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6o4 THE POPULAR SCIENCE MONTHLY,
of this masterly investigation, the words wherewith Pasteur himgelf
feelingly alludes to the difficultics and dangers of the experimenters
o . . . X
art came home to me with especial foree: “ J’ai tant de fois éprouyg
que dans cet art difficile de Pexpérimentation les plus habiles bron.
chent & chaque pas, et que l'interprétation des faits n’est pas moing
périlleuse.”

———

i

ILLUSTR;&TIONS OF THE LOGIC OF SCIENCE.

By C. 8. PEIRCE,
ASSISTANT IN THE UNITED $TATES COAST SURVEY,

THIRD PAPER.—THE DOCTRINE OF CIHIANCES.
I

T is a common observation that a science first b.'egins to be exac't
when it is quantitatively treated.  What are called the exact sci-
ences are no others than the mathematical ones.
vaguely until Lavoisier showed them how.to apply the Valance to.the
verification of their theories, when ('humxs.t!'y 1(-:11)0(1.suddonly into
the position of the most perfeet of the classificatory sc1.ences: ' It has
thus become so precise und ccrtn?n that we usually thm.k of it along
with opties, thermotics, and cleetries.  But, these_ure studies of'%;ene.rul
Iaws, while chenﬁsn'y considers mo.roly th.e re!atmns and cln§51 cation
of certain objects; and belongs, in renht)f, in the same category as
systematic botany and zotlogy. Comp:lr.e it with .the:se ]nst,howeve‘r,
and the advantage that it derives from its quantitative treatment is

Hl}'i‘;‘e](}'::lt(:st numerical scales, such as that by which the mineral
ogists distinguish the different degrees of lm‘rdncss, are found useful
“The mere co:mting of pistils and stamens 'Sllﬂ.’ICO(l to bring botany ou}:
of total chaos into some kind of form. It is not, however, so mue |
from counting as from measuring, not so mu'ch from the con?optlon.
of number as from that of continuous quantity, that the advantage
of mathematical treatment comes. Number, {dter all, only serv;s' t;)
pin us down to a preeisior in our thoughts which, however bene cmt-,
can seldom lead to lofty conceptions, and frequently descends to }Re[,
tiness. Of those two facultics of which Bacon speaks, that whic
marks differences and that which notes resemblances, the .employmft’q:
of number can only aid the lesser one; and the excessive useo 01f
mustdend to narrow the powers of the mind. 1?11’0 the conc;ptufmml
contin@\xs quantity has a great office to fulfill, mdep;:nde.nt yfodiﬁ‘ei
attempt at precision, Far from tending to the exagg.em,flono il
ences, it is the direct instrument of the finest generalizations,

! Comypites Rendus, Ixxxiii., p. 177,

9
¥

Anspect.  They all have, for instance, a certain S-sha
4l observes that they are not precis
Ausnot precisely the same shape,
Aadbim to believe that forms could be found inte
~uytwo of those he possesses.  He, now, finds othe

s,whether he can find intermediate one
Fsith the others.

o tuse which differ, at first glance, much

Jhm the study of Nature a new ge

Chemists reasoned .3 S
leapplies 1t first to one character, and then to another

Hrembers, however great, are confined
-Jtich does not here concern us,
3t be considered later ; but

Bhmone form to another bylinsensible degrees, th
wilds kis conce

& mmation of true and fruitful conceptions,
Aetdiferences are hroken down and resolve
£

iz aur conceptions,
24 e present series of papers;

lilscies, which, arisin g from
i@ty must further on be closel

4 bet, as where we s
o ibitants per

ILLUSTRATIONS OF THE LOGIC 0F SCri; "CE. 6os

% snaturalist wishes to study a species, he
ter of specimens more or less similar,
§ hserves certain ones which are more or }

collects a considerable num-
In contemplating thm, he
ess alike ifi some particular
ped marking,
ely alike, in this respect; the S
but the differences are such as to
rmediate; between
rforms apparently
form of a C—and the question
s which will conneet these Intter
‘This he often succeeds in doing in cases where it
fruld at first be thought Impossible ; whereas, he sometimes finds
less, to be separated in Nature
aries. In this way, he Dbuilds up
neral conseption of the character in

aite dissimil:tr—say a marking in the

i the non-occurrence of intermedi

Auestion.  1le obtains, for example, ah idea of a leaf which ineludes
Juery part of the flower, and an idea of a vertebr
Al T surely need not say much to show wl

