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PR E F A CE. 

I N preparing these Lessons I have attcmpted to 

show that Logic, even in its traditional form, can be 

madc a h ighly useful subjcct of study, and a powerfu l 

mcans of mental exercise. 'Vith this view I havc 

avoided the use of superfluous technical terms, and 

have absta ined from entering into questions of a 

purely speculative or m etaphysical character. For 

the puerile illustrations too often found in works on 

Logic I have generally substituted examples drmv-n 

from the distinct obj ects and ideas treated in the 

natural and experimental scicnces; and in this and 

other respects have a imed a t rendering these L essons 

a suitable companion to a series of science school

books. 
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vi PREFACE. 

Logic is not only an exact science, but is the 

most simple and elementary of all scicnces; it ought 

therefore undoubtedly to find sorne place in every 

coursc of education. The relations of propositions 

and· the forms of argument present as precise a sub

ject of instruction and as vigorous an exercise of 

thought, as the properties of geomettical figures, or 

the rules of Algebra. Yet every school-boy is made 

to learn mathematical problems which he will never 

employ in after life, and is left in total ignorance of 

those simple principies and forms of reasoning which. 

will enter into the thoughts JJf every hour. Logic 

should no longer be conside;ed an elegant and learn

ed accomplishment; it should take its place as an 

indispensable study for every well-informed person. 

These Lessons I trust will introduce to the science 

many who ha ve not leisure or inclination to reacl more 

elaborate treatises, and many who woul? not be at

tracted by the numerous but somewhat dry and brier 

compendiums published in past years. 

It is desirable thal Lessons in Logic should be 

made the basis of many exercises, and for this pur_ 

pose I have supplied abundance of questions ancl 

examples at the end of the book, sorne of which are 

relected from the examination papers of the Oxford. 
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London, ancl Edinburgh Universities. In my own 

classes I have constantly found that the working and 

solution of logical questions, the examinatiOtl of argu

ments ancl the detection of fallacies, is a not less 

practicable and useful exercise of mind than is the 

performance of calculations, and the solution of pro-

blems in a mathematical class. . 

Except in a fcw places, where special notice is 

g~ven, I have abstained from putting forward any 

vtews not commonly accepted by teachers of Iogic; 

and I have throughout devoted more attention to· 

describing clearly and simply the doctr{nes in which 

~ogicians genc:-ally agrec, than discussing the points 

m which therc is a differencc of opinion. The recent 

logical discoveries of Sir W. H amilton, Archbishop 

Thomson, Pro( de Morgan, and especially the late 

Pro( Boole, cannot yet be fully aclopted in an ele

mentary work, but I hn.ve attemptcd to give a clear 

notion of the results to which they inevitably lead. 

ln the la tter Lessons which treat of Induction I 

llave generally followed Sir J ohn Herschel, Dr Whe,,·ell 

and Mr J. S. Mili, as Jhc recogn ised authorities on the 

subject. Thesa Lessons in f.1.ct may be regarded as 

an casy introduction to some of the most important 

pnrts of Mr Mill's treatisc on Logic. 
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152 IRREGULAR AND COMPOUND [less.

premíses are A and I; then thcy contain only one dis-
tributed term, the subject of A, and ihis is rcquired for
the middle term by rule 3. Henee tlic minor tcrm cannot
be distributed wíthout broaking rule 4, so that the con
clusión must be the proposltion l. The premises AO would
contain two distributed terms, the subject of A and the
predícate of O; but if we werc to draw from thcm the
conclusión E, the major and minor terms would require
to be distributed, so that the middle térm would remain
undistributed against rule 3. The readcr can casily prove
the other cases such as El by calculating the number of
distributed terms in a similar manner: it will always be
found that there are insufficient terms distributed in the
premises to allow of a universal conclusión.

LESSON XVIII.

IRREGULAR AND COMPOUND SYLLOGISMS.

It may seem surprising that arguments which are met
with in books or conversation are scldom or never thrown
mto the form of regular syllogisms. Evcn if a complete
syllogism be sometimes met with, it is gcnerally employed
in mere affectation of logical precisión. In formcr cen-
turies it was, indeed, the practice for all students at the
Universities to take part in pnblic disputations, duríng
which elabórate syllogistic arguments were put forward
by one side and confuted by precise syllogisms on the
other side. This practice has not been very long dis-
continued at the University of Oxford, and is said to be
still maíntained in some continental Universities; but
except in such school disputations it must be allowed that
perfectly formal syllogisrr.s are seldom employed.

1
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In truth, howover, it is not syllogistic arguments which
are wantíng; whercver any one of the conjunctions,
ihere/ore, because, for, since, henee, inasmuch as, conse^
quently occurs, it is certain that an inference is being
drawn, and this will very probably be done by a true
syllogism. It is merely the complete statenlent of the
premises and conclusión, which is usually neglected be-
cause the reader is generally aware of one or other of the
premises, or he can readily divine what is assumed; and
it is tedious and even offensive to state at full length what
the reader is already aware of Thus, if I say "atmo-
sjjheric air must have weight ¡because it is a material
substance," I certainly employ'a syllogism; but I thínk
it quite needless to state the prcmise, of which I clearly
assume the truth, that "whatever is a material substance
has weight." The conclusión of the syllogism is the first
proposiiion, viz. "atmospheric air has weight." The
middle term is " material substance," which does not occur
in the conclusión; the minor is "atmospheric air," and the

"having Weight," Tlie complete syllogism is evi-major,

dently:

All material substances have weight,
Atmospheric air is a material substance;
Thcrefore atmospheric air has weight.

This is in the very common and useful mood Barbara.
A syllogisrn when incompletely stated is usually called

an entliyineme, and this ñame is often supposed to be
derived from two Greek words {tv, in, and ¿v/íÓp, mind),
so as to signify that some knowledge is held by the mind
and is supplied in the form of a /acii, that is a silent or
understood premise. Most commonly this will be the
major prcmise, and then the enthymeme may be said to
be of the First Orden Less commonly the minor premise
is unexpressed, and the enthymeme is of the Second
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Order. Of this nature is the following argument:
" Comets must be subject to the law of gravitation; for
this is truc of all bodics which move in elliptic orbits."
II is so clearly implied that comets move in elliptic orbits,
that it would be tedious to state this as the minor prcmise
in a complete syllogism of the mood Barbara, thus :

All bodics moving in elliptic orbits are subject to
the law of gravitation ;

Comets move in elliptic orbits;
Therefore comets are subject to the law of gravitation.

It may happcn occasionally that the conclusión of a
syllogism is left unexpressed, and the enthymeme may then
be said to belong to the Third Order. This occurs in the
case of epigrams or other witty sayings, of which the very
wit often consists in making an unexpressed truth ap-
parent. Sir W. Hamilton gives as an instance of this
kind of enthymeme the celebrated epigram written by
Porson the English scholar upon a contemporary Germán
scholar:

"The Germans in Greek
Are sadly to seek;
Not five in five score,
But ninety-five more;
All, save only Hermann,
And Hermann's a Germán.®

It IS evident that while pretending to make an exception
of Hermann, the writer ingeniously insinuates that since
he is a Germán he has not a corrcct knowledge of Greek.
The wonderful speech of Antony over the body of Cíesar,
in Shakspeare's greatest historical play, contains a series
of syllogistic arguments of which the conclusions are
suggested only.

Even a single proposition may have a syllogistic forcé
íf it clearly suggest to the mind a second premisa which

SYLLOGISMS.
V
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thus enables a conclusión to be drawn. The expression
of Horne Tooke, "Men who have no rights cannot justly
complain of any wrongs," seems to be a case in point; for
there are few people who have not felt wrongcd at some
time or other, and thcy would therefore be likely to aigue,
wliether upon true or false premises, as follows:

Men who have. no rights cannot justly complain of
any wrongs;

We can Justly complain;
Therefore we are not men who have no rights.

In other words, we have rights.

Syllogisms may be variously joined and combined
together, and it is convenient to have special ñames for
the sevcral parts of a complex argument. Thus asylo-
gism which proves or furnishes a rcason for one of the
premises of another syllogism is called a ProsyUoglsm r
and a syllogism which contains as a premise the conclu
sión" of another syllogism is called an Episylloslsm.

Take the example:

All E'% are yí's,
And all Cs are ̂ 's;
Therefore all Cs are A^s-
But all D's are Cs;

Therefore All D's are A's.

the mood Bar-This evidently contains two syllogisms in tne muuu
bara, the first of which is a Prosyllogism with respect to
the second, while the second is an Episyllogism with
respect to the first.

The peculiar narne Eplchelrema is gjven to..a.syJÍOo^^"^
-  . - . ipported by a reason

4  nrfi*

when either premise is proved or supported by a reason
imp^ung the existeñce of an imperfectly expressed pro-
syllbgísm; thus the form,

J,
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All ̂ 's are A's, for they are Ps,
And all Cs are-5's, for they are Q^s;
Therefore all Cs are A's,

is a double Epicheirema, containing reasons for botft
premises. The reader will readily dccompose it into
three complete syllogisms of the mood Barbara.
A more interesting form of reasoning is found in the

chain of syllogisms commonly callcd the Sorites, from the
Greek word a-cúpás, meaning heap. It is usually stated in
this way:

All A^s are i?'s,
All .^'s are Cs,
All Cs are Hs,
All Z>'s are E's ;

Therefore all A^s are ̂ 's.

The chain can be carried on to any length provided it is
peifectly consecutive, so that each term except the first
and last occurs twice, once as subjcct and once as predi-
cate. It hardly needs to be pointcd out that the sorites
really contains a series of syllogisms imperfectly cx-
pressed; thus

First Syllogism.
B's are Cs, -
A's are B'z',
A\ are Cs..

Second Syllogism. Last Syllogism.
Cs are Z^'s, i?'s are Cs,
.<4'sareCs; /í's are Z>'s ;

A's are D's. A's are E's.

furnishes apremise to the succceding one,
of which it is therefore the prosyllogism, and any syllo
gism may equally be considered the episyllogism of tliat
which precedes.

In the above sorites all the premises were universal
and affirmative, but a sorites may contaín one particular
premise provided it be the first, and one negative premise
provided it be the lasL The reader may easily assure
himself by trial, that if any premise except the first were

i

particular the fallacy of undistributed middle would be
committed, because one of the middle tcrms would be the
predícate of one affirmative premise and the subject of
another particular premise. If an-y premise but the last
were negative there would be a fallacy of illicít process of
the major term.

It is not to be supposed that the forms of the syllogism
hitherto dcscribed are all the kinds of reasoning actually
employed in science or common Ufe. In addition to the
hypoihetical and disjunctive syllogisms and some other
forms to be described in succeeding lessons, there are
really many modes of reasoning of svhich logicians have
not takcn inuch notice as yet. This was clcarly pointed
out more than two hundred ycars ago by the writers of
the Porí RoyalLogic, a work first printed in the ycar 1662,
but which has bcen since reprinted very often and trans-
lated into a great many languages. The book is named
from a place ncar Paris whcre a small religious com-
munity lived, of which the authors of the book, namely
Arnauld and Nicole, and a contributor to it the great
philosophcr and mathematician Pasca), were the most
celebratcd mcmbers. The Pori Royal Logic was to a
considerable cxtent the basis of the wcll-known Watts'
Logic, but the reader can now be referred to an admirable
translation of the original work made by Professor Spencer
Baynes, of St Andrew's.

Many improvcments of Logic may be found in this
work, such as the doctrine of Extensión and Intensión
explaincd in Lesson v. In the pth Chapter of the srd
Part morcover it is wisely pointed out that "Httle pains
are takcn in applying the rules of the syllogism to reason-
ings of which the propositions are complex, though this
is often very difiicult, and there are many argumcnts of
this nature which appear bad, but which are nevertheless
very goodj and besides, the use of such reasonings is

i
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much more frequent than that of syllogisms which are
quite simple." Some examples are given of the complex
syllogisms here referred to; thus:

The sun is a thing insensible,
Tbe Persians worship the sun ;

Therefore the Persians worship a thing insensible.

This is an argument which cannot be preved by the rules
of the syllogism, and yet it is not only evidently true. but
is an exceedingly common kind of argumenU Another
example is as follows:

The Divine Law commands us to honour kings j
Louis xiv. is a king;
Therefore the Divine Law commands us to honour

Louis XIV.

The reader will also find that arguments which are
really quite valid and syllogistic are expressed in language
so that they appear to have four distinct terms and thus to
break one of the rules of the syllogism. Thus if I say
"Diamoncls are combustible, for they are composed of
carbón and carbón is combustible," there are four terms
employed, namely, diamonds, combustible, composed of
carbón, and carbón. But it is easy to alter the construc-
tion of the propositions so as to get a simple syllogism
without really alteríng the sense, and we then have:

What is composed of carbón is combustible j
Diamonds are composed of carbón;
Therefore diamonds are combustible.

Examples are given at the end of the book of concise
arguments, taken from Bacon's Essays and other writings,
which the student can reduce to the syllogistic form by
easy alterations ; but it should be clearly understood that
tliese changes are of an extra-logica] character, and belong
more properly to the science of language.
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I may here explain that the syllogism and the sorites
can be expressed either in the order of extensión or that
of intensión, In regard to the number of individual
things the noble metáis are part of the metáis, and the
metáis are part of the elements; but in regard to in
tensión, that is to say the qualities implied in the ñames,
elcment is part of metal, and metal is part of noble metal.
So again in extensión the gcnus of plants Anemone is
part of the order Ranunculacete, and this is part of
the great class Exogens; but in intensión the cha
racter of Exogen is part of the character of Ranuncu-
laccae, and this is part of the character of Anemone.
Syllogistic reasoning is equally valid and evident in either
case, and we might represent the two modes in ordiuary
language as follows :

Extcnsive Syllogism.
All Ranunculáceas are Exogens;
The Anemone is one of the Ranunculáceas j
Therefore the Anemone is an Exogen.

Iníensive Syllogism.
All the qualities of Ranunculáceas are qualities of

Anemone;
All the qualities of Exogen are qualities of Ranun-

culace® ;
Therefore all the qualities of Exogen are qualities of

Anemone.

Any sorites can be similarly represented either in ex
tensión or intensión.

Concerning the Aristotelian doctrine of the Enthy-
mcme, see Mansd's Aldrich, App. Note F, and Hamil-
ton's Lectures on Logic, Lecture xx. Port Royal Logic,
translated by T. Spencer Baynes, tth ed. Edinburgh,
1861.
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LESSON XIX.

OF CONDITIONAL ARGUMENTS.

It will be remembered that when treating of propositions
we divided them into two distinct kinds, Categorical Pro
positions, and Conditional Propositions. The former k:nd
alone has hitherto been considerod, and we must now
proceed to describe Conditional propositions and the ar-
guments which muy be composed of them.

Logicians have commonly described Conditional pro
positions as composed of two or tnofe Caícgoi ¿cal pro-
•bosiííons united by a conjjaicíion. This unión may
happen in two ways, giving rise to two very different
species of conditionals, which wc shall cali Hypothetlcal
Propositions and Diejunctive Propositions, The way in
which the several kinds of propositions are related will
be seen in the following diagram :

f Categorical.
Propositions are , Hypothetical.

^'=oní".o"='lÍDisjnnctive.
A conditional proposition may be further described

as one which makes a statement under a certain con-
dition or qualification restricting its application. In the
hypothetical form this condition is introduced by the
conjunction ¿y, or some other word equivalent to it.
Thus—

'  " If iron is impure, it is brittle "

is a hypothetical proposition consisting of two distinct
categorical propositions, the first of which, " Iron is im
pure," is called the Antecedent; the second, " It is brittle,"

xrx.J ARGUMENTS. i6i

the Conseqnent. In this case "impurity" is the condition
or qualification which limits. the application of the pre
dícate brittle to iron, It was asserted by Horne Tooke in
his celcbraied work The Diversions of Pnrlcy, that all
conjunctions are the remains or corrupted forms of verbs.
This is certainly truc in the case of the hypothetical con
junction ; for the word if in cid English is written,^:^ or
gyf, and is undoubtcdly derived from the verb to give.
\Vc may actually substituto at present any verb of similar
meaning, as for instance—grant, alloiUj stippose. Thus
we may Say—

" Grant that iron is impuro, and it is brittle."
" Supposing that iron ís impuro, it is brittle."
The hypothetical proposition might be cmployed in

argunicnts of various form, but only two of thesc are of
suíficicnt importance to rcceive spccial ñames. The hy
pothetical syllogiam consists of two premises, called the
major and minor, as in the case of the ordinary syllo-
gism. The major prcmise is hypothetical in form ; the
minor premiso is categorical, and according as it is af-
firmative or negative the argument is said to be a Construc-
tlve or a Destructiva hypothetlcal eylTosisni. Thus tlic form,

If A is B, C D',
But B\
Therefore C is Z?,

is a constructive hypothetical syllogism.
It must be carefuUy observad that the minor premise

affirms the antecedent of the major premise, whence the
argument is said to be of the modus ponens, or mood
which posits or alTirms. It is probably one of the most
familiar and common kinds of argument. The form,

If ̂  is ,5, C \% D\
But C is not D;
Therefore A is not

11
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represents the corrcsponding Dsstnictlve bypothetlcaJ
sylloglsm, also calied the modus lollens, or ihe mood
Vr-hich removes the conscquent. It must be carefully ob-
served again that it is the consequcnt, not the anteccdent,
which ¡s denied.

The only rule which is requisite for testing the valídity
, of such syllogisms embodies what we have observed
above ; viz. tllat eüher ihe aniecedaii musí be ajjirittedy
or the consequent denied. If eithcr part of this rule be
broken, a serious fallacy will be committed. Thas the
apparent argument,

A is B, C \s D \
But C is Z?;
Therefore A is

is rcally a fallacy which we may cali the fallacy ofaffirni'
ing the consequent., and its fallacious nature is readily un-
derstood by reflecting that A being B" is not stated to
be the only condition en which C is D. It may hnppen
that when E is or G is or under a hundred other
circumstances, C is D, so that the mere fact of C being D
is no sufhcient proof that A is B. Thus, if a man's cha-
racter be avaricious he will refuse to give money for uscful
purposes ; but it does not follow that every person who
refuses to give money for such purposes is avaricious.
There may be many proper reasons or motives leadiríg
him to refuse ; he may have no money, or he may con-
sider the purpose not a useful one, or he may have more
useful purposes in view.
A corrcsponding fallacy arises from denying the jnic

cedent, as in the form—

If ̂  is 5, C is 2?;
But A is not B;
Therefore C is not D.
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The error may be explained in the same way; for
"A being .5" is not stated to be the only condition ot
C being D, we may dcny this one condition to be true,
bul it is possible that the consequent may ha.ppen w 2
truc for other reasons, of which we know nothing.
if a man is not avaricious we cannot conclude that he w
be sure to give money whenever asked. Or take tlie o
lowing example :

"If the study of Logic furnished the mind with a tnulti
tude of useful facts like the study of other '
would descrve cultivatioii; but it docs not furnis t
mind with a multitudc of useful facts; therefore it o
not descrve cultivution."

This is evidently a fallacious argument, becaiise the
acquirlng of a muítitude of uscful facts is not tie ®
ground on which the study of a science can ®
mended. To correct and cxercise the powers o ju gnt
and reasoning is the object for which Logic .
be cultivated, and the existence of such ,
ignored in the above fallacious argument, which evi
involves the denial of the atiteccdent.

Although it is usual in logical works to ^
hypothctical proposition and syllogism as 1 Y
different in nature from the catcgoncal '
syllogism, yet it has long been known that Ute hy^o^
theticals can be reduced tO the categoncal ' a. _
brought under the ordinary rules of the syllogism.
general rule the hypothetical proposition can e rea y
converied into a universal affirmative proposition ( ;
exactly the same meaning. Thus our instance, ^ tro
is impure, it is brittle," bccomes simply "I.mpure
brittle." In making this alteration in a hypothetical sy -
logism it will be found neccssary to supply a new mino
term; thus lu the case,

II—2
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If ¡ron is impure it is brittle ;
But it is impure;
Therefore it is brittle,

we have to substituto for the indefinite pronoun rV, thc
iron -in questioiiy and we obtain a correct categorícal syl-
logism in the mocd Barbara:

Impure iron is brittle ;
The iron in question is impure iron ;
Therefore the iron in question is brittle.

Sometimes the reduction requires a more extensiva
change oflanguage. For instance,

If the baromcter is falling, bad weather is coming ;
But the barometer is falling;
Therefore bad weather is coming,

may be represented in the following form:
The circuinstances of the barometer falling are thc cir-

cumstances of bad weather coming";
But these are the circumstances of thc barometer fall

ing;
Therefore these are the circumstances of bad weather

coming.
As an instance of the Destructive Hypothetical syl-

logism we may take :
IfAristotle is right, slavery is a proper form ofsocicty»
But slavery is not a proper form of society;
Therefore Aristotle is not right.
This becomes as a categorícal:

The case of Aristotle being right is the case of slavery
being a proper form of society;

But this is not the case ;
Therefore this is not the case of Aristotle being rio-ht.

If not reducible by any other form of expression, hypo-
theticals can always be reduced by the use of thc words
case of.

L

ARGUAí-EFTS,

It will now be easily made apparent that the fallacy
affirming the consequent is really a breach
rule of the syllogism, Icading to an undistnbuted middle
term. Our examplc may be as before;

If a man is avaricious he will refuse money ,
But he does refuse money ;
Therefore he is avaricious.

This becomes as a categorical syllogism,
All avaricious men refuse money;
But this man refuses money ;

Therefore this man is avaricious.

This is the mood AAA in the second figure, and the
niddle term, rcfusing money, is undistribute _ m o
nremises, so that the argument is entirely fallacious.

Again, the fallacy of denying the foííííer
lent to the illicit procese of the majo>.
example (p. 163) may thus be represented:
"A science which furnishes the mmd nith

of useful facts deserves cultivation; but Logic ^
fsdeuce; therefore Logte does deserve c—

This apparent syllogism is of thc moc
first figure, which breaks the fourth rule of t e sy g >
1"^ thc major term, 1^.
tributed in the ncgative conclusión, but not in »

"'^orpTlrto the consideration of the disjuncüve
proposition, which instead of a single predícate has
Lveral alternatives united by the disjunctive conjuncUo

anv one of which may be affimicd of the subject A
^^mbL of the House of Commohs is either a representa-
rive of a county, or of a borough. or of a Unn-ity an
instance of such a proposition. contammg three alterna
tíves^tat there may be any number of altemat.ves from
two upwards.
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Th.e dlsjunctive syllogism consísts of a disjunctive
major prcmíse with a categorical proposition, eithcr af-
firmative or negative, forming the minor premise, Thus
arise two moods, of which the affirmative mocd is called
by the Latín words modus ponendo tollens (the niood
which by affirming denies), and may be thus stated:

A is either B or C,
But ̂  is

Therefore A is not C.
This form of argument proceeds on the supposition

that it one altemative of a disjunctive proposition be held
true, the others cannot also be true. Thus "the time of
year must be either spring, summer, autumn or winter,"
and if it be spring it cannot be summer, autumn or winter;
and so on. But it has been objected by Whately, Man-
sel, Mili, as well as many earlier logicians, that this does
not always hold true. Thus if we say that " a good book
is valued either for the usefulness of its ccntents or the
«cellence of its style," it does not by any means follow
because the contents of a book are useful that its style is
not excellent. We generally choose alternativos which
are inconsistent with each other; but this is not logically
necessary,

The other form of disjunctive syllogism, called the
mo «j- tollendoponens (the mood which by denying afifirms),
ís always of necessity cogent, and is as foUows:

A is either B or C,
But .,4 is not .5;
Therefore A is C.

Thus if we suppose a book to be valued only for the
usefulness of its contents or the excellence of its style, it
follows that if a book be valued but not for the former
reason it must be for the latter; and vice versa. If the
time of year be not spring, it must be summer, autumn or

t
í
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winter; if it be not autumn ñor winter, it must be either
spring or summer; and so on. In short if any alternativos
be denied, the rest remain to be afíirmed as before. It
will be noticed that the disjunctive syllogism is govemed
by totally diffcrent rules from the ordinary categórica!
syllogism, since a negative premise gives an affirmative
conclusión in the former, and a negative conclusión in
the latter.

There yet rcmaíns a form of argument callcd the
Düeiama,' bVcause it consists in assuming two alterna'tives,
usually called the horns of the dilemma, and yet provcs
something in either case (Greek Bi- two; \í}[ifia, assump-
tion). Mr Mansel defines this argument as " a syllogism,
having a conditional major premise with moro than one
antecedcnt, and a disjunctive minor." There are at Icast
three forms in which it may be stated. The first form is
called the Simple Constructlve Dilemma:

, _ If vi is C is Z?; and \( E is E, C is B ,•
But either A is B, or E is Ei
Therefore C is B.

Thus "if a science furnishes useful facts, it is worthy oí
being cultivated; and if the study of it exercises the
reasoning powcrs, it is worthy of being cultivated; but
either a science furnishes useful facts, or its study
exercises the reasoning powers; therefore it is worthy of
being cultivated."

The second form of dilemma is the Complex Con-
Btructlve Dilemma, which is as follows:

lí A is B, Cis B; and if E is E, G is E";
But either A is B, or E is E',
Therefore either C is Z?, or G is Zf,

It is called complex because the conclusión is ín the
disjunctive form. As an instance we may take the argu«
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ment, " If a statesman who sees his former opinions to
be wrong does not alter his course he ís guilty of deceit»
and if he does alter his course he is open to a charge
of inconsistcncy; but either he does not alter his course
or he does; therefore he is either guilty of deceit, or he is
open to a charge of inconsistcncy." In this case
the greater number ofdilemmas the terms A, B, C, D, Scc.
are not all different.

The Destructlve Dilenuna is always complex, because
it could othenvise be resolved into two unconnected de-
strucrive hypothetical syllogisms. It is in the following
íorm:

If A \s C is D', and if E \s F, G is JI',
But either C is not Z?, or G is not H\
Therefore either A is not or E is not F.

For instance, " If this man were wise, he would not
speak irreverently of Scrípture in jest; and if he werc
good, he would not do so in earnest; but he does it either
in jest or earnest; therefore he is either not wise, or not
good*."

Dilemmatic arguments are however more often fal-
lacious than not, because it is seldom possible to find
instances where two altematíves exhaust all the possible
cases, unless indeed one of them be the simple negative
of the other in accordance with the law of excluded mid-
dle (p. 119). Thus if we were to argüe that " if a pupil is
fónd of learning he needs no stimulus, and that if he dis-
likes learning no stimulus will be of any avail, but as he
is either fond of learning or dislikes it, a stimulus is either
needless or of no avail," we evidently assume improperly
the disjunctive minor premise. Fondness and dislike are
not the only two possible alternatives, for there may be

• Whately.
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some who are ncither fond of learning ñor dislike it,
to these a stimulus in the sliape of rewards may be d^
sirable. Almost anything can be proved if we are ̂ lowed
thus to pick out two oí the possible alternatives which are
in our favour, and atgue from these alone.

A dilemma can often be retorted by producing as
cogent a dilemma to the contrary effect. Thus an Athe-
nian mothcr, according to Aristotle, addressed her son m
the following words : " Do not enter into public business;
for if you say what is just, men will hate you ; and if you
say what is unjust, the Gods will hate you." To which
Aristotle suggests the following retort: " I ought to enter
into public affairs ; for if I say what is just, the Gods wHl
love me ; and if I say what is unjust, men will love me.'

Mansel's Aldrich, App. Noté I, on the Hypothetical
Syllogism.

LESSON XX.

In order to acquire a satisfactory knowlcdge of the rules
of correct thinídng, it is essential that we should become
acquainted with the most common kinds of fallacy; that
is to say, the modes in which, by neglecting tire rules o
logic, we often fall into erroneous reasoning. In
lessons we have considcrcd, as it were, how to fin o
right road; il is our task here to ascertain the turnmgs a
which we are most liable to take the wrong road.

In describing the fallacies I shall follow the or er an
adopt the mode of classiñcation which has been usua
for the last 2000 ̂ears and more, since ín fact the great



19^

I7Ó LOGICAL FALLACIES. [less.

teacher Aristotle first explained the fallacies. According
to this mode of arrangement fallacies are divided into two
principal groups, containing the logical and the material
fallacies.

1. The logical feUaclea are those which occur in the
mere form of the statement; or as it is said in the cid
Latín expressions, tn dictione, or in noce. It is supposed
accordingly that fallacies of this kind can be discovered
without a knowledge of the subject-matter with which the
argument is concerned.

2. The material fallacies, on the contrary, arise out-
side of the mere verbal statement, or as it is s^iáy exira
dictionem; they are concerned consequently with the sub-
ject of the argument, or Í7i re (in the matter), and cannot
be detectad and set right but by those acquainted with
the subject.

The first group of logical fallacies may be further di
vided into thapierely logical and X\\^j¡etni-logical, and we
inay ínclude in the former class the distinct breaches of
^e syllogistic rules which have already been dcscribed.
Thus we may enumérate as Purely Logical FaDacies :

I. Fallacy of four temis (Quaíeríiio Terfnitioruffi)—
Breach of Rule i :

2. Fallacy of undistributed middle—Breach ofRule 3 ;
3. Fallacy of illicit process, of the major or minor

term—Breach of Rule 4 ;
4. Fallacy of negativo premisas—Breach of Rule 5 •

as well as breaches of the 6th rule, to which no distinct
ñame has been given. Breaches of the yth and 8th rules
may be resolved into the preceding (p. 15 c), but they
may aiso be described as in p. 135.

The other part of the class of logical fallacies contains
Semí-loglcal fallacleB, which are six in number, as follows;

ti
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1. Fallacy of Equivocation.
2. Fallacy of Amphibology.''
3. Fallacy of Composition.
4. Fallacy of División.
5. Fallacy of Accent. '
6. Fallacy of Figure of Speech.

Thcse I shall describe and illustrate in succission.
Equivocation. consists in the same terrr. being used

in two distinct senses ; any of the three terrns of the syl-
logism may be subject to this fallacy, but it is usually the
mvddle term which is used in one sense in one premiso
and in another sense in the other. In this case it is °
callcd the fallacy of ambíguous middle, and when we
tinguish the two mcanings by using other suitable
of expression it becomes apparent that the suppose sy
logism contains four terms. The fallacy of equivoca ion
may accordingly be considered a disguiscd fidlacy p ou
tcrms. Thus if a person were to argüe that' all criminal.
actions ought to be punished by law; prosecutions o
theft are criminal actions; therefore prosecutions lor
thefi ought to be punished by láw," it is quite
that the term "criminal action" means totally
ihings in the two premises, and ig of
middle term at all. Often, howevcr, 'f...
a subtle and difficult character, so that difieren
may be held concerning it. Thus we might
"He who harms another should be punís e •

who communicates an infcctious disease to ano P
son harms him. Therefore he who communicams an
infectious disease to another person should be punís .

This may or may not be held to be a correct argum n
according to the kinds of actions we should
come under the term harm, according as we regar n g

or malice requisito to constitute harm. ygence
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difficult legal questions are of this nature, as for m-
stance:

Nuisances are punishable by law ;
To keep a noisy dog is a nuisance;
To kecp a noisy dog is punishable by law.

The question here would turn upon the degree of
nuisance which the law would interfere to prevent. O'
again :

ínterference with another man's business is illegal;
Underselling interferes with another man's business;

Therefore underselling is illegal.

Here the question turns upon the kind of inte>fereHce.,
and it is obvious that underselling is not the kind of ín
terference referred to in the major premise.

The Fallacy of AmpMbology consists in an ambiguous
grammatical structure of a sentence, which produces mis-
conccption. A celebratcd instance occurs in the prophecy
of the spirit in Shakspeare's tíenry VI.: ''The Duke yet
lives that Henry shall depose," which leaves it wholly
doubtful whether the Duke shall depose Henry, or Henry
the Duke. This prophecy is doubtless an imitation of
phose which the ancient oracle of Delphi is reportad to
have uttered; and it seenis that this fallacy was a great
resource to the oracles who were not confidcnt in their
own powers of foresight. The Latin language givcs great
scope to misconstructions, because it does not require
any fixed order for the words of a sentence, and whcn
there are two accusative cases with an iníinitive verb, it
may be difficult to tell except from the context which
comes in regard to sense before the verb. The double
meaning which may be given to "twice two and three"
arises from amphibology; ¡t may be 7 or 10, according
as we add the 3 after or before multiplying. In the
careless construction of sentences it is often impossible to

1
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tell to what part any adverb or qualifying clause rcfer^
Thus if a person says " I accomplished my business an
returned the day after," it may be that the business was
accomplished on the day after as well as the return, u
it may equally have been finishcd on the previous c ay.
Any ambiguity of this kind may gcnerally be avoided by
a simple change in the order of the words; as for instance,
" I accomplished my business, and, on the day a cer,
returned." Amphibology may sometimes arise from con-
fusing the subjects and prcdicatcs in a compound sentence,
as if in "platinum and iron are very tare and use u
metáis" I were to apply the predícate useful to p
and rare to iron, which is not intcnded. The wor r
spcctively" is often used to shew that the reader is no a
liberty to apply each predícate to each subject.

The Fallacy of Composltion is a special case of '
catión, arising from the confusión of an universa
collective term. In the premisos of a syllogism we '
affirm something of a class of things distributive^^-^^^
of each and any separately, and then we may m
clusion infer the same of the whole put togcther.
may say that " all the angles of a triangle are less a
right angles," meaning that any of the angles is e ,
two right angles; but we must not infer that a e °
put together are less than two right angles. e m
argüe that because every member of a jury is ve^
to judge erroneously, the jury as a whole are .
likcly to judge erroneously; ñor that because eac 1 o
witnesses in a law case is Hable to give fa se or
taken evidence, no confidence can be reposed m ^e ^
currcnt testimony of a number of witnesses. J
fallacy of Composition that protective duties are
sometimes upheld. Because any one or . .
which enjoy protective duties are benefited t ere y,
supposed that all trades at once might be bene e s
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larly; but this is impossible, because the protection of ons
trade by raising prices injures all others.

The Fallacy of DiTislon is the converse of the pre-
ceding, and consists in using the middle term col-
lectively in the major premiso but distributively in the
mtnor, so that the whole is divided inte ¡ts parts. Thus
it might be argued, "All the angles of a triangle are
(together) equal to two right angles; ABC is an angle of
a triangle; therefore ABC is equal to two right angles."
Or again, "The inhabitants of the town consist of men,
womcn and children of all ages; those who met in the
Guildhall were inhabitants of the town; therefore they
consisted of men, women and children of all ages;" or,
"The judges of the court of appeal cannot misinterpret
the law; Lord A.B. is a judge of the court of appeal;
therefore he cannot misinterpret the law."

The Fallacy of Aocent consists in any ambiguity
arisingfrom a misplaced accent or emphasis thrown upon
some word of a sentence. A ludicrous instance is liable

to occur in reading chapter xiü. of the First Book of
Kings, verse 27, where it is said of the prophet "And he
spake to his sons, saying, Saddie me the ass. And they
saddled húnC The italics indícate that the word hwt
was supplied by the translators of the authorized versión,
but it may suggest a very difierent meaning. The Com-
mandment " Thou shalt not bear false witness against
thy neighbour" may be made by a slight emphasis of the
voice on the last word to imply that we are at liberty to
bear false witness against other persons. Mr De Morgan
who remarks this also points out that the erroneous
quoting of an author, by unfairly scparating a word from
its context or italicising words which were not iiitended
to be italicised, gives rise to cases of this fallacy. '

It is curious to observe how many and various may be
the meanings attributable to the same sentence according

I
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as emphasis is thrown upon one word or another. Thus
the sentence " The study of Logic is not supposed to
communicate a knowledge of many uscful facts," may be
made to imply that the study of Logic does communicate
such a knowledge although it is not supposed to; or that
it communicates a knowledge of a few useful facts; or
that it communicates a knowledge of many useless facts.
This ambiguity may be e.vplained by considering that if
you deny a thing to have the group of qualities A,B,C, D,
the truth of your statement will be satisfied by any one
quality being absent, and an accented pronunciation wi
often be used to indicate that which the speaker be iey.es
to be absent. If you deny that a particular fiaiit is npe
and sweet and well-íiavoured, it may be unripe an swee
and wcll-flavoured ; or ripe and sour and we -
ed; or ripe and sweet and ill-flavoured; or any two
even all three qualities may be absent. But i 7°"
it to be ripe and sweet and •well-flor'joureii, t e em
would be understocvl to refer to the last quality. J er •
Bentham was so much afraid of being mis e y
fallacy of accent that he employed a person o J
him, as I have heard, who had' a pecuharly mon
manner of reading. , - .v

The Fallacy of the Fiffure of Bpeech is the s»xth
last of the semi-logical fallacies, and is of a very
character. It appears to consist in any ,
mistake or confusión between one part of speec a ^
other. Aristotle gravely gives the following ms "
"Whatever a man walks he tramples on; ̂  ^Here
the whole day; therefore he tramples on the day.
an adverbial phrase is converted into a noun o jec
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MATERIAL FALLACIES.

