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2 DISCOURSE O THE STUDY

state of absolute _E.__:c.mn..num_ or falls in old age into
such protracted and lamentable imbecility. To no
other warm-blooded animal has nature denied that
spensable covering without which the vicissitudes
of a temperate and the rigours of a cold climate are
equally insupports ; and to scarecly any has she
¢n 8o sparing in external weapons, whether for

attack or defence. Destitute alike of pm._._r_: to avoid
and of arms to repel the aggressions of his vora-

cious foes ; tenderly susceptible of atmospheric in-
fluences ; and unfitted for the coarse aliments which
the earth affords spontaneously during at least two
thirds of the year, even in temperate climates, —
y, il abandoned to mere instinet, would be of all
creatures the most destitute rable.  Dis-
tracted by terror and goaded by famine ; driven to
the most abject expedients for concealment from his
enemies, and to the most cowardly devices for the
» and destruction of his nobler prey, his exist-
encewould be one continued subterfuge or stratagem;
dwelling would be in dens of the carth, in clefts
of rocks, or in the hellows of trees ; his food worms,
and the lower reptiles, or such few and crude pro-
ductions of the soil as his organs could be brought
to assimilate, varied with occasional relics, mangled
by more power 1l beasts of prey, or conten 1ed by
their more pampered choice. Remarkable only
for the absence of those powers and qualities
which obtain for other animals a degree of security
and respect, he would be disregarded by some, and
hunted down by others, till after a few generations
his species would become altogether extinct, or, at
best, would be restricted to a few islands in tropical
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DISCOURSE ON THE STUDY

the pleasures of fancy and imagination, and social con-
an is constituted a nmEnzF:_E being ; he con-
templates the world, and the objects around him, not
with o _Ez_r.f indifferent gaze, as a set of H:._a..:-
mena in which he has no further interest than as
they affect his immediate situation, and can be ren-
dered subservient to his comfort, but as a system
disposed with order and design, He approves and
feels the highest admiration for the harmony of its
parts, the skill and efficiency of its contrivances.
Some of these which he can best trace and under-
stand he attempts to imitate, and finds that to a
certain extent, though radely and r:u.ei_:n:u_.. he
can succeed, — in others, thatalthough he can com-
prehend the nature of the contrivance, he is totally
stitute of all means of imitation; — while in others,
again, and those evidently the most important, though
he sees the effect _.q.:__._.u...a_v yet the means __.—w_ which
it is done are alike beyond his knowledge and his
control.  Thus he is led to the conception of a
er and an Intel gence superior to his own, and

VETSE,

i

equate to the production and maintenance of all
that he sees in nature, — a Power and Intell
10 which he may well apply the term infinite, since
etual limit wo the instances in

ine mot only sees no

sted, but finds, on the con-

which they are ma
trary that the farther he enquires, and the
his sphere of ohservation extends, they continually
open upon him in increasing abundance ; and that
as the study of one prepares him to understand
and appreciate another, . refinement follows on fe-
finement, wonder on wonder, till his faculties
ewildered in admiration, and his intellect

er

become b
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f DISCOURSE ON THE ETUDY

the perception of any phenomenon without or within
him, to infer the existence of something prior which
stands to it in the relation of a cawss, without which
t would not be, and that this knowledge of causes
and their conse

ces is what, in almost every in-
stance, determines his choice and will, in cases where
he is nevertheless conscious of perfect freedom to
act or not to act. He finds, too, that it is in his
power to acquire more or less knowledge of causes
and effects according to the degree of attention he
, which attention i again in great
untary act; and often when his choice
imperfect knowledge or insuffi-

cient attention, he finds reason to correct his judg-
igh perhaps too late to influence his deci-
gion by after consideration. A world within him is
thus opened to his intellectual view, abounding with
phenemena and relations, and of the highest imme-
ite interest.  But while he cannot help perceiving
that theinsight he is enabled to obtain into this internal
sphere of thought and fe in reality the source
of all his power, the very fountain of his predominance
over external nature, he yet feels himself capable of
entering only very imperfectly into these recesses of
his own hosom, and analysing the operations of his
mind,—in this as in all other things, in short, *a being
darkly wise ;" seeing that all the longest life and most
vigorous intellect can
h
self of that of others, serves only to place him on
the very frontier of knowledge, and afford a distant
glimpse of boundless realms beyond, where no human
thought has penetrated, but which yet he is sure

ve him power to discover by

s own research, or time to know HG. availing him-
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DISCOURSE ON THE STUDY

fetters the mind from prejudices of every kind, and
aves it open and free to every impression of a higher
nature w it is susceptible of receiving, guarding
only against enthusinsm and x..,_—,..—:_....q._u m by a

of strict investigation, but encouraging, rather
g every thing that can offer n pros-
beyond the present obscure and
atisfactory state.  The character of the true
sopher is to hope all things not impossible,
Il things not unreasonable. He
who has seen obscurities whie h appeared impenetra=
in physical and mathematical science suddenly
clled, and most barren and unpromising
s of enq o, if by inspiration,
and stible springs of knowledge
and power « ple change of our point of view,
or by merely g to bear on them some prin-
ciple which it never occurred before to try, will
surely be the very last to acquiesce in any dispirit=
ects of either the present or future des-
inkind ; while, on the other hand, the
ndless views of intellectual and moral as well as
i tions which open on him on all hands
irse of these pur knowledge of
the trivial place he occupies in the seale of ereatio
and the sense continually pressed upon him of his
own weakness and incapaei

¥ to

spend or modify
machinery he sees in
, must effectually convinee him
ty of pretension, no less than confidence
¢, is what best becomes his character,

(6i.) But while we thos vindicate the study of na-
tural philosophy from a charge at one time formid-

test movement of t

wind hi
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10 DISCOURSE 0w THE STUDY

ability of amy evidence r

be destroyed by
h its homesty ; and, secondly, that this
very disposition of mind implies a lurking mistrust
in its own principles, gince the grand and indeed

¢ character of truth i

.__zf:x—vn.:.ﬁ:, _.._.:_.uq:.___ﬂ
__:., test of universal CXPETIENCE, and —.,3:.._5- un=
changed out of every possible form ,%...\m._._u dis.
cussion.

| But if science may be vilified by representing
.: s opposed to religion, or trammelled by mis-
taken notions of the ds anger of free enquiry, there
is yet another mode by which it may be degraded
from its native dignity, and that is by placing it in
the

ht of a mere appendage to and caterer for our
_5_:_.:.5_ appetites.  The question * ewi bona” to
what practical end and advantage do your researches
tend ? 1 the speculative philosopher whe
loves knowledge for its own sake, and enjoys, as a

ional being should enjoy, the mere cont plation
d mutually dependent truths, can
r without a sense of humilistion. He
fieels that there is a lofty and disinterested pleasure
ons which ought to exempt them
_.._:: such questioning ; communicat as they do
mind the purest happiness (after the
vise of the benevelent and moral feelings) of
I human nature is susceptible, and tending to
the injury of no one, he might surely allege this as
o sufficient and direct wj_: to those who, having
little caj 1 less relish for intel-
__...n:_._ _..:7::.. are r..:_.r:.__..__ E._:.u:: upon him
thiz en But if he can bring himself to
high but fair :S..:r and justify

is one w

descend
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12 DISCOURSE ON THE STUDY

were men .._mw:_._dm:cq minids, who reasoned whil Evu.
worked, and whe, not content to grope always in tne
dark, and blunder on their object, seught nw::.c:.d
in the observed nature of their agents for guides in
their pursuit. To these we owe the creation of
experimental philosoy

(8:) Not that it is meant, by any thing above
d, to assert that there is no such thing as a great
or a little in .,m_.n.::_ tive I _—cmcmu_.u._. or to place the
solution o

n enigma on a level with the develope-
ment of a law of nature, less to adopt the
homely definition of Smith®, that a philosopher i
a person whose trade it is to do nothing, and specu-
late en every . The speculations of the na-
tural philosopher, however remote they may for a
time lead him from beaten tracks and every-day
uses, being grounded in the realities of nature, have
all, of necessity, a practical a ation,—nay more,
such applications form the v rry criterions of their
truth, they afford the readiest and completest veri-
fications of his theories ; — verifications which he
will no more neglect to test them by than an arith-

neticinn would omit to preve his sums, or a eautious
geometer to try his general theorems by particular
i

ost profound but ae the same time popular writers
ject unconnected it is trug
t before us.  # But, if science
ifestly incomplete, and yet of the highest importance,
ld surely bo most unwise to restrain enquiry, conducted
on just principles, even where the
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I4 DISCOURSE ON THE STUDY

knowledge of facts,—which are the objects of e
quiry to the natural philosopher, truth is single,
and consistent with itself, a principle may be as
completely and as p .::_.._. clucidated by the most
familiar and simple fact, as by the most imposing and
gnomenon.  The eolours which glitter

ungommon
on a sonp-l

a principle the most important from the variety of
mena it explaing, and the most beautiful, from
y and compendious neatness, in the whole

itelligible by™ the contemplation of
such a trivial object, from that moment it becomes a
noble instrument in the eye of correct judgment;
and to blow a large, regular, anil durable soap-bubble

may become the serious and praiseworthy endeavour
of a sage, while ildren stand round and scoffy or
children of a larger growth hold up their hands in
astonishm at such waste of time and trouble.
To the natural philosopher there is no natural
object unimportant or trifling. From the least of

nature’s works he may learn the greatest lessons.
The of an apple to the ground may raise his
thoughts to the laws which govern the revelutions
of the T or the situation of a
pebble may afford him evidence of the state of the
rlobe he inhabits, myrinds of ages ago, before his
species be its deniz

(11.) And this is
t which the study of natural s

£

ets in their orbi

in fict, one of the great sources
nee imparts
whibed a
tific enquiry, and has learnt the habit

of de

to its votaries. A mind which has once

taste for sc
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16 DISCOURSE ON TH

DY

compatible m, that they supply inestimable
advantages for their pursui | that sort of fresh
and renewed relish which arises partly from the
sense of contrast, partly from experience of the
peculiar pre-eminence they possess over the plea-
sures of sense in their capability of unlimited in-
crease and continual repetition without satiety or
i the in-
tervals of the most active business; and the ealm
nd dispassionate interest with which they fill the
mind renders them a most delightful retreat from
ns of the world, amd-.
, prejudices, and inter-
s finds himsell in-

distaste. They may be enjoyed, too,

the agitations and dissen

from the confliet of pass
ests in which the man of busi
volved. There is something in the contemplation
of gen al laws which powi rfully induces and per-
suades us to merge individual feeling, and to commit
ourselves unreservedly to their disposal; while the
observation of the ealm, encrgetic regularity of na-
ture, the immense scale of her operations, and the
certainty with which her ends are attained, tends,
irresistibly, to tranquillize and re-assure the mind,
and render it less accessible to g, selfish, and
turbulent emotions. Amnd this it does, not by debas-
ing our nature into weak compliances and abject
submission to circumstances, but by filling us, as
from an inward spring, with a sense of nobleness
and power which enables us to rise superior to them ;
by showing us our strength and innate dignity, and
by calling vpon us for the exercise of those powers
and faculties by which we are busceptible of the
comprehension of so much greatness, and which
form, as it were, a link between ourselves and the
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18 DISCOURSE ON THE STUDY

CHAP. IL

oF ABSTRACT SCIESCE AS A PREFARATION FOR THE
STUDY OF PHYSICS, — A PROFOUND ACQUAINTANCE
WITI IT NOT 1NDIS) FOR A CLEAR ‘DER=
ETAND] oF PHVEL
OF THEIR TRUTH MAY
INSTANCES, — FURTHER I

ODTAINED WITHOUT IT.—
N OF THE SUBJECT.