& which includes the
12t a logical engine
It is the essence of the method of the naturalist. How
, and finally
animals, the differences between whose.
within limits, is a matter
The whole method of- classification
» 4t present, I only desire to point out
latit is bygaking advantage of the ideaof continuity, or the passage
at the naturalist

%iogs. Now, the naturalists are the great builders
deanceptions ; ere is no.other branch of science where so much of .
tiswork is done ag in theirs; and we must, in great meuasure, take
bem for our teachers in this important part of logic. "And it will be
fund everywhere that the idea of continuity is a powerful aid to the

By means of it, the great-
d into differences of degree,
ation of it is of the greatest value in broaden-
I propose to’make a great use of this idea in
;3 and the particular series of important
aneglect of it, have desolated philoso-
y studied. At present, T simply call the
y of this conception.
13, the idea of continuity is so indispensable,
introduced even where there is no continuity in
ay that there are in the United States 10.7 jn-
§quare mile, or that in New York 14.72 persons live
house.- Another example is thatdaw of the distribu-
"This mode of thought is so familiarly associated with all exact numerical considera-

it the phrase appropriate to it is imitated by shallow writers in order to produce

fere 1s here.

4dtains a notion of ,a species of

& ul the incessant applic

g uder’s attention to the utilit
4 o studices of numbe
ot it is perpetually

o 1 the average
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tion of errors which Quetelet, Galton, and others, have applied wity §

so much success to the study of biological and social matters,, T
application of continuity to cases where it does not really exist illus.

[LLUSTRATIONS OF THE LOGIC OF SCIENCE. 6o

This last class of difficulties can onl
uking the idea of probability perfe
ny set forth in our last paper.

y be entirely overcome by
ctly clear in our minds in the

trates, also, another point which will hereafter demand a separate 3
¥

-study, namely, the great utility which fictions..sometimes have i 3

science,

v

L .
The theory of probabilities is simply the scvier{ce.of logic quantita.
- tively treated. There are two conceivable certaintics thh. referen‘ce
to any hypothesis, the certainty of its' truth an.d the .certn.mty of its
falsity. The numbers one and zero aré appro‘pna‘ted, m t?ns calcullus
to marking these extrenies o( knowledge; while fractions havmg
values intermediate between them indicate, as we may vaguely say,
the degrees in which the evidence le.'lms toward-one or the other,
The general problem of probabilities is, from a given state ?f .fucts,
to determine the numerieal probability of a possible fact. Tl.ns is the
same a8 to inquire how much the given facts are worth, conmder'efl.as
-evidence to prove the possible fact. .Thus the problc‘zm of probabilities
is simply the general problem of log.lc. '

; Probability is a continuous qu:mt.lty, 80 .thut great a(.lvantages may
be expected from this mode of studying logic, Svome writers lrave gone
so far as to maintain that, by means of the c.:xlculus (?f ch:m.ces, every
solid inference may be represented by legit.lmatc :11:1}11%netxca]' opera-
tions upon.the numbers given in th? premiscs. It this b.e, indeed,
true, the great problem of logic, how 1t.1s that the obserxfatwn of(;)ne
fact can give us knowledge of another independent fact, is redllIJFe to
a mere question of arithmetic. It seems proper to examine t 15£re~
tension before undertaking any more recon.d'xt.e solution of the paradox.

Bat, unfortunntcly,\quitors on probabilities are 'not agreed in reI-
gard to this result. This branch of mathematics is the. orllly one,
i)elieve, in which good writers froquently.get.resnlts entlrefy”err_onef
ous. In elementary geometry the reasoning 18 frequently abacgu'sf,
but erronecous conclusions arc avoided; but. _xt. may b-e dou teb'éh
there is a single extensive treatise on probabilities in existence whi

does not contain solutions absolutely - indefensible, T}n; mb;;a:lg b
-owing to the want of any regular method.of procedure,ltor loblemg .

