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aration for discussing the methods of direct induction ; a preparation rep.
dering wpc;llnuus maeh that mnst otherwise have been mtyodueed, wigh
some mconvenicuee, imto the heart of that discussion.  J'o the (011‘-1(101311011
of these methods we now proceed.

CRAVTEIL VL
OF TUE FOUR MPETIHUDS OF EXPERIMENTAL INQUIRY.

& 1. The hi]ll]l!{"‘ht and most obvious modes of c-mcflmﬂ out from among
ﬂ“. cirvimmestanees which ltht.‘CL]{" or follow a |-lwnommon tnese with w lmh
it ix veally connected by an invarable lw, are Lwo In number.  One is, by
comparing together different instances in which the phenomenon oceurs,
The other is, Ln comparing wistances w which the phenowenon does ocenr,
with instances in other respeets sunilar m which it does not. Tlese l‘no'
methads may be respecuvely devomuated, the Method ot Agreement, and
the Method of Difference.

[o illusteating these methods, it will he necessary to bear in mind the
ewolold character of ingquiries i:to the laws of phenomena; which may
be ¢ither Illtilllllt“s mmto the cause of a f'ltul cileet, or nto '1hc cffects oF
propectics of a wiven eaose, We <hall consider the wethods in their ap-
plication Lo either order of mvestieation, and shall dvaw onr examples
cqually from both.

W shall denote antecedents by the large letters of the atphabet, and
tie conseqoents corresponding to them by the small, et A, then, be an
neent or canse, and let the object of our mgivy be (o ascertain what are
the offeets of this eanse. 10 we can cither find, or produce, the ngeat A du
snehnvarieties ol circimnstances that the qhﬂ'uvnt cases have no circimstanee
e Colman exeept \ thea whatever effect we find to Lo )I‘Ot]ll{.(‘ll in all
o trils, iy Illtllt,ﬂltt\ as the effect of A, Suppose, for L\'"nn]uc that A 13
tried along with B oand €, aud that the effect is a b e and suppose that
A s neat wied with 1) and 1, bot without I3 and C, and that the effect 18
el e. "Then we may veason thas: 4 and ¢ are not ¢ffeets of A, for they were
not produced by it i the seeond experiment; nor ave o and ¢, for they
were not produced m the Arst. Whatever i veally the cffect of A must
lave been producad tn both instances; now this condition is fulilled Ly
o circmn:ﬂ:lncc exeepl v dhe |>heumnc on @ can not have Leen the of-
feet of I3 or €, since it was produced where they were not; nov of 1) or K,
shee: 1L was !no:hwml where they were not.  Therefore it is the t‘ﬂl‘tl
of .\

For example, let the anteecedent .\ Le the contact of an alkaline snb-
sance sl an ol Thix ecoombiantion bpgnn tricd under several \-||]u[|cgf-2’§§f
of civemustances, resembling cach other in llﬂl.hlll” else, the results agree
the prosduetion of creasy and detersive or saponaceous snbstanee: iLis

therefore conchuded thae the combination of an oil and an alkali coses the

IllO\lllL“O!l 1". H1 "'Itr}lh Il IS5 Ih"‘h Wwe l'“l"]l{‘ l}\ llu‘. .\[Ulllt'll ‘_’f \“"Qlinlt‘l”!?im
imto the effect of a miven canse,

In i sinsilar manner we may Illf[i‘lllt' mfo the canse of a siven Lffl:t't
Lot @ he the offeet.  Here, as shown in the last « hapter, we have only uxc
1*:“.!'\“1#:'\!1 nf nh:t‘\\-lhﬂn “!lllr\lﬂ 1\|mntnnpt CAWE fan nnt I'l'\i‘" " P"!“I"H!l("-
jes ol Wl eh we Kiwow et the eaetn, el ey L find s mo-be oot lumluir.._._;__.'f"
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sion by producing it: if we succeeded in such 2 random trial it could only
be by accident. DBut if we can observe @ in two different combinations
abe and @ de; mad if we know, or can discover, that the antecedent cir-
cumstances in these cages respectively were A B C and A D E) we may
conclude by a reasoning similar to that in the preceding example, that A iy
the antecedent connected with the consequent « by a law of eausation.
B and C, we inay say, ean not be causes of ¢, sunee on its second ocenr-
yence they were not present ;: nor are D and E, for they were not present on
its tirst ocenmrrcnee. A\, alone of the five circumstances, was found among
the antecedents of @ in both nstances. '

Fov example, let the effect ¢ be ereystallization.  We compare instances
in which hodieg are known to assnme evystalliue strueture, bt which have
no other point of agreenent; and we find them to have one, and as far as
we can observe, only one, antecedent in commmon : the deposition of o solid
matter from a liquid state, cither a state of fusion ov of solution, e
conclude, therefore, that the solidification of a substance From a Liquid state
is an iuvariable antecedent of its erystalhzation,

In this example we may go further, and say, it is not only the invariable
atecedent but the causey or at least the proximato cvent which completes
the canse.  Ifor in this case we are able, after detecting the antecedent A,
to produce it artificially, and by finding that « follows it, verily the result
of our induction. The importance of thus reversing the proof was strik.
ingly manifested when, by keeping a phial of water charged with siticcouns
particles undisturbed for years, a chemist (I believe Dr. Wollaston) suc-
ceeded i oblaming crystals of quartz; and in the equally interesting ex-
perineut in which Siv James Hall produced actificial marble by the cool-
ing of its materials from fusion ander mmmense pressure: 1wo admirable
examples of the light which may be thrown upon the ;most seerct processes
of Nature by well-contrived iutercogation of her,

' Bnt if we can not urtificially produce the phenonienon 4, the conclusion
that it is the cause of @ remains subject to very considerable doubt.
Though an invariable, it may not be the unconditional anlecedent of a, but
may precede it as day peecedes night or night day.  This nncertainty UVISeS
from the impossibility of assuving ourselves that A is the only immediate
antecedent common to both the iustances.  If we counld be certain of hay-
ing ascertained all the invariable antecedents, we might be swre that the
wconditional invariable autecedent, or cause, must be found somewhere
among them. Unfortunately it is hardly cver possible to ascertain all the
antecedents, unless the plienomenon is one which we can produce artificial-
ly. Wven then, the dificulty is mercly lightened, not removed: men knew
how (o raisc water in pumps long before they advrerted to what was really
the operating circumstance in the means they employed, namely, the press-
ure of the atmosphere on the open swface of the water. It is, however,
much casier to analyze completely a sct of arrangements made by our-
selves, than the whole coniplex mass of the acencies which natuve happens
10 be exerting ut the moment of the production of a given plenomenon.
We may overlook some of the malerial circumstances i an experinent
~with an clectrical muchine; but we shall, at the worst, be better acqnaited
with them than with those of a thunder-storm, :

The mode of discovering and proving lasvs of nature, which we have
~ now examined, proceeds on the following axiom: Whiteyer cireumsiances

ean be cxcluded, without prejudice to the phenomenon, or ¢an be absent
notwithstanding its presence, is not conneeted with it iv the way ol cansa.
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Gon. ‘The easual cirenmstances hemg thus climinated, if onlv onc rvmains,
that one is thie canse which we ave in scarch ot: if more than one, 1.|1uy 0)-
ther are, or contain among them, the eanse; and so, 22l (8 natandis, of
he oifect.  As this method proceeds by comparing different instances (o
aseertain in what they agree, | have termed it the dethod of Agrcement;
and we may adopt as s regulating principal the following canon :

Finsr Casoxs.

IF Lo or more {ustances ot the pleenonicnon wnder investoquon harg
o;:f}; e coremistinee i conunaie the circeindance which alone all
the instierices (e, LR the coise {O?' {_ﬁ'f:'t'f) uf the yiz'm pﬁt*n(mltnf)ﬁ.

Quitting for the present the Method of Acrecment, to which we shall

almos<t immediately retnrn, we proeeed to a still wore potent mstrnment
of the investigation of nature, the Method of Difference.

g2 In the Method of Agreement, we endeavored (o obtain mstanees
which acreed in the ziven cirenmstance but diflered m every other: i the
present method we verguire, on the contrary, two instanees resemblhing one
mother in every other respect, but differing i the presenee or absence of
the phenomenon we wish to study.  Tf our ohject he to discover the cilects
of an awent A, we must proeure (A in some set of ascertamed cirenms
stanees, 15 A I C, aod haviee noted the cffeets produced, compare them
with the effeet of the remainine ciremuostanees 13 ) when A\ s absent, It
the elteet of A BC is ad e, and the effeet of B3 C b6 ¢, it is evident that the
offcet of A is . o again, if we begin at the other end, and desire 10 in
vesticate the enuse of an effect ¢, we must select an mstaice, as «w b ¢, m
which the effect occurs, and in which the auntecedents were A 1 Cand we
must Jook vut for another mstanee 1o which the remaming ciccnmstanees,
L e, ocenr withont «, Tf the antecedents, in that imstance, are 15 C) we
kuow that the eanse of ¢ must be A either A alone, or A in conjunction
with some of the other circamstances present. |

1 iy seaveely necessary 10 cive examples of a lozieal process to which
we owe slmost all the duetive conclusions we draw in daily life.  When
a i ik shot throngh the heart) i is by this method we know that it WIS
the gnnshot which kilied hin: for he was in the fullness of life wnnedt-
ately before, all civeumstances being the sne, except the wounndd.

The axtoms implied in tis method are evidently the foltowing. What
ever antecedent ean not be excluded withont preventing the phenome:
now, is the canse, or a condition, of that phenomenon @ whatever consequent.
can be excluded, with no other difference in the antecedents than the ab-
vence of a particular oue, is the effeet of that one,  Tustead of compaving
different instanees of a phenomenon, to discover in what they agree, this
method compares an iustance of its ocenrvence with an instanee of ity non-
ocenrrence, to diseover in what they differ.  'The eanon which is the regu:
latinge prineiple of the Method of Difference may be expressed as Tollows;

SECONDh CaNON.

It ven instance in which the phenomenon under investigution occurs,
anrl v instaaee v which i ddoes not orewr, have crery clevwnstreace (9
Cori et SAte oney thet onre (Jt’f'?fl'?';’lff EJH’_Ff in the jhr”tﬁ;t: f,l(f t't‘#*l'lf”lh
e S anliel alie the v dusliires "{ﬁ';'.", ix the f_ﬁ'f i e - "'””""-"ﬂ

W * i ' " %r
i !"H"‘?!."'III.' nh‘r:"frff ,-rH" GF Plue rretaide | (ad 1y }h’n (Leeagd® prisit, e
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¢ 3. The two methods which we have now stated have muny {eatures
of resemblance, but there are also many distinctions between them.  Both
are methods of elimination. ‘Tlns terni (emploved in the theory of equa-
tons to denote the process by which one after another of the elements of
1 qncstion IS cxclfzc!cd, and the solntion made to depend on the relation
Leoween the remaining elements only) is well suited to express the opera-
tion, analogous to this, which has been understoed since the thne of Ibiacon
w0 be the foundation of experimental inquivy : namely, the suceessive ex-
cusion of the various civecumstances which ave found to accompany a phe-
pomenon in 2 given instance, n order to ascertain what are those among
diem which can be absent consistently with the existence of the phenonie-
pon. LThe Method of Agreement stands on the ground that whatever can
be climinated, 1s not connected with the phenomenon by any law. ‘“The
\lethod of Difference has for its [oundation, that whatever can not be
eliminated. 1s conunected with the phenomenon by a law.

Of these methods, that of Difference is more particnlarly a method of
artificial experiment ; while that of Agreement is more especially the re-
sonree cmplayed where experimentation 18 impossible. A few reflections
will prove the fact, and point out the reason of it.

It 1w inherent in the peculiar character of the Method of Difference, that
the nature of the combinations which 1t requives is mnch more strietly de-
fned than in the Method of Agreement. The two stances which are 1o
be compared with one another must be exactly sumlar, ix all eirenmstiances
exeept the onc which we are attempting to investigate: they must be in
the relation of ABC and BC,ovof abe and bc. 1L is true that tins
similavity of cireumstances nceds not extend to such as are aleady known
to be immaterial to the result.  And in the case of most phenomena we
learn at once, from the commonest experience, that most of the co-existent
Pheuomcun of the nniverse may be cither present or absent withont aftect-
g the given phenomenon; or, it present, are present indiffcrently when
the phenomenon does not happen and when 1t does. Stll, even limiting
the identity which is requived betwecen the two instances, A B C wnd B C,
t0 such cirenmstances as are not already known to be indifferent, it s
very seldom that nature affords two instauces, of which we can be assured
that they stand in this precise velation to one another. In the spoontanc-
ous operations of nature theve is gencrally such complication aund such ob-
seurity, they are mostly ecither on so overwhelmingly large or on £0 inac-
cessibly minate a scale, we are so ignorant of a great part of the facts
which really take place, and even those of which we are not 1gnovant arc
50 multitudinons, and therefore so seldor exactly alike 1 any two cases,
that a spontancous experimeunt, of the kind required by the Method of Dif-
ference, is commonly not o be found. Wheu, on the contrary, we obtain
aphenomenon by an avtificial expernnent, a pair of instances such as the
method requires is obtained almost as 3 matter of course, provided the
Process doeg not last a long time. A certam state of surrounding crenni-
stances existed before we commienced the experiment ; this s I C. We
then introduce A ; say, for instance, by merely bringing an object from
another part of the voom, hefore there has been time for any change in the
other elements. 1t iy, in short (as M. Cowmté observes), the very natnre of
I experiment, to introduce into the pre-existing state of ciremustances 1
thange perfectly definite.  \We choose a previons stale of things with
Which we are well acquainted, <o that no anforeseen aitevation in that state
‘ﬂh}d) to pass unobserved ; and mte thig we introdace, as rapidiy as pos-

|




282 INDUCTION.

sible, the phenomenon which we wish 1o stndy S0 _i.hm i aeneral we Are
@”11111311 to feel complete assnrance 1hat the pre-extsbhng stale, andd the Stite
which we have produced, differ nothing except the presence or absepes
of that phenomenon, T a bird s taken from a cage, and instantly phinggd
into carbonic acid eas, the experimentalist may bLe fully assured (at 4l
ovents after o 0or two repetitions) that no ciccennmstance eapable of eags
e snffocarion hiul supervened 1 the interim, exeept the chianee from .
}ni-r;iﬂn 1 the :ll.nlf)*i]:hc:'u Lo LIMINErEion carbome acid gAas. ']‘]It‘l't-' I8
one denbt. indeed, which mav remain i some cases of this dcs:eril.\im.;
the effect mav have been produced not by the change, but Ly the weans
cmploved 10 ‘prnJucc the L-h:m;:-;c.‘ The |l0.~s.~:.ibilit}', however, of this lag
snpposition generally admits of being conclnsively tested Ly other experi.
ments. 1o thus appears that in the stady of the various Kinds of phenome.
na which we can, by ouy voluntary ageocy, rnodiF}' or comral, we ean i
acnera) sutisfy the requisitions of the Method of Diflerence ; bu that by
the spontancous operntions of natnre those requisitions are seldow Fulfilled,
Uhe reverse of this is the cage with the Method of Agveement. Wedo
not here vequire mstances of so special and determinate a kind,  Any
stances whatever, o wlach nature presents us with a phenomenon, may be
cxamined for the purposes of this method ; and if all such instances agree
in any thing, a conclnsion of considerable value is already attmined. We
can seldom, indeed, be anre that the one poaint of agreement is the only
one: hot this ignorvance does not, as iu the Method of Difference, vitiate
the conclusion ; the certainty of the result, as far as it goes, is not affected,
We have ascertained one invariable antecedent or consequent, however
many other invarinble autecedents or consequents jmay sull remain unis
certamned. JEABC, ADE, A NG, are all eqnally followed by «, then «is
mvaeiable consequent of N\, If «be, ade, « 'y, al nnmber A among their
antecedouts, then A s connected as an antecedent, by some invanable law,
with . But to determine whether 1thig mvaviable antecedent is i cause,
or this invariable consequent an offect; we must he able, in addition, fo
produce the one by means of the other; or at least, to obtain that whick
alone gonstitntes our assorance of having produced any thing, numely, ai
instance in whieh the effeet, o, has come inta existence, with no other
chunge in the pre-existing eiveumstances than the addition of A, And
this, if we can do it, is an application of the Method of Difference, not ol
the Method of Agreement. .
It thus appewrs to bi: hy the Method of Difference alone that we can
ever. in the way of direet experience, arrive with certainly at eanses. The
Method of Agreement lesds only to laws of phenomena (as some writers
call them, bnt improperly, since Inws of causation are also laws of phenom-
ena) @ that is, to uniformities, which cither ave not haws of eansation, or i
which the question of cansation mnst for the present remain nmdecided.
The Method of Agreement is chiefly to he resorted to, as & means of sug-
cesting applications of the Method of Difference (as in the 1ast cxample
the comparison of A BC, A DI, A F G, suzgested that A was the aute-
cedent on which to try the expervent. whether it counld produce «); or
ax an nferior resource, in case the Method of Difterence is impracticable;
which, as we before showed, gencrnlly arviges from the impossibility of ar-
tilicinlle producing the phenomenn,  Awd henee it is that the Method of
Agreement, though apphicable in principle to cither case, is more cmphat-
veally the sethod of wnvestication on those subjeets where artificial :*i;.,]irt-!l;‘i".'_i

-

vrcntations is nipossible ;. beeause an those 1 sy generally, our only resonee
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of a dircctly inductive natare; while, in the phenomenn which we can
produce at pleasure, the Method of Difference gencrally affords a more
cflicacious process, which will ascertain causes as well as were Iaws.

§ 4. There are, however, mauy cases in which, though our power of
producing the phenomenon is complete, the Method of Difference cither
can not be made available at all, or not without a previous cimployviment of
the Method of Agreement. T'his occurs when the agency by which we
can produce the phenomenon is not that of on¢ single antecedeunt, but a
combination of antecedeuts, which we have no power of separating fron
oach other, and exhibiting apart. Y¥or iustance, snppose the subject of
inquiry to be the cause of the double refraction of light.  We can produce
this phenomenon at pleasure, by employing uny one of the many substances
which are known to refract light in that pecultar manuner.  Bat if, taking
onc of those subslances, 43 [celand spar, for example, we wish to determine
on which of the propertics of Iceland spar this remarkable phenomenon
depends, we can wake no use, for that purposc, of the Mothod of Differ-
(nee; for we can not find another substance precisely resembling Icelund
spur except i some one property. The only mode, thereiore, of proseen-
ing this inquiry is that afforded by the Method of Agrecoment; by which,
in fact, through a comparison of all the koown substances which have the
property of doubly refracting light, it was ascertained that they agree in
lhe cirenmstance of being crystalline substauces; and though the converse
does not hold, though all erystalline snbstauces have not the property of
double refraction, it was coucluded, with reuson, that there is a real con-
nection between these two propertics; that either crystalline structare, or
the eause which gives rise to that structure, is one of the conditions of
double refraction.

Out of this employment of the Method of Agreement avises a peeuliav
modification of that method, which is sometimes of great avail in the iv-
vestication of natare. In cases similav to the above, in which it 1s not
possible to obtain the precise pair of instances which our second canon
requires — instances agreeing in every antecedent except A, or in every
consequent except ¢, we may yet be able, by a double employment of the
Method of Agrecement, to discover in what the instances which coutatn A\
or ¢ differ from those which do not.

If we compare various instinces in which « occurs, and find that they all
have in conmmon the circumstance A, and (as far as caun be observed) no
other circumstance, the Method of Agrecnient, so far, bears testimony fo &
conncetion betweon A and @ In order to convert this evidence ot connec-
tion into proof of causation by the divect Method of Difference, we ought
to be able, in some onc of these instances, as for cmml‘)lc, ABC,to leave
out A, and observe whether by doing so, « is prevented.  NoOW supposing
(what is often the case) that we arc not able to try this decisive cxpert-
ment; yet, provided we can by any means discover whit would be its ve-
slt if we conld try it, the advantage will be the sume. Sappose, then,
that as we previonsly examined a variety of instances in which « oecurred,
and found them to agree in containing A\, so we now observe a variety of
instances in which « does not ocenr, and find them agree in not containing
A; which establishes, by the Method of Norecement, the same conncetion
'qt'lween the absence of A and the absence of «, which was before estab-
lished between their presence.  As, then, it had beeu <hown that whenever
A Is present « is prescat, so, it being now shown that when A is tuaken
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away ¢ is removed alone with i, we have by the one proposition "\BC;
abhe by the other BO, e the pPositive and uegative wstances which the
}]L‘H}Uti of Diftference rvrtnirws.

Thix method may be called the ndireet Method of Difference, or the
Joint Method of .\ﬁru-uw:n aul Difference s and econsists in a double em-
plovment of the Method of Agveement, cach proof being independeut of
e other. and corroborating i, Iat it is not equivalent to i proof by
the direet Method of Difterence. or the reguisitions of the Mothod of
Difference are nat satistied, unless we ean be quite suve cither that the ine
ctanees aflirmative of « agree in no antecedent whatever bat A\, or that the
Instances negative of o e mn nulhing but the nvgnlion of A. }‘:UWJ if i
were |rn:-¢=-il:li?, which it never is, to have this ARSUPANCC, wWe should not need
the joint method | for cither of the (wo gets of instances sepurately wonld
then be sufficient 1o prove eausution, T'his indivecet method, theretore, can
only be reganded us n wreat extension and provement of the Mcthod of
Aareement, but not ns participationg in the more cogent natnre of the Meth-
ol of Difference.  The Tollowing may be stated as its canon:

™uen Caxox.

ff Licoy or ore ;',:c.,s'{:un*ciu: 771 wehich t:'r(.’- ;;/wnnmmwn— OCONYS /;rr?‘e (r?lfy
one eirewmstaoiet (i commion, wlile (o ar more instanccs whieh it doeg
nol ovenry fecree -HUU! fuf/ 190 O S0Ve M(’ fff:.‘:ﬁ?u"(; ﬁ:j' Um{- f"fl'f?uinﬁ!rnlr‘(’,

the ciremmstunce i which olone the Lro scls of instanc:s diflcr, (2 the
(’_”::'{’!, gr the reonse or i iilt(f:?}(‘n.s"uf;!c peart q;‘UH‘: CANEC, O:}’ e pfemommnn.

We shall presently sce that the Joint Methad of Agreerient and Ihffer-
enens constitutes, in auother vespeet not vet adverted Lo, an nmprovement
upon the common Method of Aarcement, nancly, i being unaffected by
1 charvactevistic mmperfection ot that method, the natnre of which still re-
muins (o he pointed ont.  Bnt as we ean not enter into this exposition
without introdueing a new clement of complexity into this long and intri-
cate disenssion, T shall postpone it to a subscquent chapter, and ghall at
onee proveed 1o a statement of two other methods, which will complete
tie crimeration of the means which wmankind possess for explorving the

[aws of nature l:}' slw(:iﬁc obscrvation and oxp(!l'iunc{!.