The Material fallacies are next to be considered; and tbei'
importance is very great, although it is not easy
¡Ilústrate thcm by brief examples.- There are altogether
seven kinds of such fallacies enumerated by Aristotle
adopted by subsequent logicians, as follows :

The Fallacy of AccidenL
The Converse Fallacy of Accident.
The Irrelevant Conclusión.
The Petitio Principii.
The Fallacy of the Consequent or Non sequitu^»
The False Cause.

The Fallacy of Many Questions.
Of these the two first are conveniently described f'

gether. The fallacy of accident consists in arguing erro-
neously from a general rule to a special case, where ^
certain accidental circuinstance renders the rule inapp¡'"
cable. The converse fallacy consists in arguing from ̂
spsclaJ case to-a general one. This latter fallacy is usu-
ally described by the Latín phrascíz dicto secundiivi gttid
addicíuin snnplictter^ meaning "from a statcment under
a condition to a statement shnply or without that con-
dition." Mr De Morgan has remarked in his very inte-
resting Chapter on Fallacies* that we ought to add a
third fallacy, which would consist in arguing from OM
special case to atiother special case.

• Formal Logic, Chapter XIII.
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I will try by a few examples to ¡Ilústrate these kinds of
fallacy, but much difficulty is often encountered in saying

which of the three any particular example is best re-
ferred. A most ancicnt example repeated in almost evcry
^ogical hand-book is as follows : "What you bought yes-
í-erday you eat to-day ; you bought raw meat yesterday
tkereforeyou eat raw meat to-da^" The assertion in the
Conclusión is made of meat withAhe accidental quality of
íawness added, where the first preinise evidently spcaks of
fhe substance of the meat without regard to its accidental
Condition. This then is a case of the direct fallacy.
If it is argued again that because wine acts as a poison
whcn used in excess it is always a poison, we fall inte the
Converse fallacy.

It wotild be a case of the direct fallacy of accident
to infer that a magistrate is justificd in using his power
to forward his own religious views, because eveiy man
li3-s a right to incúlcate his own opinions. Evidently
a magistrate as a man has the rights of othcr men, but
in his capacity of a magistrate he is dístinguishcd from
other men, and he must not infer of his special powers
in this respect what is only true of his rights as a
man. For another instance take the following; "He wio
thrusts a knife into another person should be punished;
a surgeon in opcrating does so; therefore he should be
punished." Though the fallacy of this is absurdly
manifest, it is not so manifest how we are to classify the
error. We may for instance say that as a general rule
whoever stabs or cuts another .is to be punished unless it
can be shewn to have been done under exceptional cir-
cumstances, as by a duly qualified surgeon acting for the
good of the person. In this case the example belongs to
the direct fallacy of accident. In another view we might
íntcrpret the first premise to mean the special case of
thrustiiig a knife maliciouslyj to argüe from that to the

12
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case of a surgeon would be to infer from one special case
to another special case.

It is undoubtedly true that to give to beggars promotes
mcndicancy and- causes evil; but if we intcrprct this to
mean that assistance is never to be given to those who
solicit it, we fall into the converse fallacy of accídent,
inferring of all who solicit alms what is only true of those
who solicit alms as a profession. Similarly it is a very
good rule to avoid lawsuits and quarrels, but only as a
general rule, since there frequently aríse circumstanccs
in which resort to the law is a plain duty. Almost all
the difficulties which we meet in mattcrs of law and
moral duty aríse from the impossibility of always ascer-
taining exactly to what cases a legal or moral rule does
or does not extend ; henee the interminable differcnces
of opinión, even among the judges of the land.

The Third Material Fallacy is that of the Irrelevant
Conclusión, technically called tlie Ignoratio Eieiichi, or
literally Ignorance of the Refutation. It consists in
arguing to the wrong point, or proving one thing in such
a manner that it is supposed to be something else that is
proved. Here again it would be difficult to adduce con-
cise examples, because the fallacy usnally occurs in the
course of long harangues, where the multitude of words
and figures leaves room for confusión of thought and
forgetfulness. This fallacy is in fact the grcat resoiirce oí
those who have to support a weak case. It is not un-
known in the legal profession, and an attorney for tlie
defendant in a lawsuit is said to have handed to
the barrister his bríef marked, "No case; abuse the
plaintiff's attorney." Whoever thus uses what is known as
argianentum ad hominem, that is an argument which
rests, not upon the mcrit of the case, but the charactcr or
position of those engaged in it, commits this fallacy. If
a man is accused of a crime it is no answer to say that
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the prosecutor is as bad. If a great changc in the law is
proposed in Parliament, ít is an Irrelevant Conclusión to
argüe that the proposer is not the right man to bring it
forward. Everyone who gives advice lays himself opcn
to the retort that he who preaches ought to practisc, or
that those who Uve in glass houses ought not to throw
stones. Nevertheless there is no necessary connection
betwcen the character of the person giving advice and
the goodness of the advice.

The argiimentum ad populum is another form of
Irrelevant Conclusión, and consists in addressmg argu-
ments to a body of people calculated to excite thcir fecl-
ings and prevent them from forming a dispassionate
judgment upon the matter in hand. It is the great
weapon of rhetoricians and demagogues.

Petitlo Princlpil is a familiar ñame, and the nature ol
the fallacy it denotes is precisely expressed in the phrase
begging the question. Another apt ñame for the f acyis
circnliis iii probando, or "a circle in the proof. t con
sists in taking the conclusión itself as one of the premisos
of an argument. Of course the conclusión of a sy
must always be contained or impÜed in the pr^ises,
only when those premisos are combined, and is
tinctly differcnt assertions from the conclusión, i us 1
the syllogism,

B is C,
A \s>B,

therefore A is C,

the conclusión is proved by being deduced from two
propositions, neither of which is identícai with it, but 1
the truth of one of these premises itself depends upon
the foUowing syllogism,

C is B,
A is C,

tlierefore A is B,
12—2
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it is plaín that we attempt to prove a proposition by itsclf,
whích is as reasonable as attempting to support a body
upen itself. ít is not easy to illustrate tliis kind of fal-
lacy by examplcs, because it usually occurs in long argu-
ments, and especially in wordy metaphysical writings
We are very likely to fall ínto it however when we employ
a mixture oi Saxon and Latín or Greek words, so as to
appear to prove one proposition by another which is
really the same expresscd in different terms, as in the
following: "Consciousness must be immediate cognition
of an object; for I cannot be said really to know a thing
unless my mind has been aíTected by the thing itsclf."

In the use of the disjunctive syllogism this fallacy is
likely to happen ; for by enumerating only those alterna-
tives which favour one view and forgetting the othcrs it is
easy to prove anything. An instance of this occurs in the
celebrated sophism by which some of the ancient Greek
philosophers proved that motion was impossible. For,
said they, a moving body must move either in the place
where it is or the place where it is not; now it is absurd
that a body can be where it is not, and if it moves it can
not be in the place where it is; therefore it cannot move
at all. The error arises in the assumption of a premise
which begs the question; the fact of course is that the
body moves betivccn the place where it is at one vwnicnt
and the place where it is at the next moment.

Jeremy Bentham however poínted out that the use
even of a single ñame may imply a Petitio Principii.
Thus in a Church assembly or synod, where a discussion
is taking place as to whether a certain doctrine should be
condemned, it would be a Petitio Principii to argüe that
the doctrine is heresy, and therefore it ought to be con
demned. To assert that it is heresy is to beg the question,
because every one understands by heresy a doctrine
which is to be condemned. Símilarly in Parliament a
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bilí is oftcn opposed on the ground that it is unoonstitu-
tional and therefore ought to be rejected; but as no
precise definition can be given of what is or is not con-
stitutional, it means little more than that the measure is
distasteful to the opponent. Ñames which are used m
this fallacious manner were aptly called by Bentham
Question-begging Epithets. In like manner we be'gt e
question when we oppose any change by saying that ir is
un-English.

The FaUacy of the Conaequent is better understood
by the familiar phrase non sequilar. We m^ app y
this ñame to any argument which is so loose an
inconsequent a character that no one can discover any
eogency in it. It thus amounts to little more than t e
assertion of a conclusión which has no connection wi
the premisos. Prof. De Morgan gives as an examp e
the following: "Episcopacy is of Scripjure origin; t e
Church of England is the only episcopal Church in Lng"
land; ergo, the Church established is the Church t a
should be supported."

By the Fallacy of the Talse Canse I denote that whic
has generally been referred to by the Latin phrase non
causa pro causá. In this fallacy we assume that one
thing is the cause of another without any suíhcient
grounds. A change in the weather is even yet attributed
to the new moon or full moon which had occurred shortly
beforc, although it has been demonstrated ovcr and over
again that the moon can have no such effect. In former
centuries any plague or other public calamity which fol-
lowed the appcarance of a comct or an eclipse was
considered to be the result of it. The Latin 'phrzsQposí
hoi. ergo propter hoc (after this and therefore in conse-
quence of this) exactly describes the character of these
fallacious conclusions. Though we no longer dread signs
and omens, yet we often cnough commit the fallacy; as
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when we assume that aU the prosperity of England ís the
result of the national character, forgetting that the plenti-
ful coal jn the country and its mariiime posilion have
contributed to our material wealth. It is no doubt equally
fallacious to attribiite no importance to national character,
and to argüe that bccause England has in past centuríes
misgoverned Ireland all the presqnt eviís of Ireland are
due to that misgovemmcnt,

Lastiy there is the somewhat trivial Fallacy of Many
Qnestlons, which is committed by those whp so combine
two or three questíons into one that no true answcr can
be given to them. I cannot think of a better example
than the vulgar pleasantry of asking, " Have you Icft ofT
beating your mother?" Questions equally as unfair are
ronstantly asked by barristcrs examiníng witnesses in a
court of justice, and no one can properly be required to
answer Yes or No to every question whích may be ad-
dressed to him. As Aristotle says, " Sevcral questions
put as one should be at once deconiposed into their
several parts. Only a single question admits of a single
answer: so that neither several predicates of one subject,
ñor one predícate of several subjccts, but only one predí
cate of one subject, ought to be aíifirmed or dcnied in a
single answer."

Read Prof. de Morgan's cxcellent and amusíng Chapter
on Fallacies, Formal Logic, Ch. xiii.

Whatel/s remarks on Fallacies, Elements of Logic,
Book III., are often very original and acute.

i

LESSON XXII.

the QUANTIFICATION of the PREDICATE

The syllogism has been explaíned in the preceding three
lessons almost exactly in the form in which it has been
taught for more than two thousand years. Just as Geo-
nietry has been taught in the way and order first adopted
by the ancient Greek writer Euclid, so Logic has been
taught nearly as Aristotle taught it about the year 335 B.C.

But within the last few years teachers have at last
come to the conclusión in England that Euclid's ideas of
Geometry are not as perfect as could be desired. During
the last 30 or 40 years aiso ít }\as been gradually made
apparent that Aristotle's syllogism is not an absolutely
perfcct system of logical deduction. Jn fact, certain
eminent writcrs, especially Sir Williani^ Hamilton, Pro-
fessor De Morgan, Archbishop Thomson and Dr Boole,
have shewn that we need to make improvements from the
very basis of the scíence.
/  This reform in Logic is called by the somewhat mys-
terious ñame of the qnantlñcatlon of the predícate, but
the reader who has found no insuperable difficulty ¡n
the preceding lessons need not fear one here. To quan-
tify the predícate is simply to state whether the whole or
the part only of the predícate agrees loíth or dífersfrom

^ the subject, In tliis proposítíon,

• " All metáis are elements,"
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the subject is quantified, but the predicate is not; we
know that all metáis are elements, but the proposition
does not distinctly assert whether metáis make the whole
of the elements cr not. In the quantified proposition

" All metáis are some elements,"

the little word some expresses clearly that in reality the
metáis form only a part of the elements. Arisiotle avoid-
ed the use of any mark of quantity by assuming, as we
have seen, that all affirmative propositions have a par
ticular predicate, like the example just given; and that
only negative propositions have a distributed or universal
predicate. The fact howcver is tlrat he was entirely in
error, and thus excluded from his system an infinite
number of afhrmative propositions which are universal
in both terms. It is true that—

"All equilateral triangles are all equiangular triangles,
but this proposition could not have appeared in his system
except in the mutilated form—

"All equilateral triangles are equiangular."
Such a proposition as

"London is the capital of England,"
or " I ron is the cheapest metal," .
had no proper place whatever in his syllogism, since both
terms are singular and identical with each other, and
both are accordingly universal.

As soon as we allow the quantity of the predicate to
be stated the forms of reasoning become much simplified.
We may first consider the process of conversión. In our
lesson on the subject it was necessary to distinguish be-
tween conversión by limitation and simple conversión.
But now one single process of simple conversión is suffi-
cient for all kinds of propositions. Thus the quantified
proposition of the form A,

"All metáis are some elements,"

1
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is simply converted into
"Some elements are all metáis."

The particular affirmative proposition «
" Some metáis are some brittle substances "

becomes by mere transposition of terms
"Some brittle substances are some metáis."

The particular negative proposition
" Some mcn are not (any) trustworthy persons"

is also converted simply into
"Not any tnistworthy persons are some men,"

though the result may appear less satisfactory in this form
than in the affirmative form, as follows,
" Some men are some not-trustworthy persons,

converted simply into
" Some not-trustworthy persons are some men.

The universal negative proposition E is converted
simply as before, and finally we have a new affirmative
proposition universal both in subject and predicate ; as m
"All equilateral triangles are all equiangular triangles,
which may obviously be converted simply into
"All equiangular triangles are all equilateral triangles.
This doubly universal affirmative proposition is of

most frequent occurrence; as in the case of all definitiops
and singular propositions; I may give as instances
"Honesty is the best policy," "The greatest truths are
the simplest truths," "Virtue alone is happincss below,"
" Self-exaltation is the fool's paradise."

Whcn affirmative propositions are expressed in the
quantified form all immediate inferenccs can be readily
drawn froin them by this one rule, that ivhatever tve do
with ofie term we skould do with the other term, Thus
from the doubly universal proposition, "Honesty is the
best policy," we infer that "what is not the best policy is
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not honesty," and aiso " what is not honesty is not the best
policy." From this proposition in fact we can draw two
contraposltlves; but the reader will carefully remember
tliat from the ordinary unquantified proposition A we
can oniy draw one contrapositive (see p. 84). Thus i£
"metáis are elementa" we must not say that "what are
not metáis are not elements." But if we quantiíy the
predícate thus, "All metala are some elements," we may
infer that "what are not metáis are not some elements."
Immediate inference by added determinant and complcx
conception can also be applied in either direction to
quantified propositions without fear of the en-ors noticed
in pp. 86-7.

It is clear that in admitting the mark of quantity before
the predicate we shall double the number of propositions
which must be admitted into the syllogism, because the
predicate of each of the four propositions A, E, I, O may
be either universal or particular. Thus we arrive al a list
of eight conceivable kinds of propositions, which are
stated in the following table.

All X is all y.

Some X is some V.

All X is some K

Some X is all Y.

Affirmative
propositions.

No AT is (any) Y. \
Some X is not some K t Negative
No.ATissomeK | propositions.
Some X is no Y, '

The letters A and Y are used to stand for any subject
and predicate respectivcly, and the reader by substituting
various terms can easily make propositions of each kind.
The symbolic letters on the left-hand side were proposed
by Archbishop Thomson as a convenient mode of reíer-
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ring to each of the eight propositions, and are very
suitably chosen. The doubly universal affirmative pro
position is called U; the simple converse of A is called
Y; the Greek letter tj {Eta, e) is applied to the proposi
tion obtained by changing the universal predicate of B
into a particular predicate; and the Greek « {Omega, d)
is applied to the proposition similarly determined from O.
All these eight propositions are employed by Sir W. Ha-
milton, but Archbishop Thomson considers that two of
them, 1] and w, are never really used. It is remarkable
that a complete table of the above eight propositions was
given by Mr George Bentham in a work called Outline
of a New System oj Logic, published in 1827, severa!
years previous to the earliest of the logical publications of
Sir W. Hamilton. But Mr Bentham considercd that some
of the propositions are hardly to be distinguished from
others; as Y from A, of which it is the simple converse; or
t] from O.

The employment even of the additional two proposi
tions U and Y introduced by Thomson much extcnds
the list of possible syllogisms, making them altogether 62
in number, without counting the fourth figure, which is
not employed by Hamilton and Thomson. When the
whole eight propositions are admitted into use we are
obliged to extend the list of possible syllogisms so as to
contain 12 affirmative and 24 negative moods in each of
the three first figures. The whole of these moods are
conveniently stated in the table on the next page, given by
Archbishop Thomson at p. 188 of his Laws of Thought.

Sir W. Hamilton also devised a curious system of
notation for cxhibiting all the moods of the syllogism in a
clear manner. He always employed the letter Mto denote
the middle term of the syllogism, and the two letters C
and r (the Greek capital letter Gamma) for the two
terms appearing in the conclusión. The copula of the
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'  Table of Moods of íhe Syliogísm.

[LESS,

First Figure. Second Fig. Third Figure.

Affirm. Neg. Affirm. Neg. Affirm. Neg.

1 U U U EUE u uu EUE U UU EUE

UEE UEE UEE

ii AYI 17 Y « YYI OYw AAI 7 A ci)

A 0 ci> YOcú A 7 a
iii AAA tiAt} YAA OA7 AYA 7Y7

Ajjij Y.7 7 AO7

iv YYY OYO AYY 7Y 0 YAY 0 AO

YOO AOO Y7O

V AI I 7 I ú) YII Ola AI I 7 I a>
A ú> 6) Y <u a> A (1) 0

vi lYI ú> Y o> lYI (O "Y di lAI ci> A 0

I 0 ft) I 0 0) Irja
vil UY.Y EYO UYY EYO U A Y EAO

u 0 0 uo 0 U7O
viii AUA 7 U 7 YUA OU7 AUA 7 U7

AE7 YE7 AE7

ix ÜAA EAE UAA EAE UYA EYE

U77 U77 UO7
X YUY OUO AU.Y 7UO Y UY OUO

yee AEE YEE

xi UII EIO UII EIO un EIO

U <Ú ú) U u <■> U « ü» ■

xii lUI Q> U lUI Q) U 0> lUI 0) U Ú)
I £7 IE7 IE7 )

proposition was indícated by a line thickened towards
the subjectjthus Mmeans that "
To indícate the quantity of the terms Hamilton inserteda

<

^ i -/
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colon (:) between the term and "the copula when the
quantity is universal, and a comma (,) whcn the quantity
is particular. Thus \ve readily express the followíng
uffirmative propositicns.

^  - , M AIl Cs are some ITs (A)
C : 1 Ai All C's are all AP% (U)
C , ^ Some C's are some AVs (I)

and so on. Any affirmative proposition can be converted
tuto the corrcsponding negative proposition by drawing a
stroke through the line denoting the copula, as in the
following—

^  : M No C is any M
C, : Aíí Some C is not any Af (O)
C, ^ , M Some C is not some Af (")

Any syllogism can be representad by placing M the
middle tcrm in the centre and connecting it on each side
with the other terms. The copula representing the con
clusión can then be placed below; Barbara is expressed
as follows—

:rC,

The negative mood Celarent is similarly—
C . I I ■ ¡AI, w :r

Cesare in the second figure is thus representad—

+Bsa

Sir W. Hamilton also proposed a new law or supreme
ianon of the syllogism by which the validity of all forms
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of the syllogism might be tested. This was stated in the
following words : "What worse relation of subject and
predícate subsísts between either of two terms and a
common ihírd tcrm, wjth which both are related, and one
at least positively so—that relation subsísts between these
two terms themselves."

By a wors¿ relatiofi, Sir William means that a negativo
relation is worse than an afñrmative and a particular iban
a universal. This canon thus expresses the rules that íf
there be a ncgative premise the conclusión must be nega-
tive, and if there be a particular premise the conclusión
must be particular. Special canons were also developed
for each of the three figures, but in thus rendering the
system complex the advantages of the qiiantified form of
proposition seem to be lost.

Prof. De Morgan also discovered the advantages of
the quantified predícate, and invented a system dilTering
greatly from that of Sir W. Hamilton. It is fully ex-
plained in his Formal Logic, The Syllnbus of a new
System of Logic, and various important memoirs on the
Syllogism in the Transacíions of the Cavibridge Philo-
sofhical Society. In these works is also given a com
plete explanation of the " Numerically Definite Syllogism."
Mr De Morgan pointed out that two particular premises
may often give a valid conclusión provided that the
actual quantities of the two terms are stated, and when
added together exceed the quantity of the middle term.
Thus if the majority of a public meeting vote for the first
resolution, and a majority also vote for the second, it
follows necessarily that some who voted for the first voted
also for the second. The two majorities added together
exceed the whole number of the meeting, so that they
could not consist of entirely different people. They may
indeed consist of exactly the same people; but all that
we can deduce from the premises is that the excess of the
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tvvo majorities added together over the number of the
meeting must have voted in favour of each resolution.
Tbis kind of inference has by Sir W. Hamilton been
^ítid to depend on ultra-total distribution ; and the ñame
of Plurative Preposltions has been proposed for all those
which give a distinct idea of the fraction or number of the
subject involved in the assertion.

T. Spenccr Baynes, Essay on the neiv Analytic of
Loglcal Forms; Edinburgh, 1850.

Prof. Bowen's Treatise on Logic or the La^vs of Puré
Thoughí, Cambridge, U. S. 1866 (Trübner and
Co.) gives a full and excellent acccuni of Hamilton s
Loff c.

LESSON XXIII.

BOOLE'S SYSTEM OF LOGIC.

It would not ín the least be possible to give in an de-
mentary work a notion of the system of indirect inference
first discovered by the late Dr Boole, the Professor of
Mathematics at the Queen's College, Cork. This system
was founded as mentioned in the last lesson upon the
Quantification of the Predícate, but Dr Boole regarded
Logic as a branch of Mathematics, and believed that he
could arrive at every possible inference by the principies
of algebra. The process as actually employed by hinj
is very obscure and difficult; and hardly any atlempt to
introduce it into elementary text-books of Logic has yet
been made.

1 have been able to arrive at exactly the same resulta
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books are octavo or nof octavo, bound or unbound, pub-
lished in London or elsewhere, and so on. We shall cali
this process of twofoid división, which is rcally the pro-
cess of Dicliotomy mentioned in p. 107, the development
of a term, because it enables us ahvays to develope'the
utmost number of alternatives which need be considerad.

As a general rule it is not likely that all the alterna
tives thus unfolded or developed can exist, and the nexf
point is to ascertain how many do or may exist. The Law
of Contradiction asserts that nofhing can combine con-
tradictory attributes or qualities, and if we meet wiüi any
term which is thus aelf-contradictory we are authorized at
once lo strike it out of the lisL Now consider our oíd
example of a syllogism :

Iron is a metal;
All metáis are elements 5
Therefore iron is an element.

We can readily prove this conclusión by the indirect
method. For if we develope the term iron, we have four
alternatives; thus—

Iron, metal, element.
Iron, metal, not-element.
Iron, not-metal, element.
Iron, not-metal, not-element.

But if we compare cach of these alternatives with the
prcmiscs of the syllogism, it will be apparent that several
of them are incapable of existing. Iron, we areinformed,
isa metal. Henee no class of things"iron, not-metal"
can exist. Thus we are enabled by the first premise to
strike out both of the last two alternatives which combine
iron and not-metal. The second alternative, again, com
bines metal and not-element ; but as the second premise
informs us that "all metáis are elements," it must be
struck ouL There remains, then, only one alternative

as Dr Boole without the use of any mathematics; and
ihough the vcry simple process which I am going to
describe can hardly be said to be strictly Dr Boole's
logic, it is yet vcry similar to it and can prove everything
that Dr Boole provcd. This Method of Indirect Inference
is founded upon the three primary Laws of Thought
stated in Lesson xiv., and the rcader who may have
thought them mere useless truisms will perhaps be sur-
prised to find how extensivo and elegant a system of
deduction may be derived from them.

The law of excludcd middle enables us to assert that
anything must cither have a given quality or must have it
not. Thus if iron be the thing, and combustibilHy the
quality, anyone must see that

"Iron is either combustible or incombustible."

This división of alternatives may be repeatcd as often
aswelike. Thus let Book be the class of things to be di-
vided, and English and Scientific two qualities. Then any
book must be either English or not English; again an
English book must be either Scientific or not Scientific,
and the same may be said of books which are not English.
Thus we can at once divide books inte four classes—

Books, English and Scientific.
Books, English and not-Scicntific.
Books, not-English and Scientific.
Books, not-English and not-Scientifíc.

This is what we may cali an exhaustiva división of the
class Books; for there is no possible book which does
not fall inte one división or other of these four, on
account of the simple reason, that if it does not fall iiito
any of the three first it must fall inte the last. The pro
cess can be repeated without end, as long as any new
circumstance can be suggested as the ground of división.
Thus we might divide each class again according as the

13
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which ís capable of existing if the premises be tme, andas
there cannot conceivably be more alternatives than those
considered, it follows demonstratively that iron occurs
cnly in combination with the qualitics of metal and ele-
ment, or, in brief, that it is an elemcnt.
We can, however, prove not only the ordinary syllo-

gistic conclusión, but any other conclusión which can be
drawn from the same premises; the syllogistic conclusión
is in fact only one out of many which can usually be ob-
tained from given premises. Suppose, for instance, that
we wish to know what is the nature of the term or class

7ioí-elemcrit, so far as we can learn it from the premises
just considered. We can develope the alternatives of this
term, just as we did those of iron, and get the following—

Not-element, iron, metal.
Not-element, iron, not-metal.
Not-element, not-iron, metal.
Not-element, not-iron, not-metal.

Compare these combinations as before with the premises.
The first it is easily seen cannot exist, because all metáis
are elements; for the same reason the third cannot exist;
the second is likewise excludcd, because ¡ron is a metal
and cannot exist in combination with the qualitics of not-
metaL Henee there remains only one combination to
repvesent the class desired—namely,

Not-element, not-iron, not-metal.
Thus we learn from the premises that every not-ele*

ment is not a metal and is not iron.
As another example of this kind of deductivo proccss

I will take a case of the Disjunctive Syllogism, in the ne-
gativc mood, as follows:—

A fungus is either plant or animal,
A fungus ís not an animal;
Therefore it is a plant

XXIII.]

Now if we develope all the possible ways in which
fungus, plant and animal can be combined together, we
obtain for the term fungus—

(1) Fungus, plant, animal.
(2) Fungus, plant, not-animal.
(3) Fungus, not-plant, animal.
(4) Fungus, not-plant, not-animaL

Of these however the 4th cannot exist because by
the premise a fungus must be a plant, or if not a plant an
animal. The ist and 3rd again cannot exist because th6
minor premise informs us that a fungus «s not an anima
There remains then only the second combination,

Fungus, plant, not-animal,
from which we learn the syllogistic conclusión that
"a funeus is a plant." . .

The chief excellence of this mode ofdeductionconsists
in the fact that it is not restricted to any defimte sene
of forms like the syllogism, but is applicable, without any
additional rules, to all kinds of propositions or proDlems
which can be conceived and stated. There may ^ ̂ ̂
number of premises, and they may contain any number ot
terms; all we have to do to obtain any possible inference
is to develope the term required into all its alternatives
and then to examine how many of these agrcewith the pre
mises. What remain after this examination necessaniy
form the dcscription of the term. The only inconvenience
of the method is that, as the number of terms increases,
the number of alternatives to be examined increases vcry
rapidly, and it soon becomes tedious to writethemallcut.
This work may be abbreviated if we substitute sing e
letters to stand for the terms, somewhat as in algebra,
thus we may take B, C, D, &c., to stand for the afíirm-
ative terms, and a, b, c, d, &c., for the corresponding nega-
tive enes. Let us üake as a first example the premises

13—3
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Organic substance is either vegetable or animal.
Vegetable substance consists raainly of carbón, hydrogen,

and nitrogen. *
Animal substance consists mainly of carbón, hydrogen, *

and nitrogen.

It would take a long time to write out all the combí-
nations of the four terms occurri'ng in the above; but if
•we substitute letters as follows— *

organic substance,
^=vegctable substance, *
C= animal substance,
¿^ = consisting mainly of carbón, hydrogen, and ^

nitrogen,
we can readily represent all the combinations which can {
belong to the term A.

(1) ABCD AbCD (5)
(2) ABCd AbCd (6)
(3) ABcD AbcD (7)
(4) ABcd Abcd (8)

Now the premises amount to the statements, that *

A must be either ̂  or C, *
^  B must be Z>,

C must be D.

The combinations (7) and (8) are inconsistent with the
first premiso; the combinations (2) and (4) with the sccond
premise; and (6) is inconsistent with the third premise.
There remain only,

ABCD

ABcD

AbCD.

Whence we learn at once that "organic substance 'A)
always consistá mainly of carbón, hydrogen and nitrogen,"
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because it always occurs in connexion with D. The readcr
may perhaps notice that the term ABCD implies that or
ganic substance may be both vegetable {B) and animal (C),
If the first premise be ¡nterpreted.as meaning that this is
not possible, of course this combination should also be
struck out. It is an unscttled point whcther the alíer-
natives of a disjunctíve proposition can coexíst or not
(sce p. 166), but I much prefer the opinión that they
can; and as a matter of fact it is quite likely that there
exist very simple kinds of living bcings, which cannot be
distinctly asscrted to be vegetable only or animal only,
but partake of the nature of each.

As a more complicatcd problem to shcw the powers of
this systcm, let us consider the premises wliich were
trcatcd by Dr Boole in his Laws 0/ Thoughty p. 125, as
follows:

" Similar figures consist of all whose corresponding
angles are cqual, and whose corresponding sidcs are
proportional.

Triangles whose corresponding angles are equal have
their corresponding sides proportional; and vice versa.

Triangles whose corresponding sides are proportional
have their corresponding angles equal."

Now if we take our symbol letters as follows :

.<4 = similar figure,
^=triangle,
C=having corresponding angles equal,
Z>=liav¡ng corresponding sides proportional,

the premises will be seen to amount to the statements that

A is identical with CD^
and that *

BCls, identical with BDj
ín other words, all A's ought to be CDs, CD's ought to

I
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be A% aU BCs ought to be BUs and all BD's ought to
be BCs. ,

The possible combinations in which the letters may
united are i6 in number and are shewn in the following
table:
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ABCD aBCD

ABCd aBC d

ABcD aBcD

ABcd aB cd

AbCD abCD

AbCd ab Cd

A bcD abe D

Abcd abcd

Comparing each of these combinations wíth the prcmises
■we see that ABCd, ABcD, ABai, and cthcrs, are to be
struck out because cvery A is also to be CD. The com
binations aBCD and ahCD are struck out bccause every
CZ? should also be A. Again, aBCd is inconsistent wíth
the condition that every BC is also to be BD\ and if
the reader carefully follows out the same proc-oss of cx-
amination, therewül remain only six combinations, which
agree with all the premises, thus—

ABCD aBcd
AbCD abCd

abcD
abcd

From these combinations we can draw any descriptíon
we like of the classes of things agreeingwith the premises.
The class A or similar figures is represented by only two
combinations or alternatives; the negativo class a. or
dissimilar fi gures, by four combinations, whcnce we may
draw the following conclusión: "Dissimilar figures con
sist of all triangles which have not thcir corresponding
angles equal, and sides proportional {aBcd), and of all

\  figures, not belng triangles, which have either their angles
(  equal and sides not proportional {abCd), or their cor

responding sides proportional and angles not equal
{abcD), or ncithcr their corresponding angles equal ñor
corresponding sides proportional {abcd)"

In performing this method of inference it is soon seen
^  to procced in a vcry simple mechanical manner, and the
f"" only inconvenience is the large number of alternatives or

combinations to be examined. I have, therefore, devised
several modes by which the labour can be decreased;

I  the simplest of these consists in engraving the series
of 16 combinations on the opposite page, which occur

I  over and over again in problems, with larger and smaller
1  scts, upon a common writing slate, so that the excluded
r  oncs may be readily struck out with a common slate

pcncil, and yet the series may be cmployed again for any
I  future logical quescion. A sccond dcvice, which I have
'  callcd the "Lo§:lcal ahacua," is constructed by printing the
I  letters upon slips of wood furnished with pins, contrived
^  so that any part or class of the combinations can be

picked out mechanically with very littie trouble; and a
A  logical problem is thus solved by the hand, rather than
J  by the head. More rccently howevcr I have reduced the
^  system to a complctely mechanical form, and have thus

embodied the whole of the indirect process of inferencef in what may be called a Logical Machine. In the front
of the machine are seen certain moveable woodcn rods
carrying the set of 16 combinations of letters which are

I  seen on the prcceding page. At the foot are 21 keys like
)  those of a piano; eight keys towards the left hand are

marked with the letters A, a, B, b, C, c, D, d, and are
¡atended to represent these tcrms when occurring in the
subject of a proposition. Eight other keys towards the
right hand represent ihc same letters or tcrms when oc
curring in the predicate. The copula of a proposition la
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represented by a key in the middle of thc series; thc fuU
stop bv one to the extreme right, while thcre are two other
keys which serve for the disjunctive conjunction
cording as it occurs in subject or predícate, if the
letters be taken to stand for the tcrms of a
any other logical argument, and thc kcys of th
ment be pressed exactly in the order corrcsponding to the
words of the premises, the 16 combinations wi
selected and arranged thereby that al the end en y
possible combinations will remain in vicw. Any que
can thcnbeasked of the machine, and an .nfallibleanswer
will be obtained from the combinations remaining.
internal construction of the machine is such, thcre as
actüally to perform the work of infercncc which, vn ur
Boole's systcm, was performcd by a vcry comp ica c
mathematical calculation. It should be adcled, t lat ncre
is one remaining key to the extreme left which ms i le
effect of obliterating aU previous operations and restormg
all tlie combinations to their original place, so t tat t te
machine is then ready for the performance of any new
problem. , .

An account of this logical machine may be found m
Proceedings of the Royal Socteíy for Jan. 2oth, i 70,

the machine having on that day been exhibited in action to
the Fellows of thc Society, The principies of thc method
of infercncc here described are more completely stated in
The Substitulion of Similars'^i and the Puré which
I published in the ycars 1869 and 1864. I may add, that
the first-named of these works contains certain views as
to the real nature of the process of inference which I^o

• T/ie Substilution of Similars, the Inte Principie of Rec^n^
t/tg, derived from a modif catión of AristotWs Dictitm. Mac-
mtllan and Co. 1869.
+ Puré LogiCf or the Logie of Quality afartfront Quaniity,&v^

Edward Slanford, Charing Cioss.

XXIII.] BOOLE'S SYSTEM OF LOGIC. 201

i>:t think it desirable to introduce into an elementary work
like the prcsent, on account of their speculative charactcr.
The process of inference, on the other hand, which I have
derived from Boole's system is of so sclf-evident a charac
tcr, and is so clearly proved to be true by its reduction to
a mechanical form, that I do not hesitate to bring it to the
rcader's notice.

George Boole, Mathematical Analysis of Logtc^ '847.
Aii Invesíigation of the Laws of Thought. Londor
Walton and Maberly, 1854.

LESSON XXIV.

ON METHOD, ANALYSIS AND SYNTHESIS.

It has bcen hcld by many writers on Logic that, in addi-
tion to the three parts of logical doctrine which treat
successively of Terms, Propositions and Syllogisms, Ihere
was a fourth part, which treats of method. Just as the
doctrine of Judgment considers the arranging of terms
and theif combination into Proposfiions, and the doc
trine of Syllogism considers the arranging of propositions
that they may form arguments, so there should in like
manner be a fourth part, called Method, which should
goV/crn the arrangement of syllogisms and their combina
tion into a complete discourse. Method is accordingly
defined as consisting in such a disposition of the farts of
a dist^urse that the whole may be most easily intelligible.

fiie cclebrated Peter Ramus, who perished in the
massacre of St Bartholomew, first proposed to make
method in this manner a part of the science of Logic; but
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it may well be doubted whetlier any definite set of rules
or principies can be given to guide us ín thc arrangement
of arguments. Every diffcrent discourse must consist üf
arguments arranged iii accordance with the peculiar nature
of the subject; and no general rules can be givcn for treat-
ing things wliich are infinitcly various in the mode of treat-
ment required. Accordingly the supposed general rules
of method are no bctter than truisms, that is, thcy tell us
nothing more than we must be stipposcd to know before-
hand. Thus, we are instructed in composing any dis
course to be careful that—

1. Nothing should be wanting or redundant.
2. The sepárate parts should agree with each other.
3. Nothing should be treated unless it is suitable to

the subject or parpóse.
4. The sepárate parts should be conriected by suit

able transitions.