' jeet involves too many subtiltics to make it easy to pl;]t }-s g;menml 3
into equations without such an aid: But, beyjond- this, t ehimre .
principles of its calculus are more or 1.088 in (hs-put;nz. mctigal -
that class of questions to which it is chiefly applied for pract

‘ i i 3 i ard to others
poses, there is comparatively little doubt; but in rega

1 - i inion is somewhat un- 4
to which it has been sought to extend it, opinion ;

settled.

i a : which affect 8
the appearance” of exactitude where none exists, Certain newspapers

H haveno 3
¢ ' v mean most men, and ‘
learned tone talk of « thcf average man,” when they simply

idea of striking an average,

III.
i Toget a clear idea of what w
Ausider what real and sensible di
3 {probability and another.

i The character of probability belongs pr

B inferences.  Locke explains it

b

¢ mean by probability, we have to
ficrence there is between one degrec

imarily, without doubt, to
as follows: After remarking

&t the mathematician positively knows that the sum of the three
3

';ngl(‘s of a triangle is equal to two right angles because he
s the geometrical proof, he thus continues:
80 never took the pains to observe the dem
Huthematician, a man of credit, affirm the three angles of a triangle
b equal to two right ones, assents to it; i e, receives it for true.
My which ease the foundation of his assent is the probability of the
;.._mg, the proof being such as, for the most part, carries truth with
. the man on whose testithony he receives it not being wont to
' &m anything contrary to, or besides his knowledge, especially in
Hutters of this kind.” The celebrated “ Essay concerning IHumane
anderstanding” contains many passages which, like this one, make
?ieﬁrst steps in profound analyses which are not further developed.
iwes shown in the first of these papers that the validity of an
f‘ tirence does not depend on any tendency of the mind to
ol yever strong such tendency may be; but consists in th
@i, when premises like those of the argumen
Fclsions related to them like that of this
$i 75 remarked that in a logical mind an argument is always con-
Zlcived as & member of a genus of arguments all constructed in the
e way, and such that, when their premises are real facts, their
Rrrlusions are so also, If the argument is demonstrative, then this

ilways 50 5 if it is only probable, then it is for the most part so.
“such as for the most part °

Bl Locko says, the probable argument ig
Rurics truth with it,”
‘ According to this, that real and sensiblo difference between one de-
& of probability and another, in which the meaning of the distine-
1lies, is that in the frequent employment of two different modes
{inference, one will carry truth with it oftener than the other. Tt
gitident that this is the only difference there is in the existing fact,
lliving certain premises, 2 man draws a certain,conelusion, and as far
@tis inference alone is concerned the only possible practical ques-
#is Whether that conclusion js true or not, and between existence .
dunexistence there is no middle term.  “Being only is and noth-
Bis altogether not,” said Parmenides; and this is in strict accord-
1 With the analysis of the conception of reality givén in the last

appre-

“But another man

onstration, hearing a
~

accept it,
e real fact
t in question are true,
argument are also true. -

- pows
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paper. For \wc found that the distinetion of reality and fietjop de-:

S he supposition that sufficient investigation wou.ld €aNse one . eon drawing a card from o pack cont
})Cl.ld.b ey I'l' srsally reecived and all others to be rejected, Thy dablack one, or from o pack contain
s 1')0 "f“"t?ﬂ, 1in the very conceptions of reality and figment 3.1 4 red one, and if the drawing of g
presupposition mw, . dering of the two. It is the heaven-anghy) & asport bim to cternal felicity, god (1,
%HVOI-‘FCS , compll'('tt ;111;1011«]1?. But, in the long run, there is a reg Fnto everlasting woe, it would be folly
A _th@ B Od' te tl?e iden of 1,>rol>:1bility, and it is that a give Lthe pack containing the Targer Propo
et “‘hﬂfh rerence s b\tiuncw roves suecessful and sometines not,and Fr the nature of the risk, it could no
mOdc'Of mf”'_'en_ce 'Sofxl(‘l I ii;(‘l(] As we go on drawing inference fte ;\ arconeile this with onr anal
'thﬂt o 1 mfutolll‘lltrlil\l'lc‘-ln(lchuf du.rinq the ]ﬁx~st ten or hundred cases {he 1 [pdse he should choose the red pack, and shoulq draw the wrong
;21;;’;0:;;106005:05m”y be c;]wcto;l to show considerable fluctuations

i, what consolation would he have? He might say that he had

. ‘e’come into the thousands and millions, these fluctuations el in accordance with reason, hut that would only show that his