2 5. ‘U'he tirst of these bhas been aptly denominated the Methodd of ”L‘Si_lf |
Jues. s principle is very simple. Subducting {frone any given phenome-
non all the portions which, by vivtoe of preceding inductions, can be assioned]
o known causes, the remainder will he the effeet of the antecedents which
had Licen overlooked, v of which the effect was as vet an nnknown quantity.

Suopose, as before, that we have the antecedents A 1B C, followed by the
conseqrents o bepand that by previons inductions (fonnded, we will snp- -
pos<e. ou the Method ol Difference) we have aseertained the eanses of seme
of these effects, or the effeets of some of these eanses; and are thence ap- .
prised that the offeer of A is o, nud that the effect of B is 4. Sabieacting
the sum of these cffects from the tata) phenomenon, there remaios o, which
now, withont any fresh experiments, we oy know to he the effect of € %

%1

“ vl
/|

.

This Method of Tiesidues is in tonth a peenline modification of the Method

ot Difference. 11 the wstance A B C, o be, conlil have been i"'rlnl||:ll‘i.‘iil_-:__-’rﬁ
with a single instanee A B, afy we should have proved ¢ to be the u'.ulﬁie-%
-~ f . E\ t}h' R RS RE RAREY I ]j!‘l,ll‘i,‘.“i 0! l]l" }[f"lhli!'l l.!-f ‘“ﬂj*‘l't"!ﬁ‘{" Tll 'l'-}!i' llii“-"ﬂt;ﬁ
case doawever, insfoad of wosingde fostanee A B we have had to sl -~p§
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aately the causes A and B, and to infer from the efTects which they pro-
duee scpﬂrﬁlﬂl}-‘ what effect Tht‘}:' must produce m the case A B C, where
they act together.  Of the two wstances, therefore, which the Method of
Differcuce requires—the one positive, the other negative—the negative
one, or that in which the given phenomenon is ubsent, is not the direct re-
<ult of observation and experiment, but has been arvived at by dednction.
As one of the forms of the Method of Dillerence, the Method of Residues
qrtakes of its rigorous certainty, provided the previous inductions, those
which gave the cffects of A and b3, were obtained by the same intallible
method, and provided we are cectam that C is the only antecedent to
which the residual phenomenon ¢ can be referved; the only agent of which
we hiad not already calenlated and subducted the effect. I3ut as we can
never be quite certaiu of this, the evidence derived from the Method of
Residues is not eomplete nnless we can obtain C artificially, and try it sep-
arately, or unless its ageney, when once sngaested, can be acconnted for,
and proved deductively from known laws.

Evon with these reservations, the Mcthod of Residues is one of the most
important amoug our instrumgnt_s of discovery. Of all the methods of in-
vestizating laws of nature, this is the most fertile i unexpceted results:
often informiug us of sequences in which neither the eause nor the eftect
were sufliciently conspicuous to attract of theruselves the attention of ob-
servers.  ‘The agent C may be an obscure circumstance, not hkely to have
heen pereeived vuless sought for, nor likely to have been sought for until
attention had been awakened by the insuflicieney of the obvious causes to
accomt for the whole of the effcct.  Aund ¢ way be so disguised by its 1n-
termixture with @ and 6, that it wonld scaveely have presented itselt spon-
tancously as o subjeet of separate study. Of these uses of the method, we
shall presently cite some remarkable exanples. The canon of the Method
of Residues is as follows:

Fouiin Caxox,
Subduct from uny phenomenon such part as 18 known by previous in-

ductions lo be the effect of cerlain antecedents, and. the residue of the phe-
nomenon 18 the effect of the remnu ining anlecedents.

§ 6. There remains a class of laws which it is impracticable to ascertain
by any of the three methods which [ have attempted to characterize:
namnely, the laws of those P’ermanent Causcs, ov indestroctible natural
agents, which it is iinpossible cither to exclude ov to isolate; which we can
neither hinder from being present, nor eontrive that they shall be present
alone, Tt would appear at ficst sight that we could by no means scparate
the effects of these agents from the effccts of those otlier phenomena with
which they ean not Le prevented from co-<existing. 1In respeet, indeed, to
most of the permanent causes, no such diflieulty exists; since, though we
can not eliminate them as co-existing facts, we can climiuate them as mflu-
encing agents, by simply trying our experiment i « local sitnation beyond
l!le limits of their influence. The pendulum, for example, has its oscilla-
tiong disturbed by the vieinity of & mountain: we remove the pendajum to
a suflicicot, distance from the mountain, and the disturbance ceases: from
these data we ean determine by the Method ot Difference, the amount of cf-
fect due 1o the mowntain ; and beyond a certatn distance every thing goces
O precisely as it would do if the toountain cxerelsed ne influence what-
every which, accordingly, we, with sufticient reason, ¢onclude to be the fact.
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The difticulty, therefore, in applying the methods already treated of g 1
determine the offects of Permanent Caunses, 12 coufined to the eases jy |

which it is impossible for us to get out of the loeal himits of their infly.

ence. ‘The pendulum ean be removed from the mflaence of the monntain,
Lut it can not Le removed from the influcnce of the earth: we can not take
away the eavih from the penduhon, nor the pendulam from the carth 19
ascertain whether it wonkd continue to vibrate if the action wlich the
carth exerts upon it weve withdrawn.  On what cvidence, then, do we
aseribe itx vibratioos to the carth’s infinence?  Not on uny sanctioned by
the Mothod of Differcnce s for on: of the two istances, the negative n-
stance. is wantineg,  Nor by the Methol of Agreement; for thouzh alf
peodulams ngrurfiu thix, that during their oscillations the eavth s alwmg
preent, why may we not as well ascribe the phenomenon to the sun, \\huﬁ;
is equally a co-existent fact in al) the experiments > Tt is cvident that to
establish even so simple a fact of causution as this, there was required
some method over :unl above those which we have yet exammed. e
As another exaunple, tet us take the phenomenon Teat.  Independently
of ull hvpothesis as to the real natnve of the ugency xo called, this fact iy
certin, thay we are unable 12 exbavst any body of the whole of its heat.
It as l:qn:r”)' certaun that no one ever |u_-rc.|:ircd heat not emanating fmmg
body. Being unable, then, to sepavate Body and Leat, we can not effeet
such A variation of cirenmstances as the foregoing three methods require;
we can pot ascertain, by those methods, what portion of the phenomena
exhibited by any body is duc to the heat contained in it. I we could ob-
serve a hody with its heat, and the same body entively divested of heat,
the Method of Difterence would show the effect due to the heat, apa
from that dne to the bodyv. If we conld observe heat under eirenmsiane
agrecing i nothing but heat, and therefore not charncterized also hy 1!
presence of a body, we could ascertain the effects of heat, from an insta
of heat with a body aud an instance of heat withont a body, by the M
ol of Agreement; or we conld determine Ly the Muethod of Difference
~what effect was due 1o the body, when the remainder which was dae to
~ heat would be given by the Method of Residnes.  But we ¢an do nong
~ these things; and withont them the application of any of the three my
~oils to the solntion of this problem would bLe illusory. 1t wontd be
fﬁflll*lallt‘o, to atiept to ascertain the cffect of heat. b}' su'ht_l‘.:tctit-lg;_fw
- the phenomena exhibited by a body all that is «Jdue 1o its other propertic
- for as we huve never heen able 1o observe any hodies withont a portion
~ beme in them, effects due to that heat might form a part of the vory
L “‘Eh“ which we were affecting (o subtract, in ovder that the effect of |
e crefore, there were no other methods of experimental investig

|

ree, we should be unalile 1o determine the effeets due to
'* Jhave still a resource.  Though we can not exclid
may be able to produce, or natnre may prod
ation in it. By n modification is heve meant, a che

) 1S wal, Tf some moditication in 1

pisi Ly
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e
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e can not cxpel it altogether from any body, we can modify it in quantity,
we can increase or diminish it ; and doing so, we find by the various metl-
ods of cxperimentation or obscrvation ulready treated of, that such increase
or dimination of heat is [ollowed by expansion or contraction of the body.
In this manner we arrive at the conclusion, otherwise unattainable by lfs,
that one of the offects ol heat is to enlarge the dimensions of bodies‘; or,
what is the same thing in other words, to widen the distances between their
paticles. ‘ _ *

¢ t:h.'lngc e tllmg, ot ﬂm(mulm;; (0 18 total r{:moval, that i:‘-;., a1 U}Iillll_';c
which leaves it still the same thing it wasg, must be a change cither i its
qmmt.it}‘, or in some of its \*:!ri:tble relations to other things, of which ya-
siable relations the principal is 1t8 positton 1n space. In the previous ox-
ample, the modiﬁcat_iun which was produnced in the antecedent was an al-
ceeation 1n its quantity. Lot us now supposc the uestion to be, what 1n-
fnence the moon exerts on the surfuce of the carth. 1We can not try an
experiment in the absence of the wmoon, so 1s 1o observe swhat terrestrial
phenomena her anuihilation would put an end to; but when we find that
all the variations in the positéon of the moon are followed by correspond-
ing variations in the time and place ot high water, the place being always
either the pavt of the carth which is ncarest to, or that which is most ve.
mote from, the mmoon, we have ample evidence that the moon 1s, wholly or
partially, the canse which determines tho tides. 1t very commonly hap.-
pens, as it does in this instance, that the variations ol an ctfeet are corre-
spandent, or analogous, to those of its canse; as the moon wmoves farther
toward the east, the high-water point does the same: but this is not an -
disnensable condition, as may be seen in the sawe example, for along with
that high-water point there is at the same instant another high-water point
dismetrically opposite to it, and which, therelore, of necessity, moves toward
the west, as the woon, followed by the nearev of the tide waves, advances
toward the cast: and yct both these motions ave equally cftects of the
moon’s motion,
~ That the oscillations of tho pendalnm are caused by the ¢arth, is proved
by similar evidence. Those oscillations take place betwoen cquidistant
points on the two sides of a line, which, being perpendicular to the eavth,
vavies with every vaviation in the earth’s position, either in gpace or rela-
tively to the object. Speaking accurately, we ouly kuow by the method
now eharacterized, that all teveestrial bodies tend to the carth, and not 1o
some unknown fixed point lying in the sano divection. In cvery twenty-

foar honrs, by the earth’s votation, the line drawn from the hody at right

angles to the earth coincides suceessively with all the radii of o circle, and
_in the course of six months the place of that circle vavies by nearly two
hundred millions of miles; yet in all these changes of the earth’s position,
inc in which bodies tend to fall continues to be directed toward 1it:
ich proves that tcrrestrial gravity 1s directed 1o the carth, and not, as
s onee fancied by some, 1o a fixed point of space.

The method by which these results were ohtained may be termed the

10k of Concomitant Variatious ; it is regulated by the following canon:

Frrrae Caxox,
+ plenomenon varies in any Manncr whenever another phe-

les in some particular Mmanner, s ¢ither o cuuse or an effect
menon, or s connected with it thro nh some foet of casa-
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The last clause is subjoined, beeanse it by no means follows when g
phenomena necompany cach other il_r thewr a-arinii_nn:-:-, that the one is canse
and the other effect.  The same thing may, and indeed must happen, st
posing them to be two different cileetg of :a common eavse: and Ly this
method alone it wonld never be possible to ascertain which of the SUppo-
<itiong is the trae one.  The only way to solve the doubt would he il
which we have so often adverted to, viz, by enlleavoring to ascertain wheth, |
er we can produce the oue set ol varmtions by means of the other.  In the |
case of heat, for (rx:nnplc, h_v im:nr—:minj__: the lemperatnrg of 1 I.m-l:.-' We -
erease 1ts bulk, but by increasinge its bulk we do not inerease its temper.
aure; on “I{,‘JCUHII‘.‘II'}‘ (2ts in the rarctiction of air under the reeciver
ol nn ?lir‘l"“"l‘)v w _t.__"_'cnul‘;l“}' dimmish il: Iht:l‘eft':l‘c heat 18 not dan t'ffo(q:
hut a canse, of increase of bulk.  If we can not owrselves produce the va.
viations, we muosy cudeavor, thongle it s an attempt which is seldom sue
cessfnl, to find them produced by nauwwve in some case m which the pe
existing civenmsiances aye perfectly known Lo ns.

[Lis scarecly necessary to gay, that in order Lo ascertain the nniform con-
comitance of variations in the cftect with vaviations in the caase, the same
precantions must be nsed as i any other ¢ase of the determination of
mvareable sequence.  We must cudeavor to retain all the other antecwds
ents unchanged, while that pardeunlary one is subjected to the requisite se-
ries of varitions ; or; in other words, that we ay be wavranted i infer
ring causation from comcomitanee of variations, the coucomitance itsell
must be proved by the Mcethod of Diftference. G

IC might at dtest appear that the Method of Concomitant Variations us-
sumes 4 new axion, or law of cansation in general, namely, that every mod-
1hcation of the cause is followed by a change in the effeet.  And 1t does
usually happen that wheu a phenomenon A causes a phenomenon «, sy
variation in the quantity or in the varions relations of A, is uniformly fol-
lowed by i vaviation in the guantity or relations of «. o wake a Funiliar
istance, that of aravitation.  T'he sim causes a certam tendeney to motion
m the earth; here we have eanse and effect; but that tendeney is towaed

*

the sun. and therefore varies in divection as the san varies in the relation
of position; and, morcover, the tendeney varies in intensity, in 2 certin
nimerieal correspoudence to the sun's distance from the earth, that is, a¢
cording to another relation of the sun. Thus we see that there is nol
only an invariable conneetion between the sun and the earth’s gravitation,
but that two of the relations of the sun, its position with vespect to the
earth and its distance from the earth, are invariably connected as anteced
cuts with the quantity andd direction of the earth’s oravitation. The canse
of the earth’s gravitating at all, is simply the sun; but the canse of its
gravitaling with @ given intensity and in 2 given direction, is the ¢xist
of the sun in o given direetion and at a riven distance, Tt is not strang
that & moifed canse, which is in truth a diffevent eanse, should produce
dfferent effect. | e e i
Althongh it ix for the most part. trine that 1 modifieation of the ¢a
followed by a wmodification of the eficet. the Method of Concomitant
Louns does not, however, presuppose this as an axiom. Tt only
he converse proposition : that any thing on whose modifieations,
vations of an effcet are invariably consequent, must be the canse
neeted with the cause) of that effect; a proposition, the truth of w
evileat @ Jov if 1he thing iteelf had no ilt-tfizwnm.- o the effect, neit
tiw medificadions of the thine Liave aty 'il:i*if_l-zﬁl{"m:t:. It the stas b
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POWCE Over t_,ho fortunes of mankind, it 1s implied 1 the very terms that
the conjunctions ov oppositions of different stavs can have no such power,

Although the most striking applications of the Method of Concomitant
Vaviations take place in the cases m which the Method of Differcnce,
strictly so called, is impossible, its use is not confined to those cases; it
may often nscfully follow after the Method of Difterence, to give addition-
al precision to a solutiory which that has found. When by the Method of
Difference it has first been ascertained that a cectain object produces a
certain cffect, the Method of Concowitant Variations may be usefully enll-
ed in, 10 determine according to what law the guantity or the different re-
lations of the effect follow those of the eanse.

§ 7. The cnse in which this wethod admits of the most extensive em-
ployment, 1s that n wl_liv:!l the vm*i:ltim.m of the cange are vaviations of
guantity. Of such variations we may an gencral aftivm with safety, that
they will be attended not only with variatious, but with sumlar vaviations,
of the effect: the proposition that more of the canse is followed by more
of the offect, beine a covollary from the principle of the Composition of
Causes, which, as we have scen, ts the general rule of cansation ; cnses of
the opposite deseription, in which causes change their propertics on being
conjoined with one wnother, bemg, on the contrary, special and exceptional.
Suppose, then, that when A changes in gquantity, « also changes in quantity,
and in such a mauner that we can trace the numerical relation which the
chanees of the one bear to such changes of the other as take place within
omr limits of observation. We may then, with certain precantiong, safoly
conelude (hat the same nuwmerical relation will hold beyond those limits.
If, for instance, we find that when A is double, « is double; that wilen A )s
treble or gnadruple, 2 is treble or quadruple; we may conclude that if A
were 2 half or a third, ¢ woull be a half or a third, and finally, thae it A
were annihilated, @ would be annthilated ; and that a is whally the effect of
A, or wholly the effcet of the same eanse with A, And so with any other
numerical relation according to which A and « would vanish simultaneous-
ly s as, for instance, if @ weve proportional to the square of A. If, on the
other hand, @ is not wholly the effect of A, but yet vuries when A varies, it

_is probably a mathematical function not of A alone, but, of A and something

else; its chanwes, for example, may be snch as wonld oceur it pact of it re-
mained constant, or varied on some other principle, and the remainder va-
vied in some numerical relations to the variations of A.  In thay ease, when
A diminishes, @ will be secn to approach not toward zcro, but toward some
other limit; and when the serics of variutions is such as 1o indicate what
that Juni is, if constant, or the law of its variation, if variable, the limit
will exactly measure how much of @ s the effect of somc other and inde-

pendent cause, and the vemainder will be the effect of A (or of the cause
| Of z\);

- These conclosions, however, muast not be drawn without cevtain precau-
tions. In the fivst place, the possibility of dvawing them at all, manfestly
~ supposes that we are acquainted ot only with the vartations, but with the
~absolute quantities both of A and a.  If we do not know e total gnaw-
~ titier, we ¢an vot, of course, determine the real numerienl relation aceordmgy
10 which thosc quantitics vary. It is, therefore, an error to couclude, as

some haye conclnded, that beeausc increase of beat expawds bodies, that
1§, inereases the distance between their particles, thervefore the istance 1s
o whoily the cffeet of heat, and that if we coulil entively exhianst the body of

,;_&;\:?—d;ﬁ; 3 ; i
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its beat, the partieles wonk) be tn complete contact.  This is no more thay
4 emess, and of the most hazardons sort, not a leaitunate mduetion: fir
stnee we neither koow how much heat there 15 in any body, nor what is
the veal distancee bhetween any Lwo of its }r wticles; we ean not j”*rgt‘ whethery
the contr: qclion of the dhistancee does or Jdoes Ht‘.tl follow Lhi} {Iilllttlltlit‘lll of

the qumlm of heat ltunultrur to such a nomenical relation that tie Lwa
quavtities would vauish stnttameons .

In contrast with this, let ax constder A ease iv which the absoluic Guan.
tities are known: the ease contemplated do the first taw of motion: vig,
that all bodies in motion continmie to move w a straght hne w nh mnfunn
a(lm,:u Hnitl "H.luti H‘ll}ll 1)1. SONIC NUwW fOICP This .lm{‘:lllnn 13 1) Opcu op-
puwltluu 1o hest AP PEarinees all tervestnal Objtel*- when n lnullun “‘I.ul
natly abate their veloeity, and at fast stopr; which accordingly the e lents,
with theie fnductio per cnaonerationse sinplicen, mnfrmul to be the law,
Every moving body, however, cucounteys v arions obstacles. as fm_lu_m the
resistance of the atmosphere, ete., which we know by dnh Mprnenocm
be eanses capable of destroving motion. It was uumrmtul that the whole
of the retirdation mizht be owinge to these C'HI#(‘.‘H Jlow was this -
gqoived into ? 1T the obstacles could bave been entively yemoved, the case
wonld have been ameuable to the Method ot Difference.  "Chey conld not
be removed, they conld only be dhnnmmsbed, wndd the case, therefore, ad-
mitted only of the Method of Conconntimt Variations. ltm ace m:hnn‘lv
Leinz emploved, it was fonnd that every dimiinotion of the obstacles di-
mnshed the retardation of the motion: and inasmuch a1y 1w this cuase (.
ke the ease of heut) the total quantities both of the anteeedent nud of the
conseqiient were known, it was practicable to estimate, with an ap)roach
to acenracy, both the amoant of the vetardation and the amount of the
retarding canses, or resistanees, and 1o judge how neae they both waere to
being exhansted; and it appeared that the effeer dwindled as rapidly, and
at each step w as s far on llw road toward annilnlation, as the eause was
The sunple oscillation of 1 wetght suspended from a fixed poing, and
moved a little ent of the pm |n.*mhr‘nlm' which in ordinary civcmmstances
tasts hut a few minntes, was prolonged in Borla's experinments to more than
thirey honrg, by cllmumlnnrf ns much ag possible the friction at the paml.-
of xospension, and by waking the body oseillate in 2 space exhansted as
nearly ns pessible of its air. ‘Uheve contd thercfore be no hesitation in 4s-
stemng the whole of the retardation of motion 1o the inflnence of the ob-
sLiae |l"-: Al -mce aftey anb:lmnn-r ths retardation from the 1otal pht"ll(‘ll‘lgi-}{'
enon, Lhe wm.nudu: was a uniform veloctty, the resalt was the p n[n)altwn;]"-
knowi s the tirst law of motion.

There iy alko another characteristic uncertainty affeeting the mlm't'llw;};@;{
that the Jaw of vaeiation whieh the qmuunca oliserve within ony Hmits ﬁf
obsurvation, will hold bevond thase limits.  There is, of conrse. in the first
mstanee, the possibility that bevond the hmits, and in circumstances theres

fore of which we have wo alum,t expe rience, some counteracting L'llm‘ii_,i:f
might develop itself; either a new agent or a new property of the agents
coneerned, which lies' dormant in the viremmstamees we sre alle to observe.
This 1s un element of nncer tainly which enters largely o all ony pl‘x*(,_-':_f:‘:-.-_'.f’:?.

~ tious of effeets: but it iz not pvcuhmlv applicable to the \fvlhmi of Con-
~ comitant Variations. The unect reaimty, however, of which | am ;ﬂmnf
- xpeak, is characteristic of that mvthod t"npvt'nlh i the eases o
_l m L*:\{i' 'mo llmllb of om* observation "u(* VOTY narrow, in mmp'uwnn;_;q
’ix-?ht‘ "-[ uwiln{' 1..:11“n.1011~= in the quintities of the- plwnummu Any vne ﬁ
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has the slightest acquaintance with mathematics, is aware that very differ-
ent laws of variation may produce nunierical results which difter bat sliecht
lv from one another within narvow limits; and it iy often ouly when the
ahsolute mmounts of variation are considerable, that, the difference between
the resnlts given by one law and Ly another becomes appreciable.  When,
(herefore, such variationg in the guantity of the antecedents as we have tie
means of observing are small iu comparison with the total quantities, there
iy much danger lest we should mistake the numevieal law, and bLe led to
misealeulate the variations which would take place beyond the hmits; a
miscalenlation which would vitiate any conclusion respecting the depend.
ence of the cffect npon the eause, that could be founded on those varia.
tions. léxamples ave not wunting of such mistakes. “'I'he formulwe,” says
iy John Herschel,® < which have beeu empirically deduced for the clas.
ticity of stean (till very recently), and those for the resistance of fluids, and
other similar subjects,” when relied on beyond the limits of the observa
tions from which thev were dedueed, “ have almost invariably failed to sup-
port the theoretical structures which have been erected on them.”