wledge of many, orderly
sted and M_.—:_._.__..Hr.‘m. s0 as to

ttainable by one. Theknowledge of reasons
clusions constitutes abstract, that of
cts, and of the laws of nature,

yses and the

niedueral seience,

(14.) Absiract science is independent of a system
of nature, — of a creation, — of every thing, in short,
except memary, thought, and reason. Its objects
¥ existences and relations
which we cannot even conceive not to be, such as
number, order, &c.; and, secondly,
symbols, which thought

are, first, those _u_..m

space,
those artificial forms,
has the power of creating for itself at pleasure,
d substituting as representatives, by the aid of
memeory, for combinations of those primary ohjects

and of its own conceptions,—either to facilitate the
act of reasoning respecting them, or as convenient
posits of its own eonclusions, or for their com=
to others. & are, first, longuage,
en; its conventional forms, which con=

te grammar, and the rules foritsuse in argument,
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DISCOURSE OX THE STUDY

that the words and signs used in our reasonings
are full and true representatives of the things sig-
nified ; and, conseque __“_u_‘ thut when we use lan-
guag ns in argument, we neither, by their
use, introduce exjrancous notions, nor exclude any

part of the case before us from consideration. For
example : the words space, square, gircle, a hundred,
&e., convey to the mind notions so ....:..Eﬁ-n in
themselves, and so distinct from every thing else,
know and

that we arec sure when we use them w
have in view the whole of our own meaning, IEis
lely different with words cxpressing natural ob-
jects and mixed relations. Take, for instance, from.
Different persans attach very different ideas to this
wetism hias
ne in the

word. One who has never heard of o

erent notion of éron
redicament. The vulgar, who regard this
who sees

incombustible, and the chemis

it burn with the uft and who has other

1
» bodies in nature ; — the poet, who uses it as
Ty

dity ; and the smith & i engin
1 whose hands it is plastic, and moulded like wax
into every form; the er; who prizes it as an
nil the eleetrician, who sees in it only o
channel of open communic tiom by which that most
impassable of obstacles, the air, may be traversed
by hi d fluid, have all different, and all
inpe
of such a term is like a rainbow — ev
different one, and all maint it to be the same.
So it is with nearly all our terms af sgnse.  Some
y light or heavy (terms

& imprise

ect, noti

; of the same word.  The meaning

y body sees a

are indefinite, as hard or
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OURSE ON THE STUDY

e sourees of error and mis.
take, ac use of language as
an instrument of reazon, and by familiarizing ns, 1
oUr progress towards truth, to walk :TJE.._._;. and
straight-forward on firm gre ound, give us that proper
and dignified carringe of mind w :ould never be
acquired by having always to p k our steps among
ebstructions and loose fragments, or to stendy them

e from t
stom us to the stri

yet, bein

in the reeling te mpest of ¢

(17.) But there is yet another point of view under
ch some acquaintance with abstract science may
be regarded as highly desirable in general edu-
cation, if not indi _u¢:..~_:.___. neCeEsary, L0V :..._uw..,m.—
on us the distinction betw strict and vague
ng, to show us what demenstration really
is, and to give us thereby a full and intimate sense
of the nature and strength of the evidence on
pur knowledge of the actual system of nature,
and the laws of natural phenomena, rests. For this

.__:__.T_ir, however; a very moderate acu intance
ty branches of mathematics
aid before us, and every

| : more elemen

y suffice. The ¢
link is ;.::.::.:_—_ to our
e patience and ine tion to enter on such
Hundreds have gone through it, and will
continue to do so; but, for the generality of man-
d, it is enough to satisfy -r..._..mm_..am of the so-
lidiey and & antine texture of its materials, and
the unregerved exposure of its weakest, as well as
its strongest, parts.  If, however, we content ours=
selves with this general view of the matter, we

15t be content also to take on trust, that is, on
the authority of those who have examined deeper,

reserved examination, if
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ETURY

splendour exceeds by man v hundred times that of the
gun itself, alt we may not deny t truth of
the assertion, we not but fieel the keenest cu-
riosity to know hew such things were ever made out.

(18.) The foregoing arg among those results of
scientific research which, by their magnitude, seem
to transeend our powers of conception. There are
whi from their minuteness, would

ask for demonstration, when told that a gnat's wing,
in its ordinary flight, beats many hundred times in a
.ond? or that there exist animated and regularly
d bein, wny thousands of whose bodies
lose together w h? But
t are these to the astonishing truths which
o5 have disclosed, which teach
¥ point medinm through which a ray
1t passes is alfected with a succession of periodi-
ovements, regularly r urring at equal intervals,
)y lege than five hundred millions of millions of times
in a single second! that it is by such movements,
commuuicated to nerves of Our eyes, a_r.—n we
: —nay more, that it is the difference in the fre-
quency of their recurrence which affects us with the
sense of the diversity of colour; that, for instance,
in aequiring the sensation of redness our eyes are
affected four hundred and eighty-two millions of
millions of times; of yellowness, five hundred and
_.c__.J..ns.; millions of millions of times ; and of violet,
goven hundred and seven millions of millions of times
per second.® Do not such -_.m:mm sound more like

| not extend an

* Young. Lecturces on Nat. Pl
Trans, 1801=2
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26 DISCOGRSE ON THE STUDY

are deduced, and the essen bearings and con-
nections of the several parts of natural philosophy.
There are w
d important
has never been at

and very extensive
ieal reasoning
as chemistry,
atural history in general, and many
plays a very subordinate part, and
ich the essential principles, and th ‘uiu:._.:_m of
application to useful purposes, may be perfectly well
understood by a student who possesses no more
mathemati knowledge than the rules of arith-
; 0 that no one need be deterred from the
acquisition of knowledge, or even from active origi-
| regearch in such subjects, by a want of mathe-
matical information. Even in those branches which,
like astronomy, optics, and dyna

eology, and

metic

which no effectual progress ean be made without
sonte acquaintance with geometry, the principal
it. T

0

mathematical demonstration, the conviction afforded
by verified predictions nfust stand in the place of
that purer and more satisfactory reliance which a
verification of every step in the process of reasoning
can alone afford, since every one will acknowled
the v .&:u. of pretensions which he is in the daily
it of seeing brought to the test of practice.

(21.) Among the verifications of this pre ctical
kind which abound in every department of physics,
there are none more imposing than the precize pre
diction of the greater phenomena of astronomys;
none, certainly, which carry a broader conviction
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28 DISCOURSE ON THE STUDY
physical astronomy an approach to the miraculous.
Yet, the alternatives of life and death, wealth and
ruin, are da __@_ and hourly staked with perfect con-
fidence on these marvellous computations, which

might almost seem to have been deviged on purpose
to show how closely tl

extremes of speculative
| utility can be brought ta
We have before us an anccdote com-
ted to us by a naval officer ®, distinguished for
ety of his attainments, which

nent and prac

the extent and v

ghows how impressive such results may become in
practice. He sailed from San Blas on the west
coast of Mexico, and after a voyage of 8000 miles,
occupying 89 days, arrived off Rio de Janeire, hav-
ing, in this interval, passed through the Pacific
Ocean, rounded Cape Horn, and crossed the South
Atlantic, without mak

sing

o any land, or

with the excep n American whaler
off Cape Horn,  Arrived within a week's sail of Rio,
he set seriously about determining, by lunar observ-
3 nd its
nt, and having

ations, the precise line of the
situation in it at a determinate me
azcertined this within from five to ten miles,

:._..ﬁ COur

the

rest of the way by those more ready and compen-
dious methods, known to navigators, which can be
safely employed for short trips between one known
ther, but which cannot be trusted in
maon is the only sure guide.
The rest of the tale we are enabled by his kindness
to state in his own words: —* We steered towards
Rio de Janeiro for some days after taking the lunars

point and

long voyages, where tl

* Captain Basil Hall, R, N.
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SCOURSE ON THE STUDY

every r_.:m.._. knows that objects
arent medium, such as water
156, appear distorted or displaced. Thus,a stick

Ve an n.___rw:,:_—f..n

i water appears bent, and an object seen through a
m or wedge of glass seems to be thrown aside
from its true place. This effect is owing to what is
led the refraction of light ; and a simple rule dis-

ly hone muech the stick will be bent, and Aow
pparent situation of
te from the
If a shilling be laid at the bottom of a
appear
to be raised by the water; if instead of water spirits
of wine be used it will appear more raised ; if oil, still

n of water

d viewed obliquely, it w

— but in none of these cases will it appear to
aside to the right or lgft of its true p
n w

mor
be throw
however the eye be situated. The plan
are contained the eye, the ohject, and the point in
the surface of the liquid at which the object is seen,
is an upright or vertical plane; and this is one of the
principul characters in the ik._.ztn»___...,ﬁ..___vt_..ﬁ..ba oflight,

il

that the ray by which we see an object through a
undergoes a bending,
it the surface, yet, in pur-
loes not guit a plane

and is, as it were, broke

suing its course to the e)
perpendicular to the refracting surfuce, But there
in other substances, such a8 rock-crystal, and
lly Iceland spar, which possess the singular
f doubling the image or appearance of an
them in certain directions ; so

property
object seen thro
that instead of seeing one object we see two, 8i le by
side, when such a crystal or spar is interposed be-
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DISCOURSE OX THE STUDY

plane and exiraordinarily refracted, v hile the other
followed the E.:__m.zz__..q rule. Accordingly this was
s¢; and not only se, but from
ements _:E_:«_.; ::Eo by &
P __._:..é_urn_. of great eminenee, It was con idered to
ntly established by experiment.

ight have remained long un-
for :_q mensurements are deli-
But it has lately

1l the subject very ¢
been demonstrated by an eminent French philosopher
and mathematician, M. Fr 1, that, granting eertain
all the phenomena of double
refraction, including perhaps the greatest variety of
facts that have ever yet been arranged der one
general head, may be satisfactorily explained and
deduced from them by striet mathematical calcula-
ti vl that, whe Vied to the cases first men-
tioned, t} give a satisfactory aceount
of the wanf of the extraordin ¢ image ; that when
_....“_:_._..; to such cases as those c" rock-crystal or Tce-
land spar, they also give a correct account of both
the im: ges and agree in their conclusions with the

w-:..:«.a.........ﬁ or __.___..:——_.n

se princif

which would make these conclusions extend to all
ised substances, M. Fresnel's principles lead
to o conclusion ;::.. opposite, and point to a Jact
w L. had never been observed, viz. that in by far

1 d subs =& which
_E?_._:. :_r property of louble refraction, neither of
wws the ordinary law, but both un-
a ._..._r_,;:._._ from their original plane. Now
this had never been ghserved to be the case in any
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34 DISCOURSE ON THE STUDY

there ought to be no darkness, — in fact, no shadmne
at that place; but, on the contrary, a degree of illu-
mination precise it as if the metal plate
were away. * Strange and even impossible as this
conclusion may seem, it has been put to the trial,
and found perfectly correct. *

(25.) We shall now proceed to consider more
particularly, and in detail, —

1. The nature and objects immediate and colla-
teral of physical science, as regarded in
itself, and in its application to the practical
purposes of life, and its influence on the
well-being and progress of society.

IT. The principles on which it relics for its suc-
cessful vna__...._..::_:... and the rules 3__ which

ion of nature should
illustrative of

a systemal [E iR h
be conducted, with examples
* their influence.
HI. The subdivision of physical science into distinet
branches, and their mutual velations.

eaution our readers who would assure themselves
t it is an experiment of some delicacy, and not

Mémaire
n de la Lumiere, p. 124.); and the principles
they depend will of course be detsiled in that
Cabinet Cyclopmdia which is devoted to the

velume of th
nalject of Lom
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965 DISCOURSE UN THE STUDY

is chiefly, perhaps entirely, from the other or con-
tingent class of events that we gain our notions of
cause and effect.  From them alone we gather that
there are such things as laws of nature. The very
idea of a law includes that of contingency. * 8§
quis mala carmina condidisset, fuste ferito ;" if such
a case arise, such a course shall be followed, — if the
match be applied to the g npowder, it will explode.
Every law is a provision for cases which may occur,
and has relation to an infinite number of cases that
never have oceurred, and never wi Now, it is
this provision, d priori, for contingencies, this con-
templation of possible occurrences, and pi rilis-
poss what shall happen, that impresses us with
the notion of a Jaw and & eouse. Among all the
ible combinations of the fifty or sixty elements
chemistry shows to exist on the earth, it is
likely, nay almost certs in, that some have never been
formed ; that some elements, in some _.:u_.nﬂ...._u“_._m.
and under some circumstances, have never yet been
placed in relation with one another. Yet no chemist
can doubt that it is already fized what they will do
when the case does occur.  They will obey certain
] of which we know nothing at present, but
ed, or they could not be
and failure,
n the contin-
no consuit-

h must be already
t by habit, or by tri
t they wi rn what to do. W
gency occurs, there will be no hesitatic

laws, It is

ation : — their course will at once be decided, and
will always be the same if it occur ever £0 often in
succession, or in ever so many places at one and the

same instant.  This is the perfection of a law, that
i udes all possible contingencies, and ensures
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S8 DISCOURSE ON THE STUDY

bulk ; and we have the strongest evidence that, al-
g t great and essentinl differences in
individuals among these atoms, they may yet all be
arranged in a very limited number of groups or
classes, all the individuals of each of which are, to
all intents and purposes, exactly alife in all their
properties.  Now, when we see a great number of
things precisely alike, we do not believe this simi-
larity to have originated except from a common
principle independent of them ; and that we recog-
. this likeness, chiefly by the identity of their de-
portment under similar circumstances, mnamu._mﬁ_._n__w
rather than weakens the conclusion. A line of spin-
ing-jennies ®, or a regiment of soldiers dressed
exactly alike, and going through precisely the same
evolutions, gives us no idea of ind -_ﬂé...._n:n CXist-
ence : we must see them act out of concert before
we can believe them to have independent wills and
properties, mot pressed on them from without.
And this eonclusion, which would be strong even
were there only two individuals precisely alike in
all respects and for ever, acquires irresistible force
when r number is multiplied beyond the power
ragination to conceive. If we mistake not, then,
discoveries alluded to effectually destroy the
iden of an efernal self-ervistent matler, by giving to
cach of its atoms the essential characters, at once,
of a manufiuctured article, and a subordineate agent.
(29.) But to ascend to the origin of things, and
speculate on the creation, is not the business of the
natural philosopher. An humbler field is sufficient