put when we con ]-1?{' wlif we continue long enough, the ratio Wll 0 grag absolutely worthless, And if he slioulq choose the right
bcconlti fess m]dv. 1:1”-,’ 1{2(\(1 limit, We may therefore define the prob- ?"mi,how could he regard it ag anything but a happy accident? e
i%:g)ll;t);lzlfn:txentxzj;gldf‘:xre;“mt‘“t as the proportion of cases in which it : ad drawn from the other pack, he might

ald not say that it he h
ith i : : jedrawn the wrong one, because an hypothetical proposition sucl,
carries truth with it. . . oug : . |
‘ The inference from the premise, A; to the conclusion, B, depends, Vi A, then B,” means nothing with reference to g single case,
; scen, on the guiding principle, that if a fact of the class A3 nth consists in the existence of a reg) fact corresponding to the truc
"¢ have see = = \‘ 3134 «r 3 v . . U .
as we fact ();‘ the class Bis true. The probability consists of the Jrmsition, Correspondmg to the proposition, «if A then B,” there
5 (. :l : ’ e ) . . M : 2 ) K3 .
;'5 tr:} ,1 whose numerator is the number of times in which both A ent as A happens such an
raction who: { e
Jifir as this man ig concerned, there w
as the i»robnl»ility of the inference, there is not the slighest objection
e the validity of an inference consists in the truth of the hypotheti-
s . 1s true that when it is perfectly ob ue the conclusion will also
really has no meaning at all. It ist
. reasoning in an isolated
thinking, as if the action of causation might cither determine :Im e:.ent e 8t all,
RIS, A : : i or less frec 3
to happcén or determine it not to happen, or leave it more ‘
i . .. B T C
from this vicious mode of expression.’ L fm} and fmlures, yet this, as we have seen, is only t'o say that it
Ay will, ag length, do so. Now the number of risks, the num-
v no cffect of
: i false, and can shoy . g »
ual inference must he Clt}lCI‘. true or ) inele case consideredd 2
probability ; and, therefore, in reference to a sing

ielf, probability can have no meaning.  Yet if 5 may had to choose

aining twenty-five red cards
ing twenty-five black cards
red card were destined to
t of g blacli( one to consign
to deny that he ought to pre.
rtion of req cards, although,
t be rep

ysis of the_conception of chance, Bug

Horbe the fact that wheneyer such an ey
B are true, and whose denominator is the total number (3f umem'n g?.weut 15 B happens.  Bug in the dnso supposed, which 1o o
)}- h A iﬁ’mxo whether B is so or not, Instead of speaking of this ] ould Do g re o, prallel
o e gitence could give any truth to the statement that, if he had drawn
to calling it the probability that, if A happens, B 1_”‘1’]’10‘?5- léuttto Fathe other pack, ho might have dramn gy el s
X of the ility ¢ eve ‘ithout naming the con 1tion,
al > probability of the event B3, wit i i | '
speak of the prob 3 ' A 1 e st i
- ‘hat condition is meant, the cllipsis may be permftted: But ,Etme‘, and since the only real fact whiol can sorreapn o o L0
e shar M avoid contracting the balit of using language in this vay Jusition is that whenever the antecedent is true the consequent is
avoie ac : : : W s .
‘(‘1'1(:1153.]22;1 q'ls the habit is),oboo:lus(- it gives rise to a vague way of 4, it follows that there eap be 110 senge 5
4 These considerations ppear, at first sight, o dispose of the diffi-
I not, 50 as to give rise to au fnkerant chance in regardto 3 Uy mentioned.  Yet, the case of the other side is not yet exhaust-
i h“l’l)o‘“. (;ce ’I; is qnitz clear to me that some of the worst 'rmd 2L Although probability will probably maniten & ot
o s(tmlfurlcli:to’n.t errors in the use of the doctrine of chances have arisen g risks, by a certain Proportion botarne . et i, say, 2
most porsis
v 1l probable inferences, which g3 man draws in his whole life, is a
1 1 tant point to be cleared up. Accord: ; Gieone, and he cannot be absblutely certain that the mean result
Ing bt T s ai lm}p?l:dﬂm olf wobability essentially belon'gs Alacoord with the probabilities at all, Tyking all his risks collec-
s e Sn]di : ]]L 1"«‘ ;'0])0‘\]“‘(1 indefinitely. An individ- 3, then, 1t cannot he certain that they will not fail, and his case
to a kind of inference which i { :

at every gambler,

ruined, Suppose he.