But it is evident that the whole difficulty consists in
deciding whot is wanting or redundant, suitable or con-
sistent. Rules of.this kind simply tell us to do what we
ought to do, without defining what that is.

There exist neverlhcless certain general modes of
treating any subject which can be clcarly distinguished.
and should be well^understood by the logical student.
Logic cannot teach him exactly how and when to use
each kind of method, but it can teach him the natures
and powers of the methods, so that he will be more likely
to use them rightly. We must distinguish,

1. The method of discovery,
2. The method of instruction.

The metliod of dlscovory is employed in the acquisi-
tion of knowledge, and really consists in those processes
of inference and induction, by whích general truths are
ascertained from the collectíon and examination of par-
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licular facts. This method will be the subject of most of
our remaining Lessons. The second method only applies
when knowledge has alrcady been acquired and express-
ed in the form of general laws, rules, principies or truths,
so that we have only to make ourselves acquainted with
these and observe the due mode of applylng them to
particular cases, in order to possess a complete acquaint-
ance with the subject.
A student, for example, in learning Latín, Greek,

French, Germán, or any well-known language, receives a
complete Grainmar and Syntax settíng forth the whole of
the principies, rules and'hature of the language. He
receives these instructions, and takes them to be truc on
the authority of the teacher, or the writer of the book;
and after rendering them familiar to his mind he has
nothing to do but to combine and apply thc rules in read-
ing or composing the language. He follows, in short,
the method of Instruction. But this ís an entirely differ-
ent and opposite process to that which thc scholar must
pursue who has received some writings ín an unkno^vn
language, and is endeavouring to make out the alpha-
bet, words, grammnr, and syntax of the language. He
posscsses not the laws of grammar, but words and sen-
tcnces obeyíng those laws, and he has to detect the
laws if possible by observing their effects on the written
language. He pursues, in short, the method of discovery
consisting in a tecHous comparison of lettcrs, words, and
phrases, such as shall disclose the more frequcnt combi-
nations and forms in which thcy occur. The process
would be a strictly inductivo onc, such as I shall partially
exemplify in the Lessons on Induction; but it is far more
diñicalt than the method of Instruction, and dcpends to a
great extent on the bappy use of conjecture and hypothesis.
which demands a certain skill and inventive ability.

Exactly the same may be said of the investigation of
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natural things and events. The principies of mechantes,
of the levar, inclined plañe, and other Mcchanical Powers,
or the Laws of Motion, secm comparativcly simple and
obvious as explained to us ín books of instruction. But
the early philosophers did not posscss such books; they
had only the Book of Nature, in which is set forth not
the laws but the results of the laws, and it was only
aíter the most paticnt and skilful investigation, and after
hundreds of mistakes, that those laws were asccrtained.
It is very easy now to understand the Copernican system
of Astronomy, which reprcsents the plancts as revolving
round the sun in orbits ofyarious magnitude. Once know-
ing the theory we can readily sce why the plancts have
such various movcmcnts and positions, and why they
sometimes stand still; it is easy to see, too, why in ad-
dition to their own proper motions they all go round the
earth apparently evcry day in consequence of the earth's
diurnal rotation. But all these changes were exceedingly
puzzling to the ancicnts, who regarded the earth as stand-
ing still.

Tlie metnod of discovery ihus begins with facts ap-
parent to the senses, and has the diñicult task of detecting
those universal laws or general principies which can only
be comprehcnded by intellect. It has been aptly said
that the mcthod of discovery thus procceds from things
better knoivji to us^ or our senses {nobis notiord), to those
which are more simple or better known in natiire {noiiord
natura). The method of Instruction procecds in the
opposite direction, beginning with the things fiotiora
natura, and proceeding to show or explain the things
nobis iiotiora. The diffcrence is almost like that bctween
hiding and seeking. He who has hidden a thing knows
wherc to find it; but this is not the posítion of a discoverer,
who has no clue except such as he may meet in his owü
diligent and sagacious search.
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Closely corresponding-to the distinction betwcen the
methods of Discovery and Instruction is that betwcen
the method^ of Analysis and Syntüesls. It is very inv
portant indccd thát the rcader shouíd clearly apprchend
the mcanings of these terms in their several applications.
Analysis is the process of separating a whole into its
parts, and synthesis the combination of parts into a
whole. The analytical chemist, who receives a piece of
mineral for examination, may be able to sepárate com-
pletely tlie several chemical elemcnts of which it is
composed and ascertain their nature and comparativo
quantities; this is chemical analysis. In other cases the
chemist mixes together carefully weighed quantities of
certain simple substances and combines thcin into a new
contpound substancé; this is chemical synthesis. Logical
analysis and synthesis must not be confused with the
physical actions, but they are nevertheless actions of
mind of an analogous character.

In logical synthesis wc begin with the simplest possible
notions or ideas, and combine them together. We have
the best possible cxample in the clcments of Geometry.
In EucHd we begin with certain simple notions of points,
straight Unes, angles, right anglcs, circlcs, &c. Putting
together three straight lines we make a triangle; joining
to this the notion. of a right-angle, we form the notion of
a right-angled triangle. Joining four other equal lines at
right anglcs 10 each other we gain the idea oí a square,
and if we then conccive such a square to be formcd upon
each of the sides of a right-angled triangle, and reason
jrom the necessary qualities of tliese figures, we discover
that the two squaros upon the sides containing the right
angle must together be exactly equal to the square upon
the third side, as shewn in the 47th Proposition of
Euclid's first book. This is a perfect instauce of com*
bining simple ideas into more complex ones.
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We havc often, howevcr, in Geomctry to pursue tha
opposite course of Analysis. A complicated gcometrical
^gurc may be givcn to us, and we may have, in order to
prove the propertics which it possesscs, lo resolve it into
its separa-te parís, and to consider th'c pVopertics of those
parís each distinct from the others.

A similar distinction between the analytical and syn-
thctic methods can be traccd throughout the natural
sciences. By keeping exact registcrs of tW appearance
and changes of the weather we may readily acquire an
immense collection of facts, each such rccordcd fact
ímplying a multitude of diffcrent circumstanccs occurring
together. Thus in any storm or shower of rain we have
to consider the dircction and forcé of the wind; the tem-
perature and moistness of the air; the height and formsof
the clouds; the quantity of rain which falls, or the light-
ning and thunder which occur with it. If we proceed by
analysis only to explain the changes of the weather we
should have to try resolving each storm or change of
weather into its sepárate circumstanccs, and comparing
each with every other to discover what circumstanccs
usually go together. We might thus ascertain no doubt
with considerable ccrtainty what kinds of clouds, and
what changes of the wind, temperature, moisture, &c.,
usually precede any kind of storm, and we might even in
time give some impeifect explanation of what takes place
in the almosphcre.

But we might also apply with advantage the syn-
thetical methcd. By previous chemical investigations^we
know that the atmosphere consists mainly of the two
fixed gases, oxygen and nitrogen, with the vapour of
water, the latter being very variable in quantity. We
can try experimentally what takes place when portions
of such air of various degrees of moistness are com-
pressed or allowed to expand, or are mixed together, as
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often happens in the atmosphere. It is thus discovered
that whencver moist air is allowed to expand cloud
is produced, and it may be drops of rain. Dr Hut-
ton, too, found that whenever cold moist air is mixed

with warm moist air cloud is again produced. We can
safely argüe from such small cxperiments to what takes
place in the atmosphere. Putting together synthetically,
from the sciences of chemistry, mechanics, and electricily,
all that we know ofair, wind, cloud and lightning, we are.
able to explain what takes place in a thunder-storm far
more completely than we could do by merely observlng
directly what happens in the storm. We are here how
evcr anticipating the methods of inductive investigation,
which we must consider in the following lessons. It will
appear that Inductlon is equivalent .to a.n^y4.is, and that
the deductive kinds orréasoning which we have treatcd
in prior lessons are of a synthetic charactcr.

It has been said that the synthetic method usually
corresponds to the method of instruction and the analytic
method to that of discovery. But it may be possible to
discover new truths by synthesis and to teach oíd ones
by analysis. Sir John Herschel in his well-known Oiii-
litiesofAstronomy partially adopts the analytic method;
he supposes a spectator in the first place to survey the
appearances of the heavenly bodies and the surface of
the earth, and to seek an explanation; he then leads
him through a course of arguments to show that these
appearances really indicate the rotundity of the earth, its
revolution about its own axis and round the sun, and its
subordínate position as one of the smaller plancts of the
solar system. Mr Norman Lockyer's Elemeniary Lcssotis
til Astro7tomy is a olear example of the synthetic method
of instruction ; for he commences by describing the sun,
the centre of the system, and successively adds the plancts
and other memhcrs of the system, until at last we have

L
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the complete picture; and the rcader who has temporanly
received everything on the wríter's author¡ty,.sces that
the description corrcsponds with the truth. Each method,
it must be allowcd, has its own advantages.

It must be carefully observcd that the meaning o
analysis, and thcrefore that of synthesis, vanes according
as we look to the intensión or extensión of terms. lo
divide or analyse a class of things in extensión I must add
a quality or difference. Tlius i divide the class oi'ganism
when I add the quality "vcgeiabU, and sepárate vegeta e
organism from what is not vegetable.

" sion is_.therefore. the same proccss^M _s^tJiesU_hi ,J5r
sion; and vice vcrsk, whenever 1 scpai'ate ór ana yse a
^oup of qualities each parí bclongs to a largor class o
things in extensión. VVhcn I analyse the notion vegeta e
organism, and regard the notion organism apait rom
vegetable, it is apparent that I really add the \vhoIe c ass
of animal organisins to the class I am consideiing—so
tliat analysis in Intensión ia synthjsl^ m exteialgo- le
reader who has well considered the contents of Lessons
V, and XII. will probably see that this connection o tic
two processes is only a re-statcment of the law, (p- 40}»
that "as the intensión of a term is increased the extensión
is decrcased."

To express the difference bctwccn knowledge denved
deductively and that obtained inductivcly' the LaUn
phrascs á priori and a posíerioti are oftcn uscd." By
A prlorl reasoning we mean argumcnt based on truths
previously known ; A postorlori reasoning, on the conti ary,
proceeds lo infer from the consequcnces of a gcncial
truth what that general truth is. Many philosophers con-
sider that the mind is naturally in posscssion of ccrtain
laws or truths which it must rccognise in every actT of
ihoughl; all such, if they'exisl, woukl be á priof^ truths.
It cannot be doubted, for instance, thai we must always

1
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recognisc in thought the three Primary Laws of Thought
considered in Lesson XIV. We have there an ápnon
knowledge that "mattcr cannot both have weight and e
without weight," or that "every thing must be either se -
luminous or not self-luminous." But there is no law o
thought which can oblige us to think that matter las
weight, and luminous ether has not weight; that Júpiter
and Venus are not self-luminous, but that comets are o
some extent self-luminous. These are facts which are no
doubt necessary consequcnces of the laws of nature an
the general constitution of the world; but as we are no
naturally acquaintcd with all the secrcts of creation, wc^
have to Icarn thcm by observation, or by the á posícnori
method.

It is not howcver usual at the prcscnt time to rcslnct
the ñame á priori to truths obtained altogcther without
rccourse to observation. Knowledge may origmally be
of an á postcriori origin, and yet having been ong
in possession, and having acquired the greatest certainty,
it may be the ground of deductions, and may then I'®
to give (i priori knowledge. Tlius it is now bclieved by
all scientific men that forcé cannot be created or destroy-
ed by any of the processes of nature. If this be true fue
forcé which disappears when a bullet strikes a'tar¿,et must
be converted inte something clse, and on fl/r/í7r/grouu-,ds
we may asscrt that heat will be the result. It ¡s true tha'
we might easily learn the same truth á posteriori, hy
picking up portions of a bullet which has just struck a
target and observing that they are warm. But there ís a
great advantage in a priori knowledge; we can ofteu
apply it in cases where expcriment or observation would
be difficult. If I lift a stoiie and then drop it, the most
dclicate instrumcnts could hardly show that the stone
was heated by striking the earth; yet on á priori grounds
I know that it must have been so, and can easily calcu-

14
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late the amount of heat produccd. Similarly \ve know,
without the trouble of observation, that the Falls of Ni
ágara and all other waterfalls produce heat. This is
fairly an instance of á priori knowlcdgc because no one
that I have heard of has tried the fact or proved ít a pos-
teriorij nevertheless the knowledge is originally founded
on the experiments of Mr Joule, who observcd in certain
well-chosen cases how much forcé is equivalent to a
certain amount of heat. The reader, however^ should
take care not to conCuse the meaning of á priori thus
explained with that given to the words by the philoso-
phers who hold the mind to be in the possession of know
ledge independently of all observation.

It is not difficult to see that the a priori meth^ is
equivalent to the synthetic meihod (see p. 205) considercd
in intensión, the á postcriori method of coursc bcing equi
valent to the analytic method. But the same differenceis
really expressed in the words deductivo and inductive;
and we shall frequently necd to consider it in the following
lessons.

For general remarks upon Method see the Port Roy al
LogiCi Part iv.

LESSON XXV.

PERFECT INDUCTION AND THE INDUCTIVE

SYLLOGISM.

We have in previous lessons consiclered deductivo rea-
soning, which consists in combining two or more general
propositions synthctically, and thus arriving at a con
clusión which is a proposition or truth of less gcneiality
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than the premises, that is to say, it applies to fewer indi
vidual instances than the sepárate premises from which
it was inferred. When I combine the general truth that
"metáis are good conductors of heat," with the trutli that
"aluminium is a metal," I am enablcd by a syllogism in
the mood Barbara to infer that "aluminium is agood con
ductor of heat." As this is a proposition conceming one
metal only, ¡t is evidently less general than the premise,
which refcrred to all metáis whatsoever. In índuction, on
the contrary, we proceed from less general, or even from
individual facts, to more general propositions, truths, nr,
as we shall often cali them, Laws of Nature. When it is
known that Mercury moves in an elliptic orbit round the
Sun, as also Venus, the Earth, Mars, Júpiter, &c., we are
able to arrive at the simple and general truth that "all the
planets move in elliptic orbits round the sun." This is an
example of an inductive procoss of reasoning.

It is true that we may reason without rcndering our
conclusión eíthcr more or less general than the premises,
as in the followinf:—

Snowdon is the highest mountain in England or Wales.
Snowdon is not so high as Ben Neyis.
Therefore the highest mountain in England or Wales is
not so high as Ben Nevis.

Again:
Lithium is the lightest meta! known.
Lithium is the metal indicated by one bright red line in
the spectrum *

Therefore the lightest metal known is the metal indicated
by a spectum of one bright red line.

In these examplcs all the propositions are singular
propositions, and merely assert the identity of singular

* Roscoc^á Lessons in Elemenlary Chcmistry, p. 199*
14—2
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terms, so that thcre is no alteration of generality. E^ch
conclusión applics to just such an object as each of the
premisos applies to. To this kínd of reasoning the apt
ñame of Traduction has been givcn.

Znductlún is a much more difficult and more important
kínd oí reasoning process than Traduction or even Deduc-
tion; for it is engaged in detecting the general laws or
uniformities, the relations of cause and efiect, or in short
a-ll the genial truths that may be asserted conccrningthe
numbcrlesS and very diverse events that take place in the
natural world around us. The greater part, if not, as
some philosophers think, the whole of our knowledgc, is
ultimately due to inductivC'reasoning. The miad, it is
plausibly said, is not furnished wiih knowlcdge in the
form of general propositions ready madc and stamped
upon it, but is eiWowcd with powcrs of obscrvation, com-
parison, and reasoning, which are adcquatc, whcn wcll
cducated and exercised, to procure knowledge of the world
without US and the world within the human mind. Even

when we argüe synthetically and deductively from simple
ideas and truths which seem to be ready in the mind, as
in the caso of the science of geometry, it may be that we
have gatliercd thosc simple ideas and truths from previous
obscrvation or induction of an almost unconscious kind.
This is a debated point upon which I will not licre speak
positively; but if the truth be as stated, Induction will be
the mode by which all the materials of knowledge are
brought to the mind and analysed. Deduction will thcn
be the almost equally important process by which the
knowledge thus acquired is utilised, and by which new
Inductions of a qiore complicated character, as we shall
see, are rendered possible.

An Induction, that is an act of Indurtive reasoning, is,
called Perféct when all the possible cas-s or instances to '
which the conclusión can refer, have been examined and
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enumerated in the premises. If, as usually happcns, it is
impossible to examine all cases, since they may occur at
future times or in distant parts of the carth or otlier
regions of the universo, the Induction is called Imperfect.
Tlie assertion that all the months of the year are of less
length than thirty-two days is dcrívcd from Perfect In
duction, and is a certain conclusión because the calendar
is a human institution, so that we know beyond doubt how
niany months there are, and can readily ascertain that
each of them is less than thirty-two days in length. But
the assertion that all the planets move in one direction
round the sun, from West to East, ís derived from Imper-
fect Induction ; for it is possfÉle that there exist planets
more distant than the ñiost distant-known planet Nep-
tune, and to such a planet of course the assertion would
apply.

Henee it is obvious that there is a great difference
between Perfect and Imperfect Induction. The latter
includcs some process by which we are enabled to make
assertions conccrning things that we have nevar scen or
examined or even known to exist. But it must be care-
fully remembered aiso that no Imperfect Induction can
give a certain conclusión. It may be liighly probable or
nearly certain that the cases unexamincd will resemble
those which have been examined, but it can never be
certain. It is quite possible, for instance, that a new
planet might go round the sun in an opposite direction to
the other planets. In the case of the satcllites belonging
to the planets more than one cxception of this kind has
beón discovcred, and mistakes have constantly occurrcd
in science from expecting that all new cases would
exactly resemble oíd ones. Imperfect Induction thus
gives only a certain degree of probability or likelihood
that all instances will agree with those examined. Per
fect Induction, on the other hand, gives a necessary and
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certain conclusión, but it asserts nothing beyond what
was asserted in the premisos. .

Mr Mili, indeed, differs from almost all other logicians
in holding that Perfect Induction is improperly called
Induction, because it does not Icad to any new knowledge.
He defines Induction as iiifercnce from ihe known^ to the
unknown, and considers the unexamined cases which are
apparently brought into our knowledge as the only gaio
from the process of reasoning. Henee Perfcct Inductmn
seems to him to be of no scientific valué whatever, be-
cause the conclusión is a mere reassertion m a bneler
form, a mere summing up of the premisas. I may point
out,however, that if Perfect Induction were no more than
a process of abbreviation it is yet of great importance, and
requires to be continually used in science and common
iife. Without it we could nevcr make a comprehensive
statement, but should be obliged to enumérate every pa^
ticular. After examining the books in a library and
finding them to be all English books we should be unable
to sum up our results in the one proposition,*' all the books
in this library are English books but should be required
to go over the list ofbooks every time we desired to make
any one acquainted with the contents of the library. The
fact is, that the power of expressing a great number of
particular facts in a very brief space is essential to the pro-
gressof science. Just as the whole science of arithmetic
consists in nothing but a series of processes for abbreviat-
ingadditionand subtraction, and enabling us to deal with
a great number of units in a very short time, so Perfcct
Induction is absoiutely necessary to enable us to deal with
a great number of particular facts in a very brief space.

It is usual to represent Perfect Induction in the form
of an Inductivo SyUogism, as in the following instance
Mercury, Venus, the Earth, &c., aU move round the sun
from VVest to East.
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Mercury, Venus, the Earth, &c., are all the known Planets.
Therefore all the known planets move round the sun from
West to East.

This argument is a true Perfect Induction because the
conclusión only makes an assertion of all known planets,
whícli exeludes all reference topcssiblefucurediscoveries;
and we may suppose that all the known planels háve been
enumerated in the premises. The fonn of the argument
appears to be that of a syllogism in the third figure,
namcly Darafiíi, the middle term consisting in the group
of the known planees. In reality, however, it is not an
ordinaiy syllogism. The minor prcmise states not that
Mercury, Venus, the Earth, Ncptune, &c., are containcd
among the known planets, but that they are those planets,
or are identical with them. This premise is then a
doubly universal propos'ition ofa kind (p. 184—7) not re-
cognised in the Aristotelian Syllogism. Accordingly we
may observe that the conclusión is a universal proposi-/
tion, which is not allowable in the third figure of the syl
logism.

As another example of a Perfect Induction we may
take—

January, February, ....December, each containrless
than 33 days.

January December are all the months of the year.
Therefore all the months of the year contain less than 32
days.

Although Sir W. Hamilton has entirely rejected the
notion, it seems worthy of inquiry whether the Inductive
Syllogism be not really of the Disjunctive form of Syllo
gism. Thus I should be inclinad to represent the last
example in the form:

A month of the year is either January, or February,
or Marcfi or December; but January has less
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than 32 days; and Febniary has less than 32 days; and
so on until we come to Dccember, wliich has less than
32 days.

It follows clearly that a nionth must in any case have
less than 32 days; for there are only 12 possible cases,
and in each case this is affirmed. The fact is that the
major premiso of the syllogism on the last page is a
compound sentence with twelve subjects, and is thercfore
equivalent to twelve distinct lógica! propositions. The
minor premise is either a disjunctive proposition, as 1 have
represented it, or something quite difíerent from anything
we have elsewhere had.

From Perfect Induction we shall have. to pass to Im-
perfect Induction; but the opinions of Logicians are not
in agreement as to the grounds upen which we are war-
Vanted in taking a part of the instances only, and con-
bluding that what is true of those is true of all. Thus if
we adopt the example found in many books and sayr—

This, that, and the other magnet attract iron;
This, that, and the other magnet are all magnets;
Therefore all magnets attract iron,

we evidently employ a false minor premise, because this,
that, and the other magnet which we have examincd,
cannot possibly be all existing magnets. In whatevei
form we put it there must be an assuraption that the mag
nets which we have examined are a fair specimen of all
magnets, so that what we find in some we may expect in
all. Archbishop Whately considers that this assumption
should be expressed in one of the premises, and he repre-
sents Induction as a Syllogism in Barbara as follows;—

That which belongs to this, that, and the other magnet,
beloiigs to all;

Attracting iron belongs to this, that, and the other; -
Therefore it belongs to all.
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But though this is doubtless a correct expression of the
assumptidn made in an Imperfect Induction, it does not
in the least explain the grounds on which we are allowed
to make the assumption, and under what circumstances
such an assumption would be likely to provetrue. Some
wriiers have asserted that there is a Principie called the
Unlformity of Nature, which enables us to affirm that
what has often been found to be true of anything %vill
continué to be found true of the same sort of thing. It
must be observed, however, that if there be such a principie,,
it is Hable to exceptions; for many facts which have held
true up to a ccrtain point have aftenvards been found not
to be always true. Thus there was a wide and unbroken
induction tcnding to show that all the Satellites in the
planetary system went in one uniform direction round
theirplanets. Nevertheless the Satellites of Uranus when
discovered were found to move in a retrof^rade direction,
or in an opposite direction to all Satellites previously
known, and the same peculiarity attaches to the Satellite
of Neptuhe more lately discovered.

We may defer to the next lesson the question of the
varying degree of certainty which belongs to induction in
the several branches of knowledge.

The advanced student may consult the following with
advantage:—Mansel's Aldrich, Appendix, Notes G and H.
Hamilton's Lccíures on Logic, Lectur'e XVll., and Appen
dix vri., On Induction and Example^ Vol. ll., p. 358. J. .S.
Mill's System ofLogic, Book iii. Chap. 2, 0/ Induciions
improperly so-called\

r iifcÉiiilt I i i*-i I
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LESSON XXVI.

GEOMETRICAL AND MATHEMATICAL INDUC-
TION, ANALOGY AND EXAMPLE.

It is nów indispensable that we should consider with
great care upon what grounds Imperfect Induction is
founded. No difficulty is encountered in Perfect Induc
tion because all possible cases which can come under the
general conclusión are enumerated in the premises, so
that in fact tUere is no information in the conclusión which
was not given in the premises. In this respect the In-
ductive Syllogism perfectly agrees with the general prin
cipies of deductive reasoning, which require that the in-
formatioií containcd in the conclusión should be shown

only frora the data, and that we should merely unfold,
or transform into an explicit statement what is contained
in the premises implicitly.

In Imperfect Induction the process seems to be of a
wholly different character, since tlie instances concerning
which we acquire knowledge may be infinitely more
numerous than those from which we acquire ihc know
ledge. Let US consider in the first place the process of
Qeometrlcal Reasoning which has a close resemblance to

inductive reasoning. When in the fifth proposition oftlie
first book of Euclid we prove that the angles at the base
of an isósceles triangle are equal to each other, it is done
by laking one particular trian¿le as an example. A
figure is given which the readcr is requested to regard as
having two equal sides, and it is conclusivcly proved that
if the sides be really equal then the angles opposite to
tiiose sides must be equal also. But Euclid says nothing
about other isósceles triangles ; he treats one single
triangle as a sufñcient specimen of all isósceles triangles,

ILl
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and we are askcd to believe that what is true of that is
true of any other, whether its sides be so srnall as to be
only visible in a microscope, or so large as to reach tothe
furthest fixed star. There may evidently be an infinite
number of isósceles triangles as regards the length of the
equal sides, and each of these may be infinitely varied by
increasing or diminishing the contained angle, so that the
number of possible isósceles triangles is infinitely infinite;
and yet we are asked to believe of this incomprehensible
number of objects what we have proved only of one single
specimen. This might seem to be the most extremely
Imperfect Induction possible, and yet evcry one allows
that it gives us really certain knowledge. We do know
with as much certainty as knowledge can possess, that
if linos be conccived as drawn from the earth to two stíms
equally distant, they will make equal angles with
joining those stars; and yet we can never have tried e
experiment.

The generality of this gcomctrical reasoning evident y
depends upon the certainty with which we know that a
isósceles triangles cxactly resemble each other. The pro
position proved does not in fact apply to a triangle un css
it agrees with our specimen in all the qualities essenti
to the proof. The absoluto length of any of the sides or
the absoluto magnitude of the angle contained between
any of them were not points upon which the proo e-
pended—they were purely accidental circumstances,
henee we are at perfect liberty to apply to all new cases
of an isósceles triangle what we learn of one case. Upon
a similar ground rests all the vast body of certain know
ledge contained in the mathematical sciences not on y
all the geometrical truths, but all general algebraic
trutlh, It was shown, for instance, in p. 5^» that if
a and b be two quantities, and we multiply toget er
•their sum and difference, we get the difference of the



220 INDUCTION, ANALOGY [LESS.

squares of a and b. However often we try this it will be
found true; thus if a = lo and ¿ = 7, the product of the
sum and difTerence is 17 x 3 = 51; the squares of the
quantities are lo x 10 or 100 and 7 x 7 or 49, the differ-
ence of which is also 51. But however often we tried the
rule no certainty would be added to it; because whcn
proved algebraically thcre was no condition which re-
stricted the result to any particular numbers, and a
and b might consequenily be any numbers whatever.
This generality of algebraical reasoning by which a pro-
perty is proved of infinite varieties of numbers at once, is
ene of the chicf advantages of algebra over arithmetic.
There is also in algebra a process callcd Mathematlcal
Inductlon or Demonstratlve Inductlon, which shows the
powers of reasoning in a very conspicuous way. A good
example is found in the following probIem:-~If we take
the first two consecutivo odd numbers, 1 and 3, and add
them together the sum is 4, or exactly Ivjíce iivo; if we
take three such numbers 1+3 + 5, ̂ he sum is 9 or exactly
^thyee times threej if we take four, namely 1+3+5 + 7 the
shm is 16, or exactly four times foitrj or generally, if we
take any given number of the series, 1+3 + 5 + 7 + .*. the
sum is cqual to the number of the terms mulliplicd by
itself. Anyone who knows a very little algebra can prove
that this remarkable law is universally true, as follows—
Lct « be the number of terms, and assume for a momenl
that this law is true up to n terms, thus—

I+3 + S + 7+ + (2«-i) = «2
Now add in-

lows that—

1 to each side of the equation. It fol-

1 + 3 + 5 + 7 + + (2«-1) + (2« + i) = »=+2?í + I.
But the lastquantity«3 + 2« + i is justequalto(«+r1«;

so that if the law is true for « terms it is true also for it +1
terms. We are enabled to argüe from each single caseof.
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the law to the next case; but we have already shown that
it ¡5 true of the first few cases, therefore it must be truc oí
all. By no conceivable labour could a person ascertain by
irial what is the sum of the first billion odd numbers, and
yet symbolically or by general reasoning we know with
certainty that they would amount to a billion billion, and
neither more ñor less even by a unit. This process of
Mathematical Induction is not exactly the same as Geo-
metrical Induction, because each case depcnds upon the
last, but the proof rests upon an equally narrow basis of
experience, and creates knowledge of equal certainty and
generality.

Such mathematical truths depend upon observation
of a few cases, but they acquire certainty from the per-
ception we have of the exact similarity of one case to
another, so that we undoubtingly believe what is true of
one case to be true of another. It is very instructive to
contrast with these cases certain other enes where there
is a like ground of observation, but not the same tie of
similarity. It was atone time believed that if any integral
number wcre multipled by itself, added to itself and then
added to 41, the result would be a prime number, that is
a number which could not be divided by any other in
tegral number except unity ; ¡n symbols,

.r'+2.-+4i =prime number.
This was believed solely <^.the ground of trial and

experience, and it certainly holds for a great many valúes
of X. Thus when x is successivcly made equal to the
numbers in the first line below, the expression x^+x+41
gives the valúes in the second line, and they are all prime
numbers :

0 1 2 3 4 5 6 7 8 9 10
41 43 47 53 61 71 83 97 113 131 151

No reason however could be given why jt should
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always be truc, and accordingly ít is found that Lhe rule
does not always hold true, but fails when x=¿p. Tlien
we have 40x40 + 40 + 41 = 1681, but this ís clearly equaí

^ 4o_+_4l or 41 X 41, and is not a prime number.
In that branch of mathematics whlch treats of the

peculiar properties and kinds of numbers, other proposi-
tions depending solely upen observation have been as-
sejted to be always true. Thus Fermat believcd that
2^ +1 always represents a prime number, but could not
give any reason for the assertion. It holds true in fact
until the product reaches the large number 4294967297,
which was found to be divisible by 641,50 that the gene-
rality of the statcment was disproved.
Wé find thcn that in some cases a single instance

proves a general and certain rule, while in others a very
great number of instances are irisufficient to give any
ccrtainty at all j all depends upen the perception we have
of similariiy or identity betwecn one case and another.
Wecan perceive no similarity between all prime numbers
which assiires us that because one is represented by a
certam^ formula, also another is; but we do find such
similarity between the sums of odd numbers, or between
isósceles triangles.

Exactly similar considerations apply to inductions in
physical science. When a chemist analyses a few grains
of water and finds that they contain exactly 8 parts of
oxygen and i of hydrogen for 9 parts of water, he feels
warranted in asserting that the same is true of all puré
water whatever be its origin, and whatever be the part of
the worid from which it comes. But if he analyse a piece
of granite, or a saraple of sea-water from one part of the
world, he does not fcel any confidence that it will resem-
ble exactly a piece of granite, or a sample of sea-water
from anofher part of the earth; henee he does not ventare
to assert of all granite or sea-water, what he finds true of
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a single sample. Extended expcrience shows that gra
nite is very variable in composition, but that sea-water is
rendered pretty uniform by constant mixture of currents.
Nothing but expericnce in these cases could inforni us
how far we may assert safely of one sample what we have
ascertained of another. But we have reason to belíeve
that chemical compounds are naturally fixed and invari
able in composition, according to Dalton's laws ofcom-
bining proportions. No a priort reasoning from the
principies of thought could have told us this, and we only
learn it by extended experiment. But having onceshown
ít to be true with certain substances we do not need to
repeat the trial with all other substances, bccause we have
every reason to belíeve that it is a natural law in which
all chemical substances resemble each other. It is only
necessary then for a single accurate analysis of a given
fixed compound to be made in order to inform us of the
composition of all other portions of the same substance.

It must be carefully observed howevcr that all induc
tions in pnysical Bcience are only probalile, or that if cer
tain, it is only hypothctical certainty they possess. Can
I be absolutely certain that all water contains one part
of hydrogen in niiio? I am certain only on two con-
ditions:—

1. That this was certainly the composition of the
sample tried.

2. That any other substance I cali water exactly
resembles that sample.

But even if the first condition be undoubtedly true, I
cannot be certain of the second. For how do I know
what is water except by the fact of its being a transparent
liquid, freezing into a scjid and evaporating mto steam,
possessing a high specific heat, and a number of other
distinct properties? But can I be absolutely certain that
eveiy liquid possessing all these properties is water?
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Practically I can be certain, but theoretically I cannoL
t Two substances may have been created so like each other
that we shoiild never yet have discovcred the difference;
we might then be constantly misled by assuming of the
ene what is only true of the othcr. That this should evef
happen with substances possessing the very distinct quali-
ties of water is excessively improbable, but so far is it
from being impossíble or improbable in other cases, that
it has oftcn happened. Most of the new elements dís-
covered in late years.have, without doubt, bcen mistaken
previously for other elements. Cajsium and Rubidium
had been long mistaken for each other, and for Potassium,
before they were distlnguished by Bunsen and Kirchhoff
by means of the spectroscope. As they are now known
to be widelydistributed, although in small quantities, it is
certain that what was supposed to be Potassium in many
thousands of analyses was partly composed of different
substances. Selenium had probably been confused with
Sulphur, and there are certain metáis—for instance, Rho-
dium, Ruthenium, Iridium, Osmium, and Beryllium—
Yttrium, Erbium, Ceriuih, Lanthanum, and Didymium—
Cadmium and Indium—which have only recently been
distinguished. The progress of science will doubtless
show that we are mistaken in many of our identifications,
and various difíiculties thus arising will ultimately be eX'
plaíned.

Take again a very diíTerent case of induction. Are
we certain that the sun will rise again to-morrow morning
as it has risen for many thousand years, and probably for
soma hundred million years? We are certain only on this
condition or hypothesis, that the planetary system proceeds
to-morrow as it has proceeded for so long. Many causes
may exist which might at any moment defeat all our
calculations; our sun is beÜeved to be a variable star, and
for what we know it might at any moment suddenly
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explode or fiare up, as certain other stars have been ob-
served to do, and we should then be all tumed into thin
luminous vapour in a moment of time. It is not at al
impossible that a collision did once occur in the planet
ary system, and that the minute planets or asteroids are
the result. Even if there is no large metcor, comet or
other body capable of brcaking up the earth by coUision,
yet it is probable that the sun moves through space at the
rate of nearly 300 miles per minute, and if some othcr
star should mcet us at a similar rate the consequences
would be inconceivably terrible. It is highiy improbable
however that such an event should come to pass even in
the course of a million years. r ^ t

The reader will now see thát no mere Imperíect 4n-
duction can give certain knowledge; all inference proceeds
upon the assumption that new instances will exac y
semble cid oncs in all material circumstances; u i
natural phenomena this is purcly hypothetica, an we
may constantly find ourselves in error.
Induction certainty aróse from the cases being
cal in their own nature, or being made so as
correspond with the conditions. We cannot ̂ se
any triangle existing in nature has two equal si es o
equal anglcs, and it is even impossible in prac ice
any two Unes or aiígles can be absolutely ^ ,
is nevertheless true that if the sides are cqu t ®
are equal. All certainty of inference is thus re a
hypothetical. Even in the syllogism the certainty ot tne
conclusión only rests on the hypothesis of certainty m
premises. It is probable, in fact, that all reasoning re uc
itself to a single type—that what is true of one t
be trae of another thing, on condition of there eing an
exact resemblance between them in all materia circum
stances.

The reader will now understand with ease t le na ure
IS
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of reasonlBg Ijy analogy. In strictness an analog)' is not
an identity of one thing with another, but an identity of
relations. In the case of numbers 7 is not idéntica! with
10 ñor 14 with 20, but the ratio of 7 to 10 is identicalwith
the ratio of 14 to 20, so that there is an analogy between
these numbers. To multiply two by iwo is not the same
thing as to construct a square upon a line two uníts
long; but there is this analogy—that there will be just as
many units of area in the square as there aie units in the
product of two by two. This analogy is so evidcnt that
ive fearlessly assert a square mile to consist of 1760 x 1760
square yards without any trial of the truth. In ordinary
language, however, analogy has come to mean any re-
semblance between things which enables us to believe of
one what we know of the other.