. tlo recls used in cotton mills to twist the thread,
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40 DISCOURSE OX THE STUDY
and effete with age, and man himself d criorati g
cter, and diminishing at once in intellectoal
d bedily stature. Dut to us, who have the ex.
perience of some additional thousands of years, the
question of permanence i already, in a great measure,
irmative. The refined speculations
of modern nstronomy, grounding their conclusions
ab very remote _.r_.ia,_w. have

vations mmd
proved to demonst tion, that one at least of the
at powers of nature, the force of gravitation,
bond and support of the material universe,
lhas undergone no change in intensity from a high
iquity. The stature of mankind is just what it

was three thousand years ago, as the specimens of -

wmmics which have been examined at various
times sufficiently e intellect of Newton,
Laplace, or La Grange, may stand in fair competition
with that of Archimedes, Aristotle, or Plato; and
the virtues and patriotism of Washington with the
iples of ancient history.

in, the researches of chemists have
tion, destrue-
ement af
v of the

LW

1) Ag

shown that what the vulgar call corry

the same wdient elements, the disposit

same materials into other forme, without the I

or actual destruction of a single atom ; and thus any
doubts of t ence of natural laws are dis-
L AN e » whole weight of appearances
thrown into the opposite scale, One of the most
ubvious cases of apparent destruction is, when any
thing is ground to dust and scattered to the winds.
Lt it is one thing to grind a fabric to pewder, and

another w annihilate its materials : scattered as they
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DISCOURSE ON THE STUDY

(32.) Now, this absolute indestructibility of the
ultimate materials of the world, in periods commen-
surate to our experience, and their obstinate reten-
ion of the same properties, under whatever variety
ses we choose to place them, however
violent and seemingly contradictory to their natures,
is, of itself, enough to render it highly improbable
that time alone should have any influence over
them. All that age or decay can do seems to be
included in a wasting of parts which are only dissi-
pated, not destroyed, or in a change of sensible pro-
perties, which chemistry demonstrates to arise only
from new combinations of the same ingredients,
But, after all, the question is one entirely of expe-
rience : we cannot be sure, 4 priort, that the laws
of nature are fmmudable; but we can ascertain, by
enquiry, whether they change or not; and to this
enquiry all experience answers in the negative. It
is not, of course, intended here to deny that great
perations, productive of extensive changes in the
visible state of nature, — such as, for instance, those
contemplated by the geologists, and embracing for
their completion vast _..._ﬂ._czm of time, — are con-
stantly going on; but these are consequences and
fulfilments of the laws of nature, not contradictions
or exceptions to them. No theorist regards such
ges as alterations in the fundamental principles
of nature; he only endeavours to reconeile them,
and show how .::,u.. result from laws m—nﬁ:._m. known,
amd u_.::uem of the correctness of his z_h:d_ ._“.w
their ultimate ement.

(35.) But the laws of nature are not only per-
nent, but consistent, intelligible, and discoverable

of circumsts
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DISCOURSE ON T

STUDY

it pains and expense would not the alehemists,
instance, have been spared by a knowledge of
e simple laws of composition and decomposition,
which now preclude all idea of the attainment of
their declared object! what an amount of ing Ewur
thrown away on the pursuit of the perpetual motion,
ve been turncd to better use, if the simplest
laws of mechanies had been known and attended
to by the inventors of

might

numerable contrivances
destined to that end! What tortures, inflicted on
patients by imaginary cures of incurable disenses,
might have been dispensed with, had a few simple
principles of physiology been earlier recognised !
But if the laws of nature, on the one hand,
are invincible opponents, on t other, :.:..w_ are
irresistible auxili il it will not be amiss if
wWe 2.,..“._.:._ them in each of those characters, and con-
sider the great importance of a knowledge of them
to mankind, —

o I

L In showing us how to avoid atlempting im-
possibilities.

1. Tn securing ws from fmparéant mistakes in -
tempting what is, in itself, possible, by means
either inadequeate, or actually opposed, o the
end in wiew,

1. Tn enabling ws to accomplish our ends in the
casiest, shortest, most economical, and most
effectual manner,

IV. In inducing us to attempl, and encbling us o

acemmplish, oljects which, but for such know-

.w:.___.__.__qu we should never have ..____t___.Q._.__u of wunder-

taking.
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DISCOURSE ON THE STUDY

bellows, it was, on one occasion, attempted to em-
ploy the steam itself in, apparently, a much less
circuitous manner; viz. by directing the current of
steam in a violent blast, from the boiler at once into
the fire. From one of the known ingredients of steam
being a highly infiammable body, and the other that
essential part of the air which supports co ibustion,
wed that this would have the effect of
increasing the fire to tenfold fury, whereas it sim-
ply blaw it out; a result which a slight considers
ation of the laws of chemical combination, and the
state in which the ingredient elements exist in
steam, would have enabled any one to prediet
without a tri

(38) Ex. 8. (35) II. After the invention of
the diving-bell, and its success in subaqueous pro-
cesses, it was considered highly desivable to devise
some means of remaining for any length of time
under water, and rising at pleasure without assist-
ance, so as either to examineg, at leisure, the bottom,
or perform, at ease, any work ﬁ_:_ ::._.1_: be required.
Some years ago, an ingenious in 1al proposed a
project by which this end was to be accomplished.
It consisted in sinking the hull of a ship made quite
water-tight, with the decks and sides strongly sup-
ported by shores, and the only entry secured by a
stout trap-door, in such a manner, that by disengag-
:._M,. :_cs.. within, the weights employed to sink it,
T _.. it rise of itself to the surface. To render the
trial more satisfactory, and the result more striking,
the projector himself made the first essay. It was
uﬁ_.:.._._._. that he should sink in twenty fathoms water,
in without assistance at the expiration of

and ris
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48 BISCOURSE ON THE sTUDY
casily explained without entering into particulars of
mineralogical detail. ®
(404} (#5.) IIL Hardly less simple and
efficacious is the process used in some parts of France,
where mill-stones are made. When a mass of stone
sufficiently Tq:a is found, it is cut into a cylinder
d the .u:_.u_,_o_. then arises how
to subdivide this into horizontal pieces so as to make
as many mill-stones. For this purpose horizontal
entations or grooves are chiselled out quite round
the eylinder, ot distances corresponding to the thick-
ness intended to be given to the
es of dried wood are driven.
then wetted, or exposed to tl t dew, and next
morning the different picces are found separated
from each other by the ry?...,.E: of the wood, con-
sequent on its =,;o::.c.. of moisture ; an irresistible
natural power thus accomplishing, almost without
any trouble, and at no expense, an operation which,
m the peculiar hardness and texture of the stone,
would otherwise be impracticable but by the most
ery or the most persevering labour,
(35.) 1L —_u accomplish our ends
ly is often of; nportance as
them with little labour and expense
re ar ch, if left to
themselves, 4. e. to the ordinary operation of natural
, and well done, but with extre

powerfial macl

o Acco

causes, are do

ixh betwoen four and five bundred
. Kennedy's * Account of the
ingle Stone about Se.
Phil. Trans. vol




3 J0 Jlosmn qieaw o) po iramod su ..._“u__r._u.so:.f_
) Joo| 01 poutnI] P3u0 FUlAVE] MSIA SqMpaImL
1 [B30U0D YOI a S2830004 FE01[] aqenauad 01

LGSR

‘auniaoy pood-a o “Ansnput Yy e 33 AT St
. m
i b L i

piEdas 0] pIEAIDIIIUM[ Pal BT @

201 O] AME

o stamod oy

TBAT _.._; PRI nd aq oy e s sanEjuTApE M1
1amod parmbae Luau
mefe

paauatiadxa aouo §

a) puMxa

¥ _.“__ .n.:_ L1

ymans

1 40 28N §N] 03 JuMA
yeayidums
0 9819

J _....:"._

8 0ou 19} 08 sSarprdea
JognesE nagy 09
fIBEIID

PRI
_:___

papaoge & 12 @} g 8
SjuzA pug Sansap ] put fua smaia S
11 furw Jo puid i) §1 prnnsucd 0% ngr .”.m..:
poautene

._m...._—._ FRILE]

|
uo sajdud
[ d 14

28 WO 0L

"pajaaes

ano T nodn

[
_J._ .

JO WOrSIoTm n._.__._.:u..h 21 a.._.

=10 §31 20§ E

Juour uasa 1o syaom Auww sannbas

‘uns 03 snsodxa fq Aem ey
1 ‘aouwsur soj ‘uaun) jo Sugoragg
muispeoon 03 soumdodun opowad

_'¢.+——..r.umﬁ

‘pura puw °

al o

uajo s SoEED __..uu._.z ui pu

"LHJOROTIHE IVIALYE 40




&0 DISCOURSE 0¥ THE STUDY

such, he is no longer content to limit Iiis enterprises
to the beaten track of former usage, but is constantly
led onwards to contemplate objects w ich, in a pro-
vious stage of his progress, he would have regarded
as unatiainable and visionary, had he even nrc_..mw.n
of them at all. It is here that the investigation of
the hidden powers of nature becomes o mineg, every
vein of which is pregnant with inexk austible wealth,
and whose ramifications appear to extend in all di

rections wherever human wants or c.s_.Em._J. ey lead

us to explore.

(44.) Between the physical sciences and the artsof
life there subsists a constant mutual interchange of
good olffices, and no e nsiderable progress can be
ity giving rise to
hand,

made in the one without of nec

corresponding steps in the other. On the ¢
every art is in some MEASUre, and many entirely,
dependent on those very powers and qualities of the
aterial world which it is the object of physical

1 expl wd, aceordingly,
t examples might be ted of cases where

e remarks of experienced artists, or even ordinary
ve led to the discovery of natural quali-
or combinations which have proved
rtanee in physics. Thus (to give
p-manufacturer remarks that the
v, when exhausted of the alkali for
he employs it, produces a corrosion of his
per beiler for s he cannot account. He

of a scientific chemist for
ry of one of the

puts it into the

is the disco
portant chem cal elements,
properties of this, being studied, are
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52 DISCOURSE OX THE STUDY

person infullibly repays itself with interest. though
often in a way that could never liave been at first
contemplated.