In this uncertainty, the conclusion we may draw from the concomitant
variations of @ and A, to the existence of an ipvariuble and exclusive con-
nection between them, or to the permanency of the same numenical relation
betsveen theiv variations when the guantities are much greater or smallex
than those wlich we have had the means of observing, ean not be consider-
ed to rest on » complete induction. All that in sueh a case can Le regavd.
od as proved on the subject of causation is, that theve is some connection
betsween the two phienoraena; that A, or something which can influence A,
must be one of the causes which colleetively deterinine «.  We may, how-
over, feel assured that the relation which we have observed to exist be-
tween the vaviations of A and «, will hold true in all cuses which fall be
tween the same extreme limits; that s, wherever the atmogt mcrease ov
diminution in which the resnlt has been found by observation to coincide
with the law, is not cxceeded.

The four methods which it has now been attempted to deseribe, are the
only possible modes of experimental inquiry—of direct induction @ poste-
riori, as distinguished from deduction: at least, I know not, nor am able to
imagine any others. And oven of these, the Method of Jicsidues, as we
have scen, is not independent of deduction; though, as it also vegnires
specific experience, it may, without impropriety, be jacluded among meth-
ods of dircet obscrvation and experiment.

Ihese, then, with such assistance a3 can be obtained from Dednetion,
gompose the available resources of the human miad for ascertaining the
laws of the snceession of plicnomena.  Before proceeding to point out cer-
tain cirenmstances by which the employinent of these methods 1s subjected
10 an immensc increase of complication and of difficulty, 1t is expedient to
Cillustrate the uwse of the methods, by svitable examples drawn from actual
- physical investigations. These, accordingly, will form the subject of the
fucceeding chapter.

« Discourse on the Study of Natural Philesophy, p. 179.
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CHAPTER 1X.
MISCRLLANEGUS EXANPLES OF THE FOUIR METIODS.

81 1 sy seloet, s a first ox: unplﬂ an mluealm'f spocul Wtion of one
ol llw most eminent of theoretical chemists, Baron L. ILLH"’ The object iy
view 1s to ascertain the immediate ¢anse of the death IIIOLllIL('I.l by metyl.
lig pmur-u-

Arsenious acid. and the salis of lead, bismuath, copper, and mereury, i
iatrodaead into the aninal Oreanism, l\t ept the smallest doses, c‘lcmm
lite. ‘I'hese facts have long lm-n lmoun as msulated teaths of llue lO“Eﬁl_
order of gencralization | but it was reserved for Jiebigz, by an apt employ.
ment of the first two of our methods of U\pt‘llmt‘n[‘ﬂ Nijuicy, 1o conieey
these traths together by a higher induction, pointing out what property,

conutton to all these dolammm substances, is the veally operating cause af
I}wn fatal cffeet.

When solutions of these substances are placed in sufliciently close (‘w-
tact with many anumal products, albumen, milk, musculay fibsre, and animyl
meibhranes, the acid or salt leaves the water in which it was dis wlwd
aml enters into combination with the auimal substance, which hubkl*nﬂ'
after being thes acted upon, is found 1o bave lost 1ts tawdency (o &poma
nenus qlcfunlpm:lmn or putrelaction. 0

O)bservation also shows, in eases wherve death has been pnoduc:.;_l_ ’m-
these poisons, that the puh ¢f the body with winch the poizenous __wla-_f
~tances have been hronght into contaet, do not afterward putrefy.

And, finadly, when the potsan has heen qupphml in too small «a f|u*mliﬁ‘:ﬁ- -'
to estroy hh. eschars fre produeed, that s, certain superficial portions of
the tissues are ﬂestmvcd which are afterward thrown off by lln- rep: n'ati%:f
process taking place in the healthy pavts. |

‘Mliese theee sots of instances admit of being treated according
Methad of Ageecament.  In all of them the metallic cmupouuﬂ%
brought mto contact with the substanees which compose the hnman
mal hmh and the mstances do not scem to agree in any other ¢
stauce.. Dho remmimng anteeerdenis are as :hf[cmnt, and even oppb
they conld possibly be made; for in some the animal substances exp
to the action of the poisons are in a state of life,in others only in &
of organization, in others not even in that. ..\ml what i3 the result 3
follows in all the cases?  “The couversion of the animal substanee (hy
Lination with the poison) into a chemieal umtpouml held tomet
powerful a foree as to resist lhc subsequent action of the :mlm‘l_ﬂ i
of decomposition.  Now, orgmic life (the necessary condition of sensil
Jide:) consisting in 2 continual state of llucnmlmwnmi and recowiposi
the different organs aml tissnes, whatever incapacitates then §
~composition destroys life. And thns the proximate canse of the de

Juceid by this dctmpnon of pahom 15 ascer nued, as f*u 't'f he
uf \uwcnmm el *ﬁwrhm :l '
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of putrefactien, (and « fortiori incapable of the chemiceal actions which
sonstitute fife), and the conseguent is death, either of the whole organism,
or of some portion of it; let ug compare with these cases other cases, s
mch resembling them as possible, but inwhich that effect 1s not produced.
And, first, “ many imsoluble basic salts of arsenious acid are known not to
be poisonons.  The substance called atkargen, discovered by Bunsen, which
contains a very large quantity of argenic, and approaches very closely in
composition Lo the organie arsenious componnds found in the body, has
aot the slightest injurions actien upon the orgamsm.” Now when these
substances are bronght into contact with the tissues 1n any way, they do
not combine with them ; they do not arvest their progress to (feconliyosi-
tion. As fur, therefove, as these instances go, it appears that when the
effcet is absent, it is by reason of the absence of that antecedent which we
had already ¢ood ground for consitlering as the proximate eause.

Buat the l‘igOl‘OIIE conditions of the Method of Difference are not vet sat-
isfied ; for we can not be sure that these unpoisonous bodies acree with
the poisonous substanees in every property, except the particular one of
entering into a difficultly decomposable compound with the animal tissnes,
‘fo vendler the method strictly applicable, we need an instance, not ot «
Qiffereut substance, but of one of the very same substances, in circum-
stances which would prevent it from forming, with the tissues, the sort
of compound in question; and then, if death does not follow, our case 1s
made out. Now such instances are afforded by the antidotes to these por-
sons. Itor example, in case of poisoning by uwrsenious acid, if hydrated
peroxide of iron 1s administered, the destructive ageney is instautly check-
od. Now this peroxide is known to combine with the acid, and formn a
compound, which, being insoluble, can not act at all on animal tissues.  So,
again, sugar is 4 well-known antidote to poisomng by salts of copper: and
sugar reduces those salts either into metallic copper, ov into the red suh-
oxide, neither of which enters into combination with ammal matter, The
disense called painter’s colie, so common in manunfactories of white-lead, 1s
unknown swhere the workmen are aceustomned to take, as a preservative,
sulphuric acid lemonade (a solution of sngar rendered acid by sulphuric
aeid). Now diluted sulphuric acid hus the property of decomposing all
compounds of lead with organic matter, or of preventing them from being
formed.

There is another class of instances, of the nature required by the Method
of Difterence, which seem at first sight to conflict with the theory. Solu-
ble salis of silver, such for instance as the nitrate, have the same stiffening
antiseptic effect on decomposing animal substances as corrosive sublimate
and the most deadly metallic poisous; and when appbed to the external
paets of the body, the niteate is a powerful enustic, depriving those parts of
all active vitality, and cansing them to be thrown off by the neighboring
living strnetures, in the form of an eschar. The nitrate and the other
S'ﬂts of silver onght, then, it wonld seem, if the theory be corveet, to he
Fﬁ"ﬁﬁli@iis; yet they may be administered internally with perfect impunity.
From (his apparent exception arises the strongest confirmation which the
theory has yet received.  Nitrate of silver, in spite of its chemical proper-
-t'?‘?"i-’f?"ﬁbs' not poison when introduced into the stomach ; but in the stom-
ach, as in all animal liguids, there is commion salt; and in the stomuach
there ix alsq free nuriatic acid. These subsiances operate as natural anu-
- dotes, combiuing with the nitrate, and if its quantity is not too great, JIP-
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llfl‘.‘&!muly converting it inte cilorule of silver, n snbstance very shightly
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soluble, and thevefore mmmhiu of combining with the tissnes, ,;llllf,,wh o
the extent of ite so'ulality it has a mcdlcm.ll infhuence, Llluwrh an enlm-];
Jifferent class of oraganie achions.

The preceding instapees have afforded an wnduction of a Ineh order of
L‘U'IILII‘I‘-I" eress, illustr: ive of the two simplest of our foir methods ; thougl, i
not rising to the maximum of certaiuty which the Method of lefs:mu.r |
in its most perfect exemphlication, 1s m]mhh, of affording. For (it us
not fm-'ul) Illv )m-itl\c instanee sud the nt‘-'.lllt(, one w hldi the II"u] g{
that method reqnives, onght to Jdiffer ouly in the presence or 'llhill-‘:e nf
ane single circummstianee.  Now, 1o the |ucwdu:u‘ acvgmuent, they differ g
the presence or absence not of a single eircumstunce, ot of a h,,..l.-[c au&-
sunce : apd as every substance has ynnumerable lnu[u‘ltw.. there i 1o
anmnrr what munber of real differcuces are involved in what ix nomm'ﬂl}f
med apparently only one differcoce. It is conccivable that the nlllltlol&,;
the |n.nnu|v of won fur ¢ xample, may eonnteract the poison throngeh some
other of 1= properties thau that of f:mmn-r an insoluble cumponutl withotg
and if <o, the theory wonld fall to the mound so far as 1t 1s supported by
that inst:mee. “Thix conree of uncertainty, w hic liis a sevious hinderanee to
Al extensive eeneralizations in chemistry, i, however, reduced in the press
ent ease to almost the lowest dearec pma:blc when wv findd that not only
one substance, but maony mb»t.uu.u possess the capacity of acting ax anti-
dotes 1o metallic poisons, and that all these awree in the property al form.
ing imsoluble componmds with the potons, while they can not he ascer [’

IIHUI[ t auwree n Ay other properviy w hatsoever.,  We have tlm~. in [‘l'i’
of the tlwun', all the evidence w hich ¢an be obtained by what we ter med
the Tulircet Method of Diffeyence, or the Joint Method of Acrecinent m
Differcuce; the evidence of wln(.h thongh it never can amownt to that
the \lvlllod of Diffcrence properly so ("ln{.'tl may approach indctinitely neu
to lt | __ ;

W - 1 il

3 Tet llm object Le*® to ascertain the law of w hat is termed mdwt
-j-meclncm“ to find under what conditions uny eleetrificd bady, wheth
~ pesitvely or negatively clecty ified, gives rise to 2 contrary cleetric sl-u

L vl other Lady adj aeent to it b
Tk r'.umlm- exel nphhmtwn of the phienomenon to be m\'caugn
m the following. ~Around the prime conductors of an electrical machin
e atmosphere to some distance, or any conducting surface suxpended
e ﬁ';_;"“lﬂt; ‘ummplwm-, is fonnd 1o ‘be in an. ek*r:trw cnmlmwl oppusite Lo that
~ the prime w}nluu.m iteelf. Near : and aronud the positive prime conduet
there 1s ne 'm,w t'lt'mrlm L% aml vear and 'n‘omnl the negatlw pl'llm
- ther ve cleetricity,  When pith Dalls are hrmtgm nea
'._.,__-@«tﬂm ehmmiml with the Gp{t@m(ﬁ ele
mre fre m the alveady electritiecd atmosphe
the direct i E*uqmm 11ul::g-wc of Llw ¢

.........
e
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In the c1se, therefore, of the vlectric machine, it appears that the accumula-
tion of clectricity m an msulated conductor is always accompuanied by the
eveitement of the contrary clectricity 1n the surrounding atmosphere, and
in overy conductor placed near the former conductor. It does not scem
possible, 10 this case, to produce one clectrieity by itself.

Lot us now examine il the other instances which we can obtain, resem-
bling this instance in the given cousequent, namely, the evolution of an op-
Josite clectricity in the ncighborhiood of an electrified body. As one re-
arkable instance we have the Leyden jar; and after the splendid expert-
ments of Faraday in complete and final estabhishment of the snbstantial
identity of magnetisn and clectricity, we may cite the magnet, both the
satueal aod the electro-magnet, in neither of which it 1s possible to prodace
one kind of clecetricity by itself, or to charge one pole withont ¢harging an
opposite pole with the coutrary electricity at the same time.  We can not
have a4 maguct with one ]?ole: it we break a vataral loadstone 1uto a thon-
sand pleces, cach picce will hm‘g it Lwo opposttely electrified poles com-
plete within itself. In the voltaic eirenit, again, we can not have oue cnr-
rent without its opposite. In the ordinary clectric machine, the glass eyl-
inder or plate, and the rubber, acquire opposite eleetricities.

IFram all these instances, treated by the Method of Aareement, a geneval
law appears 1o rosult,  'he instances embreace all the koowan 1inodes
which a body can become charged with electricity ; and in all of them
there is fourld, as a concomitant or consequent, the excitement of the op-
posite electric state in some other body ov bodies, Tt seems to follow that
the two fucts arve invariably connccted, and that the excitement of clectiie-
ity in any Lody has for oue of its necessary coudittons the possibility of
a simultaneous excitement of the opposite clectricily o some neighbor-
i hody.

A the two contrary electricities can only be produced together, so they
an only cease together.  This way Le shown by an application of the Meth-
od of Difference to the exmmple of the Levden jav. It needs scarcely be
here vetsarked that in the Levden jace, electricity can be acenmmulated and
retained in eonsiderable quantity, Ly the contrivance of having (wo conduct-
ing snrfaces of equal extenat, and parallel to each other through the whole
of that extent, with a non-comlucting snbstance sueh as glass between then,
When one side of the jar is charged positively, the other is charged nega-
tively, and 3t was by virtue of this fact that the Leyden jur served just now
2s an instance in onre employment of the Method of Agreement. Now it
is impossible to discharge one of the coatings nnless the other can be dis.
chavaed at the same time. A conductor held to the positive side ean not con-
vey away any clectricity unless an equal quantity be allowed to pass from
the negative side: if one coating be perfectly insnlated, the charge is safe.
The dissipation of onc must proceed pari passic with that of the other.
The law thus strongly indicated admits of corroboration by the Method
of Concomitant Varviations. T'he Leyden jar is eapable of receiving a mueh
]?!'g}lﬁi‘_ichm'ge than ean ordinarily be given to the conduetor of an cloctriceal
machine. Now in the cage of the Leyden jar, the metallic surface whieh
tceives the induced eleetricity s a conductor exactly similar to that which
reecives the primary charge, and is therefore as sansceptible of receiving
and vetaining the one electricity, as the opposite surface ol yeceiving and
relaining the other; but in the machine, the veighhoring body which is 10
e o spositely clectrified is the survounding atmosphere, or any body casu-

""Yfﬁllghtnc'n to the conductor; and as these ave generally much in




290G INDLOTION.

forior in thewr capacity of becoming eteetrified, to the conductor itself, thei
|imiu-t] prower impuﬁcﬁ 5 ¢ L:OI'I'(‘F]HJI‘le,lillg limit to l-hl.' Cﬂp:l{‘il}' Hf {he cOon.
dactor for beine cliacged. As the L':lp:i(’it_\’ of the ncigllbt,n'ing hnd}- for
suppocting the fi[:|-0:sitit:31 INCEeASes, a lliglltw" {:[}:11‘;;0 Leeomes possible: and
tn this appears to be owing the great superionty of the Leyvden jar.

A further amd most decisive confirmation by the Method of Difference,
i« 1 be fonnd i one of Faraday's experiments in the course of his re.
searehes on the subject of Indneed Electnaity.

SHce common or lil.‘l(.‘hillc (“Qtll'icil}', and voltaie ifl{:(‘.tl‘i(f'll}', mayv hc O
sidereil for the present purpose 10 he tdentieal; Faraday wished o know
whether, as the priru{' conductor dcw}o[ns Ulr]wh‘ilc tlcclricil}' Upan a con-
duietor i its vicloy, Ko i voltaie caveent ranmning along a wirve wonld -
dueg an opposite emrent upon another wire luid paratlel to 1t at o shont
disvuee.  Now this ease is stmilar to the cases previonsly examined,
every cirenmstance exeept the one Lo which we have asenmbied the effeet.
We fonmd in the former instanzes that whenever eleetricity of one kind
wis excited i one hody, clectricity of the opposite kind must be exeited
in @ neichboring body.  Lut in FParaday’s experiment this mndispensable
npp:_wi:iuu exists within the wive wself.  IFrom the vatnre of a veltne
r.ll:n*j_rv,_, the (wo nlnpozﬂil.r} enrreuls neeessary 10 thie existence of eacls Olhl'l;
are both aceommodated 1 one wire: and there is no uced of another wire
placed beside it 1w contain one of them, 1o the same way as the Tevden jar
amist, have a positive and a negative surface.  The exeiting eanse ean and
does produce all the effect whielh its laws requive, wndepewlently of any
cectrie excitement of a neighboring body.  Now the vesule of the L“X]lt‘l'i?-'f |
ment with the second wire was, that no opposite enrvent was prodneed.
There wias an instantaneous effect av the closing and breaking of the vol.
taie civeuit 3 electrie indactions appeared when the two wires were moved
(el from one another; hut these are phenomena of a different elass.
There was no induced olecticity in the sense in which this is predicated
of the Leyden jar; there was wo sustained enveent runnmg up the one
wire while an opposite coveenty ran down the neighboving wire; and this
alone would bave been a wrae parvallel case to the other,

[t thas appears Ly the combined evidence of the Method of Agreement,
e Method of Concomitant Vaviations, imd the most vigovons form of the
Mcthod of Difference, that ncither of the two kinds of ¢lectmenty can be
exctted without an n-]ll.’l] excitenment of the other and 0];1,0,,;',“.: kind : t]'la"l-'_:,_"'
both are effects of the same canse ; that the possibility of thie one 15 a um
dition of the possibility of the other, and the gquantiny of Wie one an im-
passable Iumit o the quantity of the other. A\ seientifie vesalt of consit_\-or-;j
able intevest tnoatsell, and ollostrating these three methods 1 a nanner
hoth charactevistic and cassly mtelhgible.®

* This view of rhe neeessary co-cxistence of opposite execitements involves a great l.‘.:-:lnnsitilﬂ
of the oviginal docivine of two electaciiies.  “I'he early theorists as<omed it when b
wits rubbad, The amher was tade positive il the prhher negative 1o e same degree : but
never netnvred 1o them ta suppose that the existence of the amber churpe was tlt']-t-l‘l:lt'n!;-jﬂ
an opposite charge m the budies swich which ahe sonber wis eoniggnns, while the existence
of the nezanve chiarge oo the ruliber wps t't;ua"_t‘ il-:pufule:’nl SN ey sjalte ol the sar
faces thad ight accidennely be eonfiomaed with s hat i Kol in o case of elecineal ex
citement by frictinn, S clunges wee the minnnum that conbi) exast. Dot ihis donble clee-
teival asetion is essentinlly imuolied in e explmanion wowe nniversally adogdml m yegpan] &
the pocnomena of the ot 1 U SRl SR LA | L U 1) [ BLa G b
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course on the Stldy of Natural Philosophy, v work replete with happily-
selected exeluplnﬁuﬂ'uons of n]ducti_\'e processes from almost every depart
ment of physical cience, and n which alone, of all books which I have met
with, the four methods ol induction are distinetly recognized, thongh not
so clearly charactevized and defined, nov their correlation so fully shown,
2s has appeared 1o me” desirable.  The present example s deseribed Ly
& John ITerschel as “one of the most beauntiful specimens” which can be
cited ©of inductive experimental inguiry lyving within a moderate com.
pass;’ the theory of dew, fivst promulgated by the late Dr. Wells, and now
aniversally adopted by scientific anthoritics.  The passages 1o inverted
commas ave extracted verbatim from the Discourse.™

« Suppose dew weve the phenomenon proposed, whose canse we wonld
kpow. In the fivst place ” we must determine preeisely what sve meoan by
dow: what the fact reully 1s whose cause we desire to mvestigate.  “We
must separate dew from rain, and the moistare of fogs, and It the ap-
plication of the terw to what is really meant, which is the spoutanéous ap-
pearance of moisture on substances exposed i the open atr when no ran
or visible wet is falling.”  This answers to a preliminavy operation which
will be characterized 1 the ensning book, treating of operations subsidiary
to induction.¢

“Now, here we have analogous phenomena i the moisture which be-
dews a cold mctal or stone when we beeathe upon at; that which appears
on a glass of water fresh fromn the well in hot weather; that which appears
on the inside of windows swhen gndden vain or hall ¢hills the exteroal ang
that which runs down onr walls when, after a long frost, 2 warm, moist
thaw cowmes on.” Companug these cases, we find that they all cantain the
plienomenon which was proposed as the subject of investigation. Now
“all these instances acree 1u one point, the coldness of the object dewed,
in comparisou with the air in contuct with i,”  Dut there still remuins the
most important case of all, that of noctnrnal dew: does the smme civeum-
stance exist in this case? “Is it a fact that the object dewed is colder
than the air? Certainly not, one would at first. be inclined to xay; for
what 13 to meke it so? DBut ... the experiment is casy: we have only to
lay a thermometer in contact with the dewed substance, and havg one at
little distance above it, out of reach of its influgnce. The experiment has
been therefore made, the question has been asked, and the answer has heen
mvariably in the affirmative. Yhenever an object contracts dew, it 3
colder than the airv.”

Iere, then, is a complete applieation of the Method of Agrecwent, estab.
lishing the fact of an juvariable conuection between thie deposition of dew
on a surface, and the coldness of that surface compared with tne external
ai.  DBut which of these ig cause, and which effect? or are they both ef-
fects of something clsc? On this sabject the Method of Agreement can
afford us vo Jight: we must eall in a more potent method.  * We must
Gﬂ“wlmort*fu.lh, or, which comes to the same thing, vary the circun-
stances; since every instance in which the circumstances differ is a fresh
| and especially, we mnst note the contravy or negative cases, /. €.,
0 dew is produced :” a comparison between instances of dew and
es of no dew, Leing the condition necessary to bring the Method of
¢ into play.