Thus the planet Mars possesses an atmosphere, with
clouds and mist closely resembling our own ; il has seas
distinguished from the land by a greenish colour, and
polar regions covered with snow. The red colour of the
planet seems to be due to the atmosphere, like the red
colour of our sunrises and sunsets. So much is similar
in the surface of Mars and the surface of the Earth
that we readily argüe there must be inhabltants there
as here. All that we can certainly say however is,
that if the circumstances be really similar, and similar
germs of life have been created there as here, there must
be inhabitants. The fact that many circumstances are
similar increases the probability. But between the Earth
and the Sun the analogy is of a much fainter character;
we speak indeed of the sun's atmosphere being subject to
storms and filled with clouds, but these clouds are heated
probably beyond the temperatura of our hottest furnaces;
if they produce rain ii must resemble a shower of melted
¡ron; and the sun-spots are perturbations of so tremend-
ous a size and character, that the earth together with
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half-a-dozen of the other planets ts
lowed up in one of them*. ís plain en ,
little or no analogy between the Sun an ^ nf mv-
we can therefore with difficulty form a concep
thing going on in a sun or star. a<; direct

Argument from analog>' may be similar
inductive inference from one instance o
instance. It may, as Mr Mili says, be reduced to the

each Cher in

respccts ; a cenain propofon is oHhe^
fore U 13 true of the other. This .s depends
all reasoning, and the ° y^nce or identity be-
entircly upon the degrce of resem absolutcly
tween the cases. Tn gcometry ¿^55, and no
identical in all material pomts y the
doubt attaches to the inference, 1 P ̂  ^ conclusión is
identity is a question of 1 ^ ug addcd that Mr
in a like degree probable. ^' j^^i^gniatícal Induction
Mili considers Geometrical and rpasons of which
not to be propcrly called -Ugnsion ; but the
the forcé altogeiher escapes my '^PP ^^ chapter of the
reader will find his opmions m tac
3rd book of his argument consists

One form of analogical or 1 The best
in the constant use of example p^g.
way to describe the nature ot a nreperties
sent one of the things itself, .^ed fr'om'these
which belong to the class as distmguisue
peculiar to the thing. ^ngesof propositions,
throughout every work on gf syiiogisms, &c., are
of compound or complex senten , pj^
continually uscd, and the reader

• LockyePs i""'" '» ^ 5!!,
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similar cases what he observes in the examples given.
It is assumed that the writer selects such examples as
truly exhibii the properties in question.

While all inductive and analógica] inferenccs resl
*jpon the same principies there are wide difTercnces be-
tween the sources of probability. In analogy we have two
cases which resemble each other in a grcat many proper
ties, and we infcr that some additional property in one is
probably to be found in the other. The very narrow
basis of experience is compensated by the high degree of
similarity. In the processes more commonly trcated
under the ñame Induotlon, the things usually resemble
each other only in two or three properties, and we require
to have more instances to assure us that what is true of
•í these is probably true of all similar instances. The
less, in short, the intensión of the resemblance the greater
miist be the extensión of our inquines.
We procecd to the ordinary processes of Induction in

the following Lessons.

Mr Mill's Systcm of LogiCy Book ni. Chap. XX. Of
Analogy. Mansel's Aldrich, App. Note H. Qn
Exainple and Analogy.

LESSON XXVII.
1

obseBvation and experiment.

All knowledge, ít may be safely said, must be ult^mately
founded upon experience, which is but a general ñame foi
thevariousfeclings impressed upon the mindat any period
of its existence. The mind never creates entirely new
knowledge indcpendent of experience, and all that the
reasoning powers can do is to arrive at the full meaning
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A" of the facts which are in our possession. In previous
centuries men of the highest ability have held that the
mind of its own power alone could, by sufficient cogita-
tion, discover what things outside us should be, and
would be found to be on examination. They thought
that we were able to anticípate N'titnre by evolving
from the human mind an idea of what things would be
madc by the Crcator. The celebrated philosophcr De.s-
cartes thus held that whatever the mind can clearly
conceivc may be considcred true; but we can conceive
.tíic existence of mountains of gold or oceans of fresh
water, which do not as a fact exist. Anything that we
can clearly conceive must be conformable to the laws of
thouglu, and its existence is then not impossible, so faras
our intcllcct is concerned; but the forms and sizes and
manners in which it has plcased the Creator to make
things in this or any other part of the universo, cannot
possibly be anticipated by the exceedingly limitedwisdom
of the human mind, and can only be learnt by actual ex
amination of existing things.

In the latter part of the I3th cenlury the ̂ eat Roger
Bacon clearly taught in England the suprema importance
of experience as the basis of knowledge; but the same
doctrine was also, by a curious coincidcnce, again upheld
in the lyth century by the great Chanccllor Francis
Bacon, aftcr whom it has bcen called the Baconian PM-
losophy. I believe that Roger Bacon was even a greater
man than Francis, whose fame is best known; but the
words in which Francis Bacon proclaimed the importance
of experience and experiment must be ever memorable.
In the beginning of his grcat work, the Novum Organxm, or
New Instriaiwnty he thus points out our proper posilion
as learners in the world of nature.

"Man, the Scrvant and Interpreter of Nature, can do
and understand as much as he has observed concerning
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the órder of nature in outward things or ín the mind»
more, he can neithcr knc».v ñor do." ,

The above is the first of the aphorisms or paragrap
with which the Novum Orgauxon commences. In
second aphorisrn he asserts that the unaíded mind c
effect little and is liable to err; assistance in the ,
a dcfinite logical meíliod is requisite, and this it was
purpose of his New Instrument to furnish. The 3"^
4th aphorisms must be given eniire ; they are :

"Human sciencc and human power coincide, becaus
ignorance of a "cause deprives us of the effect. Fornatur^
is not conquercd cxccpt by obcdience; and what we is
cover as a cause by contemplation becomes a rule m
opcration." ^ .

*^Man can himsclf-do nothing elsc than move natxtra
bociics to or from each oiher; nature working within ac-
complishcs the rest."

Ii would be impossible more clearly and compleicly
to express the way in which we discover science by inteN.
preting the changes we observe in nature, and then turri
our knowicdge to a uscful purpose in the promotion of
the arts and manufactures. We cannot créate and we
cannot destroy a particle of matter; it is now known that
we cannot even crcate or destroy forcé; ñor can we really
alter the inner nature of any substance that we have to
deal with. All that we can do is to observe carefully how
one substance by its natural powcrs acts upon another
substance, and then by noving them together at the righí
lime we can effect our object; as Bacon says, "Nature
working within does the rest." Had it not bcen the
nature of heat whcn applied to water to develope steam
possessing elastic power, it is needlcss to say that the
sieam-engine could never have been made, so that the
invention of the steam-engine aróse from observing the
utility of the forcé of steam, and employing it accordingly.
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ít is in this sense that Virgil has proclaimed him happy
^'ho knows the causes of things—

Félix qui potuit reruvi cogiioscere causas^

and that Bacon has said, Knoiuledge is Poiver- So far
as we have observed how things happen in nature, and on
^vhat occasion particu-lar effects are brought to pass, WS
are enabled to avoid or utilise those effects as we
desire, not by altering the natures of things, but y
allowing them in suitable times and circumstal^es to
itianifest their own proper powers. ̂ It is thus, as enny
son has excellently said, that we

■" 'i Rule by obeying Nature's Powers."
Induotlve loglc trcats of the methods of rcasoning by

which we may successfully intcrprct nature and ^ ®
natural laws which various substances obey iu i
circumstanccs. In this Icsson we consider the first requi
site of induction, namely, the experlence or exammmion
of nature which is requisite to furnish us with
experience is obtaincd either by obseiratlon or expe •
To observe is merely to.notice events and changes
are produced in the ordinary course of nature,
being able, or al least attempting, to control or vary
changes. Thus the early astronomers observed the mo-
tions of the sun, moon and planets among the xe ® |
and gradually detected many of the laws or peno i
returns of those bodies. Thus it is that the
observes the evcr-changing weather, and notes t e
of the barometer, the temperature and moistness o
air, the direction and forcé of the wind, the hcig
character of the clouds, without being ín the a e o

'  govcrn any of these facts. The geologist agam is gene-
iierally a simple observer whcn he investigates the nature
and posiiion of rocks. The zoologist, the botanist, and
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the mineralogist usually employ mere observation wheu
they examine anímals, plants, and minerals, as they are
met with in their natural condition.

In erperlment, on the contrary, we vary at our will
the combinations of things and circumstances, and then
observe the result. It is thus that the chemist discovcrs
the composition of water by using an electric current to
sepárate its two constituents, oxygen and hydrogen. The
mineralogist may employ experiment when he melts two
or tliree substances together to ascertain how a particular
mineral may have been produced. Even the botanist and
zoologist are not confinad to passive observation; for by
removing animals or plants to differenl climaies and dif-
ferent soils, and by what is callcd domestication, they
may try how far the natural forms and specics are capable
of alteration.

It is obvious that experiment is the most potent and
direct mode of obtaining facts where it can be appHed.
We might have to wait years or centiiries to meet acci-
dentally with facts which we can readily produce at any
moment in a laboratory ; and it is probable that most of
the chemical substances now known, and many exces-
sively useful producís, would never have been discovered
at all by waiting lili nature presented them spontaneously
to our observation. Man^ forces and changes too may
go on in nature constantly, but in so slight a degree as to
escape our senses, and render some experimental means
necessary for their detection. Electricity doubtless ope^
rates in every partido of matter, perhaps at ̂ ery mo
ment of time 5 and even the ancients could not but notice
its action in the loadstone, in lightning, in the Aurora
Borcalis, or in a piece of rubbed ambcr {elcctrutn). But
in lightning electricity was too intense and dangerous;
in the other cases it was too fceble to be properly under-
stood. The science of electricity and magnetism could

A"
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only advance by getting regular supplies of electricity
froin the common electric machine or the galvanic bat-
tery, and by making powerful electro-magnets. Most if
not all the effects which electricity produces must go on m
nature, but altogcther ton obscurely for observation.

Experiment, again, is rendered indispensable by the
fact that on the surface of the earth we usually meet sub
stances under certain uniform conditions, so that we
could never learn by observation what would the
nature of such substances under other conditions. Thus
carbonic acid is only met in the form of a gas, proceedmg
from the combustión of carbón; but when exposed to
extreme prcssure and cold, it is condensed mto a iqui ,
and may even be converted into a snow-hke solid sub-
stance. Many other gases have m hke
liquefied or solidified; and there is reason to behe\e that
every substance is capable of takmg all the three orm
solid, liquid and gas, if only the conditions of
and pressure can be sufficiently varied. Mere
of nature would have led us, on the contrary, to
that nearly all substances were fixed m one "^1
only, and could not be converted from sol.d mto hquid
and from liquid into gas. ,

It must not be supposed however that we can draw
any precise line betwcen obsecyation and expcnmen , ̂
say where the one ends and the other begms. The di-
forence is rather one of degree than of kind, an a
can say is that the more we vary the conditions aruficially
the more we employ experiment. I have sai i a m
teórology is a science of «íor/y puré observation, 11 1
purposelv ascend mourvtains to observe the wefaction
and coolíng of the atmosphere by elevation, or if we make
balloon ascents for the same purpose, hke Gay Lussac
and Glaisher, we so vary the mode of observation ̂
almost to render it experimental. Astronomers again

.
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may almost be said to experiment instead of merely od-
serving when they simultaneously employ instruments as
far to the north, and as far to the south, upon the earth's
surface as possible, in order to observe the apparent dif-
ference of place of Venus when crossing the sun in a
transit, so as thus to compare the distances of Venus and
the sun with the dimensíons of the carth.

Sir John Herschel has excellcntly described the dif-
ference in question in his Discourse on the Study o/ Na
tural Philosophy*. " Essentially they are much alike,
and differ rather in degree than in kind ; so that perhaps
the terms passive and active obscrvaiion might beiter
express their distinction; but it is, neverthelcss, highly
important to mark the different statcs of mind in inqui-
ries carried on by their respective aids, as wcll as their
different effects in promoting the progress of science.
In the former, we sit still and listen to a tale, told us, per
haps obscurely, piecemeal, and at long intcrvals of time,
with our attention more or less awake. It is oniy by after
rumination thatwe gather its full import; and ofien, when
the opportunity is gone by, we have to rcgrct that our
attention was not more particularly directecl to some point
which, at the time, appeared of little moment, but of
which we at length appreciate the importance. In the
latter, on the other hand, we cross-examine our witness,
and bycomparing one partofhis evidence with the other,
while he is yet before us, and reasoning upon it in his
presence, are enabled to put pointed and searching qucs-
tions, the answer to which may at once cnable us to make
up our minds. Accordingly it has bccn foiind invariably,
that in those departments of physics whcre the phcno-
mena are beyond our control, or into which experimental
enquiry, from other causes, has not bcen carried, the prc

• P. 77.
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gress of knowledgc has been slow, uncertain and irregu
lar ; while in such as admit of experiment, and in which
mankind have agreed to its adoption, it has been rapid,
sure, and steady."

Not uncommonly, however, nature has, so to speak,
made experiments upon a scale and for a duration with
which we cannot possibly compete. Thus we do not need
to try the soil and situation which suits any given plant
best; we have but to look about and notíce the habitat or
situation in which it is naturally found m the most fiou-
rishing condition, and that, we may be sure, mdicates the.
rcsult of ages of natural experiment. The distances of
the fixed stars would probably have bccn for ever un-
known to us did not the carth by describing an orbit with
a diameter of 182,000,000 miles make a sort of experimen
tal base for observation, so that we can sce the stars m
vcryslightly altered positions, and thus judge their ais-
tances compared with the earth's orbit'. Eclipses, tran-
sits, occuliations and remarkable conjunctures of e p
nets, are also kinds of natural experiments wlnch have
often been recorded in early times, and thus afford data
of the utmost valué. . . .

Logic can give little or no atd in making an acute or
accurate observer. There are no definite rules wuc can
be laid down upon the subject. To observe well is an art
which can only be acquired by practice and «^«"aming; and
it is one of the greatest advantages of the pursui o
Natural Scienccs that the faculty of clear and steady o -
servation is thereby cultivated. Logic can however give
US this caution, which has been well pointed oul y r
Mili—discriminaic accurately betwce7i ivhai -we realíy
do observe and what we only inferfroui thefacts observe .
So long as we only record and describe what our senses
" See Lockyer's Elemcntary Lessons in Asironcf/iy,

XLVI, XLVII.

Nos.
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have actually wítnessed, we cannot commit an error; but
the moment wc presume or infer anything we are Hable to
mistake. Fof instance, we examine the sun's surface
with a tclescope and observe that it is intcnsely bright'
exccpt where ihere are small breaks or circular openings
in the surface with a darle interior. We are irresistibly
led to the conclusión that the inside of the sun is colder

and darker than the outside, and record as a fact that we
saw the dark interior of the sun through ccrtain openings
in its luminous atmosphere. Such a record, however,
would involve mistaken inference, for we saw nothing but
dark spots, and we should not have done more in observ-
ation than record the shape, size, appearancc and changa
of such spots. Whelhcr they are dark clouds above the
luminous surface, glimpses of the dark interior, or, as is
now almost certainly inferred, something entirely different
from eithcr,,can only be proved by a comparison of many
unprejudiced observations.

The reader cannot too often bear in mind the cau-
tion against confuslng facts observed witli inferences brom
those facts. It is not too much to say that nine-tenths of
what we seem to see and hear is inferred, not really felh
Every sense possesses what are called acquired percep-
tlons, that is, the power of judging unconsciously, by long
experience, of many things which cannot be the objects of
direct pcrccption. The eye cannot see distance, yet we
constantly imagine and say that we see things at such
and such distances, unconscious that it is the result of
judgment. As Mr Mili remarks, it is too much to sa/
" 1 saw my brother." All 1 positively know is that I
saw some one who closely resembled my brother as far
as could be observed. It is by judgment only I can
assert he was my brother, and that judgment may possi-
bly be wrong.

Nothing is more important in observation and expcri-

A"
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ment.than to be uninfluenced by any prejudice or theoiy
in correclly recording the facts observed and allowing to
them their proper weight. He who does not do so will
almost always be ablc to obtain facts in support of an
opinión however erroneous. Thus the belief still exists
with grcat forcé in the majority of uneducated persons,
that the moon has great influence over the weather. The
changes of the moon, full, new and half moon, occur four
times in evcry month, and it is supposed that any change
may influence the weather at Icast on the day preceding
or following that of its occurrence. There wiU thus be
twelve days out of every 28 on which any change of wea
ther would be attributed to the moon, so that during the
vear many changes will probably be thus .recorded as
favourable to the opinión. The uneducated observer is
struck with these instances and remembers them care-
fully, but he fails to observe, or at least to remember, that
changes of weather often occur also when there is no
change of the moon at all. The question could on y
be decided by a long course of careful and unbiassed
observation in which all facts favourable or unfavour-
able should be equally recorded. All observations which
have been published negativa the idea that there can be
any such influence as the vulgar mind attributes to the
moon.

But it would at the same time be an error to suppose
that the best observer or experimentalist is he who holds
no previous opinions or theories on the subject he inv^-
tigates. On Üte eontrary, the great experimentalist is he
who ever has a theory or oven a crowd of theories or ideas
upon his mind, but is always putting them to the ot
experience and dismissing those which are false. The
number of things which can be observed and expcrimented
on are infinite, and if we merely set to work to record
facts without any disiinct purpose, our records will have
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no valué. We must have some opinion or some the-
ory to direct our choice of experiments, and it is more
probable that we hit apon the truth in this way thau
merely by haphazard. But the great requisite of the
true philosopher is ihat he be perfectly, unbiassed and
abandon every opinión as soon as facts inconsistent with
it are observad.

It has been well said by the celebrated Turgot, that
"the first thing is to invent a system; the second thing
is to be disgustad with it that is to say, we ought to
have some ¡dea of the truth we seek, but should im-
mediately put it to a severa trial as if we were inclíned to
distrust and dislike it rather than be biassed in its favour.
Few men probably have antertaincd more false theories
than Keplcr and Faraday; faw men have discovcrcd or
^tablished truths of greater cert^inty and importance.
Faraday has himself said that—

The worid little knows how many of the thoiights
and theories which have passed through the mind of a
scienti c mvestigator, have been crushcd in silence and
secrecy by his own severe criticism and adverse examina-
tion, that in the most succcssful instances not a tentii of

® siiggestions, the hopes, the wishes, the praliminary
conclusions have been realizad*,"

The student is strongly recommended to read Sir
J. Herschel's Prcliminary Discourse oii the Stmiy
of Natural Philosophy (Lardner's Cnbhict Cyclo-

ta), especially Part 11. Chaps. 4 lo 7, concerning
Observation, Experiment, and the Inductiva Pro-
cesses generally.

aadVoT*^" Youmans, p. [Macmillao
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LESSON XXVIII.

METHODS OF INDUCTION.

We have now to consider such methods as can be laid
down for the purpose of guiding us in the search for
ral truths or laws of nature among the facts obtained by
observation and experiment. Induction consists in in er-
ring from partículars to generáis, or detecting a genera
truth among its particular occurrenccs. But m physical
science the truths to be discovered generally relate to
the connection of cause and effect, and we usually c
thcm lawB of causatlon or natural laws. By the Cause o
an cvent we'^ean the circumstances which must bave
preceded in order that the event should happen. Ñor is
it generally possible to say that an event has one smg e
cause and no more. There are usually many di eren
things, conditions or circumstances necessary to t p
duction of an effect, and all of them must be consi ere
causes or necessary parts of the cause. Thus t e cause
of the loud explosión in a gun' is not simply the pu ing o
the trigger, which is only the last apparent cause or
occaslon of the explosión; the qualities of the powder,
the proper form of the barrel; the existence of some re-
sisting charge; the proper arrangement of the percussion
cap and powder; the existence of a surrounding aimo
sphere, are among the .circumstances necessary to t e
loud report of a gun: any of them being absent it wou
not have occurred.

The cause of the boiling of water again is not merely
the application of heat up to a ccrtain degree of tempera-
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stances agree, is the cause (or effect) of the given pheno-
menon." The meaning of this Flirt Cimon of induciive
inquiry mighi, l think, be more bricfly expressed by saying
sthat the solé invariable antecedent of a phciiomenon
probably iís cause.

To apply this method we must collecf as many m-
stances of the phenomenon as possible, and compare
together iheir antecedents. Among these the causes will
lie,bul if we notice that certain antecedents are presento!
absent without appearing to afíect the rcsult, we conclude
that they cannot be necessary antecedents. Henee it

•  is the one antecedent or groiip of antecedents always
present, whcn the cíTect follows, that we consider the cause.
I'or example, bright prismatic colours are scen on u
bles, on films of tar floating upon water, on thin platcs
of.mica, as aiso on cracks in glass, or between two pieces
of glass pressed together. On exarnining all suci cases
they secm to agree in nothing but the presence o
thin layer or píate, and it appears to make no apprecia
difference of what kind of matter, solid, liquid, orgaseou ,
the píate is made. Henee we conclude that suc
are caused merely by the thinness of the platos,
conclusión is proved true by the theory of the ínter c
oflight. Sir David Brewster ^eautifully proved
similar way that the colours seen upon P .
are not caused by the nature of the substance,
form of the surface. He took impressions of the Molhe
of-pearl in wax, and found that although the s^bstan
was entirely different the colours were exactly tne sa .
And it was afterwards found that if a píate P , Knve
a surface marked by very fine cióse grooves, it wou
iridesccnt colours like those of Mother-of-pearl Henee
it is evident that the form of the surface, ch »s t^e
only invariable antecedent or condition requisi
production of the colours, must be their cause.

ture, but the possibilíty also of the escape of the vapour
when it acquires a certain pressure. The frcezing of
water simriarly does not depend merely upon the with-
drawal of heat bclow the temperature of 0° Centigrade.
It is the work of Induction theii to dctcct those cirCum-

stances which iiniformly will produce any given effect ;
and as soon as these circumstances become known, we
have a law or uniformity of nature of greater or less gene-
rality.

In this and the following Lessons I shall often have to
use, in addition to cause and effect, the words antecedent
and consequcnt, and the reader ought to notice their.
meanings. By an antecedent we mean any thing, condi-
tion, or circumstance which exists before or, it may be, at
the same time with an event or phenomenon. By a con-
sequent we mean any thing, or circumstance, event, or
phenomenon, which is different from any of the antecedents
and follows after their conjunction or putting together.
It does not follow that an antecedent is a cause, because
the effect might have happened without it. Thus the
sun's light may be an antecedent to the burning of a
house, but not the cause, because the house would bum
equally well in the night. A necessary or indispensable
antecedent is however identical with a cause, being that
without which the effect would not lake place.

The word phenomenon will_ also be often used. It
ineíms_simply anything which appears, and is therefore I
observed by the senses; the derivation of the word from ¡
thé Greek word (fjaivó^iíuov, that which appears, exactly '
corresponds to its logical use.

The firsi method of Induction, is that which Mr Mili
has aptiy called the Method of agreement. It depends
upon the rule that " If two or more instances of the phe-
nomcnon under investigation have only one circumstance
in common, the circumstance in which alone all the in-
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The method of agreement is subjcct to a serious
difficuky, called by Mr Mili the PluraUty of Causes, con-
sisting in the fact tliat the same cfTect may in diffcrent
instances be owing to diffcrent causes. Thus if we in-^
quire accurately inte the cause of heat we find that it is
produced by friction, by burning or combustión, by elec- '
tricity, by pressure, &c.; so that it does not follow that if
there happened to be one and the same thing prescnt in
all the cases we examined thís would be the cause. The
second method of induction which we will now consider
is free from this difficulty, and is known as the Method of
Dlfference. It is stated in Mr Mill's Second Canon as
follows:—

If an instance in which the phenomenon underinves»
tigation occurs, and an instance in which it does not
occur, have evcry circiimstance in common save one, that
one occurring only in the former; the circumstance m
which alone the two instances dilTer, is the cffcct, or the
cause, or an indispensable part of the cause, of the phe
nomenon." ^

^  _ In other words, we may say that the antccedent which
IS invana y present when the phenomenon follows, and
invana y absent when it is absent, other circumstances
remainmg the same, is the cause of the phenomenon in
those circumstances.

TIms we can clearly prove that friction is oJie cause of
neat, because when two sticks are rubbed together they
become heated; when not rubbed they do not become

^  "í- Huniphry Davy showedthat even two piecesof ice when rubbed together in a vacuum produce heat,
as shown by their mcltíng, and thus complctely demon-
strated that the friction is the source and cause "of the
heat. We prove that air is the cause of sound lí^ing
communicated to our cars by striking a bell in the re-
ceiver of an air-pump, as Hawksbee first did in 1705, and
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then obscrving that when the receiver is full of air we
hcar the bell ; when it contains little or no air we do
not hear the bell. We learn that sodium or any of its
compounds produces a spectrum having a bright yellow
double line by noticing that there is no such line in the
spectrum of light when sodium is not present, but that if
the smallest quantity of sodium be thrown into the fíame
or other source of light, the bright yellow line instantly
appcars. Oxygen is the cause of respiration and Hfe,
because if an animal be put into ajar full of atmospheric
air, from \.-hich the oxygen has been withdrawn, it soon
becomes suffocated.

,  This is cssentlally the great method of esperiment,
and its utility mainly depends upon the precaution of only
varying onc circümstance ni a time, nll other ct>
stances being vmintained just as they luere- This is
expressed in one of the rules for conducting expenmcnts
given by Thomson and Taii in their great trcatisc on
Natural Philosophy, Vol. i. p. 307, as follows:

"In all cases when a particular agent or cause is o
be studied,' experiments should be arranged in such a way
as to lead if possible to results depending on it alone , or,
if this cannot be done, they should be arranged so ̂  to
increase the effects due to the cause to be studie ti
those so far exceed the unavoidable concomitants, i at
the latter may be considered as only disturbing, not essen-
tially modifying the effects oí the principal agent.

It would be an imperfect and unsatisfactory expen-
ment to take air of which the oxygen has been converte
into carbonic acid by the burning of carbón, and argüe
\hat, because an animal dios in such air, o.xygen is tie
cause of respiration. Insiead of merely withdrawing t e
oxygen we have a new substance, carbonic acid, present,
which is quite capable of killing the animal by its own
poisonous properties. The animal in fact would be suno-

16—2
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catecl cvcn when a considerable proporLion of oxygen
remained, so ihat the presence of the carbonic acid is a
disturbing circumstance which confuses and vitiates tlie
experiment.

It is possible to prove the existence, and even to mea-
sure the amount of the forcé of gravíty, by dclicaiely sus-
pcnding a small ball about the size of a marble and then
suddcnly bringing a very hcavy leaden ball weighing a
ton or more cióse to it. The small ball will be attracted
and set in motion; but the experiment would not be of the
•least valué unless performed with the utmost precaution.
It is obvious that the sudden motion of the large leaden
ball would disturb the air, shake the room, cause currents
in the air by its coldness or warinth, and even occasion
electric attractions or repulsions; and thcse would pro-
bably disturb the small ball far more than the forcé of
gravitation.

Bcautiful instances of experiment according to this
meihod are to be found, asíSir John Herschel has pointed
oui, in the researches by ̂ hich Dr Wells discovered the
cause of dew. If on a clear calm night a sheet or othei
covering be stretched a fooi or two above the earth, so
as to screen the ground below from the open sky, dew will
be found on the grass around the screen but not beneath
it. As the temperature and moistness of the air, and oihcr
circumstances, are exactly the same, the open sky must
be an indispensable antecedent to dew. The same expe
riment is indeed tried for us by nature, for if we make
observations of dew during two nights which diífer in no-
thing bul the absence of clouds in one and their presence
in the othcr, we shall find that the clear open sky is requi-
site to the formation of dew.

It may often happen that we cannot apply the method
of differcnce pcrfcctly by varying only one circumstance
at a time. Thus we cannot, generally speaking, try the
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qualities of the same substance in the solid and liquid
condition without any other chango of circumstances, be-
cause it is necessary to alter the temperature of the sub
stance in ordcr to üqucfy or solidify it. The temperature
might thus be the cause of what we attribute to the liquid
or solid corjdition. Under such circumstances we have
to resort to «diat Mr Mili calis the j'ol^ method of^ee-

^erejicG, which consists in a double appHca-
tion of the rneihod of agre-eíncrit, first to a number of,
instances where an effect is produccd, and secondiy, to a
number of q^dte diffcrent instances where the efíect is not
produced. jj ^jearly to be understood, however, that
the negative 'tstanccs difíer in several circumstances
fiom ihc positive enes; for if they diflcred only in one
circumstance wc might apply the simple method of diíTer-
ence. Iceland spar, for instance, has a curious powcr of
rcndcring things secn Ihrough itapparcntly double. This
phcnomcnon, callcd double rcfraction, also belongs to
many other crj'stals; and we might at once prove it to be
due to crystalline structure could we obtain any transpa-
rent substance crystallized and uncrystallized, but subject
to no other alteration. We have, however, a prctty satís-
factory proof by obscrving that uniform transparent un
crystallized substances agrce in not possessing double
refraction, and that crystalline substances, on the other
hand, with certain exceptions which are easily explainecl,
agree in possessing the power in question. The principie
of the jolnt method may be stated in the followiiig rule,
which is Mr Mill's Thlrd Canon
" If two or more instances in which the phenomenon

occurs have only one circumstance in common, while two
or more instances in which it does not occur have nothing
in common save the absence of that circumstance; the
circumstance in which alone the two scts of instances
(always or invariably) differ, is the effect, or the cause.
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or an indispensable part of the cause, of the pheno-
menon."

I have ínserted the words in parenthcses, as wíthout
them the canon seems to me to express exactly the oppo-
site of what Mr Mili intends.

It may facilítate the exact comprehension of these in-
ductive methods if I give the following symboHc repre-
sentation of them in the manner adopted by Mr Mili.
Let A, B, C, D, E, &c., be anteccdents which may be
variously combined, and let a, c, d, e, &c., be effects
following from them. If then we can collect the following
sets of antecedents and effects—

Antecedents. Consequents.
ABC abe

ADE ade

AFG afg
AHK ahk

we may apply the method of agreement, and little doubt
wíll remain that vi, the solé invariable antecedent, is the
cause of a.

The method of dlíTerence is sufficiently represented by—

Antecedents. Consequents.
ABC abe

BC be

Here while B and C remain perfectly unaltered we find
that the presence or absence of A occasions the presence
or absence of a, of which it is therefore the cause, in the
presence of B and C. But the reader may be cautioned
against thinking that this prevés A to be the cause of a
imder all circumstances whatever.

The Jolnt method of agreement and difference is similarly
represented by—
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Antecedents.

ABC

ADE

AFG

AHK

Consequents.
abe

ade

ofS
ahk

PQ.
RS

TV

XY

rs-

tv

xy

Here the presence of A is followed as in the simple method
of agreement by a; and the absence of A, in circumstances
differing from the previous ones, is followed by the ab
sence of a. Henee there is a very high probabiliiy that
A is the cause of a. But it will easily be seen that A is
not the only circumstance in which the two sets of in-
stances difier, otherwise to any pair we might apply the
simple method of difference. But the presence oí A is a
circumstance in which one set invariably, or uniformly,
or always, differs, from the other set. This joint method is
thus a substituto for the simpler method of difference in
cases where that cannot be properly brought into action.

Herschcl's Discourse, part il. chap. 6, p. 144.
Mill's System of Logie, book iil. chaps. 8 and 9,

LESSON XXIX.

methods of QUANTITATIVE INDUCTION.

The methods of Induction described in the last Lesson
rclated merely to the happening or not happening of
event, the cause of which was sought. Thus wc Icarnt
that friction was one cause of beat by obscrving
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solid bodics, even two pieces of ice, rubbcd-togcthcr, pro-
duccd hcat, bul that when they were not rubbed thcre
was no such production of heat. This, howcver, is a very
elementary sort of experiment; and in the progrcss of an
investigación %ve always require to measure the cxact
quantity of an^effect, if it be capablc of being more or
less, aqd connecting it with the quantity of thc cause.
Thefe ís in fact a natural course of progress through
which we procp^d in every such inquiry, as may bestated
in the following series of questions.

1. Does the antecedent invariably produce an effect?
2. In what direction is that effect?
3. How rauch is that effect in proportion to the cause?
4. Is it uniformly in that proportion?
5. If not, according to what law docs it vary?
Take for instance the effect of heat in alicring the

dimensions of bodies. The first question is, wheihcr the
heating of a solid body, say a bar of iron, alters its Icngth 5
the simpíe method of diffcrence enables us to answer that
it does. The next inquiry shows that almost all sub-
stances are lengthened or increased in dimensions by
heat, but that a very few, such as india rubber, and water
below 4'o8° Cent., are decreasecL We next ascertain the
proportion of the change to each^egree of temperaturc,
which is called the coefficient of expansión. Thus iron
expands 0*0000122 of its own length for every i® Centi-
grade between o" and icx>°.

Still more minute inquiry shows, however, that the
expansión is not uniformly proportional to temperature;
most metáis expand more and more rapidly the hotter
they are, but the details of the subject nee'd not be con»
sidcred here.

Tlie ÍTxed stars, again, have often been mentioned in
ihese Lessons, but the reader is probably aware that they
are not really fixed. Taking any particular star, the
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astroncmer has really to answer the several five questions
staled bclow.

Firstly. Docs the star move?
2ndly. In what direction does it move?
3rdly. How much does it move in a year or a century?
4thly. Does it move uniformly?
5thly. If not, according to what law does the motion

vary in direction and rapidity?
Every science and every question in science is first a

matter of fací only, then a matter of quantity, and by
dtígrees becomes more and more precisely quantitative.
Thirty years ago most of the phencmenaof electricity and
clectro-magnetism were known merely as facts; now they
can be for the most part exactly measured and calciilaced.

As SGon as phenomena can thus be measured we
can apply a further Method of Induction of a very in>
portant charactcr. It is the Method of Difference indecd
applied under far more favourable circumstanccs, where
every degree and quantity of a phenoinenon gives us
a new experiment and proof of connection between cause
and effect. It may be called the Method of Concomitaat
Varlatlona, and is thus stated by Mr Mili, in what e
entitles the Fifth Canon of Induction:

" WhateveT^henomenón varies in any manner wien
ever another phenomenon varies in some particular man
ner, is either a casise or an effect of that phenomenon, or
is connected with it through some fact of causation.

Sir John Herschcl's statement of the same met o us
as follows:—" Increase ordiminution of the effect, wit tie
increased or diminished inlensity of the cause, in
which admit of increase and diminution," to whic e
adds, " Reversal of the effect with that of the cause.

The illustrations cf this method are infinitely nu-
merous. Thus Mr Joule, of Manchesler, conclusively
preved that friction is a cause of heat by expending exaot



250 METHODS OF 1[LESS. !

quantities of forcé in rubbing ene substance against
ancther, and showed that the heat produccd was exacily
greater or less in proportion as the forcé was greater or
Icss. We can apply the method to many cases which
had previously been treated by the simple method of dif-
ference; thus instead of striking a bell in a complete
vacuum we can strike it with a very little air in the
receiver of the air-pump, and we then hear a very faint
sound, which increases or decreases evcry time we in-
crease or dccrease the density of the air. This expeii-
mcnt conclusively satisfies any person that air is the cause_
of the transmi.ssion of soand;

It is this method which often enables us to detect the
material connection which exists between two bodies.

_For a long time it had been doubtful whether the red
fiames seen in total eclipses of the sun belonged to the
sun or the moon ; but during the last eclipse of the sun
it was noticed that the flames t/iovcci ivith the sun, and
were gradually covered and uncovered by the moon at
successive instants of the eclipse. No one could doubt
thenceforth that they belonged to the sun.

Whenever, again, phenomena go through Perlodic
Chaages, altemately increasing and decreasing, we should
seek for other phenomena which go through changes in
exactly the same periods, and there will probably be a
connection of cause and effect. It is thus that the tides
are proved to be due to the attraction of the moon and
sun, because the periods of high and low, spring and
neap tides, succeed each other in intervals conesponding
to the apparent revolutions» of those bodies round the
carth. The fact that the moon revolves upon its own
axis in exactly the same period that it revolves round the
carth, so that for unknown ages past the same side of the
moonhasalways been turned towards the earth, is amost
pcrfect case of concomitant variations, conclusively prov»
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ing that the earth's attraction govems the motions of the
moon on its own axis.