(44.) It is to such observation, reflected upon, how=
ever, and matured into a rational and scientific form
by & mind deeply imbued with the best principles of
philosophy, that we owe the practice of vacein=
ation ; & practice W ich has effectually subdued, in
every country where it has been introduced, one of
vightful scourges of the human race, and
some extir d it altogether. Happily for us
we know only by tradition the ra of the small-

; it existed among us hardly more than & cen-
iry ago, and as it would in a few years ifallibly
in, were the barriers which this practice,
d that of inoculation, oppose to its progress
handened. Hardl r to this terrible scourge
on land was, within the last seventy or eighty years,
1d destruction

in

geurvy at sea. The sufferings
y this horrid disorder on hoard our ships
a matter of course, it broke out after a few
e, le. Deaths
mnt of eight or ten a day ina moderate

: bodies sewn upin h nmocks and
t the decks for want of strength and
part of the misefable survivors to cast
and every form of loathsome and

the

ch are the pictures which the nar-
1 adventure in those days econ-

h Sens, &c. &c. under the
soa, in 1740—1744; by
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LEY DISCOURSE ON THE ETUDY

strengthened the sinews of our most powerful arm,
obliterated one of the darkest features in the
orious of all professio
owever, are instances of simple
» the point immediately in view,
only so far the character of science as
vstematie adoption of good and rejection of evil,
en grounded on expericnce carefully weighed,
r entitle it to do.  They are not on that aceount
seitely cited ns instances of the importance

he advertsto the superior virtue of this
rd, surgeon of the Hector sleap aof
¢ ho had seen of its effects on
1l not be nccused of

in the eure and prevention of
icina Nautica.) ‘The precautions

ke
Eystim

B
of pre

stations of Dr. Blair and sir Gilbert
v of commissioners of the board for sick
we believe, that its systematie
by a general order of the sdmi=
The effect of this wise measure (taken, of
general causes of sproved
be estimated from the following facts:— In
ber of cases of scurvy reevived into Haslar
4573 in 1806 ome only, and in 1507 one.  There
are Bow many surgeons in the navy who have never seen tha

disense.
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56 DISCOURSE ON THE STUDY

security while surrounded with an atmosphere more
explosive than gunpowder : — the life-boat, which
cannot be sunk, and which offers reliel in ewrcums
stances of all others the most distressing to humans
ity, and of which a recent invention promises 1o
extend the principle to ships of the largest class: —
the liphthause, with the capital improvements which
the lenses of Brewster and Fresnel, and the elegant
lamp of lieut it Drummond, have conferred, and
promise yet to confer by their wonderful powers,
the one of producing the most intense light yet
known, the others of conveying it undispersed to
great distanc - the discovery of the «
powers of chlorine, and ite application to the de-
struction of miasma and contagion: —that of quimine,
the essential principle in which reside the febrifuge
qualities of the Peravian bark, a discovery by which
posterity yet to benefit in its full extent, but
which has already begun to diffuse comparalice com=
wrt and health through regions almost desolated by
pestiferons exhalations * ; — and, if we desist; it
not becansze the list i exhausted, but because a
sample, not a catalogue, is intended.

{46.) One instance more, however, we will add, to
Nustrate the manner in which a most familiar effect,
which seemed destined only to amuse  chil dren; or,
at best, to furnish a philosophic toy, may become a
safeguard of human life, and a remedy for a most

o been informed by an eminent plysician in Rome,
= ntity of the sulphate of quinine

{ Dr. Moricl
ts manufactured there and consumed in the Campagna, with
ing the severity of the malarious
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DISCOURSE THE STUDY

than the institution of life-assurances. othing is
more uncertain than the life of a single individual ;
wl it is the sense of this insecurity which has given
uch institutions. They are, in their nature

rise to
and ohjects, the precise reverse of gambling specu-
lations, their object being to _..__._E_._.. vicissitude,
lace the pecuniery relations of numero
" mankind, in so far as they extend, on'a
ependent of individual casualty. To do
ntage, or indeed
s ATy to know the
ortality, or the average numbers of indivi-
great multitude, who die at every
ncy to extreme old age. At
wonld seem a hopeless enquiry; to
But it has been
1z extraordinary

Jics of

dualg, out of a

SO, Per __:_ﬂr 4 presumptuous one
made ; and the result is, that, o

TS

wars, pestilence, a d the like, & re-

rarkable regu htain, quite sufficient
ywid grounds not only for general eatimations,

y does

iventure, such

calculations of risk and
ly to insure the success of any such insti-
unded on good computations and thus to
confer such stability on the fortunes of families de-
pendent on the exertions of one individual as to con-
important feature in modern civilization.
The only thing to be feared in such institutions is
their too great multiplication and consequent com-
petition, by which a spirit of g mbling and under-
bidding iz lisble to be generated among their con-
duetors, and the very mischief may be produced,
of xtent, which they are
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DISCOURSE OX THE STUDLY

(51.) The Menai Bridge, one of the most stu-
pendous works of art that has been raised by man in
modern ages, consists of a mass of iron, not less than
four millions of pounds in weight, suspended at a
medivm height of about 120 feet sbove the sea.
The consumption of seven busk sls of coal would
suffice to raise it to the place where it hangs.

(52.) The great pyramid of Egypt is composed of
granite. It is 700 feet in the side of its base, and 500
in perpendicular height, and stands on eleven acres
of round.  Tis weight is, therefore, 12,760 millions
of pounds, at a medium ght of 125 feet; conse-
quently it would be rs ed by the effort of about
f coal, & quantity consumed in some

in a week.

} The annual eonsumption of coal in London
is estimated at 1,500,000 chaldrons. The effort of
this quantity would suffice to raise a cubical block of
marlle, 2200 feet in the side, th h a space equal
ght, or to pile one such mountain upon
The Monte Nuovo, near Pozzuoli, (which
I nizht _.-.__— voleanie m:....u
ight have been raized by such an effort, from a
depth of 40,000 feet, or about eight miles.

(54 ) It will be cbserved, that, i the above state-
ment, the inherent power of fuel is, of necessity,
greatly under-rated. It is not pretended by engineers
that the economy of fuel is yet pushed to its utmest
limit, or that the whole effective power is obtained
in any application of fire yet devizsed ; so that were

Tabour is about 4 Ibs. of coals. The extreme toll of this aseeut

yus canses than the mere hefght.

arises from other
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DISCOURSE 0N THE STUDY

Holland what might be accomplished by the con-
stant agency of the desultory but unwearied powers
of wind. But the Dutch engineer measures his
surface, ealculates the number of his pumps, and,
trusting to u____n and his experience of the opetation
or the success of his _.F:_"_:.:._r.:m?
boldly forms his plans to lay dry the bed of an in=
d sea, of which those whe stand on one shore

of the w

cannot see the other.®

(56.) gunpowder, a5 a source of mechanical
power, it see hardly necessary to call attention ;
yet it is r..___.. when we endeavour to ntqe__:f_ __—a that
we get a _____ conception of the immense energy of
that g ent. T. count Rumford's expe-
rim " powder confined in
a cylindrical space, w shich it .\____E_ Jilled, tore asunder
a piece of iron wl ted a strain of
400,000 Ibs.t, .;.Tm.r.;. at no greater mechanical dis-

:.._._‘. ] .;. the dif
..._._:__:.r.__““:u; is such, that :_.,,_4. Can :“.._. be com-
s, whose ferocious
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G4 DISCOURSE ON THE STUDY

for reflection and wonder; but it would require
not volumes merely, but librari to enumerste
and deseribe the prodigies of ingenuity which have
been lavished on every thing connecte 1 with ma-
chinery and engineering. By these it is that we are
enabled to uge over the whole earth the pro-
tions of any part of it; to fill every corner of
it with miracles of art and labour, in exchange for its
.___.;.::.:.. commaodities; and to concentrate around
us, in our dwellings, apparel and utensils, the skill and
workmanship not of @ few expert individuals, but
I wha, in the present and past generations, have
eontributed their improvements to the processes of
nufactures.
ansformations of chemistry, by which
are enabled to convert the most apparently use-
Is into important objects in the arts, are

up to us every day sources of w calth and

ence of which former ages had no ide: and

have been pure gifts of science to man.

Every department of art has felt their influence, and
are continually starting forth of the

unlimited resources which this wonderful science
developes in the most sterile parts of nature.  Not
to mention the impulse which its progress has given
sst of other sciences, which will come more

nder consideration in another part of

wrse, what strange and unexpected results

Iit to light in its application to some

of the most common objects ! Who, for instance,
ould have conceived that linen rags were capable
more than their own weight of sugar, by

the simple agency of one of the cheapest and most
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60 DISCOURSE ON THE STUDY

{60.) Armed with such powers and resources,
it is no wender if the enterprise of man should
lead him to form and execute projects which, to
one uninformed of their grounds, would seem alto-

ther disproportionate. Were they to have been
__Hs_._:.,._....ﬂ at once, we should, no doubt, have re-
jected them as such: but developed, as they have
been, in the slow succession of ages, they have
only taught us that things regarded impossible in
one m-...:.ﬂ:.m:... may become easy in the next ; and
that the power of man over nature is limited only
by the one condition, that it must be exercised in
comformity with the laws of nature. He must study
these laws as he would the disposition of a horse he
would ride, or the character of a nation he would
govern; and the moment he presumes either to
thwart her fundzmental rules, or ventures to mea-
eure his strength with hers, he is at once rendered
severely sensible of his imbecility, and meets the
deserved punishment of his rashness and folly.
But if; on the other hand, he will consent to use,
vithout the resources thus abundantly
placed at his disposal, and obey that he may com-
mand, there seeme scarcely any coneeivable limit to
the degree in which the arerage physical condition
of great masses of mankind may be mE_UE__..Q._., their
wants supplied, and their conveniences and comforts
increased.  Without adopting such an exaggerated
view, as to assert that the meanest inhabitant of a
civilized society is superior in physical condition to.
the lordly savage, whose energy and uncultivated
ability gives him a natural predominance over his
fellow denizens of the forest,—at least, if we compare
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68 DISCOURSE ON THE ST

hibits, and which, in an estimate of averages, gives
an immense preponderance to the present over
every former condition of mankind, and, for aught
we can see to the contrary, will place succeeding
generations in the same degree of superior relation
to the present that this holds to those passed away.
Or we may put the same proposition in other words,
and, admitting the existence of every inferior grade
of advantage in a higher state of civilization which
subsisted in the preceding, we shall find, first, that,
taking state for state, the proportional numbers of
those who enjay the higher degrees of advantage
increases with a constantly accelerated rapidity as
society advances ; and, secondly, that the superior
extremity of the scale is constantly enlarging by
the addition of new degrees. The condition of a
Furopean prince it now as far superior, in the com-
mand of real comforts and conveniences, to that of

g s that to the condition of
one of his own dependants.

(62} The advantages conferred by the augment-
ation of our physical resources through the medium
of incrensed knowledge and improved art have this
peculiar and remarkable property, — that they are
in their nature diffusive, and cannot be enjoyed i
any exclusive manner by o few. An eastern despot

y extort the riches and monopolize the art of
his subjects for his own personal use; he may
spread around him an us wtural splendour and
luxury, and stand in strange and preposterous con-
trast with the general penury a d discomfort of
his people; he may glitter in jewels of gold and
ruiment of needlework; but the wonders of well
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DISCOURSE OF THE ETUDY

arcessible to all, were it only that they may be the
more thoroughly examined into, and more effectually
developed in their consequences, and receive thas
ductility and plastic quality which the pressure of
minds of all descriptions, constantly moulding them
to their purposes, can alone bestow, But to this
end it iz ne y that it should be divested, as far
as possible, of artificial difficulties, and stripped of
all such technicalities as tend to placeit in the light
of a craft and 8 mystery, inaccessible without a
kind of apprenticeship. Science, of course, like
every t : s its own peculiar terms, and,
0 to speak, its idioms of language; and these it
would be unwise, were it even possible, to relinguish :
but every thing that tends to clothe it in a strange
and repul garh, and especially every thing that,
to keep up an appe ce of superiority in its profes-
gors over the rest of mar wkind, a55Umes an Unnecessary
guise of profundity and obscurity, should be sacri-
ficed without y. Not to do this, is to deliber-
atelyreject the light which the natural unencumbered
good sense of mankind is capable of throwing on
every subject, even in the elucidation of principles:
but where principles are to be applied to practical
uses it becomes absolutely necessary ; as all mans

ind have then an interest in their being so fami-
liarly understood, that no mistakes shall arise in

r application.