» and which is, as T

gambling-houses. In thig method of

Y 81; if he loses it he betg $2; if he loses that

. e t developed by i !
! The conception of probability here set forth is substantmll}l :g::ofrjf tze idf:dmd i | emartmgal
y " - ¥ apprehens - s
Mr. Venn, in his “ Logic of Chance.” Of ROSN ir‘rfﬁ‘if clluzr, and to bitm beloogs % JIormed, diga)
always cxistgg, but the problem was to make it p 3 \ 3 mg, he firgt bets o
credit of first'doing this. : - o1y

cated. It is not casy -

oo v
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he betk $4; if he loses that he bets 88; if he then g&‘i;ls he has Jog
14244 =17, and he hag gained ‘81 more; and no matter how mgy

bets he loses, the first one he gains will make him $1 richer than he
was in the beginning, In that way; he will probably gain first;
but, at last, the time will come when the run of luck is 50 against hig
that he will not have money enough to double, and must therefore Jot
his bet go. This will probably happen before he has Wwon ag much g5
he had in the first place, so that this run against him will leaye hip
poorer than he began ; some time or__q’thgr it will be sure to happen,
It is true that there is always a possibility of his Winning any sum
the bank can pay, and we thus come upon a celebrated paradox that,

though he is certain to be ruined, the value of bis expectation caleg. 3

lated according to the usual rules (which omit this considemtion)

same thing is true, namely, that if plays long enough he will be syre

some time to have such a run against him as to exhaust his entire for-

tune. The same thing is true of an insurance company, Let.the di-
rectors take the utmost pains to be independent of great conflagra-
tions and pestilences, their actuaries can tell them that, according to
the doctrine of chances, the time must ‘come, at last, when their losses
will bring them to a stop. They may tide over such a crisis by ex-
traordinary means, but then-they will start again in 4 weakened
state, and the same thing will happen.again all the sooner, An act-
uary might be inclined to deny this, because he knows that the ex-
_ pectation of his company is large, or perhaps (neglecting the interest
upon money) is infinite. : But calculations of expectations leave ot
of account the circumstance now under consideration, which reverses
the whole thing. However, I must not be understood as saying

that insurance is on this actount upsound, more than other kinds of &
All human affairs rest upon probabilities; and the same§

" business, ] }
thing is true everywhere. If man were immortal he could be per-
fectly sure of seeing the day when everything in which he had trusted
should betray his trust, and, in short, of coming evenQua]Iy‘to hope-
less misery. He would break down, at last, as every great fortune,
as every dynasty, as every civilization does. In place of this we
have death. , :

‘But what, without death, would happen to every man, with death
must happen to some man. At the same time, death makes t!le num-
ber of our risks, of our inferences, finite, and so makes their mean

result uncertain. The very idea of probability and of reasoning rests 7§
on the assumption that this number is indefinitely great. We are

thus landed in the same difficulty as before, and I can see but one ¢
It seems to me that we are driven to this, that logl- 2

rolution of it. od
cality inexorably requires that our interests shall not be llmxtel
They must not stop at our own fate, but must embrace the whole

community. This community, arain, must not be limited, but must §

is .‘5
large. But, whether s gambler plays in this Way or any other, the :

B [LLUSTRATIONS OF THE LOGIC OF SCIENCE., 6:,
v gtend to all races of beings with whom we can come into immedijate
demediate intellectual relation. Tt must reach, however vaguely, be-

‘Jund this geological epoch, beyond ‘all bounds. He who would not -

Nurifice his own soul to save the whole world, is, as it seems to me,
;gogical in all his inferences, collectively. Logic is rooted in the
guwisl principle. o
d To be logical men should not be selfish; and, in point of fact, they
M not so selfish as they are thought. The willful prosecution of
Jae's desires is a different thing from selfishness. The miser is Dot
},.nelﬁsh; his money does him no good, and he cares for what shall be-
Jeme of it after his death. We are constantly speaking of our pos-
frsions on the Pacific, and of our destiny as a republic, where no
fusonal interests are involved, in a way which shows that we have
Jrder ones.  'We discuss with anxiety the possible exhaustion of coal
some hundreds of years, or the cooling-off of the sun in some
:3hilions, and show in the most popular of all religious tenets that we
"3 conceive the possibility of a man’s descending into hell for the
#ation of his fellows, . ' '
# Now, it is not necessary for logicality that a man should himself
idk capable of the heroism of self-sacrifice. It is sufficielit that he
bold recognize the possibility of it, should perceive that only that
i(m’s inferences who has it are really logical, and should consequent-
jregard his own as being only so far valid as they would be accepted
the hero.  So far as he thus refers his inferences to that standard,
¥k becomes identified with such mind, - '