The most extraordinary case of variations howevei
consists in the connection which has of late years been
shown to exist between the Aurora Borealis, magnetic
storms, and the spots on the sun. It has only in the
last 30 or 40 years become known that the magnetic
compass needle is subject at intervals to very slight but
ciirious movements; and that at the same time there are
usually natural currents of electricity produced in tele-
graph-wires so as to interfere with the transmissionofmes-
sages. These disturbances are known as magnetic storms,
and are often observcd to occur when a fine display of
the Northern or Southern Lights is taking place m some
part of the earth. Obsei vations during many years have
shown that these storms come to their worst at the end of
every eleven years, the máximum taking place about the
prcsent year 1870, and then diminish in intensity unti
the next period of eleven years has passed. Cióse obser-
vations of the sun during 30 or 40 years have shown that
the size and number of the dark spots, which are gigantic
storms going on upon the sun's surface, increase and
decrease exactly at the same periods of time as the mag
netic storms upon the earth's surface. No one can doubt,
then, that these strange phenomena are connected to-
gethcr, thoiigh the mode of the connection is quite un
known. It is now belicved that the planels Jupitei,
Saturo, Venus and Mars, are the real causes of the dis
turbances ; for Balfour Stewart and Warren de la Rué
-Irave shown that an exact correspondence exists between
the motions of these planets and the periods of the sun-
spots. This is a most remarkable and extensive case of
concomitant variations.

We have now to consider a method of Inductmn
which must be employed when several causes act at once
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and their effects are all blcndcd togcther, producing a
joint effcct of the same kiiid as the sepárate eíTccts.
in one experiment friction, combustión, compression and
electric action are all going on at once, each oí" those
causes will produce quantities of heat which will be added
together, and ¡t will be difficult or impossible to say
much is due to each cause separatcly. We may cali this
a case of the ioraogeneous íntermíxture of effects, the ñame
indicating that the joint effect is of the same kind as
the sepárate effects. It is distinguished by Mr Mili from
cases of the heterogeneous, or, as he says, the hetcro-
paihic intcrmixture of effects, where the joint effect is
totally different in kind from the sepárate effects. Thus
if we bend a bow too much it breaks instcad of bending
further; if we warm ice it soon coases to rise in tempera-
ture and melts; if we warm water it rises in temperature
homoeeneously for a time but then suddenly ceases, and
an effect of a totally different kind, the production of
vapour, or possibly an explosión, follows.

Now when the joint effect is of a heterogeneous kind
the method of difference is sufficient to ascertam the cause
of its occurrence. Whether a bow or a spring will break
with a given weight may casily be tried, and whether
water will boil at a given temperature in any given state
of the barometer may also be easily ascertaíned. But in
the homogeneous intermixture of effects we have a more
complicated task. There are several causes each pro
ducing a part of the effect, and we want to know hnw
much is due to each. In this case we must employ a
further Inductive Method, called by Mr Mili the Method
of Resldues, and thus stated in his Pourth_Canoa:

"Subduct from any phenomenon such part as is known
by previous inductions to be the effect of certain antece-
dents, and the residue of the phenomenon is the effect of
the remaining antecedents."
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If we know that the joint effect rt, b, c is due to the
causes A, B, and C, and can prove that a is due to A and
b to B, it follows that c must be due to C. There cannot
be a simplcr case of this than ascertaining the exact
weight of any commodity in a cart by weighing the cart
and load, and then subtracting the tare or weight of ̂  ®
cari alone, which had been previously ascertainea \ e
can thiis too ascertain how much of the spring tides is
due to the attraction of the sun, provided we have pre
viously detemiined the height of the tide due to t e moon,
which will be about the average height of the tides unng
the whole lunar month. Then subtracting e moons
tide the remainder is the suffs tide.

Newton employed this method in a beautiful expen-
ment to determine the elasticity of substances y ow
ing balls made of the substances to swing agams eaci
othcr, and then observing how far they re oo" e
pared with their original fall. But the loss o mo ion 1
due partly to imperfect elasticity and ^
anee of the air. He detemiined the amoun o
effect in the simplest manner by allowmg ®
swing without striking each other, an o s
much each vibration was less than the las y
he was eijablcd easily to calcúlate the quantity Üiat must
be subtracted for the resistance of the air.

It is this method that we employ m
for the errors or nccessary corrections 1 .
Fcw thermometers are quite correct; bul i i P -
mometer into mclting snow, which has ex y
perature of o" Centigrade, or 32" Fahn,
exactly how much belcw or above the ^ ^
mercury stands, and this willought to add or subtract from readmgs o meter
to make them correct The height of the bjometer ,s
affccted by several causes besides tlie variation of ihe
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prcssure of tlie air. It is dccreascd by the capillary
repulsión bctween tlie glass tube and the mcrcuvy; ít is
increased by the expansión of the mercury by heat, íf the
teniiperature be above 32° Fahr.; and it may be increased
or decrcased by any error in the length of the measure
employed to determine the height. In an accurate obser-
vation all these effects are calculated and allowcd for in
the final result.

In chemical analysis this nicthod is constantly em
ployed to determine the proportional weight of substancos
which combine together. Thus the composition of water
is asccrtaincd by taking a known weight of oxide of
copper, passing hydrogen over it in a heated tube, and
condensing the water produced in a tube containing sul-
phuric acid. If we subtract the original weight of the
condensing tube from its final weight we Icarn how much
water is produced; the quantity of oxygcn in it is found
by subtracting the final weight of the oxide of copper
tom its original weight. If we thcn subtract the weight
oi the oxygen from that of the water we learn the weight
o t e ydrogcn, which we have combinad with the oxygen.
Whcn the experiment is vcry carcfully pei-formed, as de-
scribed m Dr Roscoe's Lessons in Elementary ChemisUy,
• V 88 89 parts by weiglit of o.xygen unitewith I ri I parts of hydrogen to form 100 parts of water.

n all sciences which allow of measurement, of quan-
tities this meihod is employed, but more especially in
astronomy, the most exact of all the sciences. Almost all
the causes and effects in astronomy have been ibund out
as residual phenomena, that is, by calculating the effects of
all known attractions upon a planet or sateUite, and then
observing how far it is from the place tbus predicted.
When this was vcry carefully done in the case of Uranus,
it was still found that the planet was sometimcs before
and sometimes behind its true place. This residual effect
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pointed to the existencc of some cause of attraction not
then known, but which was in conscquence soon dis-
coveredin the shape of the planet Neptune. Themotior»
of several comees have in this wa.y been calculated, but it
is observod that they reiurn each time a litile laier tian
Ihey oughi. This retardation points to the existence ol
some obstructive power in the space passed througli, t e
nature of which is nol yct understood.

Mill's Sysiím of Logk, Book lii. Chap. 10, Of the
Pluraliíy of Causes; and of the Jntermixture oj
Effects.

LESSON XXX.

EMPIRICAL AND DEDUCTIVE METHODS.

WE have hitherto treated of Deduction and Induction as
if they wcre entirely sepárate and independcrit
In reality they are frequently blended or employed aiter-
nately in the pursuit of truth; and it may be sai t a a
the more important and extensive investigations o scie
rely upon one as much as upon the oihcr. It is pro a y
the grcaicst mcrit in Mr Mill's logical writmgs t
points out the entire insufficiency of what is ®
Baconian Method to detcct the more obscure and dithcu
laws of naturc. Bacon advised that we should a ways
begin by collccting facts, classifying them accor ing o
iheir agreement and difTerence, and gradually gal tcnng
from them laws of grcater and greater generaliiy. e
protested altogcther against "anticípating natuie, t a is,
forming our own hypothcses and theories as to w
lav/s of nature probably are, and he seetncd to thin ' t al
systematic arrangement of facts would take the place of
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all other methods. The reader will soon see that the
progress of Science has not confirmcd bis opinions.

When a law of nature ís asceriained purcly by indiic-
tion from certain observations or cxpcrinients, and has no
othcr guarantee for its truth, it is said to be an empírica!
law. As jVIr Mili says, "Scientific inquirers give the ñame
of Empirical Laws to uniformitics which observation or
experiment has shown to exist, but on whicli thcy hesitate
to rcly in cases varying much from thosc which have been
actually obscrved, for wani of seeing any reason ivhy
such a law should cxisL" The ñame is derived from the
Greek word meaning cxperience or tríal. In-
stances of such laws are abundant. We- Icarn empiri-
cally that a certain strong ycilow colour at sunset, or an
unusual clearncss in the air, ponends rain; that a quick
pulse tndicates fever; that horned animals are always
ruminanis; iRat quinine affects beneficially the nervous
system and the health of the body gcncrally; that strych-
nine has a terrible effect of the opposite nature: all these
are known to be true by repcated observation, but we can
give no other reason for their being true, that is, we
cannot bring them into harmony with any other scientific
facts; ñor could we at all have deduced them or antici-
pated them on the grpund of previous knowledge. The
connection betwcen the sun's spots, mágnetic storms,
auroras, and the motions of the planets mentioned in the
last Lesson, is pcrhaps the most remarkable known
instance of an empirical induction; for no hint has yet
been given of the way in which thesc magnetic influences
are exerted throughout the vast dimensions of the pianet-
ary system. The qualities of the severaí alloys of metáis
are also good instances of empirical knowledge. No
one can tell before mixing two or three metáis for the
firsl lime in any given proportions whai the qualities of
the mixture will be—that brass should be both harder
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and more ductile than either of its constitucnts, copper
and zinc ; that coppcr alloyed with the very soft metal tin
should make hard and sonorous bell-metal; that a certain
mixture of load, bismuth, tin and cadmium, should mclt
with a tempcrature (65® cent) far belo\y that of boiling
water*.

Howevcr uscful may be empirical knowledge, it is yet
of sliglit importance compared with the well-conngcted
and perfectly explained body of knowledge which con-
stitutes an advanced and deductive science. It is in
fact in proportion a-s a science becomcs deductive, and
enablcs us to grasp more and more apparently uncon-
nectcd facts undcr the same law, that it becomes pcrfect.
He who knows cxactly why a thing happcns, will also
know cxactly in what cases it will happen, and what di -
fcrencc in the circumstanccs will prevent the evcnt
happcning. Take for instance the simple eífcct of hot
-water in cracking glass. This is usually Icarnt cinpiri-
cally. Most peoplc have a confused idea that hot water
has a natural and inevitable tendency to break glass, an
that thin glass, beíng more fragile than othcr glasS) wdl e
more easily broken by hot water. Physical science, ow-
ever, gives a very clear reason for the effect, by showing
that it is only one case of the general tendency of heat to
expand substances. The crack is caused by the succe^-
ful effort of the heated glass to expand in spite o t e
colder glass with which it is connected. But then we
shall see at once that the same will not be true 01 t un
glass vessels; the heat will pass so quíckly through t a
the glass will be nearly equally heated; and accor '"S >
chemists habitually use thin uniform glass vessels to o
or boilhot liquids without fear of the fractures which wou
be sure to take place in thick glass vessels or bottlcs.

The history of science would show conclusívcly that
• Koscoe's Lessotu in Elcmcntary Chemistry, p. iJS*

17.
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deduction was the clue to all the greatest discoveries.
Ncwton, after Galileo the chief foundcr of experimen
tal philosophy, possessed beyond all question the great
est power of deduetive thought which has ever been
enjoyed by man. It ís striking indeed to compare his
results in optics with those in chemistry or alchemy. It
is not generally known that Newton was really an alche-
mist, and spent days and nights in constant experiments
in his laboratory, trying to discover the sccret by which
metáis could be transmuted into gold. But in these re-
searchcs all was purely empirical, and he had no clue to
guide him to successful experiments. A fcw happy
guesses given in his celcbrated Qiieries are all the result
of this labour. But in the sciencc of Optics it was quite
otherwise; here he graspcd general laws, and evcry ex-
periment only led him to devise.and anticipate the results
of several others, each more beautiful than the kist. Thus
he was enabled to establish beyond all doubt the founda-
tions of the science of the Spectrum, now bearing such
wonderful results. Some persons may suppose that
Newton, living sliortly after Bacon, adopted the Baconian
method, but I believe that there is no referencc to Bacon
in Newton's works; and it is certain that he did not
employ the method of Bacon. The Prbuipiay though
containing constant appeals to experiment and observa-
tion, is nevertheless the result of a constant and sustained
efTort of deduetive mathemaiical reasoning.

What Mr Mili has called the Deduetive Method, but
which I think might be more appropriateíy called the
Comtoed or Complete Method, consists in the altérnate
use orinduction and deduction. It may be said to have
three steps, as follows:—

1. Dircct Induction.

2. Deduction, or, as Mr Mili caUs it, Ratiocination.
3. Verilicatíon.
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The first proccss consists in such a rough and simple
appeal to experience as may give us a glimpse of the laws
which opérate, without being sufficíent to establish their
truth. Assuming them as provisionally true, we then
proceed to argüe to their effects in other cases, and a
furthcr appeal to experience either verifies or negatives
the truth of the laws assumed. There are, in short, two
appeals to experience connected by the irttermediate use
of reasoning. Newton, for instance, having passed a ray
of sun-light through a glass prism found that it was spread
out into a series of colours resembling those of the rainbow.
He adopted the theory that white light was actuallycom-
poscd of a mixture of different coloured lights, whic \
became scparated in passing íhrougli ihe prism. Hesaw
that if this u'cre true, and he werc to pass an isolated ray
of the spectrum, for instance, the yellow ray, thrcug a
sccond prism, it ought not to be again broken up m o
different colours, but should remain yellow whatever was
afterwards done with it. On trial he found this to e t le
case, and afterwards devised a succession of similar con-
firmatory experiments which verified his theory beyon c
possible doubt,

It was no mere accident that led Pascal to have a
barometer carricd up to the top of the mountain Puy e
Dome in Francc. Galileo, indeed, became acquainte y

. accident with the fact that water will not rise in an ordi-
nary pump more than 33 feet, and was thus led to assert
that the limited weight of the aimosphere caused it to
rise. Torricclli, reasoning from this theory, saw that
mercury, which is fourteen times as heavy as water,
should not rise more than one-fourteenth part of the dis-
tance, or about 29 or 30 inches. The experiment being
tried verified the theory. It was the genios of Pascal,
howevcr, which saw that the experiment requircd to be
varicd in anoil cr way by carrying the mercurial barome-

17—3
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ter to the top pf a mountaín. If the weíght of the atmo-
sphere wcre really the cause of the suspensión of the mer-
cury, it ought to stand lowet en the mountain than below,
bccausc oniy the higher parts of the atmospherc pressed
upon the mountain. The succoss of the expcriment com-
pletely verified the original hypothesis. The progress of
the experimental sciences mainly depends upon the mode
in which one experimcnt thus leads to others, and dis-
closes new facts, which would ín all probability have never
come under our notice had wc confincd oursclvcs to tlie

purely Baconian method of collecting the facts first and
performing induction afterwards.

The greatest result of the deductivo method is no Icss
than the theory of gravltatlon, which makcs a perfect
instancc of iis procedure. In this case the prcliminary
induction consistcd, we may suppose, in the cclebrated
íall of the applc, which occurrcd whilc Ncwton was sitiing
in an orchard during his retircment from London, on
account of the Great Plague. The íall of the applc, we
are told, led Newton to reflect that there must be a power
tending to draw bodies towards the earth, and he asked
himself the qucstion why the moon did not on that account
fall upon the earth. The Lancashire astronomer Horrocks
suggested to his mind another fact, namely, that when a
stone is whirled round attached to a string, it exerts a
forcé upon the string, often called centrifugal forcé. Hor
rocks remarked that the planets in revolving round the
sun must tend in a similar way to fly ofF from the centre.
Newton was acquainted with Horroc'ks' views, and was
thus possibly led to suppose that the earth's attractive
forcé might exactly neutralise the moon's centrifuga!
tendency, so as to maintain that satellite in constant
rotation.

But it happened that the worid was in possession oí
ccrtain cnipirical laws conccrning the motions of ihc pla-
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nets,without which Newton couldscarcelyhaveproceeded
further. Kepler had passed a lifetime in observing the
heavenly bodies, and forming hypotheses to explain their
motions. In general his ideas were wild and unfounded,
but the labours of a lifetime were rewardcd in the esta-
blishment of the three laws which bear his ñame, and
describe the nature of the orbíts travcrsed by the planets,
and the relatíon between the size of such orbit and the
time requircd by the planet to traverse it. Ncwton was
able to show by geométrica! reasoning that if one body
revolved round another attracted towards it by a
decreasing as the square of the distance increases, it would
nccessarily describe an orbit of which Kepler's laAvs would
be true, and which would therefore exactly resemme tlie
orbits of the planets. Here was a partial verification of
his theory by appeal to the results of experience. But
several other philosophers had gene so far in the investi-
gation of the subject It is Newton's chief claim to ho-
nour, that he carried on his deductions and verifications
until he attained complete demonstration. To do this it
was necessary first of all to show that the moon actúa y
does fall towards the earth just as rapidly as a stone would
íf it were in the same circumstances. Using t e Mt
information then attainable as to the distance o t e
moon, Newton calculated that the moon falls through the
space of 13 feet in one minute, but that a stone, if elevatc
so high, would fall through 15 feet Most men would
have considered this approach to coincidcnce as a
of his theory, but Newton's leve of certain truth rendered
bim diíferent even from most philosophers, and the dis-
crepancy caused him to lay " aside at that time any fur
ther thoughts of this matter."

It was not till many years afterwards (probably 15
or 16) that Newton, hearing of some more exact data
from which he could calcúlate the distance of the moon,
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was able to explain the discrepancy. His theory of gra-
vitation was then verified so far as the moon was con

cerned ; but this was to him oniy the beginning of a long
course of deductivo calculatíons, each ending in a verifica-
tion. If the carth and moon attract each other, and also
the sun and the earth, similarly there is no reason why
the sun and moon should not attract each other. Ncwton

followed dut the consequences of this inference, and showed
that the moon would not move as if attracted by the
earth only, but somctimes fastcr and sometimcs slower.
Comparisons with Flamsteed's observations of the moon
showed that such was the case. Ncwton argued again,
that as the waters of the ocean are not rigidly attached to
the earth, they might attract the moon, and be attracted
in return, independently of the rest of the earth. Certain
daily motions would then be caused thcreby exactly
resembling the tides, and there were the tides to verify
the fact. It was the almost superhuman power with
which he traced out geometrically the consequences of his
theory, and submitted them to repeated comparison with
experience, which constitutes his preeminence over all
philosophers.

What he began has been going on ever sínce. The
places of the moon and planets are calculated for each
day on the assumption of the absoluto truth of Newton's
law of gravitation. Every night their places are observed
as far as possible at Greenwich or some other observatory*
comparison of the observed with the piedicted place is
always in some degree crroneous, and if coincident would
be so only by accident. The theory is ncver proved com-
pletely true, and nevercan be; but the more accurately the
rcsults of the theory are calculated, and the more perfect
the mstruments of the astronomer are rcndered, the more
cióse IS the correspondence. Thus the rudo observations
of kepler and the few slight facts which worked on New-
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ton's mind, were the foundation of a theory which yíelded
indefinite means of anticipating new facts, and by con-
stant verification, as far as human accuracy can go, has
been placed beyond all reasonable doubt.

Were space available it might be shown that all other
great theories have followed nearly the same course.
The undulatory theory of sound was in fact almost verified
by Newton himself, though when he calculated from it
the velocity of sound there was again a discrepancy, which
only subsequent investigation could explain. This theory
no doubt suggcsted the corresponding theory of light,
which when followed out by Young, Fresiiel, and others,
always gave results which were ultimately in liarmony
with observation. It even e'nabled mathematicíans to
anticipare results which the most ardent imagination
could hardly have guessed, and which more haphazard
experimcnt might never have rcvealed. Dalton's laws of
equivalent proportíons in chemistry, if not his atomic
theory, were foundcd on expcriments made with the
simplest and rudest apparatus, but results deduced from
them are daily verified in the nicest processes of modern
chem'cal analysis. The still more modern theory of the
Conscrv.ation ofEnergy, which had been vaguely antici-
pated by Bacon, Rumford, Montgolfier, Seguín, Mayer
and possibly others, was by Mr Joule brought to the test
of experimental verification in some of the most beautiful
and decisive experimcnts which are 011 record. It will be
long before scientific men shall have traced out all the
consequences of tliis grand principie, but its correspond
ence with fact already places it far beyond doubL

It will now be apparent, I think, that though observa
tion and induction must ever be the ground of all certain
knowledge of nature, their unaided employment could
never have led to the results of modern science. He who
merely collccts and digests facts will scldom acquire a



T

264 EXPLANATÍONy TENDENCYy [LESS.
comprehensíon of their laws. He who frames a theory
and is content with his own deductions from it, like Des
cartes, will only surprise the world with his misused
gcnius ; but the best student of science is he who with a
copious store of theories and fancies has the highest
power of foreseeing their consequences, the greatest díli-
gence in comparing them with undoubted facts, and the
greatest candour in confessing the ninety-nine mistakes
he has made in reaching the one true law of nature.

LESSON XXXI.

EXPLANATION, TENDENCY, HYPOTHESIS,
THEORY, AND FACT.

iN the prcceding Lessons I have used several expressions
of which the meaning has not been dcfined. It will now
be convenient to excmplify the use of these terms, and to
arrive as far as possible at a olear undcrstanding of their
proper mcanings.

Explanation is literally the making plain or olear, so
that therc shall be nothing uneven or obscure to inter-
rupt our view. Sclentiflc explanatloa consista in harmo-
nizing fact with fact, or fact with láw, or law with law,
so that we may sea them both to be cases of one uniform
law of causalion. If we hear of a great earthquake in
some part of the world and subsequently hear that a
ncighbouring volcano has broken out, we say that the
earthquake is thus partially explaincd. The eruption
shows that there were great forces operating beneath the
earth's surface, and the earthquake is obviously an effect
of such causes. The scratches which may be plainly seen
upon the surface of rocks in certain parts of Wales and
Cumberland, are explained by the former existence of gla-
ciers inthose mountainsj the scratches exactly haiironize
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with the effects of glaciers now existing in Switzerland,
Greenland, and elsewhere. These may be cúnsidered e*-
planatloQS of fact by fact.

A fact may also be explained by a general law of
nature, that is the cause and mode of ils production may
be pointed out and shown to be the same as operates in
many apparently different cases. Thus the cracking of
glass by heat was explained (p. 257) as one result of the
universal law that heat increases the dimensions of solid

bodies. The trade-winds are explained as one case of
the general tendency of wann air to rise and be displaced
by cold and dense aír. The very same simple laws of heat
and mechanics which cause a draught to flow up a chimney
when there is a fire below, cause winds to blow from each
hemisphere towards the equator. At the same time the
easterly direction from which the winds come is explained
by the simplest laws of motion; for as the earth rotates
from west to east, and moves much more rapidly at the
equator than nearer the poles, the air tends to preserve
its slower rate of motion, and the earth near the equator
moving under it occasions an apparent motion of the wind
from east to west.

There are, according to Mr Mili, three distinct ways
in which one law may be explained by other laws, or
brought into harmony with them.

The first is the case where there are really two
or more sepárate causes in action, the results of which
are combined or added togethcr, homogeneously. As
was before explained, homogeneous intermlxturé of effects
(p. 252) means that the joint effect is simply the sum of the
sepárate effects, and is of the same kind with them. Our
last example of the trade-winds really comes under this
case, for we find that there is one law or tendency which
causes winds to blow from the arctic regions towards the
equator, and a second tendency which causes then to blow
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from east to we^ These tendencies are combined to-
gether, and cause the trade-winds to blow from the North-
East ¡n the northern hemisphcre, and from the South-East
in the southem hemisphere. The law according to which
the temperature of the air is governed in any part of the
earth is a very complicated one, depending partiy on the
law by which the sun's heating power is governed, partly
on the power of the earth to radíate the heat away inte
space, but even more perhaps on the effect of currents of
air or water in bringing warmth or carrying it away.
The path of a cannon-ball or other projectile is deter-
mined by the joint action of several laws; firstly, the
simple law of motion, by which any moving body tends
to move onward at an uniform rate in a straight line;
secondly, the law of gravity, which continiially deflects
the body towards the earth's siirface; thírdly, the resist-
anee of the air, which tends to diminish its velocity.

The reader will perhaps have noticcd the frequent use
of the word tendency, and I have repeatcdly spoken of a
cause as tending to produce its effcct. If the joint and
homogencous action of causes has bcen clearly explained,
it will now be tricar that a tendency means a cause which
will produce an eíTcct unless there be opposite causes,
which, in combination wifh it, counteract and disguise
that eíTcct. Thus when we throw a stone into the air the
attractive power of the earth tends to make it fall, but the
upward motion we have ímpressed upon it disguises the
result for a certain time. The interminable revolving*
motion of the moon round the earth is the result of two
balanced tendencies, that towards the earth, and that to
proceed onward in a straight line. The laws of m.ition
and gravity are such that this balance must always be
preserved; if the moon by any cause were brought nearer
to the earth its tendency to fiy off would be increased,
and would exceed the effect of gravity until it had regaíned
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its proper distance. A tendency thcd is a cduse ii/hich
Tftay or viay noí be counteractcd.

In the second case of explanation an effect is shown
to be due, not to the supposed cause directly, but to an
intermedíate effect of that cause. Instead of A being the
cause of C, it is found that A is the cause of .5, and B the
cause of C, so that B constitutes an Intermedíate linlt.
This explanation may seem to increase the complexity of
thematter, but it really simplifies it; for the connection of
A with B may be a case of a familiar and simple law, and
so-may that of B with C\ whereas the law that A pro
duces C may be purcly cmpirical and apparently cut of
harmony with everything else. Thus in lightning it
seems as if electricity had the power of creating a loud
explosión; but in reality electricity only produces heat,
and it is the heat which occasions sound by suddenly
expanding the air. Thus thunder comes into hannony
with the sound of artillery, which is also occasioned by
the sudden expansión of the hcated gases emitted by the
powder. When chlorine was discovered it was soon found
to have a strong power of bleaching, and at the present
day almost all bleaching is done by chlorine instead o
the sun, as formerly. Inquiry showed however that it was
not really the chlorine which destroyed colour, but that
oxygen is the intermedíate and active agent. Chlorine
decomposes water, and taking the hydrogen leaves t e
oxygen in a state of great activity and ready to destroy
the organic colouring matter. Thus a number of acts
are harmonizad; we learn why dry chlorine does not
bieach, and why there are several other substanccs whic
resemble chlorine in its bleaching power, for instance,
ozone, peroxide of hydrogen, sulphurous acid, and ̂  pecu
liar oxide of vanadium, lately discovered by Dr Roscoe.
It would be impossible to understand the effect at all un
less we knew that it is probably due to active oxygen or
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ozone in all the cases, even ín the oíd meihod of bleach»
ing by exposure to the sun*.

The third and much more important case of ex-
planatron is where ene lavv is shown to be a case of a
more general law. As was explained in Lesson xxiv. we
naturally discover the less general first, and gradually
penétrate to the more simple but profound secrets of
oature. It has often becn found that scicntific mcn were
in possession of several well-known laws withotit perceiv-
ing the bond which connected them togother. Mcn, for
instance, had long known that all heavy bodies tended to
fall towards the earch, and before the time of Newton it
was known to Hooke, Huyghens, and others, that some
forcé probably connected the earth with the sun and moon.
It was Newton, however, who clearly brought these and
many other facts under one general law, so that each fact
or less general law throws light upon every other.

The science of Electrícity now harmonizes a vast
series of partial laws and facts between which it was
a truly difíicult task to discover any resemblance. The
chief properties of the magnet had been fairly known
since the time of Gilbert, the physician of Queen Eliza-
beth ; common frictional electrícity was carefully stu-
died by Otto von Guerickc, Epinus, Coulomb, and others ;
Galvanism was elaborately investigated almost as soon
as Galvani and Volta discovered the fact that the che-
mical action of one substance on another may produce
electrícity. In the early part of this century there were
three distinct sciences, Magnetism, Electricity and Gal
vanism ; now there is but one science. Oersted of
Copenhagen gave in 1819 the first link between them, by
pointing out that an electric current may cause move-
ments in a compass-needle. Ampére and Faraday worked

* Watts' Diclionary of Chemistry, Vol. i. p. 601.
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out the complicated relations of the three sciences, com-
prehending them finally in a wider science, which may be
called Electro-magnetism, or we may perhaps conveniently
gencralize the ñame Élcctricity so as to comprehend all
the phenomena connected with it.

A numbcr of minor laws and detached facts are com-
prehcnded and explained in the theory now generally
accepted, that heat, electricity, light, and in fact all the
phenomena of nature, are but manifcstations in different
forms of one same kind of energy. The total amount of
energy cxisting in the universe-is held to be fixcd and un-
alterable, like the quantity of matter ; soinetimes it is
disguised by afifecting only the insensible moleculcs; at
other times it is secn to produce palpable mechanícal
effects, as in the fall of a stone, or the expansión of
steam. Now it had been previously known, ever since the
time of the Grceks, that a simple lever, although greatly
altering the character of forcé by making its action slower
ur faster, docs not alter its amount, bccause the more
intense the forcé the slowcr and more limited is its action.
In modorn times a similar truth was proved of every kmd
of machine; and it was recognised that, apart from fnction,
no kind of mechanism either creates or destroys energy.
It had becn indepcndently recognised that electncity
produced in the galvanic battery was exactly proportional
to the amount of chemical action, and tliat almost any
one of the forces named could be converted into any one
of the others. All such facts are now comprehended
under one general theory, the details of which are being
gradually rendered more certain and accurate, but the
main principie of which is that a certain amount of me-
chanical energy is equal to a certain amount of heat, a
certain amount of electricity, of chemical action, or even
of muscular exertion.

The word hypathesia is much used in connection with
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the subject we are discussing, and íts mcaning must be
considered. It is derived from the Greek words viró,
itnffar, and úeais, placing, and is thercfore cxactly synony-
mous with the I^tin word suppositio, a piacing under,
whcnce our common word suppositlon. It appears to
mean in science the imagining of some thing, forcé or
canse, which underlics the phenomcna we are examining,

. and is the agcnt in their production withoiU being capable
of dircct observation. In making a hypolhcsis we assert
the existence of a cause on the ground of the effects
obscrvcd, and the probability of its existence depends
upon the number of diverse facts or partial laws that we
are thus enabled to explain or reduce to hannony. To be
of any valué at all a hypothesis must harmonize at least
two diíTercnt facts. If we account for the effects of opium
by saying with Moliere that it possesses a dormitive
pOTver, or say that the magríct attracts bccause it has a
7nagnettc power, every one can see that we gain nothing.
We know neither more ñor less about the dormitive or
magnetic power than we do about opium or the magnet.
Biit if we suppose the magnet to attract because it is
occupied by circulating currents of electricity the hypo
thesis may seem a very improbable one, but is valid,
because we thus draw a certain analogybetween a magnet
and a coil of wire conveying electricity. Such a coil oí
wire attracts other coils exactly in the way that one mag
net attracts another ; so that this hypothesis cnables us
to harmonize several different facts. The existence of
intense heat in the interior of the earth is hypothetical in
so far as rcgards the impossibility of actually secing and
measuríng the heat directly, but it harmonizes so many
facts derived from different sources that we can hardly
doubt its existence. Thus the occurrence of hot springs
and volcanoes are some facts in its favour, though they
might be explained on other grounds; the cmpirlcal law
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that the heat increases as we sink mines in ahy part of
the earth's surface is stronger eividence. The intenselv
heated condilion of the sun and other stars is strong y
confirmatory as showing that other bodies do exist m t e
supposed condition of the earth's interior. The coo
state of the earth's surface is perfectly consístent witii i s
comparatively small size and the known facts and laws
concerning the conduction and radiation of heat. ^
the more we Icarn concerning the way in which tie suns
heat is supplicd by the fall of meteoric matter, t e more
it is probable that the earth may have been intense y
heated like the sun at some former time, althoug or a
immense pcriod it has been growing slowly co
supposition coinciding with so many facts, laws, ° ,
probable hypoiheses, almost ccases to be ypo '
and its high probability causes it to be regar e
known fact. ^

Provided it is consistentwith the laws ofthoug
is nothing that we may not have to accept as a pro
hypothesis, however difficult it may be to
understand. The forcé of gravity is hypot e .
far that we know it only by its eífects upon t e
of bodies. Its decrease at a distance harmonize

• indced with the way in which light, soun , ee
magnetic attractions, and in fact all
emanate from apointand sprcad through space, '
henee it is probable that the law of the ctrondv
absolutely true. But in other respects gravi y ̂  .
opposed to all our ideas. If sound could °
sun as rapidly as in the earth's atmosphere 1 ^
quire nearly fourteen years to reach its destina 1 '
the sun and earth united by a solid continuous a ,
a strong pulí at one end would not be fclt a
until nearly three years had passed. Light in ee
from the sun in rather more than eight minutes; but what
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are we to think of the forcé of gravity, which appears to
reach the sun in an instant—so short that no calhulations

have yct been able to dctect any interval at all? In fact
there seems some reason to suppose that gravity is felt
insíantaneously throughout the immeasurable regions of
space.

The undulatory hypothesis of light presents features
equally extraordinary and iiiconceivable. That light does
consist of minute but excessively rapid vibrations of
something occupying space, is almost certain, because of
the great harmony which this hypothesis introduces into
the exceedingly various and complicatcd phenomena of
light, and the explanation which it affords of the analog)'
of light to sdund. It is difficult indeed to imagine that
anything can oscillate so rapidly as to strike the retina
of the eye 831,479,000,000,000 in one sccond, as must be
the case with violet light according to this hypothesis.
But this is nothing to the difficuUy of imagining space to
be fiiled with solid ether of extreme rigidityand elasticity
but which nevcrtheless offers no appreciable resistance to
the passage through it of ordinary matter, and does not
itself possess any gravity*. It has been asserted indeed
that the retardation in the return of comets is due to
fnction against this ether, and Mr Balfour Stewart be-
lieves he has produced heat by friction of a metallic disc
against the ether in a vacuum. Should these assertions
prove to be true we have new facts in harmony with the
theor>' of light, which would thercby become less hypo-
thetical than before.

There is no difficulíy now in percciving the part which
hypothesis p'lays in the deductive zaetbod of scientific
investigation considered in the kist lesson. The pre-
liminary induction is replaced more or less completely by

* See Sir John Herschel's Familiar Leelures, p. 315, &a

XXXI.] HYPOTHESIS, THEORY, AND FACT. 273

imagining the existence of agents which we think adequate
to produce the known effects in question. If it is our
object to explain the causes of ebbing and flowing wells,
which occur in many parts of the world, we cannot
possibly procced by íirst exploring the interior of the
earth, until we can discover the source of ̂ spring, and
observe its circumstances. We are obliged to imagine
cavities and channels of various fonns, until we conceive
such an apparatus as will, in accordance with known laws
of hydrostatics, occasion the irregular flowing of water in
the way observed. If we can show that cavitícs of a
particular form will produce that efiect, and can think of
no other modc in whish it could be produced, the hypo
thesis becomes establishcd as almost a certain fact

It is the same with any great hypothesis like that of the
theory of light. We have no means of directly observing
and measuring the qualities of tlie ether which is the
médium of light. All we know about this ether at present
is derived from the obseiwed phenomena of light. Henee
we are drivcn to invent something and endow it with
qualities from which we may calcúlate, according to some
of the principies of mechanics, the effect to be expected ;
and finding that these effects may be made to harmonizo
with those actually observed, we depend upon thís coinci-
dence to prove the existence of the ether. The truth of
a hypothesis thus altogether depends upon subsequent
verification and accordance with observed facts. To
invent hypoiheses which cannol thus be verified, or to
invent them and then neglect the veriñcation, leads to no
result at all, or to fallacy. But when the verification is
carefui and complete no reproach can be brought against
the emplcyment of hypothesis. It becomcs, perhaps, as
certain as any other niode of investigation, and is at any
rate indispensable. There was, in fact, little truth or
reason in Newton's celebrated protest against the use of

18
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hvpotbesis—" Hypothests non finge." The fact is that as
his theory of gravitation rested upen the greatest and
most successful of hypotliescs, so his views of the material
nature of light and the causes of its peculiar phenomena
involved a false hypothesis, whích has long since been
completely ̂¡sproved.

The word theory has constantly been used in the
last few lessons, and deserves some examination. It
comes from the Greek Ofapia, meaning contemplaiion,
refleclion or speculation; but this gives us littie clue to its
modern use. In reality the word is highiy ambiguous,
being sometimes used as equivalcnt to hypothesis, at
other times as equivalent to general law or truih. Whcn
peoplc form theories concerning comets, the sun, the
cause of earthquakcs, &c., they imagine a gieat many
things whích may or may not exist; such theories are
really complicated hypotheses, and should be so called.
In this sense there are two theories of electricity, one. of
whích supposes the existence of a single fluid which
accumulates m some places and has then a tendcncy to
^ ischarge itself towards places where thefe is a deficiency
just as water always tends to find its Icvel; the other
supposes the existence of two fluíds which are commonly
umted, but whcn separated tend to rush back into unión
agam. These ̂-called theories are really hypotheses, be-
cause we ̂have no independent evidence of the existence
of^y fluid, and it is now almóst certain that there is no
such thing. The atomic theory, again, is really a hypo
thesis suggested by Dalton to explaiti the remarkable
Jaws which he detected in the proportions of chemical
elements \vhich combine togethcr. It is a valid hypothesis
in so far as it does really explain the fixedness of the
quantities which combine; but it is purcly hypothetical
as regards the shapes, properties or absolute magnitudes
of the atoms, because we have no facts which it can har-
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monise in these respects, and no apparent means of
gaining them.