..II: 3

first, no dew is produced ou the surface of polished melals, but

ey ¢ Infra, hwak tv., chap. i, On Absiraciion,
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iL /8 VOry (:0|:iunt]_r on alass, hoth exposed with ticiy faces ‘n]m'm*ﬂ. and iy |
come cases the mmler sule of a borizontal plate of alass iy also dewed ® |
[Tere is an instanee io which the effect 1s produced, and another jastance iy
which it is not produced @ bint we ¢an ol yet pronounce, as the eanon of
the Method of Difference reqnires, tiat the hatter instance agrees with the
former in all s ciremnstanees excepl one ; for the hfferences between
ofass and [-0|i-~hm| metals are manifolil, and the nnl}' iliiug We Cin as yot
bo sure of is. thas the canse of dew will be found muoug the cirenmstances
by which the [Ol'llu‘l' stthstanee 18 t]ir-‘-lin:._:ll'!h]l('ﬂ from the latter. ]h\l; f
we conld e suve that glass, and the vavious other snbstances on which dew
is deposited, have only one guality w common, and that polished wetals
and the other substanees on whieh dew iz not (IL'*]‘lU:éitud, have also llOlhing
i common bnt the one cirenmistance of not having the one quality which
the others have: the requisitions of the Method of Diftevence woukd be
completely satisticd, amd we ~hould recoanize, in that quality of the suls
stances, the canse of dew.  This, aceordingly, is the path of inguiry which
is pext 1o be pursued. |

v In the eases of polished metal and polishal glass, the contrast shows
ovidently that the substence has much to do with the plienomenon 5 there
fore lot thoe substanee rfone he diversiied ag mneh as possible, by c-xpnﬁiﬁg
poiished surfaces of virions kinds.  This done, a seale o7 intansity becomes
obvivis.  Those polished substanees ave fornd to he most strongly dewed
which conduct heat worst; while those which conduoet hent well; resist dew
most cffeetmally.”  The complication inereases ; here is the Method of
Concomitant Varviations called to our assistanee 3 and no otiter method was
praciicable on this occasion | for the quality of conducting heut could not
be exehided, since 1ll substances condnet heat in some degree. "The conclus
sion obtained is, that ewteris paribus the deposition of dew is in seme pro-.
portion to the power which the body possesses of resisting the yassage of
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heat @ and that this, theveforve (or something connected with thix), must be
at lenst one of the canses which assist iu producing the deposition of dew
on the sarface. e
“ [ut if we expose rongh suriaces instead of polished, we sometimes fing
this Jaw interfered with.  Thus, ronghened ivon, especially if painted ove
ov blackened, heeomes dewed sooner than varnished paper; the Kind ©
surtoce, Vhereforve, has a great mfluence. Expose, then, the smne materi
in very diversified states, ns o snrface ™ (that g, employ the Method of Ih
forence to ascertain concomitance of variations), “and another scale of
tensity becomes an onee apparent : those surfuces which part with their E
heat most veadily Ly radiation are found 1o contract dew most copionsly™
ere, theretore, are the reguisites for a second employment of the Metho
of Concomitant Varintions 3 which in this ease also is the l)ﬂlj‘_lli{‘.‘ll‘lii :
available, sinee all substinees radiate heat in some Jdegree or other. ']’1
conclusion obtained by tiis new applieation of the method is, that e teris

e
Il '#I :

paribies the deposition of dew i3 alzo in some proportion to the power ¢
radiating heav; and that the quality of doing this abmndantly (or so
eause an which that quality depends) is another of the causes which
mote the deposition of dew on the substance. o §
S Aeain, the influence ascertained (o exist of sabstonee and sairfarce lends
03 to couxider that of feetnre r nwnd hove, neain, we are preseuted on L
with remarkable differences, and with a third scale of intensity, puin
~out substances of a close. firm texture, such us stones, mwetals, cte., as

Py erabie bt Greose of 6 laose one, as ebativ, velvel, woul, cideralown,

e
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tonl, €LC,y AS cmineyl-ly Ifl\’Ol'ﬂ_blC to the contraction of dew.” The Method
of Concomitant Variationg is here, for the third time, had recourse to;
and, a8 hefore, from necessity, since the texture of no substance is absolute
ly firm or absolutely loose.  looscuess of texture, thevetore, or something
which is the canse of that quality, is anothev circumstance which promotes
the deposition of dew ) but this third course resolves itselt into the first,
viz., the quality of resisting the passage of heat: for substances of Joosc
textnre ¢ are precisely those which are best adapted for clothing, or for im-
peding the free passage of heat from the skin into the airy so as to allow
their outer surfaces to be very cold, while they remain warm within ;” and
this last is, therefore, an induction (from fresh instances) simply corrobora-
tive of a former induction,

It thus appears that the instances in which much dew is deposited, which
are very Various, agree 1 this, and, so fir as we are able to obscrve, in thas
only, thut they either radiate heat vapidly or eonduct it slowly: qualitics
botween which there is no other circamstance of agreement than that by
virtue of either, the body tends to lose heat from the surface more rapidly
than it ean be restored from within. The instances, on the contrary, 1
which no dew, or but a small quantity of it, is formed, and which are also
extremely vamous, agree (ax fur as we can observe) in nothing exceept in
g0t having this smme property.  We seem, therefore, to have detected the
eharacteristic difference between the substances on which dew is pro-
duced and those on which it is not produced. Aud thus have been reul-
ized the requisitions of what we have termed the Indirect Method of Dif-
fercnce, or the Joint Method of Agreement and Diiterence. The example
afforded of this indirect method, and of the mamner in which the data arc
prepaved for it by the Mcthods of Agreement and of Concomitint Y aria-
tiong, is the most inpartans of all the illustrations of induction attorded by
this interesting speculation,

We might now consider the gquestion, on what the deposition of dew de-
pends, to be campletely solved, if we counld be quite sure that the snb-
stances on which dew is produced differ from those on which it is not, in
nothiny but in the property of losing heat from the surface faster than the
loss ean e repaired from within. And though we never ean have that
camplete certaiuty, this is not of s0 much importance as might :u fivst be
supposed ; for we have, at all events, ascertained that even if there he any
other qnality hitherto nuobscrved which is present in all the substances
which contract dew, and absent in those which do not, this other property
nust be one which, in all that great number of substances, 1s present or ab-
sent exactly where the property of Leing a better radiator than eonductor
Is present or absent; an extent of coincidence which affords u strong pre-
smnption of a community of canse, and a consequent mvariable co-existence
between the two properties; so that the property of bemng a hetter radiator
than condnetor, if not itsclf the cause, almost certamly always accomPanics
the eanse, and for purposes of prediction, no crvor is likcly to be commit
ted by treating it as if it weve really such.
~ Reverting now to an ecarlier stage of the inquiry, let us remember that
‘we had ascertained that, in every instance where dew is formed, there is
“actual eoldness of the surface helow the temperatnre of the surrounding

e but we were not sure whether this coldness was the canse of dew, or
| ig;:;gfru;;t;; I'bis doubt we ave uow able to resolve. e have found that, in

i@w such instance, the substance is one which, by its own properties ov

v, would, if exposed in the night, beeame colder than the surrounding
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air.  The colduess, therefore, being acconnted for independently of the dey,
while it is proved that there is 1 connection between the 1wo, it must be
the dew which depends on the coldpess; or, 1 other words, the coldpess is
the eause of the dew.

This law of cansation, alreally so amply establixhied, admits, however, of |
otticient additional eorroboration in no lesx than three ways.,  First, by de '5
Tuction fram the koown laws of aqueons vapor when diffused through ais
or anv other wvas: unl thongh we have not yer come to the Deductivg
Method . we will not omit what is necessary to render 1his speculation com-
plete. It s Known by direct experiment that only a lIimited guantity ol
WALEY ean remin :~.‘~l|.~'~|n_'n:1('tl m the state of vapor at each dcgwc of tem-
poratur, and that this maxiopn grows less and less as the temperatwre
diomnishes.  FProm this it follows, deductively, that if there is aleemly as
much vapor suspended as the air will contan 4t ts exisling {emperataeg,
any lowering of that temperatnre will canse a portion of the vapor 10 be
condensed, ad become water,  But agaio, we kuow dednetively, tram the
liws of heat, that the eontact of the air with a Lody eolder 1han itself will
neeessaviiy lower the tempernture of the stratum of air immediately ap.
plicd to s surfaee; aod will) therefore, canse it to part with a portion of
ics water, which accordingly will, by the ordinavy Jaws of gruvitation or
coliwsion. attach itself to the sucface of the oy, thereby constituting dew,
T'hiz datnetive proof, it will have been xeen, s the aelvantage of ut once
proving causation as well as co-existence s and it has the additional wdvine
trere that it also acconnts for the exeeptions to the ocenrrence of the ple-
nomenon, the cases in which, althongh the body is colder than the an, yet
no dew is deposited ; by showing that this will necessarily bhoe the case
when the ar is o undec=supplied with aqueous vapor, comparatively to its
temparature, that even when somewhat cooled l)}' the contact of the trum--.g
or hody it ean still continne to hold in suspension all the vapor whieh was.
previousty suspended io it: thus in a very dey sanmmer there are no dews,
i a very dey winter no hoar-feost.  TTere, thevefore, is an additional eon-
dition ot the production of dew, which the methods we previously made
nse of Miled to deteet, qod which might have vematned sull ndetected, if
reconyse hal not been had 1o the plan of dedacing the effeet from the as-
certained propecties of the ngentx known to be present. L

The secomd corroboration of the theory is by direet experiment. :u:cur-d--;ﬁ%g;
ine to the canon of the Method of Difference,  We can, hy cooling the sur-
fuce of aouy body, find in al) ¢ases some temperatnre (mmore or less inferior
to that of the sneronnding dir, according (o its hygrometric condition)
whieh dew will Legin to be deposited.  Here, too, therefore, the canxatio
ix direcudy proved.  \We e it s teae, accom lish this only on 2 swma
:ﬂ‘!:tlt', but we have :tmplc Yeason 10 ct}uuhlﬂﬂ that the =same Ij'pvi‘:llit')ll, IEI
comdueted i nature’s great laboratovy, would equally produce the effect.

And, fioally, even on that weeat scale we are able to verify the resalt.
The eaxe is one of those rare cases, ax we have shown them to be, in which
natnre works the experiment for us in the swme wanner in which we -
selves perform it introducing into the previons state of thivgs o single
aml perfectly definite new cirenmstance, ad mantfesting the effect so i
tdly that there is not time for any other material change in the preseststing
civenmstanees, = Tuis observed that dew is never copiomsly deposited an
sttnations mneh fereeaed fi‘t}l_ll ﬂl_ﬁ upen l-"k}‘_, :1]]’!'! nol -.:;'I,'_if;-|_]_|-__i-'il__'_:l_ ..t"‘l_nl],{'l'.:-;
mehty bt ¢ the elands withelrae coen por o Jie aniwnles, andd lowee

efo ity A Ll :H-fr'. ({4 {.’l Jroes !m’,b i " u_a"" f’t ﬂ:-..’n'i Y h’{q’ b’ !’;H.ﬂ-, _;[]:}'{ii,. gi ..:-. ' 1 .n II'PI"I:
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o . Dew formed in clear intervals will often even evaporate ugain
when the sky becomes thickly overcast.”  The proof, therefore, is complete,
that the presence ov absence of an uninterrupted communication with the
sky causes the depostlion or nou-deposition of dew. Now, since a clear sky
is nothing bat the absence of clonds, and it is a known property of clouds, 1S
of all other bodies between which and any given objeet nothing intervenes
but an elastie fluid, that they tend to vaise or keep up the superficial tem-
pevature of the object by radiating heat to it, we see at once that the dis.
appearance of clonds will cause the surface to ¢ool; so that nature, in this
ease, produces @ change in the antccedent by definite aud known wmeans,
and the consequent follows accordingly: a natuval expeviment which satis-
fies the requisitions of tho Method of Difference.*

The accumulated proof of which the Theory of Dew has been found
snseeptible, is a striking instance of the fullness of assurance which the in-
ductive evidence of laws ol eausation may attain, in cases in which tbe io-
yvariable sequence is by no means obvious to a superficial view.

& 4. The adwirable physiological investigations of Dr. Brown-Séquard
afford brilliant exaioples of the applieation of the Inductive Mcthods to a
dlags of inquiries in which, for yeasons which will presently be given, di-
reet induction takes place vnder peenhiar difliculties and disadvantages.
As ono of the most apt instances, [ scleet his specunlation (in the proceed-
ings of the Royal Society for May 16, 1861) on the rclations between mus-
cular irvitability, cadaverie rigidity, and putrefaction.

The Jaw which Dr. Brown-S¢quard’s 1nvestigation tends to establish, s
the following : “ The greater the degree of musculav irritability at the thime of
death, the later the eadaverie rigidity sets i, and the longer it lasts, und the
later also pntrefaction appears, and the slower it progresses.”  One would
sav at tirst sight that the method hevo required must be that of Concowi-
tant Variations. But this is a delusive appearance, arising from the circtum-
stance that the conclusion to be tested is itself a fact of concomitant vara-
tions. For the establishment of that fact any of the Mcthods may be put
in requisition, and it will be fourdd that the fourth Method, thongh really
employed, has only a subordinate place in this particular investigation.

The evidences by which Dr. Brown-Séquard ¢stablishes the law may be
enumerated as follows:

15t. Paralvzed muscles have greater irvitability than bealthy muscles.
Now, paralyzed muscles are later in assming the cadaverie rigidity thau
healthy muscles, the rigidity lasts longer, and putrefaction sets in later, and
rocecds more slowly,

~ * I must, however, remavk, that this example, which scems to milicare agninst the assertion

- we made of the comnpnrative inapplicability of the Method of Ditference to gnses of pnve ols
servation, is really one of thosc exceptions which, accarding to a proverbinl expression, prove
~ the genem) rale. Fovin this ense, in whielt Nautnre, v her experimert, seemns to huve imni-
tated the wpe of the experinments mnadc by nian, she has ovlv suceecded i producing the
 likeness of man's most itnperfect cxperiments ; namely, these in which, thongh he snecends
in producing the phenomenon, he does so hy emploving complex means, which he is unable

~ periectly to anulyze, and ean fora, therelore, no saflicient judgment what portion of the effects
~ may be due, not to the snpposed cause, it to some unknown ageney of the means by whicl
~ that eanse was produced. In the natiral experiment which we arc speaking of, the means
used was the clenring off n ennopy ot clonds; and wg certainly do not know sufficiently 1
what this process consists, or on what it depends, 5o bie cerniu a priori thatit might not oper-
* ale upon the deposition of dew independently of any thermometric efizet at the earth’s surface.
| ._jii‘éll."themfﬂre, i ease sa fuvorphle ns thisto Nature's er;pm'imeutul tnlente, her Expeﬁmeul

i of finde value except in corvohorarion of & conelusion wlready attained throngh otber means.
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Lioth these propositions had (o he proved by experiment ; aud for 1he
experiients which prave them, ccience = also indebted o Dre. Brown-Neé.
quared.  The former of the Lwo—that 1’~:11':113.':f.f-d_ mnscles have creater i
tability than healthy muscles — hie ascertained in varvious wavs, bot most
Jecisively by © compaving the daeation of iwettalahity in a paralyzed mosele
aml i the corresponding hiealtby one of the ¢pposite side, while they are
both submitted to the smoe exeitation,” e = olten found, in experiments
ine 1n that way, that the p:n':ll}‘zv:l mwinsele reattined eritable twieg, 1]..-01‘{_
Gines. or cven four tines as loog as the healthy one.” This s a ense of -
duction by the Method of Difterenee. The two linbs, beny those of the
siume animal, were presoned 1o differ m no cireumstance material to the
case except the pavalysis, to the presence «nd absence of which, tlwerefore,
the difference ia the wuseular irritability was to he attributed. Thix ags
sutaption of complete resemblance in all material cirewmnstances save one,
evidently eonld not be safely made in any one pair of experiments, bocanse
the two leas of any given animal might be accidentally in very difterent
athologieal conditions; but if, hestdes taking paius to avold any such dif-
L-n."ncr, the experiment wias repeated sufliciently often in diftevent animaly
o exelnde the gnpposition that any abnormal cirenmstince could be pres.
ent in them all, the conditions of the Method of Diffevence were adequates

v secnved.
L] ] ] - . ';-_ i
In the same mamer in which Dr. Brown-S&uard proved that paralyzed

museles have ereater irvitability, he also proved the corrvelative pl'ol;osilian-;%;
respecting eadaverie rigidity and putrefaction.  llaving, Ly section of the

rots of the seiatic nerve, nnd aguin of a lateval half of the spinal cord,
produced paralysis i oue hind lee of ao animal while the other venvuned
heulthe, he fonnd that wot only did inusenlar iveitability Jast much longer

in the paralyzed Honh, but cigidity set in later aoed ended later, ond patrees
faction began later amd was Jess rapid than on the healthy side.  This is a
common casc of the Method of Di}fﬂl‘ell(‘!(‘, requiriigg no comment. .\ fur
 ther and very important corroboration was obtained by the same method.

~ When the animal was killed, not sioctly after the section of the nerve, hat
~awonth Jater, the effect was reversed ;. vigidity set in sooner, and Jaxted
~ shorter time, than in the healthy wuseles.  Bat after this lapse of time,

~ paralyzed muscles, haviag heen kept by the paralysis in a state of rest, had

~losta great part of their irvitabilit

X o i

~ iveitable than those ou the healthy side. This gives the AL Coahe,ang
be,of the Method of Difference.  One amceedent, incceased irrita

~ Lility, being changed, and the other circmnstinees being the same, the co

1ee itlwﬂ follow ; and, morcover, when a new mttrmlmt,ﬂmm‘j 'y
st Wil as followed by a contrary conscquent. 'Lhi

s

v, and instead of more, had hecome less
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d with the special advantage of proving that the re
weation of the rigidity do not depead divectly o tl
1 both the instances 5 but specifically on
, the inereased irvitability ; sinee they

.....

=y .I'.'-::“ﬁ‘l.i
B :* L

i
il o e
------



FEXAMPLES OF THE FOUR METHODS. 308

gd. Muscular exevcise, prolonged to exhaustion, diminishes the muscu-
lay ivvitability. This 15 & well-known truth, dependent on the most gencr-
al laws of muscular action, and proved by cxperiments under the Mecthod
of Difference, constantly vepeated.  Now, it has been shown by observa-
tion that overdviven cattle, if killed before recovery from their fatigue,
become rigtd and putrefy in a surprisingly shovt time, A similar fact has
been observed in the case of ammals hunted to death; cocks killedd duvine
or shortly after a ficht ; and soldiers slain in the field of hattle. These vu-
vions ¢ases agree in no circnmstance, diveetly connccted with the museles,
except that these have just been subjected to exhaasting exercise.  Under
the canon, thevefore, of the Method of Agreement, it may be inferved that
(here is & connection betwecu the two facts. The Method of Agreement,
indeed, as has been shown, is not competent to prove causation.  The pres-
ont ease, however, is already known to be 2 case of causation, it being cer-
tain that the state of the body after death must somchow depend upon its
atate at the tiine of death, We are, thevefore, warranted in conctuding that
the sinele cirenmstance in which all the instances agree, is the part of the
anteecdent which is tho eanse of that particnlar conseguent,
4th. In proportion as the nutrition of muscles is in a good state, their
irvitability is high. This fact also rests on the general evidence of the
Jaws of physiolozy, grounded on many familiar applications ot the Mcthod
of Difference. Now, in the case of those who die from accident or vio-
leuce, with their muscles in o good state of nutrition, the muscular irrita-
bility coutinues long after death, vigidity sets in late, and persists long
withont the pntrefactive change. Ou the contrary, in cases of digease in
which nutrition has heen diminished for a long time before death, all these
offects arc reversed. These are the conditions of the Joint Method of
Aercement and Difterence. The cases of retarded and long continued
rigidity here in question agrec only in being preceded by a high state of
mngrition of thie muscles ; the cases of vapid and brief vigidity agrece only
in being preceded by a low state of muscular natrition§ a conncction 1s,
therefore, inductively proved hotween the degree of the nutrition, and the
slowness and prolongatiou of the rigidity.
~ 5th. Convulsions, like exhausting excreise, but in a still greater degrec,
diminish the mmscular ivritability. Now, when death follows violent and
prolonged convulsions, as in tetanus, hydrophobia, some cases of cholera,
and eertain poisons, rigidity sets in very rapidly, and after a very brief dn-
ration, gives place to putrefaction. This is another example of the Meth-
od of Agreement, of the sune character with No. 3.
6th. T'he series of instances which we shall take last, is of a move com-

~ plex charactes, aud requires a more minute analysis.