This makes logicality attainable enough. Sofaetimes we can per-
@mlly attain to heroism. The soldier who runs to scale g wall
s that he will probably be shot, but that is not all he cares for,
it also knows that if all the regiment, with whom in feeling he iden-
- s himself, rush forward at once, the fort will be taken. In other
¥ we can ouly imitate the virtue. The man whom we have sup-

{ s having to draw from the two packs, who if ‘he is not a lo-

wan will draw from the red pack from mere habit, will see, if he is
i4%tian enough, that he cannot be logical 80 long,as he is concérned
i dywith his own fate, but that that man who s} ould care equally for
gt was to happen in all possible cases of ‘the ‘sort could act logi-
Ay, and would draw from the pack with the most red cards, and
4 :5119, though incapable himself of such sublimity, our logician would
dute the effect of that man’s courage in order to share his logicality.

But all this Trequires a conceived identification of one’s interests
it those of an unlimited community. ~Now, there exist no reasons,

7 PO

oo
A

king that the human race, or any intellectual race, will exist for-
", On the other hand, there can be no reason against it;* and,

'Tdo not here admit an absolutely unknowable, Evidence could show us what
L

i probably be the case after any given lapse of time ; and though & subsequent time

S

3 later discussion will show that there can be no reasons, for

A T At A ety
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fortunately, as the whole reﬁtlirement is that we should have certain
5

sentiments, there is nothing in the facts to forbid our havmg 8 hope,
or calm au:l cheerful wish, that the community may last beyo,nd any
assignable date. :

It may seem strange that I should put forward three sentiments, &

namely, interest in an indefinite community, 1*ec;>lg1)1t1.011tl<)f ltl;?ig;:g;
*bility of this interest being ma'd(.z supreime, and og)le in the u ) ef
continuance of intellectual activity, as }ndengSﬂ e requlren;en s(1>
logic. Yet, when we consider th{.lt loglc‘z dep(?nds on :;xlljxgr? struggle
. toaescape doubt, which, as it terminates in actlon,.nulls ; eglg 1;:3;
tion, and that, furthermore, the only cause of 0\;1 ]; a;x 1ngac:10unt «
on reason is that other methods of escaping douﬁ)tdm onl oot
the social impulse, why should we wonder to' n ic;{c;(z:ms ptimal
presupposed in reasoning?  As for the other t“f" se.u) e ot
find necessary, they are so only as.supports anc qcfcs e o th
It interests me to notice that the'se tsz}e S?;I;IIIIl?(ilththS ;ene(;nH((:pe ‘fv)hic}]y
much the same as that famous trio of Charity, F: i oL B, iﬁm{
+in the estimation of St. Paul, are the ﬁne.st, and greatest of sp :
lgr;f::. Neither, Old nor New T(Est'aine:}texzi;hz(;);:g(i)ggnzf :llitebit;ixyc
' sci he latter is certainly the
;)1: ':ec;:f]ezobtuhtctdispositions of heart which a man ought to have.

