its oppesite, fiction. A figment is a produg ¢
somebody’s imagination; it has sueh characters as his thought in
presses upon it.  That whose characters are independent of how yog
I think is an external reality,  There are, however, phenomena wiy
our own minds, dependent upon our thonght, which are at the s‘nmeti:e
- xealin:the. sense.that- we realy-think them: But-thou el thieir e
acters depend on how we think, they do not depend on what we thi
those characters to be.  Thus, a dream has a real existence as a e
tal phenomenon, if somebody has veally dreamt it; that he dresmt v
and so, does not depend on what anybody thinks was drcamt, bt
completely independent of all opinion on the subject.  On the ol
h.’ll)(.l, considering, not the fact of dreaming, but the thing dredmti
retains its peeyliarities by virtue of no other fact than that it s
dreamt td/\l))‘J:S them.  Thus we may define the real as that whe
characterS are independent of what anybody may think them tobe
But, howeversatistactory sueh a definition may be found, it woil
be a great mistake to suppose that it makes the
feetly clear. IIere, then; let us :fppl_v our rules,
reality, like every other ql'm]ity, consists in the peculiar sensible effc
which things partaking of it produce. The only effect which ral
things .l}:n‘e is to cause belief, for all the sensations which they excie
emerg_gc into ?onsciousnoss in the form of beliets. The question thew
fore is, how is true belief (ov belief in the real) distinguished fron
false belief (or bel
paper, the ideus of truth and f:llsehood, in their full devclopment, sp
pertain exclasively to the seientific method of settling opinion. 4
person wito arbitrarily chooses the propositions which he will adopt
can use the word truth only to emphasize the expression of his deter
mination to hold on to his choice, Of course, the method of tenscty
never prevailed exclusively; reason is too natural to men for thit
Bat in the literature of the dark ages we find some fine examples of it
When Scotus Erigena is commenting upon a poctical passage in whid
hellebore is spoken of as having cansed the death of Socrates, he dot
not hesitate to inform the inquiring reader that Helleborus and S
ratcs were two eminent Greck philosophers, and that the latter having
been overcome in argument by the former tock the matter to hest
and died of it ! What sort of an idea of truth could a man have wit
could adopt and teach, without the qualification of a perhaps, an opi*
ion taken so entirely at random? The real spirit of Socrates, ¥ho!
hope would have been delighted to have been “ overcome in'srgv

idea of reality e
According to then,

v
, .

tefin fiction).  Now, as we have scen in the forme

ﬁ

|
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ment,” because he would have learned something by it, is in curious
reontrast with the naive idea of the glossist, for whom discussion would
seem to have been simply a struggle.  When philosophy began to
awake from its long slumber; and before Lheolog}{ completely domi-
nsted it, the practice scems to have been for each professor to seize
apon any philosophical position lie found unoceupied and which secmed
_astrong one, to intrench himself in it, and to sally forth from time to
time to give battle to the others. Thus, even the seanty records we:
possess of those disputes enable us to make out a dozen or more opin-
jons held by different teachers at one time concerning the question of

_pominalism and_realism, Read the opening part of the “Iistoria . . .-

- Calamitatum ™ of Abelard, who was certainly as philosophical as any
o his contemporaries, and see the gpirit of combat which it breathes.
Forhim, the truth is simply his particular stronghold, When the
method of authority prevailed, the truth meant little more than the
(atholic faith. All the efforts of the scholastic doctors are directed
tovard harmonizing thejr faith in Aristotle and their faith in the
Church, and one may search their ponderous folios through without
foding an argument which goes any further. It is noticeable that
vhere different faiths flourish side by side, renegades are looked upon
with contempt even by the party whose belief they adopt; so com-
pletely has the idea of loyalty replaced that of truth-secking. Snce
the time of Descartes, the defect in the conception of truth has been
kssapparent.  Still; it will sometimes strike a scientific man that the
pilosophers have been less intent on finding out what the faets are,
than on inquiring what belief is most in barmony with their system,
Jtishard to convinee a follower of the a priori method by adducing
futs; but show him that an opinion heis defending is inconsistent
with #hat he has laid down clsewhere, and he will be very apt to re-
traet it, These minds do not secem to believe that disputation is ever'
tocease ; they scem to think that the opinion which is natural for one
man is not so for another, and that belief will, consequently, never be
wlled. In contenting themselves with fixing their own opinions by
amethod which would lead another man to a different result, they be-
tray their feeble hold of the conception of what truth is. )