In another and more proper sense theory is opposed
to practice, just as the general is opposed to the particular.
The theory of gravitation means all the more general laws
of motion and attraction on which Newton founded his
system of the Universe. We may know what those laws
are without being able to determine the place of a planet
or make any practical use of them; the particular results
must be calculated out by skilful astronomers before
navigators, travellers or others can make practical use of
them in the detennination of the latitude or longiiude.
When we speak of the mathematical theory of sound, the
lunar theory, the theory of the tides, the word is employed
without any special refórence to hypothesis, and is merely
equivalent to general knowledge or science, implying the
possession of a complete series of general and accurate
laws, but in no way distinguishing them from accurate
knowledge in general. When a word is really used in an
cquivocal manner like theory, it is not desirable to altempt
to give it an accurate definition which would be imagi-
nary and artificial.

The word fact is used very often in this as in most
books, and demands a few remarks. It is derived from
facíum, the past participle of /acere, to do, and would
thus mean someihing xvhich is done, an act, or deed; but
the meaning is evidently greatly extended by analogy.
We usually oppose to each other fact and theory, but just
as theory seems to have two ambiguous meanings, so
I believe that fact is ambiguous. Sometimes it means
what is certain and known by the evidence of the senses,
as opposed to what, is known only probably by hypothesis
and inference; at other times it is contrastad to a general
law, and is equivalent to a particular instance or case. A
law of great generality may often be as certain and true,

18—2
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especíally in mathematics, as the particular facts coming
«nder ít, so that tlie contrast must in this case be that
betwcen the general and particular. We often 'use the
word too in common life, as merely equivalent to íruth;
thus we might say, " It ís a fact that the primarylaws oí
thought are the foundation of reasoning." In short, as
theory means ambiguously what is hypothctical, general,
abstract or uncertain, so fact is equally ambiguous, and
means confusedly what is intuitivcly known, particular,
concrete or certain.

Mill's System ofLogic, Book ill. Chapters 12, 13 and
14, 0/Exflanation, a?id Hypothesis.

LESSON XXXII.

CLASSIFICATION, AND ABSTRACTION.

In an earlier Lesson, upon the subject of the Predicables,
we considered the doctrine of classification as Ít was
treated by logicians many centurics ago. The progresa
of science, however, duriiig the last two centuries has
caused great attention to be given to the true principies
on which we can arrange a great multitude of diverse
objccts in ordcr, and we have to consider what are.ílK;
charactcristics of a natural and pcrfect system of classifi
cation.

It maybe said, indeed,that the subjeot we aretreatin»'
is coextensive wíth the science of logic. All thought, aU
reasoning, so far as it deals with general ñames or general
notions, may be said to consist in classification. Every
common or general ñame is the ñame of a class, and every
nameof a class is a common ñame. "Metal" is the ñame
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of onc class of substances so often used in our syllogistic
examples; "Element" of another class, of which the former
class is pan. Reasoning has been plausibly reprcsented
to consist in affirming of the parts of a class whatever
may be afifirmed of the whole. Every law of nature which
we arrive at enables us to classify together a number oí
facts, and it would hardly be too much to define logic as
the theory of classification.

Here we deal, however, with that more conscious and
distinct arrangement of objccts or notions, which is espe-
cially cmploycd in the natural sciences, such as Botany,
Zoology, Mincralogy and Palícontology.

The derivaiion of the word class is somewhat curious.
In ancicnt Rome it was the practice to summon the
whole peoplc together at.certain periods, and this cere-
mony was known as a dásis, from the Greek «cXáo-tr, or
»íXfiCT"ir, derived from xaX/ú», to calí together. Servias
Tullius is said to have divided the people into six orders,
according to the amount of tribute thcy could pay, and
these orders wcre not unnaturally called the classes of the
people. Henee the ñame carne by degrees to be applied
to any organized body of people, such asan army; thence
it was transferred to a fleet of vesscls as marshalled in a
fixed order, and ,was finally extended by analogy to any
collection of objects carefully arrangcd. Whcn, however,
we now speak of the lower ordiigher classes of the people
it ís curious that we are restoring the word very nearlyto
its original-meaning.

Classification may perhaps be best defined as the ar-
range7)if}it ef i/iings, or our noíiotts of them, according to
théir 7'escmblances or idcuiiiies. Every class should so
be constitutod as to contain objects exacily resembling
each othcr in ccrtain definite qualitiesj which are stated
m the definition of the class. The more numerous and
extensivo the rcscmblunccs which are thus indicated by
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any system of dasses, the more perfect and useful must
that system be considered.

Mr Mili thus describes hís view of the meaning—
"Classífication is a contrivance for the bcst possible
orclering of the ideas of objects in our minds ; for causing
the ideas to accompany or succeed one another in such a
way as shall give us the greatcst command over ourknow-
ledge alrcady acquired, and lead moat dircctly to the
acquisition of more. The general problem of classifica-
tion, in refercnce to these purposcí. may be stated as
follows: To provide that things shall be thought of in
such groups, and those groups in such an ordcr, as will
bcst conduce to the rcmcmbrance, and to the ascerlain-
mcnt of their laws."

A collcction of objects may gencrally be classified in an
indcfinite numbcr of ways. Any quality which ispossess-
ed by some and not by others may be taken as the first
d^erence, and the groups thus dístinguished may be sub-
divided in succession by any other qualities takei. at will.
Thus a library of books might be arranged, (i) according
to their size, (2) according to tlie language in which they
are written, (3) according to the alphabecic order of their
authors' ñames, (4) according to their subjects; and in
various other ways. In largc librarles and in catalogues
such modes of arrangement are adopted and variously
combined. Each different arrangement presents some
peculiar convenience¡ and that mode must be sclected
which best meets the especial purpose of the library t
or catalogue. The populaiion of a kingdom, again, may í
be classifiea in an almost endlcss numbcr of ways with *
rcgard to different purposes or sciences. The popu-
lation of the United Kingdom may be divided according
to their place of birth, as English, Wclsh, Scotch, Irish,
colonial-born, and aliens. The ethnographer would
divide thcm into Anglo-Saxons, Cymri, Gaels, Picls,
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Scandinavians, &c. The statist arranges them accord
ing to age ; to condition, as married, unmarried, widowcd,
&c.; to state of body, as able, incapacitated, blind, im-
becile. The political economist regards the innumerable
trades which are carried on, and classifies them in a
coinplex manner. The lawyer again treats every one as a
minor, an adult, a feme solé, a feme couverte, a guardián,
ward, trustee, felón, and so on.

In the natural world, again, we may make various
classifications. Plants may be arranged according to the
country from which they are derived j the kind of place
or habitat in which they flourish; the time they live, as
annual, bicnnial, pcrennial; their sizc, as hcrbs, shrubs,
trecs; their propcrties, as esculents, drugs, or poisons:
all thcsc are distinct from the classifications which the
botanist devises to rcpresent the natural affinities or
rclationships of plants. It is thus evident that in making
a classífication we have no one fixed method which can
be ascertained by rule, but that an indefinito number of
choices or altcrnatives are usually open to us. Logic
cannot in such cases do much; and it is really the work
of the special sciences to investígate the character of the
classification required. All that logic can do is to point
out ccrtain general requirements and principies-

The first rcquisite of a good classification is, that it
shall be appropriate to the purpose In hand ; that is to
say, the points of resemblance selectod to form the leading
classes shall be those of importance to the practica! use
of the classification. All those things must be arranged
togcther which require to be treated alike, and^those
things must be separated which require to be treated
scparatciy. Thus a lawyer has no need to classify pcr-
sons according to the counties of England they were born
in, bccause the law is the same independently c f counties ;
but so far as a Scotchman, a Manx man, or an alien, is
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under diffcrcnt laws from the English born man, ye
require to classify them apart. A gardencr is quite ̂ ig
in classifying plants as annuals, biennials, percnnials, as
herbs, shrubs, trees; as evergreen and dcciduous; or
according to the soil, temperature and other circumstances
which affect them, because these are poínts which must
guide him in treating some diffcrently from othcrs.

Another and, in a scientific point of view, the most
important requisite of a good classificaiion, is that it shall
enaWe the greateat posslble number of general asserlions
to be made. This is the critcríon, as stated by Dr
Whcweil, which distinguishes a naiural from an artificial
ívstcm of classification, and we must carcfully dwell upon
its meaning. It will be apparent that a good classification
is more than a mere orderly arrangcment; it involves a
process of induction which will bring to light all the more
general relations which exist betwccn the things classified.
An arrangcment of books will generally be artificial ; the
octavo volumes will not have any common character ex-
cept being of an octavo size. An alphabetical arrange-
ment of ñames again is excecdingly appropriate and con-
venient to many purposes, but is artificial because it
allows of few or no general assertions. We cannot make
any general assertion whatever about persons because
their ñames happcn to begin with an A or a B, a P or a
W. Even those who agree In bearing the ñame Smith or
Taylor or Robinson might be submitted to the inductive
method of agreement without the discovery of any
common circumstance which could be stated in a general
proposítion or law. It is true that if we investigated the
antecedents of the Evanses and Joneses we should find
them nearly aíl to be Weish, and the Campbells to be
Scotch, and those who bear a very peculiar ñame would
often be found to descend from common ancestors. Se
tar even an alphabv tic airangcmcnt cmhodies somothtng
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that is natural in it, and enables general assertions to be
made. Hardly any arrangcment can be made, m fact,
which will not indicate some vcstiges of important re a-
tions and rcscmblanccs ; but what we want is a system
jvhich will reveal all the most important general truths.

For this purpose we must selcct as the ground o
unión those characters which carry with them most other
characters. In Lesson xii. we considerad the proprium
as a quality which belongs to the whole of a class without
forming part of the definition of the class. Now we
ought to frame the definition of a class that it may con-
tain as few characters as possible, but that as inany
characters, properties, or propria, as possible, sh^ e
attributable to the things contained in the class. Every
one can sce, for instance, that anímals fonn one great
group of bcings, which have many characters in common,
and that plants form another group. Animáis bave sen-
sation, voluntary motion, consume carbonaceous food, an
evolve carbonic acid, possess a stomach, and produ..e
fat. Plants are devoid ofsensation and voluntary motion,
produce carbonaceous tissue, absorb carbonic acid, and
evolve oxygen, possess no stomach, and produce starcb.
At one time it might have been thought that almost any
of the characters named was a sufficient mark of the
group to which a being belonged. Whatever had a
stomach, ̂yas an animal; whatever had not, was a plant;
whatever produccd starch or evolved oxygen was called a
plant; whatever absorbed oxygen or produced fat was an
animal. To the present day these statements remain
generally true, so that we may make assertions in the form
of the proposition U, that "all animals are all beings
that evolve carbonic acid, and all plants are all beings
that absorb carbonic acid." But in reality the exceptions
are many, and increasing research makes it continually
more apparent that there is no definite line to be drawn
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between animal and vegetable life. This, of course, is
not a failure of logical scieiice, but a fact of great sig-
nificance concerning the things ihemselves.

In a classification of plants we meet again with most
deep and natural clistinctions between the great classes
called Exogens, Endogens, and Acrogens. The latter
have no true sexual flowers and seeds, are formed almost
wholly of cellular tissue, and have an epidermis without
cuticular pores. The formcr two classes have much in
common; they have true flowers, woody tissue and
cuticular poros, and heneo may be united ínto one widcr
class, Vasculares. But exogens and endogens are also
most strongly distínguished. Exogens have a stcm or
trunk consisting of distinct bark, pith, and wood in con-
centric layers, leaves with reticular veins, seeds with two
seed-leaves and anaked radíele ; generally speaking, too,
the parts of the flowcr are some múltiple of two or five in
number. Endogens, on the contrary, have no distinct
bark, pith, and wood, no concentric layers, leaves with
parallel veins, seeds with one seed-leaf, and a radíele not
naked ; they have, too, the parts of the flower generally a
múltiple of three in number.

These are the very widest classes in what is called
the natural system of botanlcal arrangement; but similar
principies are observed in all its minor classes. The
continual effoits of botanists are directed to bringing the
great multitudes of plants together in species, genera,
orders, classes, and in various intermediate groups, so
that the members of each group shall have the greatest
number of points of mutual resemblance and the fewest
points of resemblance to members of other groups. Thus
is best fulfilled the great purpose of classification, which
reduces multiplicity to unity, andenables us to infer of aU
the other members of a class what we Imow of any one
memher, provided we distinguish properly between those
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aualities which are likely or are known to'belong to the
class, and thosc which are peculiar to the individual. It
is a necessary condition of correct classificaiion, as re-
markcd by Prof. Huxiey, that the dcfinilion of a group
shall hold cxactly true cf al! members of the group, and
not of the members of any other group. To carry out this
condition in the natural sciences is, howevcr, very difñcult,
because kinds of plants or animals are continually dis-
covcred which stand in an intermediate position between
classes which would otherwise be well distínguished.
Thus fcrns much embarrass the fundamental división of
plants, because though they have no true flowers, and in
this and other respecis agree with other acrogens, yet
they have abundance cf woody fibre, which would entitle
them to rank with vasculares, the larger group of which
exogens and endogens are the subdivisions.

It may. be rcmarked that the progresa of chemistry is
rapidly rcndering it a scicnce of classification ; and in fact
the whole thcory of ciicmical combination now depends
on a corred grouping of elementa and compounds. Dr
Roscoe in his Lessons in Elciiieníary Chemistry enu
mérales no less than eleven classes of metáis, each class
having a number cf properties in common. Thus the
metáis of the alkalies, namely, Potassium, Sodium, Caísium,
Rubidium, Lithium, form a rcmarkably natural class,
They are all soft, easily fusible, volatile at high tempera-
tures ; they combine with great forcé with oxygen, decom-
pose water at all temperatures, forming oxides which are
very soluble in water, and become powcrfully caustic and
alkaline bodies from which water cannot be-expelled by
heat. Their carbonates are soluble in water, and each
metal forms only one compound with chlorine. -

The metáis of the alkaline earths, Calcium, StrontÍQ^
and Barium, also form a very natural class, distínguished
by the fact that their carbonates are msoluble in puré
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water, but soluble in water containing carboníc acid in
solution. The gold class contains the rare or valuable
motáis Gold, Platinimi, Palladium, Rhodium, Ruthenium,
Iridium, and Osmium, which are noC acted on by nitric
acid, and can only be dissolved by chloríne or the mixture
of acids called agua regia. The oxides can be rcduced
or deoxidised by simply healing them.
N atural classifications give us the decpest resemblances

and relations, and may lead us ultimately to a knowledge
of the way in which the varietios of thiiigs are produced.
They are, therefore, essential to a true science, and may
almost be said to constitute the framework of the science.
Yet it does not follow that they are appropriate for all
purposes. When our purpose is merely to recognise the
ñame of a chemical clement, a plant or an animal, its
character as defined in a natural system would give us
little or no assistance. The chcmist docs not detect
potassium by getting it into the siatc of metal, and tryin?
whether it would decompose water. He merely observes
which, among all the compounds of potassium, have the
best markcd and most peculiar characters ; ihus a com
pound of potassium, platinum, and chloríne is most
distmctive or characteristic of the metal, and is crenerally
used as a means of rccognising it; but a fine violet
colour which potash gives to the flame of a lamp was
also used as an indication of its prescnce long before
the spectroscope was introduced to analyse such colours
An artificial classification of the clements is thus ne'
cessary to the detection of substances, and accordingly
in any book on chcmical analysis wiU be found arrange-
ments of the elenients according to characters of very
minor importance, but which are selected on arcount of
the ease and certainty with which they can be observed.

In Botany, again, the natural system of classification is
far from being well suited for determining the ñame of a
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jilant, because the classes are often defined by the form of
minute parts of the seed, the arrangement of the seed-
vessel, and other parts which it is usually difficult or
sometimcs impossible to examine. Accordingly botanists
usually arrange their genera and species in the order of
the natural system, but contrive a sort of key or artificial
arrangement, in which the most simple and apparent
characters, often called characterlatlcs, are employed for
the discrimination of the plants. The best arrangement
oí this kind as regards British plants is to be found in
Bentham's -British Fiara. In reality the celebrated
Linnaean arrangement of plants was intended by its
author to serve in this way. Linnaeus was too profound
a philosopher to suppose that the numbers of stamens
and pistils usually expresscd the real relationships of
plants. Many of his classes were really natural classes,
but the stamens and pistils were selected as the general
guide to the classes and orders, as being very plain and
evident marks.

Closely connected with the process of classification
is that of abstractloDi. To abstract is to sepárate the
Qualities common to all individuáis of a group from the
peculiarities of each individual. The notion "triangle"
is the rcsult of abstraction in so far as we can reason

concerning triangles, without any regard to the particular
size or shape of any one triangle. All clasBlflcatlon im-
plies abstraction, for in framing and defining the class
I must separata the common qualities from the pecullari-
tiés. When I abstract, too, I form a general conccption,
or one which, generally speaking, embraces many objects.
If, indeed, the quality abstracted is a peculiar property of
the class, or one which belongs to the whole and not to
any other objects, I may not increase the extent of the
notion, so that Mr Hcrbert Spencer ¡s, perhaps, right in
holding that we can abstSract without generalizlng. We
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often use this word generallzatlon, and the process may be
dcfined as inferring of a whole class \vhat we know only ol
a part. Whcnever we regard the qualities of a thing as
not confined to that thing only biit as extended to olher
cbjccts; when, in fact, we consider a thing only as a
member of a class, we are said to gencralize. If, after
studying the properties of the circle, wc proceed to those
of ihe ellipse, parabola and hyperbola, it is soon found
that the circle is only one case of a whole class of curves
called the conic sections, correspondtng to equations of
the second degree; and I generalize when I regard cer-
tain of the properties of the circle as shared by many
other curves.

Dr Whewell added to the superabundance of terms to
express the same processes when he introduced the ex-
pression CoUlgatlon of facts, Whenever two things are
found to have similar properties so as to be placed in the
same class they may be said to be connected together,
We connect together the places of a planet as it moves
round the sun, when we conceive them as points upon a
common ellipse. Whenever we thus join together pre-
viously disconnected facts,by a suitable general notion or
hypothesis, we are said to coliigate" llicm. Dr Whewell
adds that the general conceptions employcd must be
(i) clear, and (2) appropriate ; but it may well be ques-
tioned whcther there is anything really different in these
processes from the general process of natural classification
whích we llave considered.
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LESSON XXXIII.

EEQUISITES OF A PHILOSOPHICAL
LANGUAGE.

Among the subsidiary processes rcquisite to the successful
prosccution of inductivo reasoning must be placed the
construction of a suitable language. It is in fact impo^
sible to over-estimate the importance of an accurate and.
copious language in any scicnce 5 and the study of thmgs
would be almost usclcss without ñames to denote t ose
things and record our obscrvations concerning them.

It is easily apparcnt, indced, that language serves
three distinct and almost independcnt purposcs:

1. As a mcans of communication.

2. As a mechanical aid to thought.
3. As an instrument of record and reference.

In its ñrst origin language was used chiefly if not exc u-
sively for the first purpose. Savage tribes exist in groa
numbers at the prcsent day who seem to accumulate no
knowlcdge. Wc may even say that the lower anima s
often possess somc mcans of communication by soum s
or natural signs which constitute language in t e rs
sense, though they are incapable of reasoning by genera
notíons.

Some philosophers have held that it is impossible to
carry on reasoning without the use of language. The
true nominalist went so far as to say that there are no
such things as general noiions, and that general ñames
therefore constitute all that is general in science and
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reasoning. Though this is no doubt false (see p. it
must nevcrtheless be allowed that unlcss general ideas
wcre fixed and rcprcscnted by words, we could never
attain to sustained thought such as we at present enjoy.
The use of language in the second purposc is doubtless
indispensable in a practical point of vicw, and reasoning
may almost be considercd ideniical with the correct use
of words. When language is used solcly to assist reason
ing there is no need that the meaning of each word
should be fixed ; we might use ñames, as the letters .r, _y, s,
a, b, c, &c., are used in algebra to denote any quantity
that happens to occur in a problcm. All that is rcquisite
is never to confuse the meaning attributed to a word in
. one argument with the different meaning attributed in
another argument. Algebra may, in fact, be said to con-
sist of a language of a very perfcct kind adapted to the
second purpose only, and capable of leuding a pcrson to
the solution of a problem in a symbolical or mcchanical
manner.

Lanpage, as ít is furnished to us rcady made by the
habitual growth of centuries, is capable of fulfillin"- all
three purposes, though by no means in a pcrfect manner.
As words possess a more or less fixed customary meaning
we can not only reason by thcir aid, but communicate our
thoughts or record thcm ; and it is in this last respect we
have now to treat the subject.

The multitude of facts requíred for the establishment
of a science could not be retained in the memory with
sufficient accuracy. Henee an indispensable subsidiary
of induction is the means of describing and recording our
obscrvations. Thus only can knowicdge be accumulated
so that each observer shall start with the advantage of
knowing what has been previously recordcd and provecí.
It will be neccssary then to consider the mode in which
language serves for the registration of facts, and to invosti-
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(

gato the rcquisite qualitics of a philosophical langu^S
suitablc to the nceds of science. . .

As an tastrument of record language must eviden y
possess two principal requisitos :

1. Precisión or definiteness of meaning.
2. Completeness. ,

A ñame is worse than useless unless, when use
record a fact, it enables «s to ascertaín what was
nature of the fact recordccL Accuracy and precisión i
then a more important quality of language than ̂
dance. The want of an appropriaie word will se o
give risc to actual error and fallacy; it will mcrely o
US to cmploy a circumlocutory phrase or elsc leave
fact unrccordcd. Ilut it is a sclf-cvtdent
whcncvcr a thing, notion, or quality has oftcn to c
red to thcre should be a nanie appropriated o
purpose, and thcre ouglit only to be one ñame. c ^
consider in succession what must be the charactcr
precise and complete language. k f it is

It may not previously have struck the reader, DU
certainly truc, that dcscription is impossible ^
assertion of resemblance between the fact ® -vinff
some other fact. Wc can only desoribe a thing y ^
it a ñame ; but how can we learn the meaning o
ñame? If we describe the ñame by other ñames
have more ñames of which the moanmgs
We must ultimately leam the ineanings, not tr
but from things which bear those ñames. ,
were ignorant of the meaning of blut he coul no
formed but by reference to something that J .
the sensation of blueness, and had be been m
birth he could not acquire any notion of wha " . .
was. Thcre are indccd a number of words so
to US from childhood that wc cannot tell when or how we
Icarnt iheir mc.iniiigs, thou;¿h it must have been y re er-

19
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ence to things. But when we come to the more precise
use of ñames we soon have to make frcsh rcference lo

physical objccts. Then we should describe the scveral
kinds of blue colour as sky-blue, azure-biue, indigo-blue,
cobalt-blue; green colour we likewise distinguish as sea-
green, olive-green, cmerald-green, grass-green, &c. The
shapes of leaves are described in Botany by such ñames
as ovate, lanceolate, linear, pinnate, peltate, rcfcrring the
mind respectively to an egg, a lance, a line, a feather,
and a shield. In recording dimensions it is equally ¡m-
possible to avoid comparison with the dimensions of
other things. A yard or a foot has no mcaning unless
therc be a dcfinite standard yard or foot which fi.xes its
meaning; and the rcader is probably awarc Ihat when the
physical standard of a length is once completcly lost it
can nevcr be rccovered. The word is nothing unless we
somewhere have the thing to which it corresponds.

The first requislte of a pMlosoplücal language c\'ident-
ly is that "every general ñame must have a certain and
knowable meaning." It need hardly be mentioned that
singular or proper ñames, the ñames of distinct objects,
must likewise be known; but as such ñames are merely
marks imposed upon the things they do not need the
same consideration. General ñames are a more difficult
subject, because, as we have seen in Lcsson v., they have a
double mcaning in denotation or extensión, and connota-
tion or intensión. Of these two meanings the connotation
is the one which must be fixed; the other cannot as
a general rule be limited and defincd. Had the ñame
planet becn restricted to Júpiter, Saturn, Mars, Venus,
and Mercury, the planets known before the invention of
the tclescope, we should have had to find a new ñame for
those subscqucntly discovered, and should even then
comniit the faull of calling by difíerent ñames those things
which are closely similar. But if by planet we mean any
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round body revolving round the sun in an orbit of slight
elHpticity, it \vill include all such bodies as may be dis
covered from time to time, of which more than 100 are
already known. Similarly locomotive engine is not merely
the ñame of a number of engines now actually existing;
for if so a new ñame must be needed every week
as some new engine is made or an oíd one destroyed.
What is fixed in a general ñame is its connotation, or the
qualitics implied in the things bearing the ñame. We
ought ihcrefore as far a*, possible to define the meaning
of every general ñame we use, not by naming the objects
which it denotes, but the qualities, which it connotes.
Having howcvcr considcred the subjcct of definition in
prcvious Lcssons (xií. and Xiii.), we need only inquire
here how far it is dcsirable to employ words wliich are
in current use in prefcrcnce to newly invcnted terms.

The advantage of an oíd term is that it possesses forcé
of mcaning for all persons, and so far saves the necessity
of Icarning the meaning of a strange technical expression.
Every one knows what heat is, and the expression sciencí
o/heaíhc:LTS meaning to every person however unlearned.
But there is this objection against oíd terms to be noted,
that they are almost always subject to ambiguity; accord-
ingly it will be found that the scientific man really uses
the word hcaí differently from other persons. All things
are more or less hot in science, whereas in common life
we could never say that ice was hot or contained heat.
In fact heat means ordinarily the excess of temperature
above the ordinary mean, and the notion is purely rclative
lo that of cold. We also apply the word analogously to
sensations of taste, as when we say pepper is hot, or
cven to purely mental phenomena, as in a hot dispute, a
hot temper, &c. If to avoid these ambiguities wc invent
a new tcrm, CaloríCy we may give it any precisión of
meaning we like, but wc raise one more obstacle to the

19—2
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study of scicnce, because there is one more technical
term to be learnt.

This difficulty ¡s especíally great in the science of
political economy. We there deal with sucii familiar
ideas as wealth, money, valué, currency, capital, labour,
exchange, but it is the very familiarity of the ideas which
occasions the greatest difficulty, because difTerent people
attach difTerent meanings to the words, and infinite ¿0^0-
machy (Greek Xóyor, word; ftáx'7> battle), or disputes
arising on mercly verbal questions, is the result. Even if
a writer carefully defines the meaning in which he uses
those terms he cannot oblige other persons to bear the
definiiions in mind. The other alternativc of inventing
wholly ncw terms is out of the qucstion, as it would un-
doubtedly rendcr a work intolerable to most readcrs,
The only advice that can be givcn is to introduce a new
term where it is likely to be readily acccpted and to dis
place an oldambiguous term; butotherwise to endcavour
to rcmove the ambiguity of the oíd term by constantly
keepmg in view a precise definition of the intended
meaning.
A complete philosophical language will be composed

of two distinct kinds of terms, which form respcctively
the descriptivo terminology and the nomenclature of the
science.

A descrlptlve tenrdnoloffy, as pointed out by Dr
Whewell, must include all the terms rcquired to describe
exactly what has been observed concerning any object or
phenomenon, in order that we may possess a permanent
record of the observation. For every quality, shape,
circumstance, degree or quantity there inust be an appro-
priatc ñame or modo of e.xprcssion. Thus in recording
the discovery of a ncw mineral we oiight to be able to fix
in words its exact crystalline form, its coloiir, its degree
of haidness, its spccific gravity, smell and taste if any,
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and many other qualíties which may possess importance.
Modern botany aróse from the effbrts of Linnteus to
create a systcm of terms by whidi every part and
character of a plant can be accurately described. The
language of botany, as since improved, presents the most
complete instance of a scientific terminology. Gcology
suffers much, as 1 apprehend, from the difficulty of find-
ing accurate terms ; such ñames as trap, basalt, gneiss,
granite, tuff, greenstone, trachyte, porphyry, lava, &c.,
are exceedingly vague and almost impossiblc to define,
and at the same time to distinguish. Where a quality
does not admit of degree or quantity it only requires a
single ñame ; otherwise wc must find some mode of exact
nieasuremcnt and expression. The ínvention of any in-
sirumcnt for measuring a quality which has been beforc
unmeasured is always an important step ¡n science, and
the construction of the thermometcr by Fahrenheit and the
pcndulum dock by Huyghens wore great eras in science.
On the other hand, each science requires a nomen

clature or collection of nainos for the distinct objects or
classes of objects treated in it. In mineralogy the ñames
of sepárate minerals, such as htematite, topaz, amphibolc,
epidote, bicndc, pclybasite, form the nomenclature; in
chemistry we have all the ñames of the elements, together
with a vast apparatus of ñames for organic and other
compounds, such as ethyl, acet)l, cyanogen, napthalin,
benzol, &c. In astronomy the ñames of the planets,
satellites, nebiils, constellations or individual stars, foim
a nomenclature of by no means a perfect or convenient
kind ; and gcology has similarly a nomenclature neces-
sarily of an íncomplete character, in the ñames of the
succcssivc formations, silurian, devonian, cavboniferous,
permian, triassic, eocene, mioccne, pHocene, post-plio-
cene, &c.

It is cvident that a nomenclature múst possess ñames
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of various degrees of generalíty, including individual
objccis if they necd sepárate record, injimcs species if
such there be, with widcr classes, up to the summa
genera, or widcst notions embraced in the scicnce. In
astronomy we dcal cliicfly with the ñames of individual
objects, and there is as yet but little scope for classh
fication. In such natural sciences as botany or zoology
there is seldom or never any need of ñames for indi
viduáis, as an indefinite multitudc of individuáis generally
rcsemble each other vcry closely in a great number of
properties, so as to constitute what has been called a
natural Idnd. Mr Mili uses this term to denote " one of

those classes which are distinguished from all others, not
by one or a few definite properties, but by an unknown
multiiude of them ; the combination of properties on
which the class is groundcd being a mere index to an
indefinite number of other distinctive attributes."

According lo Mr Mill's language he sccms to include
in a nomenclature oniy the ñames of supposed species;
for he says: "A nomenclature maybe deñned, the collec-
tion of ñames of all kinds with which any branch of
knowledge is.conversant ; or more properly, of all the
owest kinds, or tiifimce species, those which may be sub-
ivided indeed, but not into kinds, and which generally

accord ̂ ^'ith what in natural history are termed simply
species. But the fact is that naturallsts have now aban-
doned the notion that the species is any definite form;
many species are diyided atready into subspecies and
varieties, or cven varieties of varieties; and according to
the principies of Darwin's theory the subdivisión inight
go on mdefinitely. It is surely most reasonable to regard
the natural kingdoms of vegetables and animals as ar-
ranged in an indefinite series of classes and subclasses,
and all the ñames attaching to any such classes belong
to the nomenclature.
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Again, Mr Mili does not inckide in the nomenclature
such general ñames as denote conceptions artificially
formed in the course of induction and investigation. Ac-
cordingly, besides a terminolog)' suited for describing
with precisión the individual facts observed, there is a
branch of language containing " a ñame for every com-
mon property of any importance or interest, which we
detcct by comparing those facts : including (as the con
cretes corresponding to those abstract terms) ñames for
the classes which we artificially construct in virtue of
those properties, or as many of them, at least, as we have
frequent occasion to predicate any thing of." As exam-
ples of this class of ñames he mentions Circle, Limit,
Momentum, Civilization, Delegation, Representation.
While the nomenclature contains the ñames of natural
classes, this third branch of language would apparently
contain the ñames of artificial ideas or classes.

But I fcel great difficulty in giving a clear account of
Mr Mill's views on this subject, and, as my object in these
Lessons does not allow of the discussion of unsettled
questions, I must conclude by referring the reader who
desires to continué the subjcct, to the 4th and 6th chap-
ters of the 4th Book of Mr MiU's Sysiem of Logic, which
treat of the Reqnisites of a P'hilosophical Language.

See Dr Whewell's " Aphorisms conceming the Lan
guage of Science," at the end of his Philosophy oj
the Inductive Sciences.

Thomson's Outline of the Laws of Thought, con
tains most interesting remarks on the general nature
and use of Language, 17—31. /
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Lesson i.—Introduction,

1. What are the meanings of a Law of Nature, and a
Law of Thought ?

2. Explain the distinction between the Form of
Thought, and the Matter of Thought.

3. In what sense may Logic be called the Science of
Sciences ?

4. What is the derivation of the ñame Logic?
5. How does a Science difier from an Art, and why is

Logic more in the form of a Science than an
Art ?

6. Can we say that Logic is a necessary aid in correct
reasoning, when persons who have never studied
logic reason correctly ?

Lesson IL—Three Parts of Logic.
1. Ñame the parts of which a syllogism is composed.
2. How far is it correct to say that Logic is concemed

with language ?
3. WTiat are the three acts of mind considered in

Logic? Which of thcm is more especially the
subject of the Science ?

4. Can you state exactly what is mcant by a general
notion, idea, or conception ?

5. How do the Nominalists, Realists, and Concep-
tualists differ in their opinions as to the nature
of a general notion ?

6 What is the supposed fourth part of Logic ?

f
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Lesson III.—Tenns.

1, Define a ñame or term.

2. What is a categorematic term ? , ,
'3. Explain the distinction between a collective and a

general term.
4. Distinguish the collective and distributive use o

Ihe word all in the following ;—
(1) Non omnis moriar {i.e. I shall not all die).
(2) "All men find their own in all mcn's good,

And all men join in noble brotherhood."
Tennyson.

(3) Non omnia possumus omnes {i. e. we cannot al
do all things).

5. Which of the following are abstract terms ? ̂
Act, ingratitude, home, hourly, homeliness, mtro
"^uction, incUviduality, truth, true, '

yellow, yellowness, childhood, book, blue, 1 .
tention, reason. rationality, reasonableness.

6. Define a negative term, and meniion the mar
which you may recognise it. ^

7. Distinguish a privativo from a negative term, a
find some instances of privativo terms.

8. Describe the logical characters of the fol ow o
terms, with the precautions given at p. 26.

Metrópolis
Book

Library
Great Bntíün
Cajsar

Void

Gold

Prime Minister

Indigestibility
Manchester

Recollection

Consciousness *Sect
Lord Chancellor Nation
Vegetable Kingdom Institution
Brilliance

Weight
Sensation

Light
Observatio

Cssar

Caesarism

ApplicadOD
Individual
Volurae

n

Tongue

Air

Mentor

Anarchy
Retribution

Solemnity
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Insiíjnlficant Language Unclersíancling
Brilliant Adomment Geology
Independence Agrcement Demeanour
Heaviiiess Obliquity Rcsemblance
IlJustratiou Motionless Departure
Section Henry VIII. Néstor
Whileness Formal Logic Alexander

Lesson IV.—Ambiguiíy of Terms.
1. Define univoca! terms, and suggest some termS

which are perfectly univocal.
2. What are the other ñames by which equivocal

temas are often called ?
3. Distinguish the three hinds of ambiguous terms,

and find instances of each.
4. Distinguish the three causes by which thethird and

most important class of ambiguous terms have
been produced.

•  5. Explain the ambiguity of any of the following
terms, referring each to its proper cause, and
traciug out as far as possible the derivation of
each sepárate mcaniiag from the original meaning.

Minister Subject Letter
Table Clerk Object Star
Tera Order Earth Pole
School Wood Law Reason

Sensation Bed
Glass Volume Art Bowl
Peer Scaie Interest End
Sei^e Feeling Paper División
BaU Kiud Bolt Class

Lesson V.—Tivofold meaning of Terms.
I. Distinguish very carefully the meanings ín ex

tensión and intensión of the terms—
Quadruped, railway, human being, engine, moun-

tain, Member of Parliament.
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2. Enumérate the synonyms or other ñames usad
instead of extensión and intensión.

3. According to what law is the qoantity of
connected with the quantity of intensión ? Show
that the law holds true of the following senes ot
terms—

(1) Iron, metal, element, matter, substance.
(2) Matter, organizcd matter, animal, man,

ship, steámship, screw-steamship, iron screw-
steámship, British iron screw steamship.

(4) Book, printed book, dictionary, Latín dic-
tionary.

4. Distinguish between the connotation and deno-
tation of a term. tri

c Selcct from the list of terms under Lesson llh,
Question 8 (p. 297), such terms ̂  are non-con-
notative according to Mr Mill's vicws.