(64.) The same remark applies to arts. They cannot
he perfected till their whole processes are laid open,
und their language simplified and rendered univer-
sally intelligible. Art the application of knowledge
tn @ practical end. If the knowledge be merely
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DISCOURSE 0N THE STUDY

by results, but conceal processes. The character
of science is the direct contrary. It delights to
lay itself open to enquiry; and is not satisfied
with its conclusions, till it can make the road to
them broad and beaten: and in its applications it
rves the same character; its whole aim being
to strip away all technical mystery, to illuminate
every dark recess, and to gain frée access to all
processes, with a view to improve them on rational
principles. It would seem that a union of two quali-
ties almost opposite to each other — a going forth of
ie thoughts in two directions, and a sudden transfer
of ideas from a remote station in one to an equally
distant one in the other —is required to start the first
idea of applying science.  Among the Greeks, this
point was attained by Archimedes, but attained too
late, on the eve of that great eclipse of science
which was destined to continue for nearly eighteen
centuries, till Galileo in Italy, and Bacon in Eng-
land, at once dispelled the darkness: the one, by
his inventions and discoveries: the other, by the
irresistible force of his arguments anid eloquence.
(65.) Finally, the improvement effected in the con=
dition of mankind by advances in physical science
a= applied to the useful purposes of life, is very far
om being limited to their direct consequences in
the more abundant supply of our physical wants, and
the increase of our comforts. Great as these benefits
are, they are yet but steps to others of a still higher
kind. The successfil results of our experiments
and reasonings in natural philosophy, and the ineal-
culable advantages which experience, systematically
consulted and dispassionately reasoned on, has con-
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DISCOURSE ON THE STUDY

fore, hopeless of attaining them. It is not mow
equally harmless and insignificant, whether we are
right or wreng ; since we are no longer supinely and
ly carried down the stream of events, but

feel ourselves capable of buffetting at least with its
and perhaps of riding triumphantly over

them: for why should we despair that the reason
which has enabled us to subdue all nature to our
purposes, should (if permitted and assisted by the
providence of God) achieve a far more difficult con-
quest ; and ultimately find some means of enabling
collective wi iankind to bear down
those obstacles which individual short-sightedness,

selfishnese, and passion, oppese to all improvements,
and by which the highest hopes are continually
blighted, and the fairrst prospects marred.
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76 DISCOURSE ON THE STUDY

centre. To assert the contrary, would not be to
rebel ag t & power, but to deny our own words.
But in natural science cause and gffect are the ulti-
mate relations we contemplate ; and laws, whether
tained, which, for aught we can per-
ceive, mig ave been other than they are.  This
distinction is very important. A clever man, shut
pwed unlimited time, might reason
out for himself all the truths of mathematics, by
proceeding from those simple notions of space and
number of which he cannot divest himself withiut
ceasing to think. But could never tell, by any
effort of reazoning, what would become of a lump
of sugar if immersed in water, or what impression
would be produced on his eye by mixing the colours
yellow and blu

Q.H_...”_ We have thus _6_:3;.._._: to us, as the great,
and indeed only ultimate source of our knowledge of
nature ond its laws, ExeemiExce; by which we
not the experience of one man only, or of
eneration, but the accumulated _.a_:..q.EE.d of
all mankind in all ages, registered in books or re-
corded by tradition. But experience may be ac-
red in two ways: either, first, by noticing facts as
they occur, without any attempt to influence the
frequency of their occurrence, o to vary the cir-
cumnstances under which they oceur; this iz oBSERV=-
ATION : or, secondly, by putting action causes
and agents over which we have control, and pur-
posely varying their combinations, and noticing
what effects take place; this is exrermvexr. To
these two sources we must look as the fountains of
It is not intended, however, by

imposed or ma

up alone w._-nm il

all natural science.
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SCOURSE ON TRE STUDY

example, in our knowledge of the nature and causes
of volcanoes, earthquakes, the fall of stones from
the sky, the appearance of new stars and dis-
appearance of old ones, and other of those great
phenomena of nature which are altogether beyond
our command, and at the same time are of too rare
occurrence to permit any one to repeat and rectify
his impressions respecting them, we know little
more now than in the earliest times. Here our
tale is told us slowly, and in broken sentences. In
astronomy, again, we have at least an uninterrupted
arrative; the opportunity of observation is cons
stantly present, and makes up in some measure
far the impossibility of varying our point of view,
ng for information at the precise moment
it is wanted. Accordingly, astronomy, regarded
as a science of mere observation, arrived, though
by very slow degrecs, to a state of considerable
maturity. But the moment that it became a
mechanics, a science cssentially ex-
perimental, (that is to say, one in which any
principle laid down be subjected to imme-
wd decisive rial, and where experience does
not require to be waited for,) its progress suddenly
acquired o tenfold acceleration; may, to such a
degree, that it has been asserted, and we believe
truth, that were the records of all observe
ations from the earliest ages annihilated, leaving
only those made in a single observatory®, during
u single lifetime#, the whole of this most perfect
of sciences might, from those data, and as to
the objects included in them, be at once recon-
+ Maskelyne's.

branch

* Groenwich.
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=14 DISCOURSE OX THE STUDY
notion of what might or what ought to be the order
of nature in any proposed case, and content our-
selves with observing, as a plain matter of fact, what
is. ‘Taexperience we refer, as the only ground of all
phyeical enquiry. But before experience itself can
be uscd with advantage, there is one preliminary
step to make, which n_.,._.z,_:_.» s.:c__v_ on ourselves :
it is the absolute dismissal and elearing the mind
Il prejudice, from whatever source arising, and
the determination to stand and fall by the result of
a direct appeal to fiacts in the first instance, and of
striet logical deduction from them afterwards. Now,
it is necessary to distinguish between two kinds of
prejudices, which exercise very different dominion
over the mind, and, moreover, differ extremely in
the difficulty of dispossessing 1, and the process.
to be gone through for that purpose. These are, —
1. Prejudices of opinion.
2. Prejudices of sense.

(69.) By prejudices of opinion, we mean opinions
hastily taken up, either from the assertion of others,
from our own superficial views, or from vulgar ob-
servation, and which, from being constantly ad-
mitted without dispute, have obtained the strong
hold of habit on our minds.  Such were the opinions
anece tained that the earth is the greatest body
in the universe, and placed immoveble in its cen-
tre, and all the rest of the universe created for its
gole use ; that it is the nature of fire and of sounds
to ascend ; that the moonlight is cold; that dews full
from the air, &c

(70.) To combat and destroy such prejudices we
may ﬂﬂ:n._..n_& in two w VS, cither _.J. »_ﬁ:a:mnunt_q.a
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82 DISCOURSE O¥ THE STUDY

s to compel us to acknowledge that one or other
must be wrong. For example, nothing at first can
seem a more rational, obvious, and incontrovertible
conclusion, than that the colowr of an cbject is an
inherent quality, like its weight, hardness, &e. and
it to see the object, and see it of its own colowr,
when nothing intervenes between our eyes and ity
are one and the same th Yet this is only a
prejudice ; and that it is so, is shown by bringing for-
ward the same sense of vision which led to its adop-
tion, as evidence on the other side; for, when the
differently coloured prismatic rays are thrown, in a
dark room, in succession upon any object, whatever
be the colour we are in the habit of calling its own,
it will appear of the particular hue of the light which
falls upon it: a yellow paper, for instance, will ap-
pear scarlet when illuminated by red rays, yellow
when by yellow, green by green, and blue by blue
rays; its own (5o called) proper colour not in the least
degree wmixing with that it so exhibits.

(72.) To give one or two more examples of the
kind of illusion which the senses practise on us, oF
rather which we practise on ourselves, by a mis-
interpretation of their evidence: the moon at its
ing and setting appears much larger than when
high up in the sky. This is, however, a mere erro-
neous judgment ; for when we come to measure its
diameter, so far from finding our conclusion borne
out by fact, we actually find it to measure materially
less. Here is eyesight opposed to eyesight, with the
advantage of deliberate measurement. In ventrilo-
sm we have the hiearing at variance with all the
other senses, and especially with the sight, which is
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DISCOURSE ON THE STUDY

ble objects, and is not brought into immediate re-
lation with them, we can only regard sensible
impressions os signals conveyed from them by a
wonderful, and, to us, inexplicable mechanism, to our
minds, which receives and reviews them, and, by
ciation, connects them with corres-

habit and @
ponding qus
4 PETsom Wi down and nS:_z:.m_.“u. the signals of
a telegrapl interpret their meaning.  As, for
tance, if he had constantly observed that the
ion of a certain signal was sure to be followed
next day by the announcement of the arrival of a
1ip at Portsmouth, he would connect the two faets
by a link of the very same nature with that which
weets the notion of a large wooden building, filled
with sailors, with the impression of her outline on
the retina of a spectator on the beach.
75) In captain Heal's amusing and vivid de-
geription of his journey across the Pampas of South
¢ an anecdote quite in u_n._.:_—- His
p suddenly stopped him, ud, pointing
high into the air, cried out, * A lion Surprised at
such an exclamation, accompanied with such an act,
he turned up his eyes, and with difficulty perceived,
at an immeasurable height, a flight of condors
in circles in a particular spot. Beneath
t, far out of sight of himself or guide, lay
earcass of a horse, and over that carcass stood
(as the guide w knew) the lion, whom the eon-
dors were eyeing with envy from their airy-height.
The signal of the birds was to him what the sight
of the lion alone could have been to the traveller,
a full assurance of its existence.

ies or affections in the objects: just as

America 0cc

guide one «
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DISCOURSE ON THE STUDY

trace. A simple experiment will serve to set this
in a clearer light. A solution of the salt called by
ts mitrate of sifver, and another of the hyper-
sulphits of soda, have each of them separately, when
taken into the mouth, a disgustingly bitter tastes
but hey be mixed, or if one be tasted before the
mouth is thorow, m.c cleared of the other, the sensi
ble impression is that of intense sweetness. Again,
the salt called tungstate of soda when first tasted is
gweet, but speedily changes to an intense and pure

cher

bitter, like quassi .”..

77.) How far we may ever be enabled to attain &
knowledge of the ultimate and inward processes of
nature in the production of phenomena, we have no
weans of knowing ; but, to judge from the degree af
obscurity which hangs ahout the o ly case in which
we feel within oursclves a direct power to produce
any one, there seems no great hope of penetrating
The case alluded to is the production of
. We are conscious

so fi

motion by the exertion of for
of a power to move our limbs, and by their inter-
vention other bodies; and that this effect is the
result of a certain inexplicable process which we
are aware of, but can no way describe in words, by
which we exert foree And even when such ex-
ertion u_._.c.m:..,.:m no visible effect, (as when we press
pur two hands vielently together, so as just to op-
pose each other's effort,) we still perceive, by the
fatigue and exhaustion, and by the impozsibility of
maintaining the effort long, that semething is going
on within us, of which the mind is the agent, and
the will the determining cause. This impression
» Thomson's First Principles of Chemistry, vol. i, p. 68
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B8 DISCOURSE 0N THE STUDY

teach ug to limit our views to that of lows, and to
al ysis ..; complex phenomena by which they
to simpler ones, ,_._.._h_r appearing to
. e must consent

the a
are re
us incapable of further ana Ly
ird as
a limitation of his faculties. We have here
# gmple room and verge enough” for the full exer-
se of all the powers we possess; and, besides, it
does so happen, that we are actually able to trace
up & very large portion :_ the _u_....__c:._m_ua of the uni-
verse to this one cause, viz. the exertion of mechas
, 80 large a portion, that it has

nical foree; inde

been made a matter of Epe ulation whether this is
not the only one that is capable of acting on material
beings.

{79.) What we mean by the analysis of complex
phenomena into gimpler ones, w ill best be under-
stood by an instance. Let us, therefore, take the

phenomenon of sound, and, by considering the
ious cases in which sounds of all kinds are pro-
Il find that they all agree in these
points :—1st, The excitement of a motion in the
spunding body. 2dly, The communication of this
wotion to the air or other ::-E:A..“::: which is

duced, we

g body and our

erposed between the soundi
ears. 3dly, The propagation of h;.n.__ mation from
_::_.____.f to “_,.__Z_p_r, of such intermedium in due
, Its communication, from the par-

cles .:, the ::,____.::. lium adjacent to the ear, to
the caritself.  5thly, Its conveyance in the ear, by a
eertain mechanism, to the auditory nerves. Gehly,The
excitement of sensation, Now, in this analysis, we
pereeive that two principal matters must be under=

uses.  Nor _nv any one complain of
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o0 DISCOURSE ON THE STUDY

motion of material bodies and its cause, such as,
What will happen when a moving body is sur~
rounded on all sides by others not in motion? Fhat
will happen when a body not in motion is advanced
upon by a moving one? It is evident that the
answers to such H_E..m:o:m as these can be no
other than lmes of miotion, in the sense we have
ghove attributed to laws of nature, viz. a statement
in words of what will happen in such and such
proposed general contingencies. Lastly, we are
led, by pursuing the analysis, and considering the
phenomenon of the aggregation of the parts of
material bodies, and the way in which they in-
fluence each other, to two other general pheno-
mend, viz. the cohesion and elasticity of matter;
and these we have no means of analysing further,
and mwust, therefore, regard them (till we see
gons to the contrary) as wlfimale phenomens,
and referable to the direct action of causes, viz.
an attractive and a repulsive foree.