On the other hand, all the followers of science are fully persuaded
that the processes of investigation, if only pushed far enough, will
giwe one certain solution to every qucstion to which they can be ap-
plied. One man may investigate the velocity of light by studying
the transits of Venus and the aberration of the stars; amothery the

Oppositions of Mars and the eclipses of Jupiter’s satellites; a third by
the method of Fizeau; a fourth by that of Foucault; a fifth by the
motjons of the curves of Lissajoux; a sixth, a seventh, an cighth, and
aninth, may follow the different methods of comparing the measures
of statical and dynamical electricity. - They may at first obtain dif-
ferent results, but, as each perfeets his method and his processes, the




v

TEprESUIted i this opinion i the real. That is the way I woul

‘to. “Truth crushed to carth shall rise again,”
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results will move steadily together towurd a destined centre, Sowi
all scientific research, Different minds may set out with the py
antagonistic views, but the progress of Investigation carries theyy

a force outside of themselves to one and the same conclusion, i

activity of thought by which we are carried not where ih ; STats
to a fo;'cord'xinei woal, is like the o yeration o,f destiny ":Te ngfﬁh E knowledge can any number be great enough to express the relation
e ' per oY S0 Mot f Letween the amount of what rests unknown to the amount of the

tion of the point of view taken, no selecetion of other facts for sta
no natural bent of mind even, can enable o man to escape the predg;

and reality.

plain reality.

But it may be said that this view is directly opposed to the abstn:

definition which we have given of reality, inasmuch as it make i §

characters of the real to depend on what is ultimatel oht abo B a 13 ;
] s ultimately thought sh: go on for a million, or a billion, or any number of years vou please,

them. But the answer to this is that, on'the one handareality is inks
pendent, not necessarily of thought in general, but only of whatys

or Lor any finite number of men may think about it; and that, onf:

other land, though the object of the final opinion depends on wh
that opinion is, yet what that opinion is does not depend on whit

or I or any man thinks. Our perversity and that of others may it B

definitely postpone the settlement of opinion ; it might even conce

ably cause an arbitrary proposition to be universally aceepted asl §

as the human race should last,

Yet even that would not change th: B
nature of the helief, which alone could be the result of investigation f

carried sufficiently far; and if, after Ahe extinetion of onr ne

another should arise with faculties and disposition for
that true opinion must be the one which they would ultimately wm

1,7 and the opinion whit
would finally result from investigation do8s not depend on Low oy

investigatin, §

body may actually think. But thé reality of that which is real do ‘

depend on the real fact that investigation is destined Tostbad, at h
if continued long enough, to a belief in it, '

But I may be asked what I have to say to all the minute facts o

history, forgotten never to be recovered, to the lost books of thesr
cients, to the buried seerets.

“ Full many a gom of purcst ray serene
The dark, unfathomed caves of occan hear;
Full many a flower is horn to blush unseen,
And waste its sweetness on the desert air,”

Do these things not really exist because they are "ho'_pelessly beyand

! Fate means merely that which is sure to come true, and can nohiow be avoided.
15 a superstition to suppose that n certain sort of events are ever fated, and it Iy ande

to suppose that the word fate can never be freed from its superstitious taint. Wem
all fated to die, )

“ne

' §ttention. But I know that in the matter of ideas the public prefer
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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 atowms continue though there will be no
wind to know it 2 To this Treply that, though in no possible state of

known, yet it is unphilosophieal to suppose that, vith regard to any

. ., . . . . E oiven question (which has any clear meaning), investiration would
tnate opinion. This great law is embodied in the conception of tni § guen g ( y g), & :