‘ V.
" Such average statistical numbers as the number olf i:l}imbltanbt:j:fr
th ' reek num
mi 4 ber of deaths per week, the
uare mile, the average number ’ o
zgnvictions ,per indictment, or, generally speaking, the nilplll)err:con‘
r y, where the 2’s are a class of things some or all of w hich ar o
gictgézi with another class of things, their 3’s, I term re}fatwi fﬂ:;;mtba‘.
‘ ings to which a relative number refers,
Of the two classes of things ' imber 1efers e
ich it is.a- ay be called its rclate,
one of which it is .a -number m ; |
. per which the numeration is made may be salle(z] li:gc};rr;eff;gethe ”
ility i i lative number; ns , Tl
Probability is a kind of re ‘ a i
of th:; numheryof arguments of & certain genus which carrydtl;tlxltehmles
them to the total number of arguments of tha.t']{_;er(liuﬁt a:d i
i ilities are very ecasily deriv
he calculation of probabili . : "
i(()):]sti:]emtion They may all be given here, since t.hey'are efx:;l X eley-
.simple and it is sometimes convenient to know something o
Sty ¢ ) .. - .
rales of calculation of chance - i
me’;;{tlr?;s 1. Direct Calewlation.—To calculate, dn?ctly, an);‘r;eletﬁp
number, say for instance the number of passengers in the av g
of a stréet-car, we must proceed as follows: N —
Count the number of passengers for each trip; a i
bers, and divide by the number of trips. 'Ijhere z;(re ::V b
this ’rule may he simplitied. Suppose we wish to kno o
, ; e vl
might be assigned which that evidence might not cover, yet further e : -
cdver it, o '
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{inhabitants to a dwelling in New York, The same person cannot,

pbit two dwellings, If Le divide his time between two dwellings
di:ought to be counted g balf-inhabitant of each,. In this case we
e only to divide the tota] number of the inhabitants of New York
wellings, without, the necessity of counting
A:srately those which inhabit each one, A similar. proceeding will
quly wherever each individual relate belongs to one individual cor-
Friste exclusively. If we want the number of 2% per ¥, and no @ be-
3 bngs'to more than one y, we have only to divide the whole number
4105 of 's by the number of ¥’s. Such a method would, of course,
i if applied to finding the average number of street-car passengers
Fxrtrip. We could not divide the total number of travelers by the
Jrmber of trips, since many of them would have made many passages,
4 Tofind the probability that from given class of premises; A, o
Jren class of conclusions, I3, follow, it is simply necessary to ascer-
Fin what proportion of the timeg in which premises of that class are
0 the appropriate conclusions are also true. In other words, it is
A:number of cases of the oceurrence of hoth the events A and B, di-
Jilid by the total number of cases of the occurrence of the event A,
q Rue I Addition of Relative N

tmbers.—Given two relative
igumbers having the same correl

ate, say the number of @'s per y;
elthe number of 2% Per y ;- it is required to find the number of #’s
ud 28 together per Y. If there is nothing which is at once an  ang
A:to the same Y, the sum of the two given numbers would give the
qqured number, Suppose, for example, that we haq given the aver-
e number of friends that men have, and the average number of
§iuics, the sum of these two is the average number of persons in.
Fasted in o man, Oy the other hand, it plainly would not do to add
Jeaverage number of persons having constitutiona diseases to the
Athge number over military age, and to the average number ex-
Moyied by cach special cause from military service, in ordor to get
e werage number exempt in any way, since many are exempt in
% or more ways at once, :

& This rulc applies directly to probabilitics. Giy
4 tv0 different anq mutually exclusive ey
Juesupposed set of circumstanceg,

‘

en the probability
¢nts will happen under the
: Given, for instance, the proba-
‘ﬂny that if A then B, and also the probability that if A then C,
g the sum of these two probabilities is the probability that if A
b cither B op @

» 80 long as there is no event which belongs at
10 the two classes B angq C. )

€

W Boz 111, Multiplication of Relatiye Numbers.—;Suppose»that we
f “given the relative number of 2’s per y 5 also the relative num-
of ;z’s Przof y; or, to take g concrete example, suppose that we

" given, first, the Average number of children in familieg living in
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"New York; and, second, the average number of teeth in the head of
a New York child—then the product of these two numbers wonld
give the average number of children’s teeth in a New York family,
But this mode of reckoning will only apply in*general under tWo re-
strictions. In the first place, it would not be true if the same child
‘could belong to different families, for in that case those children wko

belonged to several different families lhight have an exceptionally 9
4

large or small number of teeth, which would affect the average num-
ber of children’s teeth in a family more than it would affect the aver-
age number of teeth in a child’s head. In the second place, the rule

would not be true if different children could share the same teeth, the

average number of children’s teeth being. in that case evidently some-
thing different from the average number of tecth belonging to a child,
In order to apply this rule to probabilities, we must proceed as fol-