(81.) Of force, as counterbalanced by opposing
force, we have, as already said, an internal con=
ousness ; and though it may seem strange to us
that matter should be capable of exerting on mat=
ter the same kind of effort, which, judging alone
from this consciousness, we might be led to re-
gard as & mental one; yet we cannot refuse the
direct evidence of our senses, which shows us
that when we keep a spring stretched with one
hand, we feel our effort opposed exactly in the same
way as if we had ourselves opposed it with the
other hand, or as it would be by that of another
person. The enquiry, therefore, into the aggre-
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DISCOURSE ON THE STUDY

out into as many different and distinct enquiries as
there are simple or f_...:.m_;...«u. phenomena into
which it may be analysed; and that, therefore, it
would greatly 1 ¥ of nature, if we
could, by any means, ascertam what are the ulti-
mate phenomena into which all the compasite ones
1 by it may be resolved. There is, how=-
= way by which this can be ascertained
d priori. We must and be
guided by the same kind of rule as the chemist in
hiz analysis, w rounts every ingredient an ele-
ment till it can be decompounded and resolved into
osophy, we must account
every phenomenon an elementary or simple o till
wWe can lyze it, and show that it is the result of
others, which in their turn become elementary.
Thus, in a modified and relative sense, we may
still continue to speak of causes, not intending
thereby those ultimate principles of action on whose
exertion the whole frame of nature depends, but
of those proximate links which connect pheno-
mena with others of a simpler, higher, and more

prcs

others.  So, in natural pl

:_m.._:_ imate cansge of the sound it yields,
it, so far, as an ultimate fact, and waving or de-
ferring enquiry into the cause of vibrations, which
is of her and more general nature,

(&L) Moreover, as in chemistry we are some-
lled to acknowledge the existence of
nt from those already identified and
we cannot insulate them, and to
have the claracters of

times com
elements differe
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DISCOURSE ON THE STUDY

gerving those with which it is habitually associated,
that may help us at length to its analysis. It is
thus that sciences increase, and acquire & md-
tual .relation and dependency. It is thus, too,
that we are at length enabled to trace parallels
nd analogies between great branches of science
themselves, which at length terminate in a pereep-
tion of their dependence on some common phe-
nomenon af a more general and elementary nature
thae which form the subject of either se-
parately. It was thus, for exs mple, that, previous
to Oérsted's et a..;noéJ. of ¢._..4___._._.T.:u,_.__;62_m=:
ieral resemblance between the two sciences of
y and magnetism was recognised. and
many of the chief phenomena in each were ascer-
tained to have their parallels, mutatis muandis, in
the other. It was thus, too, that an analogy sub-
sisting between sound and light has been gradually
traced into a closeness of agreement, which can
hardly leave any reasonable doubt of their ulti-
idence in one common phenomenon, the
vibratory motion of an elastic medium. If it be
allowed to pursue our illustration from chemistry,
and to ground its application net on what has been,
but on what may one ..f__u. be, done, it is thus that
the general family resemblance between certain
groups of bodies, now Rﬁﬂimb as  elementary,
{as nickel and cobalt, for instance, chlorine, iode,
v perhaps, lead us hereafter to er-
ceive relations between them of a more intimate
kind than we ¢an at present trace.

(86.) On those phenomena which are most fre-
quently encountered in an analysis of nature and

mate coil
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o6 DISCOUREE O THE STUDY

between these and axioms ob-

The only differenc
tained from extensive induction is this, that, in
¢ the axioms of geometry, the instances offer
themselves spontaneously, and without the trouble
of and are few and simple; in raising
those of n , they are infinitely numerous, com=
most d
acuteness are required
d place their meaning in

to unravel their web,
evidence.

(%7.) By far the most general phenomenon with
which we are acquainted, and that which ocenrs
ntly, in every enquiry into which we
[ tion, and its communication. Dynamics,
or the science of force and motion, is thus
head of all the sciences ; and, hap-
v for human knowledge, it is one in which
highest certainty is attainable, a certainty no
way inferior to mathematical demonstration. As
its axioms are few, simple, and in the highest de-
wct and definite, so they have at the same
ite relation to geometrical quantity,

. and thus accommodate

reasoning. Accordingly, their consequences may by
pursued, by arguments purely mathematical, to any
extent, insomuch that the limit of our knowledge
of dynamics is determined only by hat of pure
hematics, whicl i no other branch of
physical science.

ich is the case
(88.} But, it will now be asked, how we are to
proceed to analyse a composite phenomenon imte

& ﬁz..__ ones, and whether any general rules can be
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08 PISCOURSE O THE STURY

in Fresnel's d priori discovery of the extraordinary
refraction of both rays in a doubly refracting medium.
another example : — The law of gravitation
physical axiom of a very high and universal
1d, and Tins been Faised by a suceession of indue-
ions and abstractions drawn from the observation of
rerous Facts and subordinate laws in the planetary
system. When this law is taken for granted, and
laid down as a basis of reasoning, and applied to
the actual condition of our own planet, one of the
consequences to which it leads is, that the earth,
instead of being an exact sphere, must be compressed
or flattened in the direction of its polar diameter,
the one diameter being about thirty miles shorter
than the other; and this conclusion, deduc rd at
first by mere reasoning, has been sine found to be
true in Al astronomical predictions are
examples of the same thing.

(89.) In the important business of raising these
axioms of nature, we are not, as in the analysis of
phenomena, left wholly without a guide. The na-
ture of abstract or general reasoning points out in
great measure the course we must pursue. A
" nature, being the statement of what will
happen in certain general contingencies, may be
wrded as the announcement, in the same words,
of & whole group or class of phenomena. When-
ever, thercfore, we pereeive that twe or more phe-
nomena agree in so many or so remarkable points, as
tolead us to regard them as forming a class or group,
if we lay out of consideration, or abstract, all the eir-
cumstances in which they disagree, and reiain in
r minds these only in which they agree, and

law of
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100 DISCOURSE ON THE STUDT

linked by this common property. If we examing
the individuals of this group, we find among them
we utmost variety of n_..__._.s__. texture, weight, hard-
my so that, in these re-

ness, form and composi
spects, we seem to have allen upon an assemblage
of contrari But when we come to examing
them closely, in all their properties, we find they

have all one point of agreement, in the property of
double :.Z.: tion, ﬁI._n. ge 90.) and therefore we
them all truly as doubly 2..‘.__..:5._&&.
may, therefore, state the fact in the

may
suubstances. W

form, * Doubly refracting substances exhibit pe-
riodical colours ._J_ exposure to pols wrized _._._-._:.

< form it is found, on further examination,
., not only for those particular instances
we had in view when we first propounded it,
but in all cases which have sin occurred on further
enquiry, without a single exeeption; so that the
ition is general, and entitled to be regarded

._;..__ u We may 1:,2.5_.. 35:.“_ a law of nature
gither, 1 as & gene wral ._::_:..u;_s: ANNOUNCING, in
act terms. a w hole aroup -..n— u._ artie r m..:..—.b Fit=
« to the behaviour of natural agents in mnnnann
wces 3 ory 2dly, as a proposition anno ncing
dividunls agreeing in or

circumsiz
that a whole class of

eharacter agree also in another. For example: i
the case before us, the law arrived at includes,
its gencral announeement, among others, the particu-
lar facts, that rock erystal and Itpetre exhibit pe-
iodical colours ; for these are both of them douhly
refracting  substances.  Or, it may be regarded
as announcing a relation between the two _i.sn:a.
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DISCOURSE ON THE STUDY

as to recognize a class d.om.awn.ﬁn that of the exhi-
1 of periodical eolours in polarized light, a mere
nparison of lists would at once demonstrate the
identity of the two classcs, or enable us to ascertain
whether one was or was not included in the other.

by It is thus we perceive the high importance.
in H___ ysical science of just and accurate classifica-
rticular facts, or individual objects, under
general well consid red heads or points of agree-
ment (for which there are none better adapted
than the simple phenomena themselves into which
they can be lysed in the first instance) ; for by
of such phenomena, or heads of
sification, becomes not a particular but a general
vl when we have amassed a great store of
h general fircts, they become n__r .Lu,__na_« of an-
ar and higher species of ¢l ation, and are
themselves included in laws which, as they dis-
ividuals, have a far supe-
rior degree of generality, till at lemgth, by con-
¢ the process, we arrive at axioms of the
est degree of generality of which science is

pose of groups, not ir

pable.

) This process is what we mean by induction ;
t has been eaid, it appears that in-
n may be carried on in two different ways, —
ple juxta-position and comparison

rom wi

of ascertail
ments and d

ng their
dering the
2, and casting about, as it were
ular they all agree, besides
that which serves as their _.: Lt_... of classification.
Tither of these methods may be put in practice as

or by col

nd in what par
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DISCOURSE ON THE 57UDT

CHAP. III.

OF THE STATE OF FIUYSICAL SCIENCE IN GENERAL, PRE=
FIOUS TO THE AGE OF GALILED AND BACON,

(96.) It is to our immortal countrym

that we owe the broad announcement of this grand
and fertile principle; and the developement of the
«a, that the whole of natural philosophy consists

commencing with the most circumstantially stated
particulars, and carried up to universal laws, or
ixioms, which comprehend in their statements
nerality, and of a
inverted reasoning from

gree of

esponding series
iculars, by which these axioms are
their remotest COnsequUEnces, and
all particular propositions deduced from them; as

te consideration we
hich we had

well those by w

rose to their di 3 those of

previous knowledge. In the course of this

Ars; We must Cm— —_r....F_v.ym._-_.. en=

counter all those facts on which the arts and works
mt tend to the accommodation of human life
nd of an

unlimited practice, 1 a disposal of the powers
nature co-cxtensive with those powers them-
ge, indeed, and one which

3 mate us to the highest exertion
our faculties; especially since we have already
ch convineing proof that it is meither vain nor
rash. but, on the contrary, has been, and continues

ki
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106 DISCOURSE ON THE STUDY

getting out of the difficulty than by having recourse
endless combinations of circular motions to pre=
serve their ideal perfection.

{98.) Undoubtedly among the Greek philosophers
were many men of transcendent talents and virtues,
d justly entitled to
| posterity; but regarded as abody
ily be considercd otherwise than as a
knot of disputatious candidates for popular favour,
too busy in maintaining their ascendency over their
followers and admirers, by an ostentatious display of
superior knowledge, to have the leisure (had they
always the inclination) to base their pretensions on
a deep and sure foundation, and yet too sensible of
the disgrace and inconvenience of failure, not to

the ornaments of their species,

the veneration o
they ean h

defe their do , however shallow, when once
promulgated, against their keen and sagacious oppo-
nents, every art of sophism or appeal to passion.

Hence .._:. crudities and merieal views with
which their systems of philosophy, both natural and
moral, were overloaded; their endless disputes
out verbal subtleties, and, last and worst, the
proud assumption w ith which they sheltered igno-
rance and indolence under the screen of unintelli-
ible jargon or dogmatical assertion. Perhaps, how-
ver, this character applies rather to the later than
to the earlier of the Greek philosophers. The spirit
ature seems, if we can

of rational enquiry into
judge from the uncertain and often contradictory
s handed down to us of their tenets, to have
been far more alive, and less warped by this vain
and arrogant turn, then than at @ later period. We
know not now what was the precise meaning

o
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108 1]

COURSE ON TF STUDY

kind. That restless craving after movelty, which
distinguished the Greeks in their civil and political
_...._..._.._:_._m,“_:__.x—:.ﬁ_ them into thei I = .._“u..... Wha
ever speculations were only ingenious and new had

tible charms; and the teacher who could em-

trouble of
or reasoning, by bold assertion, was too
uire che u.__w. the reputation of
ch a few superficial notions
s facts, envelope
de of abstruse words, declare them
nd ultimate principles of all things,
s absurd and impious all opinions

> his

often induced to

guperior knowledg

from the most ordinary and obvi
them in &

the
and
_—_.__

(100.) In this war of words the study of nature
nw—.v_—.