The opinion which is fated* to he ultimately agreed
by all who investigate, is what we mean by the trath, and the objy

not bring forth a solution of it; if it were carried far enough. Who
would have said, a few years ago, that we could ever know of what

- cbstances stars are made whose Tight may liave been Tonger fii veachs " 777
1 ing us than the human race has existed ? Who ean be sure of what

ve shall not know in a few hundred years? Who can guess what
would be the result of continuing the pursuit of science for ten thou-
sud years, with the activity of the last hundred?  And if it were to

bow is it possible to say that there is any question which might not
utimately be solved ? .

But it may be objected, “ Why make so much of these remote con-
siderations, especially when it is your principle that only practieal
distinctions have a meaning 2 Well, T 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 I fished up to-morrow. But that there are gems at.the bottom
of the sea, flowers in the untraveled desert, cte., are propositions
which, like that about a diamond being hard wlien it is not pressed,
tncern much more the arrangement of our lasignage than they do the
meaning-of our ideas, _ "

It seems to me, however, that we have, by the application of our
rle, reached so clear an apprehension of what we mean by reality, ’
ad of the fact which the idea rests on, that we-should not, perhaps, - '
bemaking a pretension so presumptuous as it would be. singular, if 8
e were to offer o metaphysical theory of cxistence for universal o
teeeptance among those who employ the scientific method of fixing :
belief, However, as metaphysics is a subject much more curious than o
ueflul, the knowledge of which, like that of a sunkeu reef, serves
chiefly to enable us to keep clear of it, Twill hot trouble the reader with
aymore Ontology at this moment. I have already been led much, fur-
ther into that path than I should have desired; and I have given the
rader such a dose of mathematics, psychology, and all that is most
thstrose, that T fear he may already have left me, and that what I am
WoW 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
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the cheap and nasty; and in my next paper I am going to:

the easily mtelllglble, and not-wandef from it again. The'

has been at the pains of wading through this month’s paper

rewarded in the next one by seeing how beautifully what.

developed in this tedious way can be applied to the ascertai

the rules of scientific reasomng

We have, hitherto, not crossed the threshold of eclennﬁg

It is certmnly important to- know how to make our ideas cly

-they may be ever so clear without bemg true. How to male

80, we have next to study. How to give birth to those vital and
creative ideas which multiply into a thousand forms and diffuse g

~selves everywhere, advancing civilization and making the. dign

_man, is an art not yet reduced to rules, but of the secret of whx '

history of science affords some hints.

.,
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THE ARCHER-FISHES.:

By E. SAUVAGE.

IN the elegance and variety of their colors, in the: sp]endor
brxllxaucy of the tints with which they have beenadotned

Nature, marine animals have no reason to envy the inbabitiof
air; and if in the tropical regions of Africa and America the f
are embellished by the presence of innumerable birds of
plumage, the Indian Ocean avd the Antilles Sea possess
~ legions of fishes that are more beautiful still, whose scalés
~ all the colors of the metals and precious stones, while
varied ornamentations are traced in vivid colors on th

The animals known to our colonists on the’ Antill
: the names of Demoiselles, Portugais, _Bandmdzéres, ‘argy!
spéct; not inferior to the most richly-adorned of fishes,.
to keep near the shote, amid the rocks and in shall
- Ting - sw1fi;1y and ever moving, they are constant]
splendid colors with which they are decorated.” ‘R
azure, velvety-black nilk-white, are gorgeously di
surface in the form of bands, streaks, curved lines runn
du'ectlons rings, ocellited spots. These colors stan
- ~the surface of the body, which furnishes a backgrou
nacreous tints of gold and silver, or of polished steel.

Ini all of these fishes the body is compressed, and ‘th
are covered with scales, whence the name Squami]
they are known to naturahsts The shape of the body
pecuhar, and the buffalo or cow fish of the Malays is ong.of

! Translated from the French by J. Fxtzgemld A.'
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