Tt has long been observed that in somc cases of death by lightning, ca-
ie rigidity either does not take place at all, or 1s of cach extremely
‘duration as to escape notice, and that in these cases pulrefaction is

vapid. In other cases, however, the usual cadaverie rigidity appears.
¢ mast be some difference in the cause, to acconnt for this difference
effect. Now, “death by lightning may be the result of, Ist, 2 syn-
fright, or in consc?ucucc of a direct: or reflex influence of'light-
the par vagam; 2d, hemorrhage in or around the bram, or 1n the
the pericardinm, ete.; 3d, concussion, or some other alteration 1n
in;” none of which phenomena have any known property capable of
counting for the suppression, or aluost suppression, of the eadaverie vi-
‘But the cause of death may also be that the lightoiug produces
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¢ violont couvilsion of every muscle in the body,” of which, if of suff.
clent antensity, the know offeet wonld be that g museular l'lll..tbllm-
ceases almost at onee.” 16 D Brown-Ségpard's generalization ix a trge
In\ these w i) be the VeIV SeN i which H”‘Il'll\' IS SO muceh .lhlh'"‘(‘d as
1) i*‘-L"II)L‘ Il(l!l(,t:: Al Lht' dises 1D W]lllll R) ¢ lllt‘ (Ollfl.ll'\ ll"ullh' llluts
place as usoal, witl he thuse in which the stroke of l:"htunw OpPCriLes in
some of the mlm muodes whieh have beenn ennmerated. llow then, is thig
h’luuuhL (o the test? lr\ t‘\ll(jll]lli'lll"* noL On ht"lllnmﬂ', W IllLll ¢an not lm
comntamded at pleasuare, hut oo the same watural neney 1N A m.lmthi‘_
form. that of avticial salvanism.  Dr. Brown-: trllt.n'd s_{:lh:\m?.cd the en.
luu hodies of agimals nmuuh.mh alter death.  (Falvanisin can not Operale
in any of the modes in which the steoke of Jightning m: v have opecated,
exeept the singte one of producing mnscalar cony ulsions. i, lll(*:‘rful‘v f
ter the bodies have heen gabvanized, the duration of vigidity is much ~l|0ﬂ~ |
ened and pateelaction unteh 'l"‘L’LlL.' ated, 1t 18 reasouable Lo aseribe t’luz
sne effeets when prodnecd by lightniong 0 the property which g::th"uuﬂfii
shares with Jightniog, and not. 10 those uhwh it Jdocs not. Now thiy Dy
lxloun-“u{n.ml fomed to be the fact.  The galvanic experiment was Irlmi
with charges of very vavious degrees of strength ; and the more powerful the
chare, the shorter was fonnd to be the dnvation of viceadity, ad the mm;;; |
speady and rapid the patrefaction.  In the experiment in which the charge
wis strongest, and the mnseular ievitability most promptly destroyed, the
vigulity oniy tasted fifteen minates.  On the principle, llwu.{m'u-uf
Method of Concomitant Vaviations, it may be inferred that the tlnral
of the rigidity depends on the dclrw" of the ieritabibity ;. and that If
charvee b W been as much stronger thaa De, Brown. \vqu"ml strongest,
a stroke of lightuing mnst be ste ongeer than aoy electrie shoek \\||lc,
cant produce artitici: 1lh the rigidity would have heen shortened in 2 ¢ (
sponding ratio, aned Illl sht bhave disappeared altogether.  This conclusi
having beeu arcived at, the case of an clectrie shoek, whether mtur,_
artiticinl, beeomesx an instanee, in addition 10 all those mrc*ulv ascertiu
of t.mwnmmlum.o between the ivrit: thility of the wmnscle :iml tlio. darat
of rigidity. |
ANl these instances are sumimed up in the Iallomnﬂ' st..tlt‘nmnt" -‘*";-
wheo the desree of muscular irritabilivy at the time of death is consid
ble, cither in consequence of n good state of natrition, as in persons w
dic i in {ull biealth from an accidental canse, or in conseynence of re
cases ol p.walv.-.m or ou account of the influence of cold, cadaverie ri

amd 1mufru-a~u-e slowly ; hut ¥ that wllen the degree of musenlar
ce of o _i:
i i 4
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Joint Mcthod. Tor, as we have already seen, the defect of that Method s,
that like the Method of Agroement, of which it 1s only an improved form,
it gan not prove causation. But in the present case (us in one of the steps
in the argument which led up to it) causation is alveady proved ; siuce
there could never be auy doabt that the ricidity altogether, and the pntre-
faction which follows it, are canged by the fact of death : the observatious
and experiments on which this rests are too familiar to need analysis, and
fall wnder the Method of Difference. It being, therefore, beyond doubt
hat the agaresate antecedent, the death, 1s the actual cavsce of the whole
train of cousequents, whatever of the circamstances attending the death
ean be shown to be followed in all its variations by variations in the effect
under inyestication, must be the particulav feature of the fact of deuth on
which that effect depends. The degree of muscular nritability at the
time of death fulfills this condition. ‘L'be only point that ¢could be brought
into question, wonld be whether the effect depended on the irritability at-
slf, or on something which always accompanied the irntability : and this
doubt is get at rest by establishing, ag the instances do, that by whatever
eause the high or low ivvitability is produced, the eflect equally follows;
and ean not, therefore, depend npon the causes of wrvitability, nov vpon the
other effects of those causes, which are as various as the causes ihemwm-
selves, but upon the irritability, solely.

§ 5. The last two examples will have conveyed to auy oue by whom
they have been duly followed, so clear a conception of the use and practi-
eal management of three of the four methods of experimental inguiry, as
to supersede the necessity ol any further exemplification of them. The
remaining method, that of RResidues, not having found a piace iv any of
the preceding investigations, 1 shall quote from Sir John Ievschel some
exaniples of that metbod, with the remarks by which they are introduced.

«Tt is by this process, in fact, that science, 11 ils present advanced state,
is chicly promoted. Most of the phenomena which Nature presents ave
very complicated ; aud when the effects of all known causes are estimated
with exuactness, and snbducted, the vesidual facts are constantly appearing
in the form of phenomena altogether new, and leading to the wmost apor-
tant conclusions.

“Tor example: the retura of the comet predicted by Professor Eucke a
great many times in succession, and the generul good agrecment of its cal-
culated with its observed place during any one of its periods of visibihity,
would lead us to say that its gravitation toward the sun and planets is the
sole and suflicient cause of all the phenomena of its orbitual motion ; but
when the effect of this cause ig strictly caleulated and subducted from the
observed motion, there is found to remain behind a residual phenonenon,
“which would never have been otherwise ascertained to exist, which s a
~ small anticipation of the time of its re-appearance, or a diminution of its
 periodic time, which can not be accounted for by gravity, and whoge eansc
1% thercfore to be inquired into.  Such an auticipation wouald be cansed by
the resistance of a medium disscminated through the celestial regions,
- and a¢ there are other good reasons for believing this to be @ vera causa o
'(._;:u actually existing antecedent), “ it has therefore been aseribed to such a

resistance, * _
~ “M. Arago, having sngpended a magoetic needle by a silk thread, and sct
~ *In bis sabscquent work, Outlines of Astronomy (§ 570), Sir John Ilerschel suggests an-
~ othes pussible explauution of the accelaration of the vevolution of a comet.
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it in vibration, observed, that it ¢ame much sooner to a state of rest when
snspended over a plate of copper, than when no EI‘I‘(‘.]I plate was bencath it
Now, in Loth cases there were WWo 26ME COUSW (:1111{*.0@10::15 known ta
exist) “why it shoild come at length to vesr, Viz., the resistance of the air,
which opposes, and at fength destroys, all motions pevtormed mat; and the
want of perfeet woability in the silk thread.  But the effect of these canses
being exaetly known by the observation made m the n})&cnce of the cop.
per, aud being thus allowed for and subducted, n residual phenomenon
”l’|"':"'“'ir in the facu that a l'ctztl'llEng ll!ﬂuuu{_‘:e was exertaed b:,- the Coppt
iset 3 and this faet, once ascertuined, speedily Jed 10 the knowledge ol
m entirely new amd unexpected class of velattons.”  Thas exxple helongs,
hawever, ot to the Method of Restdues Lut 1o the Method of Diftevence,
the law beinge aseertained by a divect compavison of the results of two ex.
peviiments, whieh differed in nothing but the presence or :1\)5@11:_:0 of the
plate of copper.  To bhave made it exemplifly the Methad of Residnes, the
effect of the vesistance of the atr and that of the rigidity of the silk should
have been ealenlated « priord, from the laws obtaiued Ly separate and fore.
cone expermments, |
“ Mnexpected aud peeanliarly striking eonfirmations of nductive bwwe
h*uqm-nﬂ}- ageenr in the form of rvesidual phenomena, in the conrvse of .
vestieations of a widely different nawnre from those which gave rise to the
inductions themselves. A very clegant example mmay be cited in the nnex:
pected confirmation of the law of the development of heat in elastic Haids
by compression, which is afforded by the phenomena of zound.  The in.
qniry into the cause of sound had led w conchisions respecting its mode
of propagation, from which s veloeity m the air conld be preecisely cak
enlated.  ‘Phe ealenlavions were perforined 5 but, when compared  witk
fact, thongh the agreement was quite suflicient to show the general cor
rectness of the eanse and mode of propagation assigned, vet the whale ve
locity could not be shown to arise from this theovy. There was still &
residual veloeity 1o be acconnted for, which placed dynamical philosopher:
for a long time in great dilemma.  Ag lenuth Laplace struck on the happy
idea, that this might arvise from the Aeat developed i the act of that con
densation which necessarily takes place at every vibration by whieh sonnd
is conveved.  The matter was subjected (o exanst caleulation, and the result
wias at onee the eomplete explanation of the residual phenomenon, and &
striking confirmation of the general law of the development of heat by
compression, wider cirenmstances bevond artificial imitation.”
“Many of the new clements of chemistry have been detected in the
investication of residual phenomena.  Thns Arfwedson discovered hithiz
by pereciving an excess of weight in the sulphate produced from a small
portion of what he considered as magnesia preseut in a mineral he had an-
atyzed. Tt is on this prineiple, too, that the smatl concentrated residues ol
great operations in the arts are almost sore 10 be the lurking-places of new
chemieal ingredients: witness wodine, brome, selentnm, and the new metals
accompanying platina in the experiments of Wollaston and Tennant. Tt
was a happy thought of Glauber to examine what every body else threw
away.r L i | e
~ «Alwost all the greatest discoveries in Astronomy,” save the same an.
thor,t “have resulted from the consideration of residual phenomena of a
~ quantitative or numerical kind.. ... It was thus that the grand discovery

* Discourse, pp. 156-%, and 171. ! Owtlines of Astvnomy, § <o,
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of the precession of the equinoxes resulted as a residual phenomenon, from
the imperfect explanation of the return of the scasons by the return of the
qn 10 the same apparent place among the fixed stars. Thus, also, aberra-
tion ant putation resulted as residual phenomena from that portion of the
changes of the apparent places of the fixed stavs which was left unaccounted
for by precesston. And thus again the apparent proper motions of the stavs
arc the observed residues of their apparent movements ontstanding and
anaccounted for by strict ealculation of the effects of precession, nutation,
and aberration.  The neavest approach which hwinan theories can make to
perfection 1s to diminish this vesidae, this coprt mortuum of observation,
ag it may be considered, as much as practieable, and, if possible, to reduce
it to nothing, either by showing that comething has been negleeted o our
ostimation of known causes, ov by reasoning upon it us a new fact, and ou
the prineiple of thie inductive philosophy ascending from the cffcct to its
cause o1 eauses.”

The disturbing cffects mutuully produeed by the carth and planets npon
cach other’s motions were first brought to hight as residnal phenomena, by the
differenee which appeared between the observed places of those bodies, and
the places caleulated on @ consideration solely ot their gravitation toward the
am. It was this which determined astronomers to consider the law of gravi-
tation as obtaining between all bodies whatever, and therefore between all
particles of matter; their first tendency having been to regard 1t as a fovee
acting only between cach plapet or satellite and the central body to whoze
system it belonged.  Again, the catastrophists, in geology, be their opinion
right or wrong, snpport it on the pleq, that after the cffeet of all canses now
in operation has been allowed for, there remains in the existing constitu-
tion of the carth o large residue of facts, proving the existence at former
periods cither of other forces, ov of the same forces in a much greater de-
gree of intensity. To add onc more cxample: those who assert, what no
one has shown any real ground for believing, that there is in oue human
individual, one sex, or oue race of mankind over another, an inlicrent and
inexplicable superiority in mental faculties, could only substantiate theix
proposition by subtracting from the differences of intellect which we in
fact see, all that can be traced by known laws either to the ascertained
difterences of physical organization, or to the differences which have ex-
isted in the oulward cirenmstances iu which the snbjeets of the comparison
have hitherto been placed. YWhat these eauses might fail to account for
would constitnte a residual phenomenon, which and which alone would be
evidence of an ulterior originul distinction, and the measure of its amount,
But the asserters of such supposed differences have not provided them-
selves with these necessary logical conditions of the establishment of thetr
doctrine.

The spirit of the Method of Residues being, it is hoped, sufliciently in-
telligible from these examples, and the other three methods having alveady
been so fully exemplificd, we may here close our exposition of the four
methods, considered as employed in the investigation of the simpler and
more elementary order of the combinations of phenomena.

§ 6 Dr. Whewell has expressed a very unfavorable opinion of the utili-

1y of the Four Mecthods, as well as of the aptness of the examples by which
-_I-'h“"’_' attempted to illustrate them. IIis words are these :*

« Philosophy of Discovery, pp. 263, 264.
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« 1"pon these mcthods, the obvions thing to remark is, that they take fo
eranted the very thing which is most dithicutt to discover, the reducetion of
the phenomena to formuke such as are heve presented 1o us.  \Y hen we
have any set of complex faets offcred 1o us; for instance, those wlich were
offered in the cuses of discovery which T have mentioned—the {aets of the
planetary paths, of falling bodies, of refracted rays, of cosmical motions, of
chetmienl analysis: and when, in any of these eases, we wonld discover the
liw of natare which coverns them, ov, if any one chooses s0 to term iy, the
feature o which all the cases agree, where are we 1o look for onr .\, U,C-,
and ¢, b, 02 Nature does not present to us the cases in this form; and
how are woe to reduce them to this form?  Yon say when we bnd the com
bination of A13C with ¢ e and A D D with « &, then we may draw our
inference.  Granted; but whea and where are we to find such combina-
Sotis?  Iven now that the dizcoveries are made, who will point oul 1o us
what we the A, B, C, and o, &, e, clements of the cases whieh have just been
cnnmerated 2 Who will tell ug which of the methods of inguiry these
histovieally reat and snceessful inguiries exemplify ?  Who will carry these
formulie throneh the lustory of the sciougees, as they have veally grown up,
and show ns thae these fonr methads have been operative in their formi.
tiotr; or that WY H;_{'hL 18 thrown HpPaK the Leps of ther Progress 1)}' refer-
enee Lo these formulke 77

He adds that, in this work, the methods have not been appliedd “to a
larae bady of conspicuons and andonbted ex:mples of discovery, extendiug
along the whole history of scivnee;” which onght to have Leen done in or-
Jer thay the methods might be showu to possess the ™ advantaee” (which
he claims as belongiug Lo his own) of being those * by which all great dis-
coveries in setence have really been made.”—(1%. 277.)

There is nstriking similarity Letween the objeetions here made aguinst
Canons of Tnduction, and what was alleged, in the last centary, by ax able
wren as Dr. Whewell, against Uw acknowledged Canon of Ratiocination.

- -

Thote who protested against the Avistotelian Logic said of the Svllogism,
what Dy. Whewell says of the Toduetive Methods, that it “ takes for grant-
¢ the very thing whieh is most diflicalt to discover, the rednetion of the
avaument 1o formula such as are here presented to us.”  The grand dith

culty, they said, is to obtain your syllogism, vot to judge ot its correctness

when obtained,  On the mauer of fact, both they and Dr. Whewelt are
tight.  The ereatest difficolty in both cases is, first, that of obtaining th
evidence, and next, of veducing it to the form which tests tts conclusive
ness. Butif we try to vedaee 1t without knowing whut it is to be reduce
to, we are not likely to muke much progress. It is 4 more difiicnlt thing
to solve a geonactrieal problem, than to judge whether a proposed solation
i corveet : but if people were not able 1o jwlze of the solation when fonud,
they would have littde chanee of finding it, And it can not be pretewd
that to judge of an ndnction when fonnd is perfeetly easy, is it thing
}rl_air.:h auls and mstrments are superfinous; tor CITON CONS 'it-;dliv.timrs,i:l
inferences from experience; are quite as connon, on sowe subjeets mu
commaoner than true ones.  The business of Tudnctive Logic is to provide
rnles and models (such as the Svlloaicm and its rules are tor ratiocination)
ta which i indnctive arguments couform, those arguments are conclust

and not otherwise.  This is whut the Fonr Methods profess to be, and
- what I helieve they are aniversally considered to be Ly expevimental
‘*:.l-"'&ff“l"l”:'?; sewho el practiced st of theom b hefore any cme sobebt G
dee the practiee to theory . il S |

i
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The assailants of the Syllogism bad also anticipated Dr. Whewell in the
other branch of his argument. They said that no cliscoveries were ever
aade by syllogism; and De. Whewell says, or seems 10 say, that nonc were
over made by the Fouv Methods of Induction. To the former objectors,
Avchbishop MWhately very pertinently answered, that theiv argument,
aood b all, wis good against the reasoning process altogether; for what.
aver can not be reduced to syllogism, is not rcasoning. And Dr. Whewell's
argument, if good at all, is vood against all iuferences from experience. In
saying that no discoverics weve ever made by the Ifour Methods, he afhirms
that none were ever made by observation and experiment ; forr assuredly 1f
anv were, it was by processes reducible to onc or other of thos¢ methods.

'Phis difference between us accounts for the dissatisfaction which my ex-
amples oive hum for I d‘id not sclect them with a view to satisiy any onc
who required to be convinced thuat observation and experiment are modes
of acquiving knowledge: I confess that in the choice of them I thought
only of illustration, and of facihtuting the conception of the Methods by
coucrete mstances.  Jf it had been my objeet to justify the processes thein-
«olves as means of investigation, there wounld have been no need to look
far off, or make usc of recondite or complicated nstances. As a2 specimen
of u truth ascertained by the Method of Agreewent, I might have choseu
the proposition, “ Dogs bark.” This dog, and that dog, and the other dog,
amswer to ABC,ADEAT G The circumistance of being a dog an-
swers to . Barking answers to «.  Ax a trath made known by the Meth-
od of Difference, “ Fire burns” mizht have sufliced. Before [ touch the
fire I am vot burned ; this is I3 C: I touch it, and am burned ; this is A U
Gnb O

Such familiar experimental processes sre not regarded as indactions by
De. Whewell ; but they arve perfectly homogencouns with those by whieh,
even on his own showing, the pyeamid of scienee is supplied with its base.
In vain he attempts to ¢scape from this coneclusion by laying the most ar-
bitrary restrictions on the choice of examples admissible as instances of
Induction : they must neither be such as are still matter of discussion
(p. 265), nor must any of them be drawn from mental and social subjects
ar. 269). nor from ovdinary observation and practieal life (pp. 241-247).
They must be taken exclasively from the generalizations by which scientitic
thinkers have ascended to great and comprehensive laws of natural phe-
nomena. Now it is scldom possible, in these complicated imquiries, to go
mueh heyond the initial steps, without ealling in the instrament of Dedne-
tion, :nd the temporary aid of hypothesis; as T wyself, in commeon with
De. Whewell, have maintained against the purcely empirienl school.  Since,
therefore, such cases could not conveniently be sclected to illustrate the

principles of mere observation and experiment, Dr. Whewell is mixled by
their absence into representing the Fxperimental Methods us serving no

purpose in scientific investigation; forgetting that if those methods hudl

not supplied the first generalizations, there would have been no materials
for his own conception of Induction to work npon.
s challenge, however, to point out which of the four methods are exem-

Ehﬁcd in certain important cases of scientific ivgniry, is easily avswered.

The plunctary paths,” as far as they are a case of induetion at all,™ fall

under the Methol of Agreement. The law-of “falling bodics,” namely,

- . th .
2l - ¥
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“11(!} describe spaces proportional to the squares of the tines, was his-
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torieally a deduction from the first law of motion ; but the experiments by
which it wus veritied, and by which it might have been discovered, Werg
examples of the Method of Acrcement; and the appavent variauon from
the true law. caused by the resistanee of the air, was cleared up by experi.
Wents i1 rucro, CONSLLUIING an apphication of the Method of IIilference,
‘The law of * refeacted rays ” (the constancy of the ratio hetween the sues
of incidence amd of refracton for each refracting substanee) was asecriaingd
by direct measnrement, anul thevefore by thie Method ot Agreement. Thy
weastieal motions . were determined by highly complex jnwocesses of
thouclh, 1 which Peduction wias prcﬂmuinmal, but the Methods of _;\grm-.
Sent and of Conempitmt Varistions had a Jarge part establishinge the
cmpirieal laws. Every case withont exception of © chiemical analysis” eon.
ditutes a well-marked example of the Method ol Difference.  To any one
acquainted with the suljjects —to Dr. Whewell imsell, theve woulkd not be
e smaliest dithienlty in setupg ont Cahe A DG and abe clenents” ol
these vases.

1§ discoveries are ever made by observation and experiment without De-
diction. the four methods are methods of dixcovery : but even it they were
not methods of dhiscovery it » onld not Le the less true that they ave 1the
<ole wetiods of Proof ; and in that character, even the results of dednelion
are amenable to them.  The great zeneralizations whicl begio as 1ypo-
theses, st end by being proved, and are reality (as will be showy
hereaftee) proved, by the Four Methads.  Now it is with Proof, as suely
that Lowic is prineipally concerned. Thas distinetion has indeed no chauce
of tianding favor with Dre. Whewell; for it is the peculiavity of his system,
Lol o :‘et'lJ'__{‘l]i?.u, i cases of I]ul:lct'mn, any HL!L','v;;:-:i{.}' for pmnf. If,nfmﬂ
NEKONUDS AN ]t‘\'p{jlh(‘:ii.'i aned earvefolly collataing 1t with facte, nothing s
Lrausht 1o lieht inconsistent withi i, tht s, caperience does nol disprove
i, hie is content: at least nntit o simpler hypothesis, equally consistent with
experience, presents itsell. T this be [ndnetion, doubiless there 1s no ne-
cossity for the four methads,  Bul to suppose (hat it 18 0, appPears 1 ome a
eaddical aiseonception of the natove of the evidence of physteal triths,

=0 real aml practical is the need of a west for induction, similar to the
svilosisue test of ravociaiion, Oint. inforences which bid defianee to the
moust climentary uotions of induetive logic are put forth without Mmisgiv-
g by perssms eminent in physical seivnee, 28 800N a8 they are off the
cronwl on which they are conversant with the facts, and not redueed to
jinlge only by the avewments; woud as for edueated pecsons in ceneral, it
wmay be doubtel if they are better judges of o cood or a bad induction
than they weve before Bacon wrote,  FPhe imprﬁ\'mncnl; in the results of
thinking has scldom extended to the processes; or lias reached, if any proc.
¢sx, 1that of investigation only, not that of proof. A knewledze of many
laws of natnre has doubtless been avvived at, by framing hiypotheses and
- finding that the facts corresponded 1o them and miny errors have been

wot vid of by coming to a knowledge of facts which were inconsistent with

them, but not by diseovering thae the mode of wthonght which led o the

- - -

virors was itself fanley; and might have been known to be sach imndepend-
cntly of the facts which disproved the specifie conclusion,  ence it is,
that while the thonehts of mankind have on many subjects worked thew-
selves practieally right, the thinking power remains as weak as evee: and
wit nll snbjeets on whieh the factk whieh wonld check the vesnlt ave not ae

concatinee, as i What relsites 1o e dgvisibie werkd, aned even, as hios ban

b | I;ﬂﬂ's‘ “.’ the ri-g-"-lli..,lt; 1\ 'uﬂ‘ll'l uf rhﬂ'- I’l“ﬂ“i--ﬂ'}‘ 1‘l‘giilﬁ“} ) ”-: L £ *':l't:ﬁa"%‘%
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ost seientific acqnivements argue as piviably as the merest ignoraisus.  For
though they have made many sound inductions, they have not learned fromn
iem (and Dr. Whewell thinks there is no necessity that they should learn)
the priuciples of inductive evidence.

CITAIPTEIR X,
OF PLURALITY OF CAUSWS, AND OF THE INTERMIXTURE OF EFFECTS.