1, and an

nd patient enquiry

lical error of the Greek m___m_anamu_._u. to
gine that the same method which m_ﬂzf.,_ &0 eTmie
ceessful in mathematical, would be .._H_..ﬁ__w

most self-evident notions, or
GXI0MS, Accord-
ingly, we fi ¥ straining their invens
tion to discover these principles,which were to prove

so pregnant. One makes fire the esse
and origin of the universe ; another, air; a third,
discovers the key to every difficulty,
of all phenom in the

planatic
infinitude of things; a fourth, the
the ss px &, that is to say, in entity and nonentity; —
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110 DISCOURSE ON THE STUDY

stematic, without knowing what to say. Thus
divides motions into natural and unnatural ; the
natural m of fire and light bodies being up-
ds, those of heavy downwards, each u_._r,r._:% its
kindred nature in the heavens and the earth. Thus,
ressions made on us by ex-
tz, such as hards wr, heat, &c.
¢ referred at once, in the Aristotelian I :Eacm.r.__.
to occult qualities, in virtue of which they are as
they are, nd beyond which it is useless noas.._:#n.u

ternal ol

thus it is domi ;=
1 ar corruption.
v only happen between cone

of contraries are contrary.
lestial maoti
SF Tt

s are cireular.
trarics,
e there can be but three simple motions,

s have no

1. To a centre,

2. Hound a centre.

3. From a centrn
B. Of thres th
. Dut 3 me

from & centre,

round & centre (L& & circular
¥ s withaul & contrary.

VI. Therefore colestial motions have no comtraries —- tee

F

— thew

among celestial things there are no contraries

we the heavens are eternal, immutable; in-
corruptilble, and so forth.

It is evident that sring of nonsense depends on the

ive vagueness of ihe notions of generation, corruption,

B — Sre Gari-

exoes
contraricty, o, onw bo changes are ©
Lro, Systeme Conmicum, Dhal. i 0.
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SCOURSE OX THE STUDY

lous coOuntrymman, Roger Dacon, shona out at
» ohscurest moment, like an carly star prediet-
ing dawn. It was not, however, till the sixteeath
ght of nature began to break
forth with a regular and progressive ince
vaunts of Paracel of the power of his chemical
remedies and

century that the

wrmacy, backed as they were by many
I all rational physicians
uld furnish many excellent reme-
till that time* and a number of
r.?mu..._..__.:_.. s be e by H_u._u__a
sicians and chemists, desirous of discovering and

be

new chemical remedies. The ehemical

¢ arte, exercised by persons empi-
pequainted with their secrets, began o be
seriously studied with a view to the acquisition of
rational and useful knowledge, and regular trea-
tises on branches of natural science at length to
appear. George Agricola, in particular, devoted
welf with ardour to the study of mineralogy
in the mining districts of Bohemia
i published copious and metho-
al accounts of all the facts within his knowledge
and our countryman, D, Gilbert of Colchester, in

msost of these eures by mercury and
Turkey
» were igno-
the fourth

AT
who impose
the salt, ¢

id, which burn the patient as bell
of eounterbalance to his opinm.
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114 DISCOURSE ON THE STUDY

important task was exeeuted by Franeis Bacon, Lord
Verulam, who will, therefore, justly be looked upon
in all future ages as the great reformer of philo-
sophy, though his own actual contributions to the
il troths were small, and hi
of particular points strongly tinetured with mistakes
and errors, which w the fault rather of the
general want of physical information of the age
of any narrowness of view on his own part;
he was fully aware. It has been at-
tempted by some to lessen the merit of this great
ach v showing that the inductive method
d been practised in many instances, both ancient
modern, by the mere instinet of mankind ; but

stock of phys

tha
and of t

it is not the introduction of inductive re AsONing, as
pew and hitherto untried process, which charae-
zes the Baconian philosophy, but his keen per-
ception, and his broad and spirit-stirring, almost
_ ramount im-

enth .D.....,._.m_._"., Announee nent G% its
yetance, as the alpha and omega of science, as the
and only chain for the linking together of
pliysical truths, and the eventual key to every dis-
covery and every application. Those who would
iy him his just glory on such grounds wounld
refuse to Jenner or to Howand their civie crowns,
because & few farmers in a remote provinec had,
ed with vaceins

gra

time out of mind, been acqual
anthropists, in all ages, had occasion=
ner in his dungeon.

(106.) impulse was now given bo sei-
enee, and it seemed as if the genius of mankind, long
pent up, had at Jength rushed eagerly upon Nature,

ation, or P
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116 DISCOURSE ON THE STUDY

and from experiment to experiment, without a
moment's intermission, and with a sort of undistin-
guishing appetite ; while Hooke (the great contem-
porary, and almost the werthy rival, of Newton)
ied a keener eye of scrutinizing reason into a
range of research even yet more extengive. As
ficts multiplied, leading phenomena became pro-
minent, laws began to emerge, and generalizations
w commence ; and so 1.__.:1. was the career of dis-
covery, so signal the tri iph of the inductive phi-
losophy, that a single generation and the efforts
of a single mind sufficed for the establishment of
the system of the universe, on & basis never after
to be shaken.

(108.) We shall now endeavour to enumerate and
explai we prineipal steps by which legiti-

mate and extensive inductions are arrived at, and

the processes by which the mind, in the investi-
v of natural laws, purges itself by suce essive

the superfluities and incumbrances which

hang about particulars, and obseure the perception
of their points of resemblance and connection. We
ch may be afforded us, in
so much thought and labour, by a metha-
e of proceeding, and by a careful notice
of those means which have at any time been found

shall state the helps whi

and adaptation to other cases: a species of mental
ction of no mean utility and extent in itself;
smuch as by pursuing it alone we can atts in a
wre intimate knowledge than we actually possess
late our discovery of truth,

of the laws which reg
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118 DISCOURSE OX THE STUDY

CHAP. IV.

ERVATION OF PACTS AXD THE COLLECTION
OF INSTANCES.

F THE O
(109.) N ature offers us two sorts of subjects of
n the external world, — ohjects, and
ctions. But, after what has been said
on the subject of sensation, the reader will be at no
1 sgive that we know nothing of the cbjects
themselves which compose the universe, except
' sedium of the impressions they excite
in us, which impressions are the results of certain
getions and processes in whi sensible objects
'l the material parts of ourselves are directly
ed. Thus, cur observation of external nature
ited to the mutual action of material objects
on one another; and to facts, that is, the mssoci-
ons of phenomena or appearances. We gain no
information by perceiving merely that an object is
black; but if we also perceive it to be fluid, we
t least acquire the knowledge that blackness is
not incompatible with fluidity, and have thus made
a step, cever trifling, to a knowledge of the more
imate mature of these two qualities. Whenever,
therefore, wewould either analyse a phenomenon into
simpler ones, or ascertain what is the course or law
of nature under any proposed general contingency,
the first step is to accumulate a sufficient quantity
of well ascertained te or recorded instances
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120 DISCOURSE ON THE STUDY

circumstances, so far as we have been able to collect
them, co-exist 7 :

(111.) The circumstances, then, which accompany :
any observed fact, are main features in its ob- =g
servation, at least until it is ascertained by sufficient
experience what circamstances have nothing to do =
with it, and might therefore have been left unob-
served without sacrificing the fact. In observing and
recording a fact, therefore, altogether new, we ought
not to omit any circumstance capable of being noted,
lest some one of the omitted circumstances should

1 connected with the fact, and its LKL
ssion should, therefore, reduce the implied state- L

rical eventd. For instance, in the fall of meteoric 20, 07 R

ez, flashes of fire are seen proceeding from a
d, and a loud rattling noise like thunder is
Ihese circumstances, and the sudden stroke
ruction ensuing, long caused them to be
ed with an effect of lightning, and called

inderbolts.  But one eircumstance is enough to
mark the difference : the flash and sound have fad
ionally to emanate from a very
ated in a elear ghy ; a combination =
of circumstances which never happens in a thunder
storm, but which is undoubtedly intimately con-
cted with th i
(112} Recorded ohse
nct parts: 1st, an exact notice of the —_.mam L
observed, and of all the particulars which may be [
ny natural connection with it i

heard.

been perceived oc

sarall elowd in

supposed to have

and, 2dly, a true an

SENSCS
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122 DISCOURSE O THE STUDY
liquid about to be thrown away. Chemistry is full
of such incidents.

(114.) In transient phenomena, if the number of
particulars be great, and the time to observe them
t, we must congult our memory before they
have had time to fade, or refresh it by placing our-
selves ns nearly as possible in the same circum-
stances again ; go back to the spot, for instance, and
try the words of our statement by appeal to all re-
i g indications, &c. This is most especially
necessary where we have not observed ourselves,
b _._u__wv. colleet and record the observations of others,
icularly of illiterate or prejudiced persons, on any
rare _,_.a_.__:......_:: such as the passing of & great
meteor, — the fall of a stone from the sky, —the
hock of an earthquake, —an extraordinary hail-
storm, &c.

(115.) In all cases which admit of numeration or
measurement, it is of the utmost congequence b
obtain precise numerical statements, whether in the
measure of time, space, or quantity of any kind. To
amit this, is, in the first place, to expose ourselves
¢ which may lead to the grossest

to illusions of &

errors.  Thus, in alpine co
cived inheights and distances; and when we have
overcome the first m:.__.._.._zn,_..: which leads us to

tries, we are ..o_._i.,_:w._--.

under-estimate them, we are then hardly less apt to

run into the opposite extreme.  But it is not merely
in preserving us from exaggerated impressions that

numerical precision is desirable. It is the very soul
of seience ; and its attainment affords the only cri-
terion, or at least the best, of the truth of theories,
and the correctness of experiments. Thus, it was
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124 DISCOURSE O¥ THE STUDY

evident that every step of our enquiry must be per-
feetly free from the glightest degree of looseness
and indecision, and carry with it the full force of
strict numerical announcement ; and that, therefore,
the ehservations themselves on which all laws ulti-
mately rest ought to have the same property. None
of our senses, however, gives us direct information
for the exact comparison of quantity. Number,
indeed, that is to say, integer number, is an object
of scnse, because we can count; but we can
neither we measure, nor form any precise esti-
i f fractional parts by the unassisted senses.
Scarcely any man could tell the difference between
twenty pounds and the same weight increased or
diminished by a few ounces ; still less could he judge
of the proportion between an ounce of ncuﬁ_. and a
hundred grains of cotton by balancing them in his
hands. To take another instance: the eye

mination, even when seen side by side; and if an
ipses, and circumstances change, nothing

o its judgments. When we

interval

the golden clouds at sunset, which seem drenched
light and glowing like fames of real fire; it is
hardly by any effort we can persunde ourselves

to regard them as the very same objects which at
noonday pass unnoticed as mere white clouds basking
n the sun, only par

pating, from their great hori-
zontal distance, in the ruddy tint which luminaries
acquire by shining through a great extent of the
vapours of the atmosphere, and thereby even losing
something of their | o it is with our esti-
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126 DISCOURSE ©ON THE STUDY

18 possible may be themselves inacenrate, or, at least,
stand in nead of verification. st

(120.) Here we can ouly eall to our assistance Vi "
the presumed permanence of the great laws of -
in its favour, and the
the general composure
relating to the gigantie
reat globe itself. In its
uniform rotation on its axis, accordingly, we find a i
standard of time, which nothing has ever given us ot
reason to regard as subject to change, and which,
iods which the revolutions
about the sun afford, has demonstrably
srgone none since the earliest history. In the
of the earth we find a natural unié
of the measure of space, which possesses in pers J
fection every quality that can be desiréd and in
its attraction combined with its rotation the re-
arches of dynamical science have abled us, >
through the medium of the pendulum, to obtain To
another invariable standard, more refined and less
obvious, it is true, in its origin, but possessing a
great advantage in its capability of ready verifieation,
A ily made to serve as a check on e
former, wviz. direct measurement
2 of the earth, is » origin of
it of lingar measure; the .

and th
the otl

the métre, the Fre wch
latter, of the Bril yard. Theoretically speaking,
they are equally eligible ; but when we consider that
quantity directly measured, in the case of the it

many thousand times the rm

métre, is & & gr
final unit, and in the

the unit itself; the
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DISCOURSE ON THE STUDY

we are yet acquainted with, so that our means of
subdividing space are much inferior in precision.
The beautiful principle of repetition, invented by
Borda, offers the nearest approach to it, but cannot
be said to be absolutely free frow the source of error
in question. The method of * double weighing,™
which we owe to the same distinguished observer,
affords an instance of the direct comparison of two
equal weights independent of almost every source of
error which can affect the compa of one object
with another. It has been remarked by Biot, that
previous'to the invention of this elegant method, in-
s afforded no _.___..1__.2 means of ascertaining
the weight of a body.