6 Arrange the following tenns in series as m ques-
■  tion 3, Placing each term of greater extensión

before a term of less extensión. Pomt out
which are the terms of greatest and least inten
sión in each series.

Emperor
Teacher

Baplist
Timber

Pcrson

Horse

Heavenly body
Christian

Animal
Dissenter

Individual

Júpiter
Ruler

Planeí

Mammalian

Matter

SoUcitor
Quadruped

Oiganized substimce , Bemg
LaV ir'™.™
Aleinder Ep.scopal.an

Lesson VI.—Growth of Langnage.

I Trace out the generalization or specialization which
has taken place in any of the following wor s.
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Kind, genus, class, species, order, rank, Augustas,
president, speaker, Utopia, rock, Commoiis,
doctor.

2. Point out metaphors dcrived from the notions of
weight, straightness, rock, wind.

3. Dístinguish as accurately as possible the meanings
of the following synonyms :—

Sickness, malady; mud, mire ; confutation, refu-
tation; boundary, limit; mind, intellect; recol-
lection, reminiscence; procrastination, dilato-
riness ; converse, reverse, obverse, inverse.

4. Form lists of all tlie words derivcd from any of the
following roots;—

(1) Tendere^ to strctch, as in intpntion, attention.
(2) Poneré, to place, as in position, supposition.
(3) Genns, tribe or kind, as in genus, generation.
(4) gift, as in remuneration,cominon (Latin,

Commujiis).
(5) í^íodns, shape or fashíon, as in mood, modérate.
(6) Scriberc, to write, as in scribe, inscrlption, de

scribe.

(7) Capere to take,'as in dcception, incipient.

V  Lesson vil—Leibnitz on Knozvledge.
1. What are the characters of perfect knowledge?
2. Describe the character of the knowledge which we

have of the following notions or objccts :—
A syllogism.
Electricity.
Motion.

A triangle.
Eternity.
The weight of the earth (5852 trillions of tons)
The colour of the sky.

vvt
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3. Expíain exactly what you mean by iniuitive know
ledge.

Lesson VIH.—Propositions.

1. Define a proposilion, and ñame the parts of which
it is composed.

2. How are propositions classified?
3. Ñame the four kinds of categorical propositions,

and their symbols.
4. Under which classes are singular and indefinite

propositions placed ?
5. Enumérate the most usual signs of the quantity of

a pioposition.
6. What are modal propositions according to carly

logicians, and according to Thomson ?
7. How far do logicians consider propositions with

regard to their truth or falsity ?

Lesson IX.—Opposition of Propositions.

1. State the quantity of the subject and predícate in
each of the propositions A, E, I, O.

2. Select out of the following propositions, pairs of
contrary, contradictory, subaltem, and subcon-
trary propositions -

(1) Some elements are known. > L
(2) No elements are known.
(3) All elements are known.

N  Not all elements are known. V W í. •X(5) Some elements are not known.^ ^
(6) All elements are not known. *

3. What propositions are true, false, or doubtful,
(1) when A is false, (3) when I is false,
(2) when E is false, (4) when O is false?

4. Prove by means of the contradictory propositions
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that subcontrary propositions cannot both be
false.

5. Show by means of the subcontrary propositions
that contrary propositions may both be false.

6. What quantity would you asgign to each of the
following propositions ?

(1) Knowledge is power.
(2) Nebulffi are material bodies.

(3) Light is the vibration of an ether.
(4) Men are more to be trusted than we think.
(5) The Chinese are industrious.

7. Why is it desirable in controversy to refute a state»
ment by its contradictory and not by its contrary?

Lesson X.—Conversion and Iminediate Inferencs.
1. Define ínference and conversión.
2. What are converse and convertend propositions?
3. State the rules of valid conversión.

Ñame all the kinds of conversión.
By what process do we pass from each of the fol

lowing propositions to the next ?
^ (O No knowledge is useless.
C  (2) No useless thing is knowledge.
O (3) All knowledge is not useless.
A (4) All knowledge is useful.

(5) What is not useful is not knowledge.
(6) What is useless is not knowledge.
(7) No knowledge is useless.

6. Give the logical opposites of the following propo,
sitien, and the converse of its contradictory i-.
" He cannot become rich wlio will not labour."

1 Apply negative conception to the proposition "All
men are fallible;" then convert and show that-
the result ís the contraposítive of the original.

4-

5.
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8. Classify the propositions subjoined into the four
following groups:—

a. Those which can be inferred from (i).
b. Those from which (i) can be inferred.
c. Those which do not contradict (1), but cannot

be inferred from it.

d. Those which contradict (i).
(1) Aíl just acts are expedient acts.
(2) No expedient acts are unjust.
(3) No just acts are inexpedient.
(4) AU inexpedient acts are unjust. ^
(5) Some unjust acts are inexpedient'
(6) No expedient acts are just.
(7) Some inexpedient acts are unjust.
(8) All expedient acts are just.
(9) No inexpedient acts are just
(10) All unjust acts are inexpedient.
(11) Some inexpedient acts are just acts.
(12) Some expedient acts are just
(13) Some just acts are expedient-
(14) Some unjust acts are expedient

Lessons VIH. IX. and X—Examples of Propositions.
The reader is desired to ascertain the logical character

of each of the following propositions; he is to state oí
each whcther it is affiimative or negative, universal, par
ticular, singular or indefinito, puré or modal, exclusive or
exceptivc, &c.; whcn irregularly stated he is to reduce the
proposition to the simple logical order; he is then to
convert the proposition, and to draw ¡mmediate inferences
from it by any process which may be applicable.

(i) AU birds are feathered.
■  (2) No reptiles are feathered.
(3) Fixed stars are self-luminous.
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(4)
(5)
(6)
(7)
(8)
(9)

(10)

(11)
(12)

(13)
(14)
(15)
(16)

(17)
(18)

(19)
(20)
(21)
(22)

(23)
(24)
(25)
(26)

(27)
(28)

(29)
(30)
(31)
(32)
(33)
(34)
(35)

(36)
(37)

Perfect happincss is impossible.
Life every man holds dear.
Every mistake is not a proof of ignorance.
Some 01 the most valuable books are seldom read.
He jests at scars who never felt a wound.
Heated metáis are softened.

Not ene of the Greeks at Thcrmopylte escapcd.
Few ace acquainted with thcmselves.
Whoso loveth ínstruction loveth knowledge.
Nothing is harmless that is mistaken for a virtue.
Some of our muscles act without volítion.
Metáis are all good conductors of heat.
Fame is no plant that grows on mortal soil.
Only the brave deserve the fair.
No one is free who doth not command himself.
Nothing is beautiful except truth.
The wicked shall fall by his own wickcdness.
Unsafe are all things unbecoming.
There is no excellent beauty that hath not some
strangeness in the proportion.

It is a poor centre of a man's actions, himself.
Mercy but murders, pardoning those that kill.
I shall not all dte, {Non ojunis 7Horiar.)
A regiment cons¡,sts of two battalions.
'Tis cruelty to load a falling man.
Every mistake is not culpable.
Quadrupeds are vertébrate animals.
Not many of the metáis are brittle.
Many are the dcserving mea who are unfortunate.
Amalgams are alloys of mcrcnry.
One kind of metaí at least is liquid.
Talcnts are often misused.
Some parallelograms have their adjcining sides
equal.

Britain is an island.

Romulus and Remus were twins.

1.

sí#
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(38) A man's a man.
(39) Heaven is all mercy.
(40) Every one is a good judge of his own interests.
(41) All parallelograms have their opposite angles equaL
(42) Familiarity breeds contempt.
(43) i® always happy.
(44) Every little makes a mickle.

2.

Lesson XI.—Laical Atuxlysis of Sentinces

1. How does the grammatical predicate difler from the
logical predicate ? '

Distinguish between a compound and a comp ex
sentence ; and between coordínate and subordínate
propositions.

Enumérate the grammatical expressions which may
form

(1) A subject. (4) An object.^
(2) An attribute. (5) An adverbial.
(3) A predícate. _ .

Examine the following sentcnces, ascertain which
are compound or complex, and point out the co
ordínate or subordínate propositions.

(1) Happy is the man that findeth wisdom, and the
man that getteth understanding. •

(2) Heat, bcing mbtion, can be converted into me-
chanical forcé.

(3) Ceres, Pallas, Juno, and Vesta are minor planets,
or asteroids.

(4) Knowledge comes, but wisdom lingers.
(5) Fortune often sells to the hasty what she gives to

those who wait.

(6) Thousands at His bidding speed,
And post o'er land and ocean without rest;
They also serve who only stand and wait

20
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(7) Pride that diñes on vanity, sups on contempL
(8) Nobody can be healthful without exercise, neither

natural body, ñor politic.
(9) Nature is oftcn hidden, sometimes overeóme,

seldom extinguished.
(10) It is impossible to leve and be wise.
(n) Though gods they were, as mcn they died.
(12) He that is not índustrious envieth him that is.
(13) Ye are my friends, ifye do whatsoever I command

you.—John XV. 14.
(14) The wisdom that is from above is first puré, then

peaceable, gentle, and easy to be intrcated,
fuU of mercy, and good fruits, without par-
tiality, and without hypocrísy.—James iii. 17.

5. Analyse in the form of a scheme or diagram any of
the following sentenccs :—

(1) The first aphorism of Bacon's Organum,
on p. 229.

(2) Some Judgments are mercly explanatory of their
subjcct, haying for thcir predicate, a conception
which it fairl-y implies, to all who know and can
define its nature.

(3J There be none of the affections which have been
noted to fascínate or bewitch, but love and
envj^: they both have vehement wishes ; they
frame themselves readily into imaginations and
suggestions ; and they come easily into the eye
especially upon the prescnce of the objects|
which are thepoints that conduce to fascination
if any such there be. '

rurther examples for analysis must be sought in
Oalgleish's Grammatical Analysis, luith Progressive Ex-
urcises, (Oliver and Poyd.) Kdinburgh, 1866. Price 97/.

QUESTIONS AND EXERCISES.

Lesson yUl.—The Predicables^ etc.
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1. Define each of the five predicables.
2. In what scnsc may we say that the genus is part of

the species, and in what sense that the -species is
part of the genus?

3. Select from the terms in the 6th Question of Les
son V., p. 299, such as are genera, species,
highest genera, or lowest species of other terms.

4. Explain the expressions sui generis, homogeneous,
heterogcneous, summum genus, ínfima species,
tree of Porphyry. , , . „

e. N ame a property and accident of each of the foUow-
^  ing classcs :-Circle, Planet, liird, Member of

Parliament, Ruminant Animal. .
6. What are the rules of correct logicíü .
7. The first ñame in each of the following se

terms is that of a class which you to
and subdivide so as to mclude aU the su^o
minor classcs in accordance with the law
división.

(rlP..//. (^) T"''Tcd
-Liitv Equiangular Induction a.mpcrfect)
^Aliens Isósceles Deduction
-Nrralued Kigh.-a„gl=d Mediata I..f=re.c=

r- U- f., «srilrne InductionSubjects wcd Hypothetical Syllogism
.Peors Obtuse angica Syllogism
.JNatural-bom *

Subjects

-Cleígy
Baronets •

-Commons

3. Divide any of the following classes ;_Govemments,
Sciences, Logical terms, Propositions.

9. Of what does a logical definition consistí
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10. What are the rules of correct definition?
11. What rules do the following definitions break?
(1) Life is the sum of the vital functions.
(2) Genus is the material part of the species.
(3) lUative conversioa is that in which the truth of

the converse can be inferred from that of the
convertend.

(4) Mineral substances are those which have not
been produced by the powers of vegetable or
animal life.

(5) An equilateral triangle is a triangle whose sides
and angles are respectívely equal.

(6) An acute-angled triangle is one which has an
acutc angle.

Lesson X\ll.~Pascal and Descartes on Method.
(i) AVhat is the use of nominal definitions?
'2) How must we employ definitions in order to avoid

confusión ?

(3) How far can we be said to be free to use any ñame
for any object ?

(4) What according to Pascal is the true method of
avoiding error?

(5) How do we learn the meanings of words which
cannot be dcfiiied ?

(6) Give instances of words which can be clearly de-
fined and of others which cannot.

(7) State the five rules of method givcn in the Port
Koyal Logic.

(8) Explain Descartes' rules for the attainment of
truth.

Lesson X-W.—Laivs of Thought.
l. State the three Fundamental Laws of Thought and

opply them to the following notions :— '
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(1) Mattcr, organic, inorganíc,
(2) Undulations, polarized, non-polarized.
(3) Figure, rectilincar, curvilinear.
2. Is it wrong to asscrt that animal cannot both be

vertébrate and invertebrate, seeing that some
animals are vertébrate and some are not ?

3. Select from the following such terms as are nega
tivos of the others, and such as are opposites :
Light, plenum, ga¡n,heat, decrease, loss, darkness,
cold, increase, vacuum.
How is Aristotle's dictum applicable to the follow
ing arguments?

(1) Silver is a good conductor of electricity ; for such
are all the metáis.

(2) Comets cannot be without weight; for they are
composed of matter, which is not without weighL

Lesson XV.—SyEog/sm: the Rules.

1. Distinguish medíate and immediate inference.
2. Define syllogism, and state with what it is synony-

mous.

3. What are the six principal and two subordínate
rules of the syllogism?

4. In the following syllogisms point out in succession
the conclusión, the middle term, the major term,
the minorterm, the major premise and theminor
premiso, observing this precise order.
(1) All mcn are fallible ;

All kings are men ;
Therefore all kings are fdlible. •
(2) Platinum is a metal;

All metáis combine with oxygen ;
Therefore Platinum combines with oxygen.
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(3) Hottentots are capable of education ; for Hottcn»
tots are men, and all men are capable of edu
cation.

5. Explain carefullywhat is meant by non-distribution
of the middie term.

Lesson XVI.—The Moods and Figures of ihe
Syllogisnu

1. Ñame the rules of the syllogism which are brokcn
by any of the following moods, no regard being
paid to figure :—
AIA, e'eT, IEA, IOI, IIA, AEI.

2. Write out all the 64 moods of the syllogism and
strikc out the 53 invalid ones.

3. Show in what figures the following premisos give a
valid conclusión :—AA, AI, EA, O A.

4. In what figures are IE O and EI O valid ?
5. To what moods do' the following valid syllogisms

belong? Arrange them in correct logical Order.
(i) Some Vs are Z's. (2) All Z's are Y's.

No X's are Y's. No Y's are X's.
Some Z's are not X's. No Z's are X's.

(3) No fish suckles its young ;
The whale suckles its young ;
Therefore the whale is no fish.

6. Deduce conclusions from the following premises :
and state to what mood the syllogism belongs.

(1) Some amphibious animals are mammalian.
All mammalian animals are vertébrate.

(2) All planets are hcavenly bodics.
No planets are self-luminous.

(3) Mammalian animals are quadrupeds.
No birds are quadrupeds.

(4) Ruminant animals are not predacious.
The lion is predacibus

I.

2.
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7. Invent examples to show that false premises may
give true conclusions.

8. Supply premises to the following conclusions:—
(1) Some logicians are not good reasoners.
(2) The rings of Saturn are material bodies.
(3) Pariy government exists in every democracy,
(4) All ñxed stars obey the law of gravitation.

Lesson XVU.^The Syllogism; Reduciion.

State and explain the mnemonic lines Barbara,
Celarent, &c.

Construct syllogisms in each of the following moods,
taking X, Y, Z, for the major, middie, and minor
terms respectively, and show how to reduce them
to the first ngure:—

Cesare, Festino, Darapti, Datisi, Ferison, Camenes,
Fesapo.
What is the use of Rediiction?

, Prove that the following premises cannot give a
universal conclusión—El, lA, OA, lE.

, Prove that the third figure must have an affirmative
minor premise, and a particular conclusión.

Reduce the moods Cesare and Camenes by the
Indirect method, or Reductio ad Impossibile.

Lesson XVIII.—Irregular and Compound Syllogisms.

1. Describe the meaning of each of the terms—En-
thymeme, Prosyllogism, Episyllogism, Epichei-
rema, Sorites.

2. Make an example of a syllogism in which there are
two prosyllogisms.

3. Construct a sorites of four premises and resolve it
into distinct syllogisms.

4. What are the rules to which a sorites must conform?

6.
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5. The reader is requested to analyse the following
arguments, to detect tliose which are false, and to
ascertain the rules of the syllogism which they
break; if the argument appears valid he is to
ascertain the figure and mood to which it belongs,
to state it in correct logical form, and then if it be
in an imperfect figure to prove it by reduction to
the first figure. The first six of the examples
should be arranged both in the extensiva and
intensive orders.

1. Nene but mortals are men.

Monarchs are men.

Therefore monarchs are mortals.
2. Personal deformity is an affllction of natura.

Disgrace is not an affliction of natura.
Therefore personal deformity is not disgrace.

3. Soma statesmen are also auihors; for such are
Mr Gladstone, Lord Dcrby, Lord Russell, and
Sir G. C. Lewis.

4. This explosión must have been occasioned bygun-
powder; for nothing else would have possessed
sufficicnt forcé.

- 6. Every man should be modérate; for excess will
cause disease.

6. Blessed are the merciful; for they shall obtain
mercy.

7. As almost all the organs of the body have a
known use, the spleen must have some use.

8. Cogito, ergo sum. (I think, therefore I exist.)
9. Some speculative men are unworthy of trust; for

'they are unwise, and no unwise man can be
trusted.

No ídle person can be a successful writer of his-
tory; therefore Hume, Macaulay, Hallam and
Grote must have been industrious.• 'i

4
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11. ̂ \^Jo spareth the rod, hateth his child; the parent
who loveth his child therefore spareth not the
rod.

13. Comets must consist of heavy matter; for ot;her-
wise they would not obey the law of gravitation.

13. Lithium is an element; for it is an alkali-pro-
ducing substance, which is a metal, which is
an element.

14. Rational bcings are accountable for their actíons;
l  brutes not being rational, are therefore exempt
^  from responsibility.
15. A singular proposition is a universal one; for

it applies to the whole of its subjecL
16. Whatever tends to withdraw the mind from pur-

suits of a low nature deserves to be promoted;
classical learning does this, since it gives us
a taste for intellcctual enjoyments; therefore it
deserves to be promoted.

P  17. Bacon was a great lawyer and statesman; and as
/vv ' ^ philosopher, we may infer that any

^  ' philosopher may be a great lawyer and statesman.
18. Immoral companions should be avoided; but some

immoral companions are intelligent persons, so
that some intelligent persons should be avoidcm

Mathematical istudy undoubtedly improves19.
the

^4
reasoning powers; but, as the study of lOgic is
not mathematical' study, we may infer that it oes
not improve the reasoning powers. ^ _

20. Every candid man acknowledges merit in a ny ,
/  every learned man does not do so; therefore
^ every learned man is not candid.

LessoN XlX.—ConIí¿to!ia¡ Arguments.

What are the kinds of conditional propositions,
and by what signs can you recognise them?

I.
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2. What are thc rules of the hypothetical syllogism?
3. To what categorical fallacies do breaches of these

rules correspond?
4. Select from the following such as are valid argu-

raents, and reduce them to the categorical form;
explain the fallacious reasoníng in the others.

(1) Rain has fallen if the ground is wet; but the
ground is not wet; therefore rain has not fallen.

(2) If rain has fallen, the ground is wet; but rain has
not fallen; therefore the ground is not wet.

(3) The ground is wet, if rain has fallen; the ground
is wet; therefore rain has fallen.

(4) If the ground is wet, rain has fallen ; but rain has
fallen ; therefore the ground is wcL.

N.B. In these as in other logical examples the
student must argüe only from the premises, and not froni
any other knowledge of the subject-matter.

5. Show that the canons of syllogism (p. 121) may
be stated indiffercntly in the hypothetical or
categorical form.

6. State the following in the form of a Disjunctive or
Dilemmatic argument, and ñame the kind to
which it belongs.

If pain is severe it will be brief; and if it last long it
willbeslight; therefore it is to be patiently borne.

Lessons XX. and XyA.—Fallacies.

1. Classify fallacies.
2. Explain the following exprcssions:
Adicto sccundum quid ad dictum simpHciter; igno-

ratio elenchi; argumcntum ad hominem; argu-
mentum ad populum ; petitio principii; circulus
in probando; non sequitur; post hoc ergo
propter hoc.
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■5. What is ar^iing in a circU; and what is a ques
.  diÍrencero*f°meaning may be m

the following sentence by varying the accent.
behcved to have oecn
several philosophers in England and Ho •5  Potat OU? the misinterpretations to t.h,ch the fol-

(.)¿;r;cSWsp=ec^atthe—^
(3) How much is five times seven and ninef

MISCELLANEOUS EXAMPLES.
LESSONS IX. to XXI.
{Continnedfromp. 3I3-)

ThP following examples consist partly of true^anda^rgetncnL The reader is re,uested to
not in a simple and comptóe

■  lo<TÍcal form, to complete it m the form which
T;¿"wiSrirl:-a vaHd ot.fhhaeions

3. Tü''afs™n"the eaact ñame of the argument or fal-
lacy as the case may be.4. If a categorical syUogism, to reduce it to the ftrst

5. If ! h'ypothetical syllogism, to state it in the cate-
gorical form. _

21 Elemenlary substances alone are metáis. Iron isn ^etal, therefore it is an elemen.ary substance.
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4
22. No Aíhenians could have been Helots; for all the

Helots were slaves, and all Athenians were free
men.

23. Aristotle must have been a man of extraordinary
industry; for only such a man could have pro-
duced his works.

24. Nothing is better than wisdom; dry bread is
better than nothing; therefore dry bread is better
than wisdom.

28. Pitt was not a great and useful minister; for
though he would have been so had he carried
out Adam Smith's doctrines of Free Trade, he

^ -v-vvt ' did not carry out those doctrines.
•  26. Only the virtuous are truly noble; some who are

called noble are not virtuous; therefore some
who are called noble are not truly noble.

27. Ireland is idle and therefore starves; she starves,
and therefore rebels.

28. No designing person ought to be trusted; en-
gravcrs are by profession designers; therefore
they ought not to be trusted.

29. Logic as it was cultivatcd by the schoolmen
proyed a fruitless study; therefore Logic as it is
cultivatcd at the present day must be a fruitless
study likewise.

30. Is a stone a body? Yes. Then is not an animal
abody? Yes. Are you an animal ? Ithinkso.
Ergo, you are a stone, bcing a body.—Ludan-

81. If ye were Abraham's children, ye would do the
works of Abraham.—John viii. 39.

He that is of God heareth God's words: ye there-
'  . fore hear them not, becauseye are not of God.

—^John viii. 47.
88. Mahomet was a wise lawgiver; for he studied the

character of his people.

4

'1
QUESTIONS AND EXERCISES. 3*7

34. Every ene desires virtue, because every one
desires happiness.

35. His imbecility of character might have been in-
fcrred from his proneness to favourites ; for all
weak princes have this faüing.—De Margan.

36. He ís brave who conquers his passions; he who
resists temptation conquers his passions; so that
he who resists temptation is brave.

37. Suicide is not always to be condemned; for 'it is
But voluntary death, and this has been gladly
embraced by many of the greatest heroes of
antiquity.

88. Since all metáis are elements, the most rare ot aii
the metáis must be the most rare of all the
elements.

39. The express train alone does not stop at this sta-
tion; and as the last train did not stop it must
have been the express train.

40. Peel's remission of taxes was beneficial; the taxes
remitted by Peel were indircct; therefore the
remission of indirect taxes is beneficiaL

41. Books are a source both of instruction and amuse-
ment; a table of logarithms isa book; there
fore it is a source both of instruction and amuse-
ment. ,

42. All desires are not blameable; all desires are hab e
to excess; therefore some things Hable to excess
are not blameable. . a -(

43. Whosoever intentionally kills another should suifer
death; a soldier, therefore^ who kills his enemy^
should sufFer death. 0 ■ ''' L

44. Projectors are urtfit to be trusted; this man has
formed a projecc; therefore he rs unfit to be
trusted.

46. Few towns in the United Kingdom have more than

1 r .1 fV

■<
i  » (4.»
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300,000 inhabitants; and as all such towns ought
to be representcd by three mcmbers in Parlia^
ment, it is evident that few towns ought to have,
three representativcs.

46. All the works of Shakspoare cannot be read ín
a day; therefore the play of Hanilet, being one
of the works of Shakspcare, cannot be read in
a day.

4Y. In moral matters we cannot stand still; therefore
he who does not go forward is sure to fall behind.

48. The people of the country are su-íTering froni famine;
and as you are one of the people of the country
you must be suffering from famine.

49. Those substances which are lighter than water
can float upon it; those metáis which can float
upon it are potassium, sodium, lithium, &c.;
therefore potassium, sodium, lithium, S:c., are
lighter than water.

60. The laws of nature must be ascertained by De-
duction, Traduction or Induction; but the former
two are insufficient for the purpose; therefore
the laws of nature must be ascertained by In
duction.

61. Asuccessful authormust be eithcrvcryindustrious
or very talcntcd; Gibbon was very industrious,
therefore he was not very talcnted.

62. You are not what I am; I am a man; therefore
you are not a man.

53. The holder of some shares in a lottery is sure to
gain a prize; and as I am the bolder of some
shares in a lottery I am sure to gain a prize.

54. Gold and silver are wealth ; and therefore the
diminution of the gold and silver in the country
by exportation is the diminution of the wealth
of the country.
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66. Over credulous persons ought never to be believed;
/  and as the Ancient Historians were in many
N  instanccs over credulous they ought never to be

believed.

66. Some mineral compounds are not decomposcd by
/  heat; all organic substances are decomposed by
4  heat; therefore no organic substances are mi

neral compounds.
67. Whatever schools exelude religión are iiTehgious;

Non-sectarian schooJs do not allow the teaching
of religious creeds; therefore they are irreligious.

68. Night must be the cause of day; for it mvariably
^  precedes it.

69. The ancient Greeks produced the greatest master-
pieces of eloquence and philosophy; the Lice-
dmmonians were ancient Greeks ; therefore they
produced the greatest mastcrpieces of eloquence
and philosophy.

60. All presuming men are contemptible; this man,
therefore, is contemptible ; for he presumes to
believe his opinions are correct. ^

61. If a substance is solid it possesses elasticity, and
so also it does if it be liquid or gaseous; but all
substances are either solid, liquid or_ gaseous;
therefore all substances possess elasticity.

62. If Parr's Ufe pills are of any valué those who take
thcm will imííoveínhealth ; now my
has bcen takfcg them has improved m health;
therefore theywfe of valué.

63. Hewhocallsyodfe'manspcakstruly; hewhocaUs i
you a fool cal® you aman; therefore he who
calis you a fool speaks truly.

64. Wlio is most hungry eats most; who eats lec^t is ^
most hungry; therefore who eats least eats most.

^ 66. What produces intoxication should be prohibited ;
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iSI.

68.

69.

70.

71.

72.

73.

74.

the use of spirituous liquors causes intoxication;
therefore the use of spirituous liquors should be
prohibited.

What we eat grew ín the fields; loaves of bread
are what we eat; therefore loaves of bread grew
in the fields.

If light consisted of material partióles it would
possess momentum ; it cannot therefore consist
of material partióles, for it does not possess
momentum.

Evcrything is allowed by law which is morally
right; jndulgence in pleasures is allowed by law;
therefore indulgencein pleasures is morally right.

All the trees in the park make a thick shade; this
is one of them, therefore ihis tree makes a thick
shade.

All visible bodies shine by their own or by re*
flected light. The moon does not shine by its
own, therefore it shines by reflected light; buf
the sun shines by its own light, therefore it cannot
shine by reflected light.

Honestydeserves reward; and a negro is a fellow-
creature; therefore, an honest negro is a fcllow-
creature deserving of reward.

Nearly all the satellites revolve round their planets
from westto east; the moon is a satellite; there-
fore it revolves round its planet from west to east

Italy is a Catholic country and abounds in bc''-
gars; France is also a Catholic country, and
therefore abounds in beggars.

Every law is either useless or it occasions hurt to
some person j now a law that is useless ought to
be abolished ; and so ought every law that occa
sions hurt; therefore every law ought to be
abolished.

ro.

76.

4

77.

78.

79.

80.

81.
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The end of a thing is its perfection; death is the
end of life; therefore death is the perfection of
life.

When we hear that all the righteous people are
happy, it is hard to avoid exclaiming, What! are
all the unhappy persons we see to be thought
unrighteous?

I am offered a sum of nioney to assist this person
in gaining the office he desires; to assist a
person is to do him good, and no rule of morality
forbids the doing of good; therefore no rule of
morality forbids me to receive the sum of money
for assisting the person.

Ruminant animals are those which have cloven

feet, and ihcy usiially have horns; the extinct
animal which left this foot-print had a cloven
foot; therefore it was a ruminant animal and
liad horns. Again, as no beasts of prey are rumi
nant animals it cannot have been a beast of prey.
We must either gratify our vicious propensitics,
or resist them; the fomier course wiÜ involve
US in sin and misery; the latter requires self-
denial; therefore we must either fall into sin
and misery or practise self-denial.

The stonemasons are bcncfitted by the masons
unión; the bricklayers by the brlcklayers' unión;
the hatmakcrs by the hatmakers' unión; in
short, every irade by its own unión; therefore
it is evident that if all workmen had unions all
workmen would be benefitted thcreby.

Every moral aim requires the ratíonal means of
attaining it; thcse means are the establishment
of laws; and as happiness is the moral aim of
man it follows that the attainment of happinest
requires the establishment of laws.

31
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82 He that can swim needs not despair to fly; for to

swim is to ñy in a grosser fluid, and to fly is to
swim in a subcler.

83. The Helvetii, if they went throiigh the coimtry of
tlie Sequani, were sure to meet with various
difficulties; and if they wcnt üirough the Román
province, they were exposed to the danger of
opposition from Ctesar; but they were obliged
to go one way or the other; tiiercfore they were
either sure of meeting with various difficulties,
or exposed to the danger of opposition from
Caesar.—De Ecllo Ccitlicoy lib. i- 6-

84. Riches are for spcnding, and spending for honour
and good actions; thcreforc extraordinary e-x-
pensc must be limitcd by the worth of the occa-
sion.—Bacon.

85. If light is not refracted ncar the surface of the
moon, there cannot be aay twilight; but if the
moon has no atmosphere light is not refracted
near its surface; therefore if the moon has no
atmosphere there cannot be any twilight.

86. The preservation of society requives exchange;
whatcver requives exchange requives equitable
valuation of property; this requifes the adoption
of a common measure; henee the preservation
of society requives the adoption of a common
measure.

87. The severa] species of brutes being created to
prey upon one another proves that the human
species were intended to prey upon them.

88. The more correct the logic, the more ccrtainly
the conclusión will be wrong if the premises are
false, Therefore where the premises are wholly
uncertain, the best logician is the least safe
guide.
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89. If our rulers could be tnisted always to look to
the best interests of their subjecis, monarchy
would be the best form of government; but
they cannot be trusted; therefore monarchy is
not the best form of govcmmenL

90. If men were prudent, they would act morally for
their own good ; if benevolent, for the good of
others. But many men will not act morally,
either for their own good, or that of others ; such
men, therefore, are not prudent or benevolent.

91. He who bears arms at the command of the magis-
trate does what is lawful for a Christian; the
Swiss in the French service, and the British in
the American service, bore arms at the command
of the magistrate ; therefore they did what was
lawful for a Christian.— Whatdy.

92. A man that hath no virtue in himself ever envieth
virtue in others; for men's minds will either fced
upon their own good or upon others' evil; and
who wanteth the one will prey upon the other.—
Bacon.

93. The object of war is durable peace; therefore
soldicrs are the best peace-makers.

94. Confidence in promises is essential to the inter-
course of human life ; forwithout it the greatest
part of our conduct would proceed upon chance.
But there could be no confidence in promises, if
men were not obliged toperform them; theobli-
gation, therefore, to perform promises is essential
to the same ends and in tiie same degree.

96. If the majority of those who use public-houses
are prepared to cióse them, legislation is unne-
cessary; but if they are not prepared for such a
measure, tiren to forcé it on them by outside
pressur.e is both dangerous and unjust.

21—9
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96. He who believes himself to be always in the right
ín his Opinión, lays claim to ínfallibility • you
always believe yourself to be in the right in youp
opinión; therefore you lay claim to ínfallibility.
— Whately.

97, If we never íind skins except as the teguments of
animals, we may safely conclude that animals
cannot cxist without skins. If colour cannot
exist by itself, it follows that neiihcr can any-
thing that is colourcd exist without colour. So,
if language without thought is unreal, thought
without language must also be so.

98, No soldiers should be brought into the field who
are not wcll qualified to perform their part \ none
but vcterans are well qualified to perform their
part; therefore none but vetcrans should be
broaght into the field,— Whately.

99. The minimum visibile is the least magnitude which
can be seen; no part of it alone is visible, and
yet all parts of it must affect the mind in order
that it may be visible ; therefore, every part of
it must affcct the mind without being visible,

100. The scarlet poppy belongs to the genus Papaver,
of the natural order Papaveracete; which agáin
is part of tlie subclass Thalamifloras, belonging
to the great class of Dicotyledons. Henee the
scarlet poppy is one of the Dicotyledons.

101, Improbable events happen almost every day ; but
what happens almost every day is a vcry pro»
bable event; therefore improbable events are
very probable events,—Whately.

Lesson XXII.—QiiantiJicatioH of the Predícate.

!■ What does the quantification of the predícate mean?
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2. Assign to each of the following proposítions its
proper symbol, and the symbol of its converse *

(1) Knowledge is power,
(2) Some rcctangles are all squares,
(3) Only the honest ultimately prosper,
(4) Princes have but their titlcs for their glories.
(5) In man thcre is nothing great but mind,
(6) The end of piiilosophy is the detection of unity.

3. Draw all the contrapositive proposítions and imme-
diate inferences you can from the following pro
posítions :—

(1) London is a great city,
(2) London is the capital of England,
(3) All ruminant animals are all cloven-footed ani

mals,

(4) Some mcmbers of parliamcnt are all the minis-
lers,

4. Writeout in Hamilton'snotationthemoodsBaroko
Darapti, Fclapton, Bokardo.

Lesson XXIII,—Bodle^s System 0/Logic.
1, Apply this system of inference to prove the syl-

logisms on p. 141, in Cesare, and Camestres,
2, Show that if all A's are not ^'s, then no B's are

A's ; and that if all A's are alt B's, then all not
A's are all not Es.

3. Develope the term subsiancc, as regards the terms
vegetable., anitnal, organice thenselect the com-
binations which agree with these premises:

" What is vegetable is not animal but is or-
ganic ; what is animal is organic."

4. Test the validity of this argument: " Good always
triumphs, and vice always fails ; therefore the
victor cannot be wrong, ñor the vanquished
right."
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5. It is known of a certain class of tliings that—
(1) Where the quality A is, B is not.
(2) Where B is, and only where B is, C and D are.

What can we infer from these premises of
the class of things in which A is not prc-
scnt but C is prescnt ?

6. If all /í's are B's; all B^s are C's; all Cs are C's ;
shew that all A's are Z>'s, and that all not Z?'s are
not A's.

Lesson XXIV.—Mcthod.

1. What ¡s the supposcd position of method accord-
ing to former logical writers, and what are the
rules of method?

2. Explain the expressions iiobis iioiiora^ and noiiora
natura;.

3. Of what kind ís the usual method of instruction ?
4. Prove that analysis ¡n extensión is synthesis in in

tensión, using some of the series of terms in
Question 6, Lesson v. as illustrations.

5- Explain the exact meanings of the expressions á
priori and á posieriori knowledge.

6. To \vhich kind belongs our knowledge of the fol-
lowing facts ?

(1) The light of the stars takes a long time to
reach us.

(2) Vaccination is a preservativo against small-pox.
(3) A meteor becomes heated in passing through the

air.

(4) There must be eithcr some inhabitants or no
inhabitants upon Júpiter.

Lesson XKV.~-Per/cc¿ Induction.

I. Define and distinguish Deduction, Induction, and
Traduction.
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2. Find an instánce of reasoning in Traduction.
3. Distinguish P.erfect and Imperfect Induction.
4. How does Mr Mili define Induction, and what is

bis opinión of Imperfect Induction?
5. What is the use of Perfect Induction?
6. Construct some instances of the inductive syJIo

gism, and show that they may be thrown into a
disjunctive form.

Lesson XXVI.—Induction., Analogy andExample.

1. From what circumstance arlses the certainty and
generality of reasoning in geometry?

2. Find other instances of certain and general reason
ing concerning the properties of numbers.

3. Why are inductive conclusions concerning prime
numbers uncertain and not general?

4- Why is a single ¡nstance sometimes sufficient to
warrant a universal conclusión, while in other cases
the greatest > possiblc number of concurring m
stances, without any exception, is not sufficient o
warrant such a conclusión? .