¢ 1. Ix the preceding exposition of the four mcthods of observation
al experient, by which we contrive 1o distingmish among a mass of co-
existent phenomena the particular effect due to a given cause, or the par-
tienlay cause which gave birth to a given ctfect, iL has been uccessuyy to
suppose, in the first instance, for the sake of shmplification, that ttus una-
lytical operation is encumbered by no other diftienltics than what ave essen-
tially inherent in its nature; and to represent to ourselves, therefore, every
effect, on the ouc hand as connected exclusively with a single cause, and
on the other hand as incapable of being mixed aud confouuded with any
other co-existent cffect. We have regavded @ bede, the agovegate of
the phenomena existing at any moment, as consisting of dissimilar facts,
a,b, ¢, d, and ¢, for cach of which one, and only one, cause needs be sought;
the difficulty Leing only that of sigling out this one cause from the mul-
titude of antecedent civenmstances, A,B,C,D, and E. The cause indeed
mayv not be simple; it may consist of un assemblage of conditions; but we
have supposed that there was ooly one possible assembluge of conditions
from which the given effect could resnli.
1f such were the fact, it wonld be comparatively an casy task to investi-

gate the laws of naturc. But the supposition does unot hold in cither of
ils parts. In the fivst place, it is not true that the sime phenomenon is
always produced by the sume cause: the effect ¢ may sometines arise
from A, sometimes from B. Ard, seccoudly, the effects of different cianses
are often not dissumilar, but homogencous, and marked out by no assign-
able boundarvies from oune another: A and B may produee not @ and b, but
different portions of an effect @ The obsenrity and difliculty of the inves-
tigation of the laws of phenomena is singularly increased by the nccessi-
ty of adverting to these two civcumstances: Intermixtnre of Effects, and
Plurality of Causes. ‘Lo the latter, being the simpler of the two considera-
tions, we shall first direct our attention.
It 13 not true, then, that one effect munst be vounceted with only one
cause, or assemblage of conditions; that each phenomenon can bhe pro-
duced only in one way. There are often several independent modes in
- which the same phenomenon eonld have oviginated. Onc Iact may be the
‘tonsequent in several invariable sequences; it may follow, with equal uni-
Movmity, any one of several antecedents, or collections of autecedents.
Many causes may produce mechanical motion; many causes may produce
 some kiuds of sensation; many causes may produce death, A given effect
- may really be produced by a certain cause, and yet be perfeetly capable of
~ being prnducc(li without it.

| § '2".";;_'-:0111_: of the principal consequences of this fact of Plarahity of Canses
33, to render the first of the inductive methods, that of Agreement, nncer-
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tain.  To llustrate that method, we snpposed two instances, A B C folloyw-
ed by «be,and A D} followed by ade. From these instances 1t mighg
alxpuvnth l)L concluded that A 13 an invariable antecedent of a, and eveny
it it s the uoconditional invarmble antecedent, or cause, it we could be
arre that there is no other antecedent conmmon 10 llwm o cases.  T'hat tlns
dithenlty may nol stand i the way, let us suppose the two cases positive.
- gccortained 1o have no antecee lunl i CoNInon oxeept A -The moment,
lmu- wvoer, that we let in the lu.?*w-lhtllh of a plueality of canses, the tOIlc]u |
Jon fai's.  Lor it involves A tieit supposition, that « must hav ¢ been pros
Jueed in Loth instanees by the game cause. [f there ean possibly have
been two eauses; those (wo iy, for example, be € and 16 the owve mny
hiave Leen the L“IIIHL, of « tn the former of the stancees, the other in the
Iatter, AN having no influence mn erther casc. ”
Suppose, for example, that two ereat artists or great philosophers, that
two extretnely sethish oe extremely generoas Lh.u.actmn were computred
tocether as to the clreuamstanees of their education and history, and the
two eases were fonnd 1o ageee only in one eirctmmstance: woukl it follow
that this one eircummstance was the cause of the (]Il‘lll[\' which character I.(,C'll;f
both those individuals?  Nou at all; for the eanses which may produce
anyv 1vpe of character are very wmncrous; and the two persons night
cqually have agreed in their character, thongh there had been no mucr,;
of rexemblance 1o therr previous history.
This, therefore, is o chwracteristie imperfeetion of the Methal of ;\”we-sﬁ_
ment, from which imperlection the Method of Difference is free. lur if8
we hive two mstanees, A B Cand B C, of wihneh B3 C TIVeS be,and A bLlIlfié
added converts it iato o O e, il s certain that i thas istapee at least, A\ w w
cither the cause of ¢/, OF au mdl‘-\pvumlbh‘ }lOlthn of i1s Case, eyven 111011"'11@-'1';:_
the cause which pmdupm tt o other imstances may be "Iltﬂ”‘cthel' diillerent,
Plurality of Causes, therefore, not only does not diminish the relianee du
to the Method of l)aﬁorcncv hut «does not even render a greater nuinbe
ot vbrervations or experiments necessary: {wo tustnices, the ono posity
and the other negative, are still sullicient for the most vonnplotv and rigol
ons induction. Not no hawever, with the Method of Agecoment. “The
conclusiong which that xmldx W ]wu the number of instances comp'ucd
small, e of no real value, oxccpt as, in the character of suggestions, tllu\"’
may el cither to experiments lmn:rnm them to the test of the \lcllmd
of Diffwr rence, O 1o reasonIngs which m*w explain and verify them l|" Lf
ductively. 3
[t is only when the instances, homn- indefinitely multiplied and
continug ll) Sugrest the same It.*\ll]l l.h:ll this lc'iu{t. wqmws any ]ll"‘ll J
aree of mdvpemlunb value. If thcm are but two instances, ABC and »
AD E, though these instanees have no antecedent in common except A, ver
as the L'ffvct may possibly have been produced in the two cases by dlﬁr=
ent eanves; the result is at most only a shieht probability in favor of .\
there may “be cansation, hut it is almost equ.tlh' probable that there “d*
only a coincidenec, But the oftener we re epeat the observation, varying
the civeumstances, the more we advanee toward a solution of this doubt,
For if we by A VG, AU K, ete., all ualike one another e except in contai
ing the cirenmstance A, and it we find 1he effect « entering into the re ry
anlt in all thexe cases, we must suppose ane of two thingas, eivher that i ;
canseld h\‘ ALor that 1t has ax many different CHUSCR 9% lhui‘* aAre istInees,
_“ hh l‘”'l‘ h .Hldl'lﬂ!l #!IH'I' 1. er, 10 thc number o lun"ﬂu‘"a llw pl- *-mm |
o i m w:hhzi- il m r.\wr uf \ 'I‘hﬂ- lnqtm'--r- nf mm: s, W 1H ot ey
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lect, if an opportunity present itself, to exclude A from some onc of thesc
combinations, from A H K for instance, and by tryine TUI separately, ap-
oal to the AMethod of Difference in aid of the Method of Agrcement. By
the Method of .Diﬁm:cuc.e alone can it be ascertained that A 1s the canse
of a; but that it is cither the cause, or another effect of the same cause,
may be placed beyond any veasonable doubt by the Method of Agreement,
sovided the tustances are very numerous as well as sufliciently varous.
After how great a multiplication, then, of varied iustanees, all agrecing
in no other antecedent except 4\, is the supposition of a plarality of causes
sufficiently rebutted, and the conclusion that @ is connceted with A divest
od of the chavactevistic imperfection, and rednced to a virtual certainty ?
I'his is & question which we can not be exempted from answering: bat
the consideration of 1t belonga to what 1w culled the Theory of Probability,
which will form the subjeet of a chapter hereafter. Tt is seen, however, at
anee, that the conclusion does amount to a practical certawty alter a sufh-
cient number of instances, and that the method, theretore, is not radically
vitiated by the characteristic mnperfection.  The resnlt of these considera-
tions is only, in the fivst place, to point out a new source of inferiority in
the Method of Agrcement as compared with other modes of investigation,
and new rcasons for never resting coutented with the results obtamined by
it, without attempting to confirm them either by the Method of Dulerence,
or by connceting them deduetively with some law or laws already ascer-
tained by that superiov method. Aud, in the second place, we learn from
this the trne theory of the value of mere number of instances in inductive
inquiry. The Plurality of Cuauses is the only reasou why mere number 13
of any importance. The téndeney of unscientific inguirets is to rely too
much on number, without aualyzing the instances; without looking closely
enough into their nature 10 ascertain what civcumstances are or are not
eliminated by means of them. Most people hold their conclusions with a
degree of assurance proportioued to the mere mass of the experience on
which they appear to rest; not considering that by the addition ot in-
stances to wstances, all of the same kind, that is, differiug from one another
only in points alveady vecognized as immaterial, nothing whatever is add-
ed to the evidence of the conclusion. A single instance climinating some
antecedent which cxisted in all the other cases, is of more value than the
reatest multitnde of instances which are reckoned by their number alone.
L i§ necessary, no doubt, to assure onrselves, by repetition of the ohserva-
tion or experiment, that no evror lias been committed concerning the indi-
vidual facts observed ; and until we have assured ourselves ot this, instead
of varying the cirenmstances, we can not too scrupulously repeat the same
experiment or obscrvation without any change, But when once this as-
surance has been obtained, the multiplication of instances which do not ex-
elade any more civcumstances is entiely useless, provided there have beeu
already enongh 10 exclude the supposition of Plurality of Canses.
It is of importance to rewark, that the pecnliar modifieation of the
- Method of Agrcement, which, as partaking in some degree of the natwre
ﬂg*ﬁﬁlﬁﬁlcthofl of Difference, T have called the Joint Method of Agrecment
and Difference, is not affectel by the characteristic imperfeetion now
ited out.  Mor, in the joint method, it is supposed not only that the iu-
slances in which « is, agree only in containing A, but alse that the -
ances in which @ i wot, agree only in not coutaining A, Now, if this be
. m,be not only: the eanse of u‘,ht:l-l, the r-nl_f : 1—);.1&‘3“)10 cause; for if
there were another, as for example B, then in the instances in whieh @ 13
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not, I3 must have been abscent as well as L\, aml it wonld not be true that
these instances agree onfly i not containing A, This, therelore, consti.
tutes an inunense advantage of the joiot method over the simple Method
of Agreement. It may scem, tleed, that the advantage does not belouy
<o much to the jotntnethod, as to one uf 1ts two premases (if they may be
so called), the negative premise.  The Method of Agreement, when applied
to neeative instances, or those in which a phenomenon does a6t take place,
is cortainly free from the vharneteristic rnperfection which affeets it in the
afficiative ease.  The uvegative premise, it might therefore be supposed,
conld be worked as a sunple ease of the Method of Agrecment, withont re
priving an athrmative premise to be joined \rith~ it. Dot thongb this ig
trag o priveiple, 1t s genevully altogether impossible to work the Method
of Aercement by nezative wstances without positive oncs; 1L s so muel
more difienlt 1o exbuausy the field of necation than that of affirmation.
For instaneg, lev the gquestion he what is the canse of the transpareney of
bodies; with what prospect of snceess could we sct ourselves to mquue

divectly ju what the mualtilarions substancees which arce aot transparent

neree”  Buy we miglit hope much soouer to scize some point of resem.

blance among the comparatively few and definite species of objects which
are transparent; and this being attained, we should quite naturally be put

npon examining whether the «bsence of this one cirewmustinee be not pre-

¢isely the point in which all opaque snbstanees will be found to resemble.

1he Joint Method of Agreement and Difference, therefore, or as [ huve

othevwise called i, the Indirect Method of Dilference (becanse, ltke the

Mothod of Difference properly so-called, it proceeds by ascertmming how and
in what the ¢ases where the phenomenon is present differ frow those in which

it is absent) is, after the Direet Method of Difference, the most powerful
of the remaining instruments ot induetive investigation: and in the seicoces
which depend on pure obscrvation, with little or no aid from experiment,

this method, so well exemplified 1o the speenlation on the eanse of dew, is

the primary resouree, so far as direct appeals to experience arc concerned,

........

& 4. We have thns fur treated Plarality of Canses only as 2 possible sup.
position, which, until removed, renders our inductions nueertaing and have
onlv considered by what means, where the plorality does not really exist,
we may he enabled to disprove it,  But we mnst also consider it as a case
actually oceurring in natare, and which, as often as it does ocenr, ony
methods of induction onahit to be capable of ascertaining and cstablishing.
For this, however, there is regnived no peculiar method.  When an effect
is renlly producible by two or move canses, the process for detecting them
i< i no way different from that by which we discover single cinses,  They
may (first) be discovered as separate scqnences, by separate sets of -
stauces,  One set of observations or experimenty shows that the sun is a
cauxe of heat, nuother that friction is a soucee of it, another that perens-
ston, another that electricity, another that chemical action is such a source,
Oy (seeondly) the plavality may come to light in the course of collating
number of justances, when we attempt 1o find some eircrmstance in which
thev all acvee, and fail in doing so.  We find it impossible to Lraee, in all =
the caxes in whiteh the effeet is met with, auy conumon civenmstance,  We
find that we ean climinate al the antecedents; that no one of them s
present in all the instanees, ne one of them indispensable 1o the effeet.
O el sct"l:ttin}‘.,ll'm‘ttt'i*!', i dAppears that lhml;__;h no one 1= :_lh\"i-:_l}'ﬁ I'l"‘_h-"
ent,one or other of several miwavs as, 11 ou turther anaivsix, we can de- f’:
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teet in these any cowmmon clement, we may be able to ascend from them
to some ane canse which ix the really operative circumstance in them all.
Thus it is now thought that 1n the production of heut by friction, percus-
sion, chemical action, ete., the nlumate source is onc and the same.  But if
(as continually happens) we can uot take this ulterior step, the diffevent
atecedents must be set down yrovisionally as distinet causcs, cach sulli-
siont of itsclf to produce the eftect.

We here close our remarks on the Plarality of Canses, and pracced to
the still more peculiar and more complex case of the Intermixture of Ef-
fects, and the interference of canses with onc anotber: a case constitnting
(he principal pavt of the complication and difticulty of the study of naturve;
and with which the four only possible methods of directly inductive inyes-
tigation by observation and experiment, awe, for the most part, as will ap-
l’E“r preseutly, qnite uucqu:\l Lo CGl‘JC. Tllo mstrument 0[ 1 e(]ncti:_}u alone
is adequate to unravel the complexities procceding [rom this source; and
the fomr methods bave little more in thetr power than to sapply preniises
for, and a verification of, our dednetions.

8 4. A concurrence of two or more causes, not separately prodncing each
its own effect, but interfering with or modifying the effects of one anoth-
er, takes place, as has already DLeen explained in two different ways. In
the oue, which is exemplified by the joint operation of.different forces iu
mechanics, the separate effects of all the causes continue to be produced,
but ave compounded with one another, and disappear in one mtn{. {n the
other, illustrated by the case of chemical action, the separate effects cease
entirely, and are succeeded by phenowena altogether different, and govern-
ed by different laws.

Of these cases the former is by far the more frequent, and this case it 1s
which, for the most part, cludes the grasp of our experiniental methods.
The other and exceptional case is essentially amenable to them. VWhen the
luws of the oviginal agents cease entively, and & phenomenon makes its
appearance, which, with reference to those laws, is quite heterogenucous;
when, for example, two guscous snbstances, hydrogen and oxygen, on. he-
ing brought togetlier, throw ofl their peculiar propertics, aud produce the
substance called water; in such cascs the new fuct may be subjected to
experimental inquiry, like any other phenomenon ; and the clements whicl
are said to composce it ay be considered as the mere agents of 1ts pro-
duction—the conditions on which it depends, the facts which make up 1ty
canse.

The effects of the new phenomenon, the gnoperties of water, for instance,
are as easily found by experiment as the effects of any other cauge.  but
o discover the cause of it, that is, the particular conjunction of agents
frow which it vesulty, is often difficult enough.  Tu the first place, the ori-
gin aad actual production of the phenomenon e most frequently mucces-
sible to our observation. If we conld not have learned the composition of
water until we found instances in which it was actually produced from
oxygen and hydrogen, we should have becn forced 1o wait nntil the easaal
thought strack some one of passing an cleetrie spark through a mixture
ﬁf‘ﬁ-!-l'l_c two gases, or ipserting i lighted taper into it, merely to try whit
would happen. Besides, mauy snbstances, though they can be analyzed,
e ot by any known artificial means bo vecompounded.  IFurther, even
j_‘.-";i:':“‘_'E_--j_(_-'onld have ascertained, by the Method of Agreement, that axygen
and hydeogen were both present when water is produced. no experinienta
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tion ou oxyaen and hydrooen separately, no knowledge of their laws, could
have enabled us deduetively to infer that they would produce water.  We
require i speeific experiment on the two combuned.

Unider these difficnlties, we shonld generally bave bheen indebted for onr
]-:lu'm'lcdg‘e nf the ¢iauses of this class of Cffl."L‘LF-_. 1ot to ml_}‘ int[uir}‘ tlil‘(ml_.
ol .‘-‘-puci'ticnll_\' toward that cud, but either wo aceident, or to the eradual
Prowress ot L-xpurinu-umliun on the different combiations of which the

producing agents are sasceptible; if 1t were not for a peculiaity Lelonging :

to cffccts of this deseription, that they often, under some particular conl-

bination of ciremmstances, reproduce thewr cavses. I water vesalts from
the juxtaposition of hydrogeit mud oxygen wheoever this ean be made sufs
ficiently close and intimate, so, on the other hand, f water itself be placed
e certain sitnations, hvdrogen and oxyvigen uare reproduced from v an

abrupt termination is put to the new ks, and the agents re-appear sepa.

rately with their own properties as at first,  What is called ehemieal anal-

vais 18 Lhe process of searching for the causes of a phenomenon among its

effeets, or vather amont the eflects produced by the action of some other

CANSCS 11POY) i,

Lavoisier, by heating mereary to a ligh temperature in a close vessel

containing air, found that the mercury inereased in weight, mud beceame

what was then ealled red precipitate, while the airy ou betng exmumined

after the experiment, proved to bave lost weight, and to have hecome in-
capable of supparting life or combustion.  When red precipitate was ex-
poscd te a still ereater heat, it beeame mervenry agamy, and gave off a gos
which did support life and Hame, Thus the agents which by their com-

Lination produced red precipitate, namely, the mereury and the gas, ve-
appear as effeets resolting from that preciptate when acted upon by heat.
So, if we decompose water by means of wrou filings, we prodnce two effeets,
rost and livdrogen,  Now rust s aleeady known, by expertments npon the

component substanees, to be an effeet of the mion of iron and oxyagen:

the tron we ourselves supphed, bat the oxveen must have been produeed

trom the water.  The resnlt; thevefore, ix that water has disappeared, and
hydrogen and oxyeen have appeared moils stead ; or, in other words, the
orighal Taws of these gaseons agents, which had been suspended Ly the

superinduction of the new laws ealled the properties of water, have again

stavted into existenee, aud the causes of water wre fonnd among its cfteets,

Where two phenomena, between the laws or properties of which, con-
stdered i themselyes, no connection can Le traced, are thns reeiproeally
cause and eftect, each eapable in its tarn of being produced from the oth-
er, aml each, when it produees the othier, ceasing itself Lo exist (as water
s produced from uxygen and hydrowcen, and 0!{“_\‘;{('1! and hydrogen are re- -
prodoced from water); this cansation of the two Jphenomena hy one un-
other, cach being generated by the other's destruction, is properly traus.
formation.  The wdea of chemieal composition 1s an idea of transformation,
but of a transformation which is incomplete; sinee we consider the oxy-
gen and hydrogen to be present in the water as oxvgen and hvdrogen, amd
capable of being discovered in it if onr senses were sutliciontly hecon: a0
suppositton (for it 1s no more) wronnded solely on the fact that the weieht
of the water 1s the snm of the separate weights of the two ineredients.  1f
there had not been thix exception 1o the entive disappenranee, in the com-

pound. of thie Inws of tie separate ingredients; if the combined acents had
!fr-ti.{m_lh-u e !-::-.-n--ulnr "} \-\;i-i;‘.:’hfr]1':*131-:.*1'1"'(74 Fiede own '1:1“’5, ] S “1'_’"*:‘:’:]

ca it yesndi eqaal to the s of their soparate resalts; we shoald veyver,
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probﬂbl}': have had the notion now nmplied by the words chemiceal compo.
sition; and, in the facts of water produced from hydrogen and oxygen,
and hydrogen and oxygen produced from water, as the transformation
vould have been complete, we should have scen only a teansformation.

To these cascs, where the beteropathic cffect (as we called it in a former
chapter)® is but a trausformation of its cause, or in other words, where
the cffcet and its cause ave reciprocally such, and mntually convertible into
aach other; the problem of finding the cause resolves itsell iuto the far
easier one of {finding an cffect, which i1s the kind of inquiry that admits of
being prosecuted by dircpt exyerimcut. Frut there wre other casces of
heteropathic cffcets to which this mode of investigation is not applicable.
‘Take, for instance, the hetervopathic laws of mind ; that portion of tho phe-
romena of our meutal nature which are analogous to chemical rather than
to dynumical phenomena; as when a complex passion i1s formed by the co-
alition of scveral elementary inmipulses, o a complex emotion by several
simple pleaswres or pains, of which 1t is t]ue result without being the ag-
gregate, or in any respect homogeneous with them. T'be product, in these
¢a9es, 18 generated by 1ts varous factors; but the factors can not be re-
produced from the product; just as a youth c¢an grow mmto an old man,
but an old man can not grow nto a youth. TWe can not ascertain from
what simple feelings any of our complex states of mind are generated, as
we ascortain the ingredients of a chemical compound, by making it, in i1ts
twn, gencrate thom.  We ean only, therefore, discover these laws by the
glow process of studying the simple feelings themselves, and ascertalnmg
synthetieally, by experimenting on the vavions combinations of which they
are susceptible, what they, by their mutual action npop one unother, are

capable of generating,

§ 5. It might have Leen supposed that the other, and appavently simpler
variety of the mutual inteiference of causes, where cach cause continues
to produce its own proper effect according to the same laws to which 1t
conforms in ite sepavate state, would have presented fewer difticulties to
the inductive inquiver thau that of which we have just fivished the consid-
cration. It presents, Lowever, so far as direet induction apart from de-
duction is concerned, infinitely greater diffieultics. When a concnrrence
of canses gives risc to a ncw cffeet, bearing no relation to the separate
cffcets of those causes, the resulting phenomenon stands forth undisgnised,
inviting attention to its peculiarity, and presenting no obstacle to our rec-
ognizing its presence or abscnce among any nuinbcet of surrounding phe-
nomena. It admits, thervefore, of being easily brought wuder the canous ot
Induction, provided instances can be obtained such as those canons requive;;
and the non-occurrence of such instances, or the want of means io pro-
duce them avtificially, is the real and only difficulty in such investigations;
a difficulty ot logical but in some sort physieal. It is otherwise with eascs
of what, in a preceding chapter, has been denominated the Composition of
Causcs. There, the cffects of the separate canses do not terminate and give
place to others, therehy ceasing to form any part of the phcnomenon to be
investigated ; on the contrary, they still take place, but are intermingled
with, and disguised by, the homogencous and clasely allied effects of other
canses, They are no longer «,d, ¢, d, ¢, existing side by side, and-continu-
ing to be separately discernible ; they are +«, —a, 30, —b,20,etc.; some of
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which cancel one another, while many others do not appear distinguisha.
Liv., bot merge i one sum; forming altosether a result, hetween which
aned the eanses whereby it waa ]nnulurml there is often an ansurmounntable
difficulty in tracing lw observation any fixed relation whatever.