lows: Suppose that we have given the probability that the conclusion

B follows from the premise A, B and A representing as usual certain
_ classes of propositions, Suppose that we also knew the probability of
an inference in which B should be the premise, and a proposition of a
third kind, C, the conclusion. Here, then, we have the materials for
the application of this rule. W¢ have, first, the relative number of Bs

per A. We next should have the relative number of C’s per Bfol i
e 5o gathered up, they will lie more or less in sets of four of the

lowing from A. But the classes of propositions being so selected that

the probability of C following from any B in general is just the same

as the probability of C’s following from oune of those B’s which is de-
ducible from an A, the two probabilities may be multiplied together,
inorder to give the probability of C following from A. The same
restrictions exist as before, It might happen that the probability that
B follows from A was affected by certain propositions of the class B
following from several different propositions of the class A. But,
practically speaking, all these restrictions are of very little conse
quence, and it is usually recognized as a principle universally true
that the probability that, if A is true, B is, multiplicd by the probs-
bility that, if B is true, C is, gives the probability that, if A is true,
C is. . :
There is a rule supplementary to this, of which great use is m{ide.
* It is not universally valid, and the greatest caution has to be exe‘rcxsgd
in making use of it—a double care, first, never to use it when it m_ll
involve serious error ; and, second, never to fail to take advantage of it
in cases in which it can be employed. This rule depends upon thg fact
that in very many cases the probability that C is true if B is, is substar-
tially the same as the probability that C is true if A is. SUpposle, for
example, we have the average number of males among the childrey
born in New York ; suppose that we also have the average number of
children born in the winter months among, those born in New York
Now, we may assume without doubt, at Jeast as a closely, approxt

mate pro&psition (and no very nice calculation Would be in place ' §
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Furd to probabilities), that the proportion of males among all the

‘dildfeu born in New York is the same as the proportion of males born

gimmmer in New York, and, therefore, if the names of all the chil-
i b<?r.n.during A year were put into an urn, we might mliltipl); the
gobability that any name drawn would be the name of g male child
Ay the probability that it would be the name of a child born in
dmmer, in order to obtain the probability that it would be the
gue of 2 male child born jn summer. The queétionvs of proba-
iy, in the treatises upon the subject, have usually been such as re-
Jie to balls drawn from urns, and games of cards, and so on, in
Alich the question of the independence of events, as it is called—that
it say, the question of whether the probability of . C, under the

Jupothesis B, is the same as its probability under the hypothesis’

Abs been very simple ; but, in the application of probabilities to
ordinary questions of life, it is often an exceedingly nice ques-
nwhether two tvents may be considered as independent with suj-
Jrent accuracy or not. In all caleulations about cards'it is agsumed
sft the cards are thoroughly shuffled, which makes one deal quite in-
29endent of another, In point of fact the cards seldom are, in prac-
iz shufiled sufficiently to make this true ; thus, in a game of \i'hist,
avhich the cards have fallen in suits of four of the .same suit, and

we suity and this will be true even after tfley are shuffled. At least
"¢ traces of this arrangement will remain, in consequence of which
number of “short suits,” as they are called—that is to say, the
uber of hands in which the eards are very unequally divided i:: re-
3 gxrd.to suits—is smaller than the caleulation would make it to be; so
A, when there is a misdeal, where the cards, being thrown ab’out
“table, get very thoroughly shuffled, it is a common saying that in
1" bands next dealt out there are generally short suits, A fiw years
A friend of mine, who plays whist a grest deal, was so good as to
3"t the number of spades dealt to him in 165 hands, in tv;vhich the
5 irds had been, if anything, shuffled better than usual.  According to
; !‘lculation, there should have been 85 of these hands in whichamv
idfad held either three or four spades, but in point of fact there were
Qi showing the influence of imperfect shuffling. »
3 According to the view here taken, these arc the only fundamental
'f' Ji’s for the caleulation of chances.  An additional one, derived from
é ;‘i{iﬁ‘;t';toconcep.tion of probability, is g_iven in some treatises, which
1 and might be made the basis of g theory of reasoning,
@g, as Ilbelieve it is, absolutely absurd, the consideration of ?t
47t bring us to the true theory; and it is for the sake of this

¥
T
3

% -ssion, which must be postponed to the next number, that I have
1ht the doctrine of chances to the reader’s attention at this early
¢ of our studies of the logic of science, )
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