5. What are the strict and ordinary meanings o t le
word analogy? *

6. Explain the use of Ex-amples. .
7. Explain exactly the diíTcrence between anaJogi^^

argument and ordinary induction.

Lesson XXNW.—Observation andExperimeni.
1. What is the false method of Science against

which Bacon protested?
2. Explain the exact meaning of Bacon's asser lons,

that man is the Servant and Interpreter of Nature,
and tliat Knowledge is Power. _ ^

3. How does experimeni differ from observation.
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4- Classify the sciences accordíng as they employ
passive observation, experiment, or both.

5. Ñame the chief points in whir.h experiment is
superior to mere observation.

6. What is the principal precaation needful in obser
vation?

7. Explain how ¡t ¡s possible to anticipate nature and
yet establish all conclusions upon the rc-sults of
experience.

l.ESSONS XXVIII. and XXIX.—Methods of Induction.

1. Define exactly what is meant by a cause of an
event, and distinguish cause, occasion, antece
de ti t.

2. Point out all the causes concerned in the following
phenomcna:

(t) The burning of a fire.
(2) The ordinary growth of vegetables.
(3) The cracking of a glass by hot water.
3. State and explain in your own words Mr Mill's

first three Canons of Inductive Method.
4- Point out exactly how the Joint Method-differs

from the simple Method of Difference.
5i Give sóme instances of simple experiments fulfil-

ling completely the conditions of the Method of
Difference.

6. What can you infer from the following instances?
A ntecedents. Consequetits.
ÁBDE. stgé
BCD.:.

BFG'. vqu
A DE isp.
HK xqm , ' r-
ABFG í .pquv
ABE \.....pqt:
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7. (i) Friction alters the temperature of the bodies
rubbed togethcr.

(2) The sun is supposed to move through space.
(3) A ray of light passing into or out of a denscr

médium is deflected.
Point out the successive questions which would

have to be decided in the investigation of the
above phenomena.

S. Find some simple instances of the homogeneous
and heterogeneous intermixture of effects, and
of the methods of concomitant variations and
residuos.

9. Since 1842 there has been a great reform of the
British tariff, and a great increase of British
trade. Does this coincidence prove that the
first circumstance is the cause of the second?

10. Supposing US to be unacquainted wilh the causes of
the following phenomcna, by what methods
shoüld we investígate each ?

(1) The connection.between the barometer and the
weather. >

(2) A person poisoned at a meal.
(3) The connection between the hands of a dock.
(4) The effect of the Gulf-stream upon the climate of

Great Britain. <• '

Lesson XXX.—Empirical and Deductive Methods.

1. Define Empirical Law, and find a few additional
instances of such laws.

2. What are the three steps of the Deductive Method ?
3. Trace some of the successive steps in th? progress

of the iheory of gravitation, showing that it was
established by this method.
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LessoN y.-W..—Explanation, &c.

1. What do you mean by the explanation of a fact?
2. State the three ways in which a law of natura may

be explained, and suggcst some additional in-
stances of each case.

3. Define tendcncy. Do all causes consist only of
tendencies, or can you find examplcs to the con-
trary?

4. Give a definition of hypothesis. How may a vahd
be distinguished from an invalid hypothesis ?

5. What place, does hypothesis hold in the Deductiva
Method?

6. Explain the ambiguities of the words theory and
fact.

Lesson yPAX.\\.~Clas5ÍJication.

1. Define classification, and give the derivation of the
word.

2. What do you mean by important characters in
classification?

3. State Dr Whewell's criteiion of a good natural
arrangcmcnt.

4. Distinguish bctween a natural and artificial system
of classification.

5. What do you mean by a characteristic quality? Is
il always an important quality ?

6. Define abstraction. generalization, and colligation
of facts.

7. What are the characters of a notion properly abs-
tracted ?

Lessün XyjyAW—Rtjuisites of a Philosophical
Langnage.

1. What are the three purposes for which \ve use
language?
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2. What are the two chief requisitos of a philosophical
language ?

3. By what consideraiions should we be guided in
choosing bciwccn a new and oíd scicntific term?

4. Distinguish a Descriptive Terminology and a No-
mcnclature ; sepárate ihc following tcrins ac-
cording as thcy belong to one or the other:—
Rose, Rosaccx, Rose-like, Poiassium, Alkaloid,
Ruminani Animal, Ruminating, Ruby, Ruby-red.

5. What does Mr Mili mean by the expression Na
tural Kind?
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Acceni, laiiacy of, 174
Accident, fallacy of, 176; ihe pre-

A'baens, the lozical, 199
Abscissio Infiziiti (the ciiuing

oíF of the infinite or negaiive part>,
the process by which wc determine
the position of an object ín a sy^tem
of classes, by successivc comparison
and rejcciionof those dasscs to which
it dues not bclong.

Absolute tuniiSj i.e. non-relative
terms, 25 ; somctimes used as namc
of non-connotative terms, 41

,&bst7act terms, ao, 43
jS^bstraction, 285
^ccent, raliacy of, 174
Iccident,
dicable, 103

Accidental definition is a dcfi-
nition which assigns the properties

species. or the accldents of an
individual; ¡i ¡s more coinmonly
callee! a Descri/'tion.

Acquircd perccptions, 23O
Added determlnants, infercnce

by, 86
Adequate knowledge, 56
A dicto secundum oiiid, &c.

fallacy of, 176 '*
Adjectivcs, 21
Advcrbials, 93
Afiimiative propositíons, 63
Algebraic reasoning, 58, 219
Ambiguity of «//, 20: oísome, 79
of m^iiy oíd terms, 291 ; of terms in
Poliiicil EiMiiomy, 292

Ambigiious middlc term, 130, 171
Amphibology, falhicy of, 17a
Ampliativo propositíons. 69
Analogtie, a thing analogous to
some oiher thing.

Analysis, mcthod of, 905

Analogy, the canse of ambiguity
35, 50: reasoning by. 226—8

AnaiytíCS, ird 'Ai'aAuTtxd,] the title
givcn in the sccond ceniiiry to por-
tions of the Organon, or Logiatl
Treatises of Aristotle; ihcy were
distinguished as the Prior and Pos
terior Analj'iics.

Analytíc syllosism,asyllogl5m
i» which the conchisícm ís placed
firsi, the prcmisus f<i!]owing as the
reasons. üce SyitlJtetic ̂ yl/cffisntf
the distinciion is iminiportant.

Autecedcnt, of a liypoihetical pr{
position, lOo; of an eveiu, 240

Anticipation ofn.atnre, 229
Antinomy (oitI, against; i^fioí,

iaw), the opiKjviiiun of one law orrule
to anoltier. Kiiitt,
A posteriori knowledge, 208
A priori kniiwlecigc, 208
Axbor Porphyrlana, see Trce 0/
l prfyhyry.

Argúmcnt, (Latín, from
apvoe.dear, manifest.) the process uf
reasoniiig i)ie slu-wiiig or proviiig
Uiai which IS douhiful hy that which
js known, See ¡u/crcuce. The mid-
dle icrin of a syllogism is sometiines

Arsumentum a tortiori, an
argumcui .11 which we prove that
le cisc m questirin is more strong

or prohable tlian one aiready con
ceded to be siiflicienlly so.

Argiunentum ad bonzinom,
178

Argumentum ad Judieinm»
an .appeal to the cominon sensa áf
mankind.
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arffnmontum ad ignorantí-
am I an argument founded on tlie
ignorance of adversarles.

i ^gumentum ad populnJUr

' AT^mcntura ad vcrecun-
diam, an ajiiJcal to our ruspcci lor
somc greal anihoriiy.

J Argumentum ex conccsso,
I  a proof deiivod from a pruposilion
I  aiready conceded.
1 Aristotlc's Dicta, 123
I Art and Science.disimciion ol, 7
Artificial Clx^sífication, 284 _ _
Asscrtion, («./. tu; S'-'V, w !<"">)
a statemenl or proposition. alUrm.t-

^'sociaüün'of id«s.
accompaiiy: sfC'i'S, a comiumon,)
tlTn-itür.ar conncction cx.stmg in
tlie mind bctwccn impressions tAich
have prcviously coo.tisted. or which

gr.-inicd,) any proposiiion takcn as
the basis oí argument; m .a special
scnse, niiiior premiso oí a c;ae-
forical syllogisni.

AttribUto, {.Utríbuo, to .pvc or
a^bc-to,) a qn.allty or circunistance
which may bu afilrmed ¡or dcmcd)
of a thing: oppo.scd 10 Suhstance.
which sce.

Attribute in grammar,
AttribUtive term, i. e. Comietative
tcrut, 4' ... ,

^■vinrti, dcfimnition ot, 125

Baconian mcthod, 255: Philoso-
nhv 220B^bara, Celarcnt, &c., 14S

BeKffing the Que8tion,.i79
BcUcf, asscnt to a proposition, ad-

miitiiie "f '"'y dcgree of strengih,
from the slightesiprub-ability to thefitllest ccriainty: Frobability.

Bentham, Georgc, new system of

B^leí Georgc, his sj-stein of Logic,
,Q,- his Laws of Thought, 197;
lus iügical works, sol

Canonsofsyllogism, 121—2; HamiU
lon's suprcmc Canon, 189

Canons of Mili's Inductlve Methods,
First, 240; Second. 242 ; Third, 2455
Fourth. 252; Fifth, 249

Catcgorcmatic words, 18
Categorieal propositions, 63
Categories, the smitvin genera, or

most extcnsive ci.iR.ses into which
thingscan be distrihntcd : they are
ten in nuinber, as follows:

Oúffía, Sub.siancc : Iloo-bv, Quan-
tity ; llorof, Qualiiy : npóe ti, Re-
btion ; Iloieí»', Action ;
r.assion, or suíTcring: IIoü, Place;
llóre, 'l'inie; Kíleffa». Posilion;
'Exeif, Habit or condiiion.

Evcrythiiig which can be affirmed
must come tinder one or other of ihesc
highest prcdicatcs, which were dc-
scribcd m the first trcatíse of Ans-
totle's Organon, called the Catego
ries.

Causo, mcaning of, 239
Aristotle disiingnishcd four kmds

of causes foi the cxistence of a thing
—I. The Material Cause, the sub-
stance or maitct composing il; 2.
Tlie Formal Cause, the pattern^, type
or dcsign, according to which it is
shaped ; 3- 'Hiu EÍTicicnt Cause, the
forcé employcd in shaping it; _ 4.
The Final Canse, the end, motive
or puqiose of the work.

Chance, ignorance of the causes
wliich are in action : sec Probtxbihty.

Charaetor, derivation of the word,
46

Characteristics, =85
CircuIUS in definiendo, 110, 114
Circulus in probando, 179
Cloarness OÍ knowledge, 54
Cognltion, (cí'ATnWi to know,)

knowledge, or the action of mind m
aciniiring knowledge.

Colligation of Facus, Dr AVhewclrs
cxprcssiüH í'or Oie mental iimon of
facis by some suitablc conceptlon,
sec 286

Collcotive terms, 19 , , ,
Coxubined or complete inethod of

invesiigution, 258
OompariBon, («■£"«, together; par,

equal or like,) tlie action of mind by
which we judge whether two object»
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of thoiiRht are thc same or difTerent
m cena.n p<jints. Seo ̂ ud^itínt.

tenns are thosc which,
tnough distiiicl, are nol contradic-
tory, ai.d can thcrefore be aíTirmcd
01 ttie same subject: as " large " aiid

-^vy ; " bright-coloured ■ and
nauseous.

conception, infcrcnce

sentcnce, 91 ; syllogism,

Compoaitlon of Causes, the
pímci^jle wliiclj is excmplified in all
cases in wliich ihc joiiit eíTect of
several puses is Idcnlical willi the

'.I"""" sepárate cficcts. 7. S."•"i- bee pp. 2^2, 2C5
®°í?P03itiou, fallacy of, 173
Compouncl sentence, 00
Comprelicnsion of terms, see /«■

tensión.
Computation, 127oncept, ihat which is conceived,

the resiili of the act of conception ;
nearly synonytnous wilh general no-t.on, .dea, ihmight.

Conception {con, logcther ; capia,
to tnkej. An ambiguoiis lerm, mean-
ing properiy the action of niind in
which jt takes sevcrai thiiigs togc-
ther, so as to form a gciierai notion ;
or again, in which it forms " a incn-
al iniage of the several aitribiues

givuii in any word or comhinalioii of
words." ¡Mamcd

Conceptualista, x-x

Concrete tcrms, so
propasitioHS, 62, 160

from^^'°'' «-"biguRy
Conjúgate words, those which come

Irom tile same root or stock, as
knmun, knonjins, kno-jjinely, knaw-
lectgc.

Connotation of terms, 39, 41;oughi to be exactly fixed, 290
Consciousncss, the ¡mmediate

kiiowledge which the mind has of
its scnsatioiis and thoughts, and, in
general, of all Its present operations.
¡ieid.

Consectary=Coroliary.

Con8cg.ncnce, the conneciíon be*
twccn anteceiieni and consequentj
buc oftcn uscd ambiguously íor the
laitcr.

Conscqucnt of a hypothetical pro-
pnsiliiiTi, 161

Conscqucnt or cfTccc of a cause,
2.10

Conscqucnt, fallacy of the, j8i
Conscrvation ofenergy, 263, 269
Consilience uf Inductiuns, ihu

agrucmeiit of inductions derived
fruin dincrent and indepeiident seríes
of facis, as whcu we learn the mo-
tion of the earih by entirely diíTcrcnt
modes of observation and rcasoning.
M^he-tvell

Consistcncy of propositions, 78
Consistent terms, see cotupatibU

tcrms.
Contingcnt, {coníinso, to touch,)

tliat wliicli may or may not h.appen ;
opposud to the tucessary and iw*
possihU.

Contingcnt mattcr, 80
Continuity, Law of, the principie

ihat nothing can pass from onc ex
treme to anntlier without passing
tiirough all the imermediate degrees:
niotion, for instan ce, cannot beinsian-
taiieoiisly producud or destroycd.

Contradiction, Law of, 117, 193
Contradictory tenns, 24, 119;

propositions, 76
Contraposition, conversión by,

83, i36
Converso fallacy of accident,t76
Conversión of propositions. 82—85;

with iiuaiitificd predícate, 184
Convertend, 82
Coordínate propositions, 90
Copula, 16
®®*oUary, a proposiiion which fol-

hnvs imniodiately from anothcr whichhas uceii proved,
Correction of observations, 253
Co^clative terms, 25
C^terion {xpiníptov, from xpiVw, to

jiidge), any fnct, rule, knowledge,
.  or me.'iiis rcquisiie to the formatiou

of a juclgment which shall decide a
düublfui quesiion.

Crops división, 105

Data, (plural of datum, lliat which

INDEX. 33S

Isgivcn,) the facls or isserlions from
which an inference is to be drawn.

Ocduction and Induüiioii, 212
Deductivo or combiiicd meihoa,

Do^^facto, what actually or rcally
haiipens; opposed to de jnre, what
ougbt 10 liaiipen by law or nghu

Oeanitlon, ihc logical proccss, 109,
ita; oi lo;;ic, i

Dcgvcc, tenns cxpressing, 24: ques-
Dcmonstration, {demonstro, to

point üut,)stricily the pomtiiig out
ÍJie comieciioii belwecn prcmisesand
conciiision. The term is more gc-
ncrally used for any argument or
«.asoning rcgardod as V^mg an
assLTied conclusión. A demonsUV
L. is ei.l.er Dircct or
the laiter c.ise we prove the conclu
sioii by disproving iis coiiiradiclury,orshcwinRih.utbcconclus.ünc:.nnot
be snuiior.ecl iinlrue.Dcnionstxativo Inducuon, 220 _

Do Morgan's logicai discovenes
and wriiiugs, 190

Dcnotation of lemis, 39
Dcptb üf a notion. see intensión.j Dcrivatives from the root spec,
Descartes on Mcthod, 116. 229Dcscription, hsü Accidental Deji-
Dcscriptive tcrminolop, 293
Destructivo dilemma, t68: hypo

thetical syllogism, 162—4ucsvnonymization of tcrms, 49Dctermination.ihedistmgnishiiig
o( parts of a genus by rcumon of the
gom.s and dilVereiice. See Bivision.Dcvclopuicatorateim, 193

Diagrama, of scmenccs, 93—7: ofsyllogisnis, 129—t.l3. >42: of pro
positions. 72—75 , . , _

Dialectic (6ioA«x'""l Te-cnj. the art
of discourse. from SioAevícreoi, todiscoursel. The original ñame of
Logic, perhaps mvenied by Plato:
als¿ used to denote ibe
Pvobible Matter (Anstotlo), the
imlu use of Reason and Language,
the Sciencc of Bemg: U is ihus a
higlily ambigUQusterm.Dicíietomy> división by, 107,193

Dicta de omni el nuUo, 123
Difference, the predicable, 99
Differentiation of tenns, 49
Dilemma, 1Ó7 , . .. .
Diabelief, ihc staie of mind in which

we are fully persuaded ihat some
opinión is uol iriie. 7. S. Mili. It
is cqiilvalcnt to beüef in the contra
dictory opinión or assertion, and_ is
not tu be confused with Douol, which
see.

Discourse, or reasomng, 15
Discovcry, mcthod qf, 202
Disjunctivc, propositions, 02, too;

syllogism, 166, 194
Distiuct kngwledge, 55
Distribution of ierras, 19, 74—S»

División, logical, 105: mctaphysi«il,
108; fallacy of, 174 ^ _

Doubt, {dnbito, to Ro twoways.jthe
siaie of mind in which we «esitate
belween two or more mconsistcnt
opiiiions. See Disbehcfr

Dnft of a proposition, vatymg
mcaning wliich may be attnbutcd to
the same sentcnce according 10 ac-
centuation. \¡<ie Fallacy oj ,
>74—3

Empiricism (ffi«ipía.expericnce)the doctrine of '''ose who c^^'derthat all knqvvledgc is derived mercly
from expcriciicc.

Empiiical Law, 256
Entbymeme, 153
Bpicbeirema, 15S
Bpisyllogisro, 1.5S
Equivocal lerms, 29 .
Equivocation, 30; causes of, 3 .

fallacy of, 171 ' , «
Esscnce, {esseniia,

" the very beiiig of anythmg, whcre
bv it is what it is. ¡■■•'cjc •
añcient scboUisiic
not be rcally delined, and should be
banished from use.

Essential propositions, es
Eulcr's diagr.ams, 72—3. >29— 33i

Bvidenco, {e, and videro, "
litcrally the sceing of anythui^
The word now nieans any facts ap-preheiided by the muid a"d mude
the grounds of kiiowledge and behet.
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Cxamples; use of, 207
Exceptivo proposítions, 68

middle^ Jaw of, 117,
119. 192

Exclusive propositions, 68
Exliaustive división, 107, 102
Esperiencc, 228
ExperimentUTn crucis, an ex-

P2rii-ic;nt ••vljjch dccldcis betwcen two
rival ihcorics, nud shuws whieh is to
be adopjed, a» a fingur-post shews
whiun 01 tivo roads is to be takcn.

Explanation, of facts, 264; of laws,

Explicativo proposítions, 68
Expósita, a propositiun given to be

tre.iiuJ by sonie logicil process,
£<xtension and imeiision. \t 208
Extensivo Syllosism, 139
¿•Xtremes of a proposition, are ils

eijcis or leritis, the subjcct and predi-
cate.

Pact, 275
r^acy, purely logical. 170; semi-

logica!, 170—175; material, 176—
182 ; in hypothetical syllogism, 1G2-
in dilemma, lúS

Ealse cause, fallacy of. t8i
Ealse propositioiis, 70
Pjgure of speech, faliacy of, i7«;
PigruroB of the syllogism, 138 • Iheir

uses, 143 » o • ""-T
'''ouelir, 4
divisioñi8,to5Fundamentum relationis^hf

ground of relalion. i.e, ilie series of
cvents or circiirnstanccs whicli cv
ta dish a rclation betweon two cor-
rclanvc terms. ^

Pundamental principies of syllo-
gism, 121 '

o^enian, or 4tli figure of the syl-
íogism, 145

Ceneral notions, 13 ; terms, t8
Qeneralization, 286; of ñames
^•ts
wenenc property, 102
Gcnus, 9S ; geiieralissimum, 100
"®oni6tricai rcasoning, 58, 2:8:

Pasc.il oiL 115
Orammatical predícate, 88: sen-

tencc, 89
Gravitatioa, thcory of, a6o |

Hamilton, Sir '.V. Mcthod of Mo-
taiion, 187

Bcrsclicl, Sir J., on active asd
passive obscrvatíon, 234

Zieterogonsous, toi ; inicrmíx»
ture of eíTccts, 252

Homogeneous, lot; intermr*ture
of effects, 252, 265

Homologue, whntever ís komolo'

Somology, a spccial term for the
analogy existing bctween parLs of
diftereiit plaiits and animals, as be-
twecn the wlng of a bird and the
fore leg of a ciuadniped, or belween
the scaics of a íish and the feaiiiers
of a bird,

Homonymous terms, 30
Hypothesis, 269, 270
Hypothetical propositions, 62,160,

syllogism, 161 —a

Idea _(í¿«a, eífloc, ím.agel, a term used
ambignously, but gener.illy cqiiiva-
^nt to ihoiight, nution, concept.
Defined by Locke as " Phantasm,
notion, spe^le^, or whatevcr it is
ivhich tlic niind can he employed
about in thinkiiig.'' To hnvc an idea
of a ihing is to thiiik of that tliinc.

Identity, bw of, ,, 7—8
IdOl (íí5ujAom, eióoí, iiiiagej, B.icon's

iigurative ñame for the sources of
error: he eniiiiicraied foiir kinds;
Idols of the Tribe, « hich afiect all
people ; Idols of the Cave, which are
peculiar to an individual: of ihe
Foniin, which arise in the inter-
cour-seormen : <,f the -H,catre, which
procecd from the systems of philosO-
phcrs.

Jenoratio Elenchi, 178Illatioxj Ullai,,,,,^ pastpnrticipleof
Sec ¡u/fyence.

iuferred.nucit procesa, of .he mmor term,
j- f '"Ujor lertn, 132, 139

Impericct figures of the syllo-
gism. 143 '

Imperfect Induction, 213
Impossible matter, 80
Inconaistont lermsimplyqualitieS

whicl. cauuoi coexist in ihe same
thing. See compatibU terms.
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^consistent propositions, 76
Itidcfinitc praposaioiis, 6;
Indefinito or infiuiic term, is a ne

gativo lerni wbii:h unly marks an
übjcci by exehision from a cla.ss.

Zndcsign^i® l>rop<isitians. See /»•
dejlKilt propositions.

Indirect demonstraiion. See Dc-
monstrii tion.

Xndircct inforence, mcthod of,

Xndlrect reductionof the syllo-
gi^m, i+ú, 14Ü—9-

Individual, wliaic.annot bedivided
withoiit losing its ñame and distinc-
tive qiiabuc.s, allhoiigh gcnerally
capable of physieal división or
tttion, which see.

Induction, 2.2
''Inductivo syllogism, 211, 214

I Infcrcnce, defmeU, 81; immediate,
I  8^—87 ; medíate, 126
' Infima specios, 100
i Innato ideas, sec n príori truHis^idi
Inaepaxablo accideni, 103
Instances, u>c of, 227
Intensión and extensión of tenas,

37 fh ■" iaw of relation, 40Intensivo syllogism, 159
Intcntíon, fírst and second, a dis-

Utictiaii betwcen icrms thus defined
by Ilobbes Of tlic Jlrst intrn-
tion are the ñames «f things, a man,
sCone, ; of llie sccomi are the
naincs of n.smes, and spccches, as
univírsal, particular, i^enus, species,
syllof^isnt, and the like." A term of
tlie seCond iniention exprcsscs ihc
mnde i'* which the mind regards or
cl.asslfics ibosc of the first intention.

Intcrinediato linh, explaiution
by, 267

Intuitivo knowledgc, 57
luversion oí subjecl and predícate,

I^elevant conclusión, faliacy of,
178

>ndgment, la

tanguago, the subjcct oflogic, 10
tauguage, reqnísites of philoso-

pliic.al, 290: three purposcs of, 287
Iiavrs of thouEhi, i, 117: of nature,

•»39

Eeibnitz on Knowlcdge, 53
Iiomma (Aa^gdi to, to uke or a»*

sumc.i, a prop;is¡ilon. 3 premisa
granteJ ; in geumciry, a prcUminary
pru|>es¡l¡on.

Iiimitation, conversión by, 82,87
XiOgic, derivación of iinme, 6
liOgical abacu», slate and machine,

'99
Iiogomaohy, 292
Lowcst speciCB, reo

machine, che logical, >99
Major, term, 128; premise. tM
mahy questions, faliacy of, i8e
material fallacies, 170, 176
mathomatical ¡nductíou. 220
mhtter oí iliQugln, 4: of proposi

tions, 80
matter ¡s ddined by J. S. Mi'l "

" the exiern.al c;iuse to which we
a.scr¡be our scnsatiuns," or as 1 cr-
muueui Poí,sibilityof Sensaiiun.

mediato iafcreiice, 126
mombra divitlentia, the part»

iniu which a cl.is.s is dividid; the
CDiistituciii species of a genus.

metaphor, 50
mctaphysical división, io3
motaphysics (ra fiera to ■J'uViaaj,

the wcirks of Ari>totle which fol-
lowed or were studied afier hia
Physics. First Philosophy, or the
so-called sciencc of things in their
own naiiire ; ontology or the science
of Being.

method (fi£9o5os, pero and o5oí,
way), modc, wny or instrument oí
accomplishing an ciid.

Blethod, the íoiinh part of logic,
15, 201: P.iscal on, 114: Uescarics'
Discnursc on, ti6; ofindireci infer-
cnce, 192

methods of Induction, Agrefimcnt,
240; Diíference, 242; 01 Lxpcn-
ment, 243; Joint Method, 245;
Residnes, 232: Coiicomitant Vana-
tions, 249

metonymyffieTo, and ói'ofio.name),
graininaiical nainc for the transfcr
of meaning of a word to a closely
connected thing, as when wc spe.ak
ofthe church, meaning the people in
it- Sit T'-nns/íro/meamng.

middle Term, 126, 128

22
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wmi, J. S., on Connotatjve terms,
41; on Inductioti, 314: on An.alogy
and Induijiion, 22> ; on Observntion,
235; on 'rerminoiogy and Nomen-
claciire, 394

XVCinor term, 128; premiso, 129
Slnemonie verses, Barbaraf &c.,

'■14
Xapdal proposition, 69, 91
ModuS) ponetis, i6t; tollctí, 162
SSodUSj ponendo lolleiií, 166: iel-

lendo poueiis, 166
Koods of the syllogism, 136: ac-

cordingto Hamikon, iSS

ÜTame/ or term, 17
Natural Classificatio&r 380
Natural Kinds, 294
Necessary matier, 80
NocGssity (rif, not; and cesso, to

ceasej, that which always is and can-
noc but be.

NegatioU; conversión by, 83
Negative> terms, 22: propositions,

63, 83; premisas, íallacy of, 133—4
Nowton's e.-rpcrimcnis, 253, 259
Nomonclature; 293
Nominal duüníiinns, iia
Nominalists, 13
Non causa pro causa; i8t
Non scquitur; 181
Notion {riosco, to know). the action

of apprehcnding or taking note of
the various qualities of un object; or
more commonly the rcsult of that
action. See /día, Concept.

Notiora naturx; 204
Novum Organum, first aphor-

isms of, 239
Numeidcally definíto syllogism,

190

Object of verb, 93
ObjectiTO; that which belongs to

the object of thniight, the non-ego',
opposed to Subjíctive, which see.

Obscure knowledge. 54
Observation, 231, 235
Occasion of an event, the proxitnate

canse, or last condition which is
requi.site to bring otlicr causes into
action: 239

Opposite terms, 24, rig
OppOSitiOR of propositions, 78
Organon {pp^avov. Latín Organum,
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Instniment), a ñame for Arístoile's
logical tre.itises, lir.st gcner.nlly used
in the i5th contury, iniplylng dtac
they may be rcgurdcd as an instru-
ment to assist the inind. The ñame
was adopied by Bacun for bis Novutn
Organum..

Parados (jropd, íó?«, comrary to
opinioii), an assertion contmry to
cominon opinión, and which may or
may not prove truc : oftcn wrongly
iiscd to mean what is self-contradic-
tory and absurd.

Poralogiam {trapa\ofíionai, to rea-
son wrongly), a piircly logical fallacy,
or breach of the rules of dcductive
logic.

Parity of rcasoning, an e.xpression
used to denote tliatwlicn one case
has liecn deinunstnitcd, othcr simi
lar rases t:an be demonstrated by a
iike coiirse uf reasoning.

Paronymoua words, see Conjtt-
gafe words.

Particular propositions, 13—6,73,79
Particular premiscs, failacy of, 135,

ISJ

Paxtition or physical aivision, 108
Per accidcns, conversión, 82
Perfect Figuro of the Syilogism,

MS
Perfect knowlodge, characters

Penodic clianges, 250
Pcripatetic Pliilosopbv (TrtpiiraTe'ii»,

to waik aboiit), the n.ime iisually
given to the doctrines of Aristotle
and liLs followers, who are said to
have c.-irr¡ed on their studies and
discussions while walking about -the
nalls and promenndcs of the Lvctfum.

Potitio principil, ,79
Phenomcnon, 240Pb.ilosophical iaueruage; ro-

quisites of, 290
PUysical deanltion assignstho'

parts into which a ihing may be
sepamtcd by p.artitíon or physical
divHion.

Plurativo propositions, tgi
Polylemma, an argument of the

same fonn as a dilcmma. but in which
therc are more than twoallcniatives

Porphyry; tree oC 103

.£>rt Koyal I.ogÍe, ixt, 157

.osltive terms, 22
»o8t faoc, crgo propter noc,
j8i , . •

»oStlllatC a thing de-
rtiatided), a proijosition which Is ne-
cüssarily deniandod as a basis of ar-
giiniciit; iu gecimciry, the postúlales
deiinc the pmclical condilions re-
qiiired.

«edicablos, 98
«odicaments ^prcrdicamenta,

wlint cin be predicatcd), see Caie-

predicatO; 62. 88. 92: quantlficd,
183

premiso, or l'rcmiss, 1$, 127
nvy I.aws ot" Thüiight, _II7_

principio {pniifipiii'ii, beginnin.g),
the first >oiirce of aciyihing: somc-
times s¡ rially used ro mean the
ni.ajr.r iireniise of a syllogism.

privativo coaceptioH; mferciicc
bv, 85

privativo tcrnis, «4 . ,
probability; quantity or degree of

belief, or more tnily, qiianlity of in-
formatiou cnncerning an iinccriain
cvcnt, mc.asurcd by the ratio of the
niltnlier of cases favourablc tó the
eveiu to the total nuinber of cases
which are possible.

probability, of propositions, 70: of
indnctions, 223 .. . .

Problom '".at which is
thrown down). an assertion put for-
ward for proof or disprouf..

y»rOOf; the assigning a re.ason or ar
gument for the support of a givcn
proposition.
loper naincs, 18
•i'Operty or propñtnn, 41, 102, 109
•ropositions; 10,16 ; several kinds
<if, (To; affirinaiive and negative, 63:
caicgorical, 63: conditioiuil, 62, 160:
disjunciive, 62, e6o; essoniial or ex-
plicativc. '68: exclusive, exceptivc,
fi'j- hypiithctical, 62, 162: ludcfinitc
Of ¡ndesignatc, 65: modal, 69, 91;
oppusition of, 78; particular, 63—;6,
72. 70: P"rc, 6y: pluraiive. 191 : ir
regular, 67 : quality and quantliy of,
63

rrosyllogiam, 155
proslmato genus; 108

Quantiflcation of predícate, 183
Quantity of propositions, 63: ques»

lioiis of qu.antity, 120
Quatcmio termlnorum» 170

Bamean treo; bcc Tr<e e/ Por-
Ph-ry- . ,

Batiaclnation; a nameequivalent
to Syliogisin or Deduction, adoptad
by J. S. Mili.

BeallsiU; 13
Reason \ratio, from nnr, to think),

a term of wide and ambig^ious mcan-
ing : it h.as sometimes becn .specially
used to denote llie ininor prcmise of
.a .syllogism.

Rcasouing; or discourse, 15
Record; language as instrument of,

Rc^uctlo ad absurdum or ad
iwp¡>ssi('</f, an indirect deinniislr.a-
tion füund'cd upon the impnssibiliiy
of a cuinradiciory siioposiiion, 146

Reduction of the .syllrjyistic figures,
145 : «f hypothetic»! to caiegorical
syllogl.sms, 163—5 . . ,

Rclation [rf/ntum, pasi participio
of n/ero, to bcar back), any con-
neciion in tliought or fact bciwcen
two things, si

Relativo terms, 25
Residual phenomena, 254
Residuos; mcciiodof, 252
Rules of the sy'logúsm, 127

Sctaolostlc Philosophy; a ge
neral name for the sy.sicins of pililo-
sci¡ihy laiight liuring the luiddle ages
from the gth to the i6lh ceiitury.
tlüiirishiiig ciiícíly in the i3th and
i4th ccniuries. The subjcct w.is
cliiefiy the logic of Aristotle, varied
with theology, inctaphysics, gram-
niar, or rhetoric.

Socondlntontlon, see Infention.
Socundi adjacentis; óf the se-

cond adjacunt, an expression in tn-
correcl Latin, applicd to a grain-
matical sentence or proposition con-
taining otily two parts, the subjeci
and verb, v.-lLhüut a distinct copida-

Self-contradictory tetras, 193
Somiloglcal fallacies, 171
ScntcncO; gramm.atical. 61, 89
Sopcirable accident, 103
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Simple, apprel.ension
Sioii, 83. 184 ®'°n' 11; conver-wc, 104 • ** » C

Singular,lenns ifl • „
Sopiusm (toí,i<,L„ ur^-opositi,

ciom), a f^ilc ...!r '''""ni uci,-l'^o'í'KTWi, f' ■"»'"=»i"ons,64t¡'"n), a falsc ar-,,ñ! ^v•is-or.oa ...pües .haT a ñame
Js conscio.isly „sed argument

Sontes, ,56' decepción.
SpeciaUzatlon or„Species, ¡„ "ames, 45, 43,

'n natural98;
Species, ¡„ "1 "■

history, xoi -- »

77:

iSSfecw'T?™"'!».»''»», 77Bubjectivo, fhaí'wl'-T' 02the tliinking sul.ject"^ th

stnttiy spe;ik¡im ¡. :J • f ;
maiter, btii mtnd or

us^cdinchema.eriaUrn,e'°"''"""'^
to lake or pin] t ' ""der; su/ita,
of a syli.,gi,,n, bc«u "=71^^""'=
suisumcs a .spec¡-il ^ brmgs or
s'L°„Kr-

ncml law, 368 8=-
Sufficient Eeaaon u • • ,Law of, 125 Principie or
fui generis, ,01

genus, 100
P  ? (.^"'"o, to take), Sir W

f uppositi'on, 270Syllogism, 10, 127; inductivc.sii,
_.2MSymbolical knowledge, 57

Syncategoromatlc wcrdf, j» >VSyntbcsis, 205 1
Syathctic 8yllosi8IJ^, a ^yul/

KIMU in wliich thc condi!- •!•
I.isl; i'C'i. A-i„/yí;c syllog:--:.

System, layannxa, froni -r; iTnwi' ,
ta pul togcilicr;, a comicc:-il Ijcdyc"'!
knowlütigc. I

• ce/

Tacit premise, le,
Tautologous proposition- ,
Tcndcncy, 2O6
Terminology, 2,2
Terms, cu, ig, 17
Tertii adjaccntis, of

adjacent, .an c.vprcssion ii' i'
Latín, applicd to a grainmat'.-
tcnce or proposition in , .'
suhject, copula and predú.. ,. .
all distinctly stated.

ThQory (Ottuaia, contemn . ' . .
knowledge of principies, i.s . , ' .j
to practicc; ainliigiiously us-
p. 274Theeis {OeVcí, from Tt'í>r,M«.«" l''r..-c)
an asscriion or proposición wh., 1, 7

"''i'- "f
Totum diyisum, a class or n .t.oi,

Serence.*'""''^'' "V =>
Traduction, 212
Transfcrof mcaningoftr-n.' --Tree of Porphyrv m-

blmgaddcrnma, butinwl i ;. •are tlircc altematives
Truisms, ¿9
Trutb, conformity of ourl--' it,;-wiih tile things known.

Variations, method of.-a. j; ,,e.
nod:c, 2¿o y i

Verb^ 88

Weakened conduslnn, T40Worse relation (Hainilfoni, 170

k..
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