The aeneral ide 1 of the (.mu]rowlmn of Causes has been seen to be, that
lhmwh two or more laws intertere with one another, aud appareutly firus.
(rate ov madify one another’s operation, vet i |cahtx all ave fultilled, the
collective effect being the exact sum of the effeets of the ennses taken STOIRE
rately. 2\ Lunthar instance is that of a body kept in equilibrivim by two
cqual and contrary forees,  Ounc of the forees if acting alone would carry
the body in a given tine a eertain distance to the west, the ether it acting
alone woubl carry it exactly as far towawrd the cast; .‘uu] the resuly is the
same as if it had been first emried to the west as far as the one force would
cavry ity and then hack toward the east as far as the other would carry
it—that ig, precisely the same distanee; bemng ultimately left where it wia
fonnd at first,

All laws ol causation are liable (o be in this manner connteracted, and
scemingly frustrated, by coming into contiiet with other Jaws, the separate
result of which is opposite Lo theirs, or more or legs inconsistent with it.
And hence, with almost every law, many instances i which 1t really is
entirely fu!(illerl lo not, at first sinht appear to be cases of 1ts operation
at all. It is so in the ex: unple just addneed @ a force in mechanics means
neither more nor less than a canse of motion, yet the snm of the effects of
two caunszes of motion may be rest.  Again, n body solicited by twa forces
in diveetions making an ﬁnﬂlu with one another, moves in the dingonal ;
andd it seenis a p’lln:](n Lo say that motion in the (]l’lfron'll is the sum ol l’tltl |
motions in two other lines. = Mation, however, is but change ol place, and
at every instant the hody is in the exact phcc it would have been ia if the
forces had acted ﬂuuntr alternate mstants stead of acting 1o the same
instant (saving that if we suppose two forces to act successively which are
in trath simultaneous we mnst of comrse allow them double the time), Tt
15 evident, thevefore, that cach force has had, during cach instant, all the
cffect “]m h htlmmﬂl to 1t; amd that the ul(uhfnn" milnence ulnch one
of two conenrrent, 6ANSes is s'ml to exercise with wspu’.t to the other may
be considerad as exerted not over the action of the enuse itself, but over
the effect after it is completed.  For all purposcs of prechclm::, enleula.
Ling, or explaiimng their joint resalt, canses which componnd their cffects
may be treated as if they prmlucud sinnltauconsly each of them its own
effeet, and all these effeets co-existed visibly.

Since the laws of canses are as really fullilled when the causes are said
Lo be counteracted by opposing eauses, as when they ave left to their own
undistmrbed action, we must be cautions not to express the laws in sneh
terms as would wndcr the asgertion of their being fulfilled 1o those cases a
contradiction.  If, for instance, it were stated as a law of nature that a
body to which a force is applied moves in the direction of thie foree, with i

clucu} proportioned to the force direetly, and to its own mass mversely ;
when in point of fact some hodies 10 which a forec is apphied do not move
at all, and those which do move (at Jeast in the region of ony carth) are,
front the very first, retavded by the action of gravity and other resisting
Torces, and at last ht.nppml altogether; it is LIL"II‘ that the general proposi-
tion, though it wonld be trne nuder a certain hypothesis, wonld not ex-

Jrreess lh- Faets ns llw\ ‘lt‘tlt'hi} ocenr. To ac r*nnuumlmv the t-\p!‘cw-m ol |

ll.r. l.m 1o thu real phom-mmn. we munt sy, not ﬂm thc ulu(*cl mm o lmt
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that it tends to wove, in the direction and with the velocity specified.
We might, indeed, guard our expression in a different mode, hy saying
that the body moves in that manner unless prevented, or except in so {ar
as prevented, by some counteracting eausc, Bat the body does not only
move in that manner unless counteracted ; 1t tennds 1o move 1 that manner
even when counteracted ; 1t still exerts, in the orviginal direction, the same
encruy of movement as if its tirst impalse had been undisturbed, and pro
duees, by that energy, an exactly cquivalent quaetity of effect. Thas 1
srue even when the foree leaves the body as it found it, in u state of abso
lute Test; as when we attempt 1o vaise a body of three tons’ weight witl
4 force cqual to onc ton. For if, while we are applying this foree, wind o
water ov any other agent supplics an additional force just exceeding twe
tons, the body will be raised; thus proving that the force we applied ex
erted its full cffect, by peutralizing an equivalent portion of the weigh
Whi(‘]l it was il]SlltﬁCiGﬂt ﬂ‘tog(’!lhﬁl' O Oovevrcome. And 1f, while we ar
exerting this force of ono ton upon the object in 4 direction contrary L
that of zravity, it be put into a scale and weighed, it will be found to have
lost & ton of its weight, or, in other words, to press downward with a fore
only equal to the differcnce of the two forces.

'Mhese facts are corrvectly indieated by the expression tendency. All Jaw:
of cansation, in consequence of theiv liability to be connteracted, require t
be stated in words afiicmative of tendencies only, and not of actual results
Tn those scicnces of causation which have an accurate nomencluture, ther
arc speeial words which stguify a tendency Lo the particular effect witl
which the scicnee is comversant; thus pressure, in imechanics, 15 syuony
mous with tendency to motion, and fovces are not veasoned on as caunsing
actnal motion, but as cxerting pressare. A similar improvement in termd
nology would be very salntary 10 many other brancbes of seience.

The habit of neglecting this necessury clement in the precise expressiol
of the laws of nature, has given birth to the popular prejudice that all gen
eral truths have exceptious; and mmch nnmerited distrast bhas thence ac
orucd to the conclusions of science, when they havo been submitted to the

Jjudgment of minds insufliciently disciplined and cultivated. The rongt

aencralizations sunggested by common obscrvation usually have cxeeptions
but principles of scicuce, or,in other words, laws of causatiou, have not
YWhat is thought to be an exception to a principle” (lo quote words nse
on a different occasion),  is always some other and distinct principle cut
ting into the former; some other force which impinges® acainst the firs:
force, and defleets it from its diveetion, There ave not a Iaw and ap exeep
tion to that lasw, the law acting in nincty-nine eascs, and the exception i
one. There are two laws, cach possibly acting in the whole hundred cases

and bringing about a common effect by their conjunct opervation. If the

force which, being the less couspicuous of the two, s called the disliabing
foree, prevails snﬁ‘ieiently over the other force in some one case, Lo constl
tute that case what is commonly called an exception, the same disturbiug
foree probably aets as a modifying cavso in many other cases whichi no onc
- will ¢all exceptions.
~ “Thas if it werc stated to be a law of naturc that all heavy bodies fal
- to the ground, it would probably be said that the vesistance of the atmos
[lhere, which prevents a balloon from falling, constitutes the balloon an ex

. "[t ccoms hardly necewsary 1o sy that the word impinge, ns n general term 1o eXpress col
- lision of farces, is here used by a figure of speech, and not as expressive of any theory respect
- ing the nature of force.

|I|'. ¥ I;Il'
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coption to that pretended laow of natnre.  iut the real Jaw ig, that all heavy
bodies tend 1o fall ; and to this there is no exception, not ev cn the sun and
100N . for oven [Iu_\ HXevery astrouomer knows 11."11(1 tow:rl the [‘.lll]l
with a foree exactly l‘tllhll w that with which the 0‘111,11 tendx townrd thum,
The vesistanee of the wlnmq:lnu might, in the particular case of the bal
loon, trom a misap |nclncn-,tou ot w h'lt, Lln., law of aravitation i, be sand to
p;f_uu! orcie the law ; bat its dlauulﬁn“ ceffcet is qulle 18 n.xl 11 cvery
other case, sinee leu"ll it does not prevent, it retds the fall of all bodies
whatever,  “Che rote, and the so-called {:\wplwn do not divide the cases
heiween them; cach of them is a comprehensive role extending to all CAses,
To call one uf these concurrent prineiples an exception 1o the oiher, is Sii-
periicial, and contrary to the correct prineiples of nomenclature and ar
vangement.  An offoct of precisely the sune Kindg and arising from the
sauie eause, ought not o be placed i Lwo 1I1ffmwt categories, merely as
there does or does not exist another eanse preponderating over i

§ 6. We have now Lo conzider according (o what method these complex
cflvu:-,Lomlnouml{ul of the cffects of many causes, are Lo Lie studied : how
we are enabled to trace each effect 10 the conenrrence of canses i which
L ore riu'uul, and ascertain the conditions of its vecurrence~—the circams
stanees wn which it may be expected again to ocenr. 'Lhe conditions of a
pheremenon which arises from a compmumn of causes, may be ill\'('Sl*iﬂ.--g
aated either dednetively or experimentally.

The ease, it s evident, is nauwally susceptilile of the deductive mode of
nnum;.:‘mnn. The law of an effect of this deseription s a result of thc;{f;}-’-_
aws of the separate canses on the conbhmation of which a depends, and 15,
therefore, in self capable of beng dcducc.d from these laws, This is r-nll-.";"-;
ed the method @ giréoréi.  The other, or a posteriort lm,lhod, praofesses 0
procced according 1o the canons of (,\p(_mm.nml mquiry.  Consideriug
the whole 'Hcmnhl'wc of concurrent causes which produced the phenome-
non, as one single cause, it altempts 1o ascertain the causc in the ordinary
mauner, by a comparison of wstances.  "Flos gecond wethod sululivides
itselt nto two different varvieties.  If it merely collates instances of i.h("".-'_;._._
effect, it 15 a method of pare observation. I it operates upon the ciauses,
and 1ries diufferent combinations of vhewmn, in |10pl:*: of nltimatcly hitting llu‘."'_'f-
precise combination which will produce lhc civen total effect,it is o uu.thml?_
of u\lulluwnt

In order more completely to elear np the nature of cach of these t!m.t‘z-.-*;-'E
methods, and determine which of them deserves the preference, it will be
expedient (conformably to a faverite maxim of Lord (,Immellor Khdon, o
which, though it has often ineurred plulmcupluml ridicule, o deeper phl-f
lﬂwph\ will 1ot vefuse its sanction) to “elothe them in eircamstances.”
We shall scleet for this purposc a ease which as yet furnishes no very bl'lll-_,_s-i
s example of the success of any of the three methods, but which is a8
the move snited to ilustiate the difliculties inherent. in Lhum. Let the snl-
jeet of ingniry be, the conditions of health and disease in the human hody;
or (for greater ﬂlml‘l!clh) the conditions of reeovery from a given disease;
and in order to narrow the question xtill more, let IL be lmnu.d m the first
mstianee, to thiz one inquiry: ls or is not, some particular uwu.lu::mnmt --_
(nw:cun' for instance) a vemedy for the given discase.

Now, the deductive method would sct out from known properties o{
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mercury, and known laws of the human body, and by reasomug trom these,
would attempt to discover whether mercury will act upon the body when
in the morbid condition supposed, in snch a manner as would tend to re-
store health. * The experimentat method would simply aduinuoister mercury
in as many cases as possible, noting 1he age, sex, temperament, and other
peculiavities of bodily constitution, the particulur form or vuariety of the
discuse, the particular stage of its proguess, ete., remarking in which of
these cases 1t was attended with a salatary effect, and with what cuenm-
stances it was on those occasions comnbined. Tlie method of simple obser-
vation would compare mstuuces of recovery, to find whether they agreed
in having been preceded by the administration of mevcury; or would ¢com.
pave instances of recovery with 1nstanees of failure, to find cases which,
agreeing in all ovher respects, differed only in the fact that mercury had
heen administered, ov that it had not.

¢ 5. That the last of thesc three modes of investigation is apphicable to
the case, no oue has ever scrionsly contended. No counclusions of valne on
a subjecy of snch intrieacy cver were obtained i that way. The utinost
that could result would be a vacue general impression for or agninst the
efficucy of mercury, of no avail for gwidance unless confirmed by onc of the
other two miethods. Not that the results, which this method stiives to ob-
tain, would not Le of the utwost possible value if they could be obtained.
IF all the cases of vecovery which presented themselves,in an examination
extending to a great number of instances, were cases in which mercury had
been administered, we might generalize with confidence trom this expe-
ricnce, and should have obtained a conclusion of real value. But no such
basis for ceneralization ean we, in a case of this deseription, hope to obtain,
The reason is that which we bave spoken of as constituting the character-
istic imperfection of the Method of Agreement, Plurality of Cuuses.  Sup-
posing cven that mervcary does tend to cave the disense, S0 mauy other
canses, both natural and artificial, also tend to enre it, that there are sure
to be abundant instances of recovery in which mereney has not been ad-
ministered, nnless, indeed, the practice be to administer it in all cases; on
which supposition it will eqnatly be found 1n the cases of failure.

When an effect results from the union of many causes, the shave which
each has in the determination of the effect can not in geveral be great,
and the effect is not likely, even in its presence or absence, still less in ats
variations, 1o follow, even approximately, any onc of the causes. [ecoy-
ery from a discase is an event to which, in every casc, mauy influences
must concur. Merenry may be one such ipfluence ; but from the very fact
that there are many other such, it will neeessarily bappen that although
mercury is administered, the patient, for want of other concuriing intlu-
ences, will often not recover, and that he often will recover when it 1s
not administered, the other favorable influences being snfliciently powerful
without it. Neither, therefore, will the instances of recovery agree in the
administration of meveury, nor will the instances of failure agree 1n its
non - administration. It is much if, by multiplied and accurate returns
from hospitals and the like, wo can colleet that there arce rather more re-
coveries and rather fower failures when meveury is administered than when
it is not; a result of very secondary value even as a gnide to practice, and
almost worthless as a contribution to the theory of the subjeet.®

¥ Tt is justly remarked by 1’rofessor Buin, that thongh the Methods ef Agreement and Dif-
ference are not applicable to these cases, they are not wholly ipaccessible to the Jethod of
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S & The inapplicability of 1the method of simple observation Lo ascertain
the conditions of effects dependent on nrimy couenrring eanses, heing thus
recoguized, we shall next iuquire whether any erveater benefit can be ex-
peetedd from the other braneh of the «a ‘}WSECN'G?‘E‘mt'thotI, !Jml; \’L']II*:’.:].I PrG-
ceeds by direetly trying different combinations of causes, either avtificially
produced or found in nature, and taking notice what is their effect 5 as, for
example, by actually trving the effect of mereury in as many different cir-
crmstances as possible.  This method differs from the one which we have
ju.nl, examined turning‘ omr attention dil‘cctly (o Lthe canses or Auents,
mstead of tarning it 1o the cffect, recovery from the disease.  And siney,
as a general vale, the clfeets of eanses are far more accessible to onr study
than the canses of effects, it is natwral to thimk that this method bas o
much better chance of proving sucecessful than the former.

The method now under consideration is called the Empirical Mathod ;
amdd in order to estimate it fairly, we must suppose 1t to be completely, not
incompletely, empirical. e mnnst exclade from iv every thing which par-
takes of the nature not of an experimental but of a deductive operation.
I, for instance, we try experiments with mereavy upon a person in hexleh,
in order to ascertain the general laws of its action wpon the haman body,
and then reason from these laws to detenming how i will act upoa persons
affected with a pavticnbar disease, this may be a really cffectual method ;
Lut this s dedoction.  Lhe expevimental methad daes not denve the law
of @ complex case from the stmpler Jaws which conspire to produee it, but
makes its experiments directly npon the complex ease. We mnst make
entire abstraction of all knawledge of the simpler tendencies, the mode
opercnde of meveury in detald.  Our experimentation must aim al obiain-
ine a divect answer to the ¥pecifie question, Does or docs not mercury tend
to cure the particular disease ”

Lot ns see, therefore, how far the case admits of the observaunce of those
rales of expervimentation whiceh it is found necessary to observe in other
cases.  When we devise nu experiment te ascertain the efteet of a given
agent, there are certain precautions which we never, if we ean help it omit.
In the fivst place, we introduce the agent into the midst of a sct of ¢irenm-
stances wiich we have exactly ascertained. Tt needs hardly be remarked
how tar this condition 1s from bLeing realized in any case connected with
the phenomenn of life; how {fur we mwre from knowing what ave all the ¢ir-
comstances which pre-exist in any instance in which mercury is adminis.
tered to a hving bemg.  This difficulty, however, though nsuperable in

Concomitant Variauons.  ““If u canse happeus to vary alone, 1the effect will ndso vary alone:
a canse and effeer may be thus singled out under the greatest complications.  Thux, wheo the
uppetite for food ncreases with the cald, we have a strong evidence of conneeiion Jwiween
these two facts, althangh other ctecumstances way opecate in the same divecetion.  “Phe ns-
signing ol the respective pavts of the sna and moon in the action of the rides wmay be effeered,
10 A certain Jegree of exacmess, by the vivtations of the mmpunt necording o the positions
of the two auractive bodies. By a series of experiments of Cloncomitant Variatious, directed
to ascerniin the eliminazian of nitrogen from the lenan body under varietics of muscular ex-
eveise, Dr, Parkes obitained the remarkable conelosion, that i musele grows doring excreise,
and Joses hmlk during the subsequent vest.”  (Logiz, di., ®3.)

12 15, no doubit, often possible to single ont the wHlnencing canses from among i great nnme
her of were concomitanis, by noting what are the antecedents, a varintion in which i¢ followed
Ly u variation in the effeet,  Bat when there nre tnnoy 1nfluencing cavsex;, no one u! thiem
greatly predominating over the rest, nnd especially when some of these mre eontinnally clian-
cing, it is searcely evee possible 1o trace such a relation between the vaviations of the eflect
arvd these of any one cause as would enable us ta as<ign (o that eanse it veal shave in the

o L1

perchie Lon of the e,
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most cases, may not be so in all; there are sometimes concurvences ot
many canses, in which we yet know accuriutely what the cauges are, More:
over, the difheculty may be attenuated by sufticient multiplication of experi-
ments, in clreumstances rendeving it improbable that any of the noknown
cavses should cxist in them all, But when we have got clear of this ob-
stacle, we cncounter another still more scrious. In other cases, when we
intend to try an experiment, we do not reckon it enough that there be no
circumstance in the case the presenee of whieb is unknown to us. Ve re.
quire, also, that none of the crrcumstances which we do know shall have
offects snsceptible of being confounded with those of the agents whose
properties we wish to study. We take the utmost pains to exclude al)
causes capable of composition with the given canse; or, if forced to let n
any such causes, we take care o make them sueh that we can compate
and allow for their influence, so that the cffect of the given cause may, ai-
ter the subduction of those otber effects, be apparent as a residual phe-
nomenon,

These precantions are inapplicable to such cases as we are now consid-
aing.  T'he mercury of our experiment being tried with an unknown mnl-
titude (or even let it be & known multitude) of other infiuencing circum-
stances, the mere fact of their being influencing circumstances implies that
they disguise the cifeet of the mercury, and preclude us from knowing
whether it has any cffcet or not.  Unless we already knew what and how
much is owing to cvery other circumstance (that is, uniess we suppose the
very problem solved which we arc considering the mcans of solving), we
ean ot tell that those other eivcumstances muy not have produced the
whole of the effect, independently or even in spite of the merenrvy. “The
Method of Difference, in the ordinary mode of its use, namely, by com-
paring the state of things following the experiment with the state which
preceded it, is thos, in the case of intermixture of c¢ffcets, entively unavail-
ing; because other causes than that whose effect we are secking to deter-
mine have been operating during the transition. As for the other motde
of cuploying the Mcthod of Differcnce, namely, by comparing, not the
same case at two different periods, but different cases, this 1n the present
instance is guite chimerieal. Tn phenomena so complicated it is question-
able if two cases, similar in all respects but one, ever occnrred ; and were
they to occur, we could not possibly know that they were 20 exactly
similar.

Any thing like a scientific usc of the method of experiment, in these com-
plicated cases, is therefore out of the guestion. e can crenerally, even 1o
the most favorable easey, only discover by a succession of trials, that a cer-
tain cause is very often followed by a certain effect. For,in one of these
conjunct effects, the portion which is determined by any onc of the -
fluencing agents, is usaally, as we before remarked, but small; and 1t must
be 2 move potent cause than most, if even the tendency which it really ex-
erts is not thwarted by other tendencies in nearly as many cases as it is ful-
filled. Some causes indeed there are which arec more potent thun any
counteracting causes to which they are commonly exposed ; and according-
ly there are some truths in medicine which are sufficiently proved by direet
cxperiment. Of these the most familiar are those that relate to the cficacy
of the snbstances known as Specifics for particular discases, “ quining,
colchicna, lime-juice, cod-liver oil,”"* and a fow others. Even these arc
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not invariably followed by suceess; but they succeed in so large a propor-
tion of ¢ases, and againsy snch powerful obstacles, that their tendency 1o
vestore health in the disorders for which they are prescribed may be e
oarded as an experimental truth.®

" 1f so little ean he done by the experimental method to determine tie
conditions of an effeet of many combined causes, i1 the casc of medieal
science ; still Jess is this wmethad applicable fo a class of phenomeni move
complicated than even those of physiology, the phenomena ot polities awd
hizstory. I'here, Plurality of Causes exigts in almost boundless exeess, and
effects ave, for the most part, inextricably mterwoven with one another. ‘o
add to the embarrassment, most of the mquiries in political science relate
to the production of cllects of n most comprehensive deseription, such ay
the public wealth, public scenvity, public movality, and the like: results
liable to be affected dirveetly or indivectly citlier in pilus ov in manus by

nearly every faet which exists; or eveut which oceury, in hunman society.

‘he vulwar notion, that the safe methods on political subjects ave those of

Baconian induction—that the true guide 15 not general reasoning, hut spe-
citic experience—will one day be quoted as among the most wuequivoeal
marks of a low state of the speenlative faculties in any age in which it is
aceredited.  Nothing ean be more ladicrous than the sovt of parodies on

experimental reasoning which one is aceustomed to meet with, not in pop-

ale discussion only, but in grave treatises, when the aflaivs of nations

ave the theme.  “Tlow.” it is asked, “ can an institution be bad, when the
conntry has prospered under it?”  “1low can such or sueh cuuses have
contributed to the prosperity of one conntry, when another has prospered
without them ?”?  Whocever makes use of an argument of this kind, not -
tending to deceive, should be sent back to learn the clements of some one

of the more cusy physical sciences. Such veasoncrs ignore the fact of
Plurality of Canses in the very ease which affords the most signal example
of it, No hittle could be concluded, in such a case, from any possible colla-

vion of individual instances, that even the impossibility, in social phenomeny,

of making artificial experiments, a circumstance otherwise so prejudicial to
directly inductive inquiry, havdly aftords, in this case, additional reason of

regret. 1lov even if we could try experiiments upon a nation or upon the
buman race. with as little scruple as M. Magendie tvied them on dogs and
rabbite, we should never succeed in making two mstances wentieal i every

respect exeent the preseuce or absence of some one definte circumstance,

The neavest approach to an experiment in the philosophical sense, which

takes place iu politiey, is the introduction of a new operative clemient into
national affairs by some special and assignable measure of government,

such as the enactment or repeal of a particnlar law.  Bat where there are

so manv influences at work, it requives some time for the inflnence of any
new canse upon national phenomena to hecome apparent; and as the causes
operating in so extensive a spherve are not only infinitely numerous, but in
a state of perpetual alteration, it is always certain that before the effect of

= What is said in the text on the anplivability of the experimental methods to resolve par.

tienlar questions of medical treatment. does not deteact feom their etlicacy m ascertnining the

genernl laws of the animml or homan svsiem. The functivns, for eximple, of the ditvrent

“lasses of nerves have heen diseaverad, mud robably could only have been dizpuvered, v ex-

periments on living animals.  Ohservation and experiment ave the nlime:ue basis of all knowl-

aldre: from them we obtain the clementary lnws of Jife, as we abtain all other elementary truths,

[visin dealing with the complex combinations thut the experimental methods are for 1he mast
i1t ilas s and the deductive mode of Jus estization et e invoked to disentan she the fom-
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the new cause hecomes conspicuous coough to be a sabject of induction, so
many of the other influencing circumstances will bave changed as to vitiate
the expermmm..* '

I'wo, therefore, of the three possible methods for the study of phenomecna
resulting from th(_a composition of many causcs, being, from the very nature
of the case, incflicient and illusory, there remains only the third—tbat which
considers the causes separately, and infers the effect fromn the balance of
the different tendencies which produce it: 1n sbort, the deductive, or ¢ pri-
ori method. The more particular consideration of this intellectual process
requires a chapter to itself,

CHAPTER XI.

OF THHE DEDUCTIVE METHOD,.

1, Tue mode of investigation which, from the proved inapplicability
of “divect methods of observation and experiment, remains to us as the
muin source of the knowledge we possess or cao acquire respecting the
conditions and laws of recurrence, of the more complex phenomcna, 18
called, in its most general expression, the Deductive Method ; and cobsists
of three operations: the first, one of direct induction; the second, of ra-
tiocination ; the third, of verification,

[ call the first step in the process an inductive operation, beeause therve
must be a diveet induction' as the basis of the whole; though in many par-
ticalar investigations the place of the induction may be sopplied by a prior
deduction; but the premises of this prior dedunction must bave been de-
mved from induction.

The problem of the Deductive Method is, to find the law of an effcet,
from the laws of the different tendeucies of which it is the joint result
The first requisite, therefore, is to kuow the laws of those tendencies ; the
law of each of the conenrrent canses: and this supposes a previoas proc-
ess of observution or experiment upon each cause scpavately; or else 2 pre-
vions deduction, which also must depend for its ultimate premises on ob-
servation or experiment. Thus, if the subject Le social or historieal phe:
nomena, the premises of the Deductive Methiod must he the laws of the
causes which determine that class of phenomena ; and thosec causes ave hu-

_nan actions, together with the general outward circumstasees under the

o *1'1‘0!'&5.*0: Bain, though concurring penerally in the views expressed tn this chapter, seems
1o ¢stimate more highly than I do the scope for specific experimental cyidence politics.

- (Logic, ii., 333 347.) There are. it is truc, us he remarks (p. 336), some cases ““when au
i __i_i"}_'-'?"ﬂﬁ'f'?-'ﬁ'ﬁ-ﬂdﬁﬂl}' introduced is almost ustantaneounsly followed by some other changes, as when
mﬂﬂﬂmmcemem of u diplomatic rupture between two nations is followed the sine day by
- derange:uent of the moncy-market."  But this experiment would be quite inconclusive mevely
~ hsan cxperiment. It can only serve, s any expevimnent iy, 1o verifv the conclosion of a

duction,  Uuless we already knew by our knowledge of the motives which act on businesy

hat the prospect of war lerds to demuge the mancy-market, we should never have been
10 prove a councction between the two facts, nnless after having ascertained hiugoriczdly
it the one followed the other iu too great a number of instances to be cousistent with theiy
heen recorded with due precantions.  Whoever hay carefully examined any of the at.
ﬂm‘lﬁnuauy made to prove ecunomic doctrines by snch u recital of jnycances, knows
ow futile they ave. It slways turns ont that the circomstances of seareels any of the

jeen fully stated ; and that caces, in equal or greater numbers, huye been omitied
teoded to an opposite conclusion,

ouldl huse

%; = Zoe
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influence of which mankind are placal, amud which constitute man’s posi-
tion on the ecarth. The Deductive Method, applied to social phenomena,
must begin, therefore, by investigating, or must suppose 1 have been ai-
ready investiaated, the laws of liwmau getiou, and those properties of ont-
ward thines by which the actions of Iimman beings in gociety are deter.
mined.  Nome of these general truths will naturally be obtained hy olser-
vation and experiment, others by dedaction: the more complex Iaws of
human action, for exaumple, may be deduced from the sunpler ones; hut
the simple or elementary lws will always, and necessarily, bave been ob-
funed by o Jiveetly tndnctive process,

I'o ascertai, then, the aws of seneh separate ¢anse which takes a share
it ]H'mlnnin_-_:' the ('”'Ucl, is the fiest destderatum of the Deduetive Method,
To know what the causes are which miust be snbjceted 1o this process of
stnly, may or may not be diflicudt.  In the ease last mentioned, this first
condition 1s of easy fulfillment.  "That xocial phenomenn depend on the acts
and mental impressions of hmman beings, never could have been a matter
of any (lonbt, however imperfectly it may have been known erther by what
laws those hmpressions and actions ave governed, or to what social conxse
gnences their laws natnrally lead.  Neither, again, after physieal seience
hatd attained a certam development, conld there be any real doubt where Lo
look for the laws on which the |1}|L‘!10mell:1 of hfe uh‘*pmul, siee Ulﬂ}‘ must
he the sechanical and ¢henieal lows of the xohd and fluid sabhstances com-
posing the oveanized body snd the medinm e whieh it subsists, together
with the peculiar vitad laws of the different tissnes constituting the orgaiie
steneture.  In other cases, really far morve simple than these, it was much
less Gbyvions in what quarter the canses were to be loaked for: as in the
case of the eelestial phenomeni.  Unol] by combuiing the Iaws of cortain
canges, it was Tound that those laws explained all the facts which experi.
cnee had proved concerning the heavenly motions, and Jed o predictions
whieh it alwavs verified, mankind never knew that those wcere the canses.
Lt whether we ave able to pnt the question before, or not until after, we
have become capable of answering it in either case it must be answered;
the lawe of the different eanses wust be aseertained, before we can proceed
to dednce from them the conditions of the cftect.

‘I'he mode of ascertaining those Iaws neither is, noe ean he any other
than the fourfold wethod of experimental inquiry, aleeady discussed. A
few vemarks an the application of that method 10 cases of the Compoxition
of Canses are all that s regnisite.

Tt is obvions that we can not expeet to find the law of a tendeney by
an indoction from cases in which the tendeney iz connteracted.  The Jaws
of motion coulid never have been bronght to nght from the observation of
bodies kept at rest by the equilibrinm of opposiug forces.  Even where the
tendeney is not, in the ondinary sense of the word, connteracted, but ouly
madified, by having atx effects componnded with the effeets arisine from
some other tendeney or tendencies, we are still in an unfavorable position
for tracing, by means of siuch cases; the law of the tendeney itself. Tt
would have been scarcely poxsible to discover the law that every hody
motion tends to continne moving in a straight line, by an induction from
instances in whieh the motion is defleeted into a caeve, by being componnd.
o with the effeet of an accelecating foree.  Notwithstaoding the resonrees
afforded in this deseription of eazes hy the Methnd of Concomitint Varin-
tiong, the priveiples ."»Il A judicione experimentation presevibe that the law
of vl of the fondeyeies shonld he stdied, if possibie, in eases in whieb
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‘hat tendency operates alone, or in combivation with no agencies but those
of which the effect cao, from previons knowledge, be calculated and allow-
ed for. _

Accordingly, in the cases, unfortunately very numevous and 1mportant,
in which the causes do not sufTer themselves to be separated apd obseryed
apart, there 13 much difficulty in laying down with due certainty the induc-
tive fonndation necessary Lo support the deductive method.  This difhculty
< most of all conspicuons in the case of physiological phenomena; it being
seldomn possible to separate the diffcrent agencies which collectively com-
pose un orgnnizgd bor.!y, without destroying the very phenomena which it
is our object to 1nvestigate:

——following life, in creatures we dissect,
We lose it, in the moment we detect.

And for this veason I am inclined to the opinion that physiology (greatly
and rapidly progressive as it uow"is) is embarrassed by eveater natural dif-
fieulties, and is probably susceptible of a less degree of ultunate perfec-
tion, than even the social science; inasmuch as 1t is possible to study the
laws and operations of oue huwan mind apart from other mninds, miuch less
imperfeetly than we cin study the laws of one organ or tissue of the hu-
man body apart from the other orgaos or tissues.

It has been judiciously remarked that pathological facts, or, to speak in
common lanzuage, discases in their different forms and degrees afford in
the case of physialo;._.;'icnl investigation the wost valuable equivaleut to cx-
erimentation properly so called ; inasmuch as they often exhibit to us a
efinite distnrbance in some one organ or organie function, the remaimng
organs and functions being, in the fivst instance at least, unaffected.  Tv s
tne that from the perpetnal actions and reactions which are going on
among all parts of the orgunic ¢conomy, there can be no prolonged disturh-
ance in any one function without ultimately involving mauny of the others;
and when once it has done so, the experiment for the mosy part loses its
seientific value. All depends on observing the carly stages of the derange-

ment; which, unfortunately, ure of nccessity the least marked. Tf, liow-

ever, the organs and fanctions not disturbed in the fivst instance become
affected in a fixed order of succession, some light is thereby thrown upon
the action which one oraan exercises over another: and we occustonally
obtain a series of effects which we can vefer with some confidence to the
original local derangement; hut for this it is necessary that sve should know
that the original derangemcent 22as local,  If it was what s termed consti-

tutional ; that is, if we do not know in what part of the animal cconomy it

i

took its rise, or the precise uature of the disturbuance which took place in

that part, we are unable (o determine which of the varions derangements

(lase:maeam] which effect; which of them were produced by one another,
~ and which by the direct, though perhaps tardy, action of the original cause.

~ Besides natural pathological facts, we ean produce pathological facts ar-

tificially : we can try experiments, even in the popular sense of the term,

ug the living being to some cxternal agent, such as the mervcury
ir former example, or the scction of a nerve to ascertiain the functions
ferent parts of the nervous system. As this experimentation is not
ded to obtain a direct solntion of auy practical question, but to dis.
general laws, from which afterwavd the conditions of any particular
10ay be obtained by deduction, the best cuses to seieet are those of

cireumstances can be best aseertained: and sneh are geuerally
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not those in which there is any pracueal object in view.  The experiments
are best tried, not in 2 state of disease, which 1y essentially a changeable
state, bnt in the coudition of health, comparatively a fixed state. In the
one, unusual agencies are at work, the vesults of which we have no means
of predieting: in the other, the course ot the aceustomed physiological
phenomen wonld, it may generally Lie presamed, remain andisturbed, were
it not for the disturbing canse which we introdnee.

Sueh, with the veeasional aid of the Method of Concomitant Variations
(the latter not less encnmbered than the more elementary methods Ly the
peendinr diflicelties ot the subject), are our mdnctive resowrces fov aseer-
tanine the laws of the eauses considered separately, when we have it not
i onr power to make trial of them i a state of actual separation,  The
insufliciency of these resonrces is so zlaring, that no one can be snrpriscd
at the backward state of the seience of physiology; in which indecd oury
knowledee of eaunses is so imperfeet, that we ecan neither explain, nor could
without specific experience have predicted, many of the facts which are
certificd to us by the most ovdinary observation. Iortunately, we are
much Letter informed as to the empirvical laws of the phenomena, that is,
the uniformities respeeting which we can not yet decide whether they are
cases of ennsation, ov mere results of it.  Not only has the ovder i which
the facts of orgamization and life suceessively manifest thenselves, from
the first gevm of existence to death, been found to be uwniform, and very
acenrately ascertamable; but, by o great apphication of the Method of
Concomitant Variations to the entive facts of comparative wntomy and
physioloxy, the chivacteristic organie stractare corresponding to each class
of functions has been determined with eonsiderable precision.  Whether
these oreanie conditions are the whola of the conditions, and in imany cases
whether they are conditions at all, or mere collateral effects of soe com-
INOT canse, we are quite ignovant; nor are we cver likely to know, unless
we conld coustruct an organized body and try whether it would hve.

Under such disadvantages do we, in cases of this description, attempt
the Jaitial, or inductive step, i the application of the Dedunetive Mcethod to
complex phenomena.  But such, fortunately, is not the common case.  In
ceneral, the laws of the cunses on which the ¢ffeet depends may be obtain-
cd by an iidduction froue comparatively simple instances, or, at the woust,
by deduction from the Jaws of simpler canses, so obtained. DBy simple -
stances are meant, of course, those in which the action of each canse was
not intermixed or juterfered with, or not to any great extent, by other
canses whose lnws were unknown.,  And only when the indnetion which
furnished the premises to the Dedactive method vested on sach mstances
has the application of such a wethod 1o the ascertiimaent of the laws of a
complex cffect, been attended with Lrilliang results,

§ 2. When the laws of the causes have been ascectained, and the firsy
stage of the great logical operation now under discussion satisfactovily ac-
complished, the second part follows ; that of determiniug fram the laws of
the causes what effect any given combination of those canses will prodace.
‘This is a process of calenlation, in the wider sense of the term ; and very
often involves processes of calenlation in the narrowest sense. [t iv a
ratiocination ; and when our knowledge of the canses is so perfect ax to
sxtendd o the exact numerical Jaws which they observe in prodocing their
effects, the vatiocinatian may reckon among its premises the theorems of
the science of pumber, tn the whole immense extent of that sewence. Not
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only ave the most advanced truths of mathematics often requived to enable
us to compute an effect, the numerieal law of which we already know ; but,
even by the aid of those nost advanced truthe, we can ¢o but a little way.
In so simple a case as the comnon problem of three hodies aravitating to-
ward onc another, with a force directly as their mass and inversely as the
squire of the distance, all the vesouvces of the calculus have not hitherto
suficed to obtain any general solution, but an approximate onc.  In a casc
a little more complex, but still onc of the simplest which arise 1n practiee,
that of the motion of a projectile, the causes which affect the veloeity aud
rangc (for cxample) of a cannon-ball may be all known and estimated : the
force of the gunpowder, the angle of elevation, the density of the air, the
strenctn and divection of the wind ; but 1t s one of the most difficulc of
mathematical problems to combine all these, so as to determine the cffect
resulting from their collective action.

Besides the theorems of number, those of ¢ecometry also come 1w as
premises, where the effects take place in space, aod wivolve motion anil ex-
tension, as in mechanics, optics, acoustics, astronomy, But when the com-
plication inereases, and tho effects are nunder the intluence of ~0 many and
such shifting causes as to give no roow cither for fixed numbers, or for
straicht lines and vegular curves (as in the case ot physiological, 1o say
notling of mental and social phenomena), the laws of number and exten.
sion ave applicable, if at all, only on that large seale on which precision of
details becomes unimportant. Althoush these laws play a counspicnons
part in the most striking examples of the investigation of naturc by the
Deduetive dMethod, as for example in the Newtonian theovy of the celestial
motiong, they are by no means an indispensable part of every sach process,
All that is essential in it is reasoming from a gencral law to a partienlar
case, that is, determining by means of tho particular civenmstances ot that
ease, what result is required in that instance to fulfill the law. Thus in
the Torricellian experiment, if the fact that air has weight had been pre-
viously known, it would have been easy, without any nunierical data, to
deduce from the general law of equilibrium, that the mercury would stand
in the tube at such a height that the column of mercury would exactly bal-
ance a column of the atmosphere of equal diameter; because, otherwise,
equilibrimn would not exist.

By such vatiocinations from the separate laws of the causes, we may, to
4 certain extent, snceeed in answering either of the following questions:
Given a certain combiuation of causes, what effcet will follow ? and, What
combination of causes, if it cxisted, wonld produce a given effect? Tn
the one case, we determine the effect to be expected in any complex cir-
cumstances of which the different elements ave known: in the other easc

we learn, according to what law—under what autecedent conditions —a

given complex effect will occur,

8 3. But (it may here be asked) arc not the same arguments by which
the methods of direet observation and experiment were set aside as illuso-
ry when applied to the laws of complex pbenomeny, applicable with egnal
force against the Mcthod of Deduction?  When in every single instance a
multitude, often an unknown multitude, of agencies, are clashing and com-
bining, what gccurity have we that i ouv computation « prior: we have

taken all these into our veckoning ?  Ilow many must we not agencrally be

ignorant of  Among those which we know, how probakie that some have
bw‘ﬂ overlooked ; and, cven were all incindel, ow vuin the pretense of
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summing np the effects of many canses, nnless we know accnrately the
nmnerieal law of each— u voundition in most ¢ases not to he fulbilled ; and
even when ity is fulfilled, to make the ealculation transcends, in any bu
very simple cases, the wtmost power of mathematueal science with all it
imost modern tmprovenents.

These objections have ceal weight, and wounld be altogether unauswer
able, if there were no test by which, when we employ the Deductive Meth
od, we might judge whether an ervor of any of the above deseriptions hag
been commitied or not,  Such a test, however, there is: and its apphieatios
forms, nuder the name of Verification, the third essential component par
of the Deductive Method ; withont which all the results it can give have
little other value than that of conjeeture.  To warrant rehance on the gen
cral eonclusions arvived at by deduction, these couclusions must be fonud
on caveful comparisou, to accord with the results of direct observatio
wherever it can be had. U, when we have experience to compare with
them, this experience confirms them, we may safely trust to the in othe
cases of whieh our specific experience 1s yet to come.  But of onr dedue
tions luve led to the conclusion that from a parttcular combination o
CANLSEeS D f__:ircn effect would result, then m all known casex where that com
biatton can be shown o have existed, and where the offeet has not follow
ed, we must be able to show (or au least 10 wake a probable surmise) wha
frustrated it: if we can not, the theory is imperfeet; and not yet to be re
Lied npon. - Nor is the verilieation complete, unless some of the cases u
which the theory is borue ont by the observed rvesnlt ave of at leas
cqual complexity with any other eases in which its appheation could b
ealied for.

[ Hireetw observation and eollation of instances have furnished us with an)
empirieal laws of the effect (whether trne i all observed eases, or only tru
tor the most part), the most cffectaal vertfication of which the theory .coul
he suseeptible, wonld hey that it led deductively to those empirieal laws
that the uniformities, whether compleie or meomplete, which were observe
to cxist mmong the pheoomena, were acconnted for by the laws of the eause:
—were such as conld not bat exist if those be really the canges by whicl
the phenomena are prodneed.  Thay 1t was very reasonably decined an es
sential requisite of any true theory of the causes of the celestial motions
that it should lead by deduction to Wepler’s laws; which, accordingly, the
N ewtontan theory did.

ln order, therefore, to facilitate the verification of theories obtained by
deduction, it 1s wuportant thay as many as possible of the empineal Jaw:
of the phenomena shonld be ageertained, by a comparison of instances, con
fornably to the Method of Agreement: as well as (it must be added) tha
the phenomena themselves shonld be deseribed, in the most comprehensive
as well as accuraw: manner possibie; by ceollecting from the olhscr\':uim |
of parts, the simplest possible cocreet expressions for the covrespouding
wholes: as when the series of the observed places of a planet was firsi
expressed by a ciecle, then by a system of epieyeles, and snbsequently b
an ellipse, e

It ts worth remarking, that complex instamces which would have beer
of no nse for the discovery of the simple laws into which we ulthnately
analyze their phenomena, nevertheless, wLou they hiave =erved to verify the
analysis, become additional evidence of the laws themselves.  Althougl
we sunld not have got at the law fraom compley cases, still when the law
sor ab otherwise, is fownd to be in acerdance with the vesult of a complen
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case, that case becouies a new experiment on the law, and helps to confirm
what it did not assist to discover. It is a new trial of the principle in a
different sct of circumstances; and oceasionally serves to climinate somec
circumstance notiprcvio'usly excluded, and the exclusion of which might
require an cxperiment impossible to be executed. This was strikingly
conspicions in the example formerly quoted, i which the difference be-
cween the observed and the calenlated velocity of sound was ascertained to
rosult from the heat extricated by the condeusation which takes place in
oach sonorous vibration. This was a trial, in pew civcumstances, of the
lww of the development of heat by compression; and it added waterially
to the proof of the universality of that law, Accordingly, any law of na-
ture is deewed to have gained in point of certainty, by being found to
explain some complex case which had not previously been thonaht of n
conneetion with it; and this indeed is a cousideratiou to which it is the
habit of scientific irquivers to attach vather too much value than too little.

To the Dednctive Method, thus characterized in its three constitucut

arts, Induction, Ratiocination, and Verification, the human wind Is in-
debted for its most conspicnous trivmphs in the investigation of natuve.
To it we owe al the theories by which vast and complicated phcnomena
are embraced under a few simple laws, which, considered as the laws of
those great phenomena, could never have been detected by theiwr direct
study., \We may form some conception of what the method has doue for
as from the case of the celestial motions: one of the simplest amonyg the
greater instances of the Composition ot Causes, since (except in u few cases
not of primary importance) each of the heavenly bodies iy be consider-
ed, without material inaccuracy, to be never at one time influcnced by the
sttraction of more than two bodics, the sun and one other plauct or satel-
lite; making, with the reaction of the body itself, and the force generated
by the body’s own motion and acting in the direction of the tangent, only
four different ngents on the coucurrence of which the motions of that body
depend ; o much smaller number, no doubt, than that by which any other
of the great phenomena of nutaye is determined or imodified. Yet how
could we cver have ascertained the cowmbination of forces on which the
motions of the carth and plauets ave dependent, by merely comparing the
orbits or velocitics of different planets, or the different velocities or yposi-
tions of the same planet? Notwithstunding the regularity which mani-
fosts itself in those motions, in a degree so rarc among the cffccts of con-
euvence of ecanses; and althongh the periodical vecurrence of exuctly the
same cftect, affords positive proof that all the combinations of causes which
oceur at all, reeur periodically ; we should not have known what the causes
wore, if the existence of agencics precisely similar on onr own eavth had
‘not, fortnnately, brought the causes thewselves within the reach of experi-
mentation under simple circumstances.  As we shall have occasion to an-
alyze, further on, this great example of the Mcthod of Deduction, we shall
not occupy any time with it here, but shall proceed to that sccondary ap-
plication of the Deductive Method, the result of which is net to prove laws

of plienomena, but to explain them.
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