(123.) But it is not enough to possess a standard
of this abstract kind: a real material measure must
be constructed, and exact copies taken. This,
however, is not very difficult ; the great difficulty is
to preserve it unaltered from s ; for unless
we transmit to posterity the units of our measure-
ments, sweh as we have ourselves used them, we, in
ct, only half bequeath to them our ohservations.
This iz a point too much lost sight of, and it were
much to be wished that some direct provision for
ject were made.*

%0 important an

ic copics of the yard and

v recordod, and its
how much valuabl
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DISCOURSE OX THE STUDY

a much more fundamental reply to this ob-
In m g upon our observationg, the
nd possible amount of quantitative error
is always to be allowed for ; and the extent to which
e affected by it is never to be lost
soning upwards, from cbservations

ssedly imperfeet to general laws, we must
take care always to regard our conclusions as con-
ditional, so far as they may be affected by such
unavoidable imperfections ; and when at length we
I ived at our highest point, and attained
eh admit of general and deduetive
whether they are vitiated

may
In

by the errors of
to be decided, and must become the object of sub-
1. This point will be made the
jeet of more distinet consideration hereafter,
when we come to speak of the verification of theories
1 the laws of probability.

(125.) With respect to our record of observations,
1 be not only circamstantial but faithful; by
that it ghould contain all we did
g else.  Without any intention of

sneons theory with that of simple fact.
ple, if; in describing the effect of
ing, we should say, * The thunderbolt struck
inst the side of the house, and beat
fact would be stated which we did
not zee, and would lead our hearers to believe that a
solid or ponderable projectile was concerned. The
phur,” which is sometimes said

violence

I
i

« strong smell of
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132 DISCOURSE ON THE STUDY
refinement in their performance, as well as a great
multiplication in their number, becomes necessary
to give them importance. In astronomy, for in-
stance, the superior departments of theory are com-
pletely digjoined from the routine of practical ob-
servation.

{127.) To make a perfect observer, however, either
astronomy or in any other department of science,
an extensive acquaintance is requisite, not only
with the particular science to which his observations
relate, but with every branch of knowledge which
may enable him to appretiate and neutralize the
effect of extraneous disturbing causes. Thus fur-
nished, he will be prepared to seize on any of those
minute indications, which (such is the subtlety of
nature) often connect phenomena which seem quite
remote from each other. He will have his eyes as
it were opened, that they may be struck at once with
any occurrence which, aceording to received theories,
ought not to happen ; for these are the facts which
serve 08 clews to new discoveries. The deviation
of the magnetic needle, by the influence of an
electrified wire, must have happened a thousand
times to a perceptible amount, under the eyes of
persons engaged in galvanic experiments, with philo-
sophical apparatus of all kinds standing around them;
but it required the eye of a philosopher such as
Oérsted to seize the indication, refer it to its origin,
and thereby connect two great branches of science.
The grand discovery of Malus of the polarization
of light by reflection originated in his casual remark
of the disappearmnce of one of the images of a
in the Luxembourg palace, one evening.




10 Lmeuoryms peosdqe

3 un toipam LU E]

peae £p !
20 U0 I8 D]
Wody pajaajod aq jou 3 ot WOTILIOT] En[EL Jo
0 UMWY uw P godoad Apjounsip adam w...__h.-:__
18 YOI UK JaAd

naa i

¥ gaun 8

10 O S5 23 “jrons ug
3 woy sudmads Sunoapod
i pue [Rsn il
1 CEAITA 1....__._3.:v."_.__.u 11

a2 1514

-__: won

RN 0 JUNY
117395 ‘OUM ‘SENPIAIPUL SNOLNENPUT JO AIATIOR

1y paduas K3ooan

renaay 1 op nuape  Jo addaap
Limssasau M} M0)SH| puR ‘sand _u._n__m o) puan
d fue youga ur duo o awmws Ml

1 Ju podun jng pajed

A TOSL

‘BIUIE o L ]
o ayy jo auo “Bojososrapy — : possad
u uﬁ_n_uh 0 SUOUIBAID SO —ub-m.:_.—
» aq Ao wpo YoM
o], T0aga yna

CIEN
ay Aq pasoadun Appengas
‘goalqns om3 10 auUD SO

@ JEB(] .r.ﬁp..u _.:._,_:.3:_1 LI r—..u__.n.._.. 20

09 g af
ayye STy SAKD S0 ABUI (OIYAL €1

1 ‘alpajmouy Jo 208 peauad o
I 1 1

sod ap ospe 00
sod paumsogu

1 ‘s 2t yng s Sy J1 foya o
[ aga], -ooumaodwy eaad

IR o3l sHune Fe yuasaad ay

_Hc uot p % 11 1= i Ml ___.J_._._._.s .ﬂ.:.:.u

=0n pug -.,:,_j_.u auyy .m.“_ ‘gpon] Jo :1_.-..5__:5 ayy oy

1 anoqu jO UOISIAIP B UDIja gaffmyumape
arp 3o ajqssod §© Juj ST S2A[ISMO [IBAE O, (851)

vmsuad Fuporyax Lnop © ySnonp

{q payeummn|p ffuons uagm

Pasats

TV I¥y 0

P |




ON THE STUDY

hemselves of opportunities of being useful. No-
would tend better to attain this end than the

of printed skeleton forms, on various sub-

jects, whic : 1st, to ask dis-
tinct and pertinent questions, admitting of short and
| for exact numerical

statement on all principal points; Sdly, To point

out the attendant circumstances most likely to prove
. and which ought to be observed; 4thly,

To call for their transmission t0 & ComMmMoN Centre,
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156 PISLUURSE OX THE STUDY

more consequence, it gives it a _.-»n_._?ﬂmu.mﬂ_ exist=
ence in our own minds, as a matter for separate
consideration ; places it on a list for
examination ; and renders it a head or title, under
which information of varions descriptions may be
ol ; and, in consequence, fits it to perform the
office of a connecting link between all the subjects
to which such information may refer.

{130.) For these purpos: however, a temporary
or provisional name, or one adapted for common
¢ suffice.  But when a very great mul-

and pecul

1 as do not offer very obvious
ctions, & more systematic
and regular nomenclature becomes HCOESATY, in
which the names shall recall the differences as well
as the resemblances between the ind
ion between the
name and the object shall materially assist the so-

class, and in which the d

lution of the problem, © given the one, to delermine
the other.” How nece may become, will
. when we consider the immense

be at once se
r of individual objects, or rather species,
nost every bra ich of science of any
extent ; which s utely require to be distinguished
by names. Thus, the botanist is conversant with from
R0,000 to 100,000 species of plants; the entomos
ist with, perhaps, as man L of insects : the chemist
has to register the pr _.-_:.u.n:_.u.w— of combinations, ._uu.
twos, threes, fours, and upwards, in various doses
of upwards of fifty different elements, all distin-
guished from each other by e
and of which though a great many thousands are

mr

presented by a

itinl differences ; °
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135 DISCOURSE OF THE STUDY

mostly where the species to be distinguished are
separated from each other chiefly by difference in
degree, of certain qualities common to all, and
where the degrees shade into each other insensibly.
Perhaps such subjects can hardly be considered
ripe for systematic nomenclature ; and that the at-
tempt to apply it ought only to be partial, embracing
Eroups and parcels of individuals 2z agree
icters evidently natural and generic, and
. remainder under trivial or provisional
; r shall be better known, and
rouped.
stematic point
vy 18 08 much, perhaps more, a consequence
edge. Any one
bitrary name to a thing, mer J_ to
it; but, to give a name which
at once refer it to a place in a system, we
vl we must have o

menclature, in

of

must know its properties;

pL.f.v-—F.-.:.
t in a place which belongs to it, and to no other.
, therefore, doubtful whether it is de-
for the essential purposes of science, that
ement in systematic nomenclature
sted on. Were science perfect, in-
3 fication might be agreed
assign to every object in nature
a place in some class, to which it more remarkably
and pre- ently belonged than to any other, and
under which it might acquire a name, never after-
wards subject to change. But, so long as this is not
1 new relations are daily discovered,
itious how we insist strongly

the case,
we must be ve
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DISCOURSE OX THE STUDY

to take root; and every new writer on this inters
esting science begins, as a matter of course, _.m_
g a falwla rasa of all former nomenclature,
and proposing a new one in its pl
has at length been put to this most inconvenient
and bewildering state of things by the appearance
of a system supported by extraordinary merit
other respects, and therefore carrying the highest
authority, in which names which had acquired
universal circulation, and had hitherto maintained
their ground in the midst of the general confusion,
and even worked their way into common _,u:m:bwe.
denotive of speeies too definite to admit of mis-
take, are actually rendered generde, and extended to
whole groups, comprising objects agreeing in nothing
but the arbitrary heads of a classification from which
the most important natural relations are professedly
and purposely rejected.®

(13+.) The classifications by which science iz ad-
vanced, however, are widely different from those
which serve as bases for artificial systems of nomen- — -
clature. They cross and intersect one another, as it .
were, in every possible way, and have for their very :
aim to interweave all the objects of nature in a close
and compact web of mutual relations and dependence.
As soon, then, as any resemblance or analogy, any 4
point of agreement whatever, is perceived between
any two or more things, —be they what they will, ik
or phenomena, or laws, — they im- iy

d to, the mame of quarnts is sssigned
o, chlorite, and 5
Sou Mola's
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DIRCOURSE ON THE STUDY

opposite of the former, is only its extreme lowest
degree. Again, in the arrangement of natural objects
under the head of weight or specific gravity, the
tends through all nature, and we know of ne
atural body in which the oppesite of gravity, or
I ists. On the other hand, the
; the north and south mag-
the alkaline and acid qualities of
rents ; the _:3._".:.... and .:..m.n.;—d rotations
impressed by plates of rock erystal on the planes of
polarization of the rays of light, and many other
ez, exemplify not merely a negation, but an active
opposition of quality. Both these modes of classifi-
cation have their pecaliar importance in the indue-
tive proc s affording an opportunity of
tracing a relation between phenomena by the observ-
ition of & correspondence in their scales of intensity :
the other, by that of contrast, as we shall show more

in the next section.
is a very wide distinction, too, tobe
15568 05 turn upen a single

t variety of ries, objects
in many re narkable particulars.
we make colourless transparency
icati a3 will
n their

1, the list of the ¢

0k W -nnr Iy

natire, such as nir, dismond, spirit of wine,
s, & On the other hand, the chemical families
of alkalics, metals, &e. are instances of groups of
the other kind; which, with properties in many
erent, still weral resem-

rEEpects o
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DISCOURSE ON THE STUDY

CHAP. VL

OF THE FIRST STAGE OF INDUCTION. THE DISCOVERY
oF PROXIMATE CA A LAWS OF THE LOWEST
GENERALITY, AND THEIR VERIFICATION.

(137.) Tue first thing that a philosophic mind
considers, wk any new phenomenon presents
itself, iz its erplanation, or reference to an imme-
diate producing cause. If that cannot be ascer-

tained, the next is to generalize the phenomenon,
and include it, with others analogous to it, in the
expression of some law, in the hope that its con-
sideration, in a more advanced state of knowledge,
may lead to the discovery of an adequate proxi-
mate cause.

{198%.) Experience having shown us the manner
in which one nomenon depends on another in a
great variety of cases, we find ourselves provided,

science extends, with a continually incressing
stock of such antecedent phenomens, or causes

at present merely proximate causes)

under different modifications, to the

great multitude of effects, besides

inally led to a knowledge of them.

To such causes Newton has applied the term vere
eause; that is, causes recognized as having a real ex-
istence ., and not being mere hypotheses or
ents of the mind. To exemplify the distine-
tion : — The phenomenon of ghells found in rocks, at
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146 DISCOURSE ON THE STUDY
been recognised by geologists, from their examin=
ation of the remains of animals and vegetables of
former ages enclosed in the strata, various causes
for such diminution of temperature have been ag-
med. Some ¢ wsider the whole globe as having
gradually cooled from absolute fusion ; some regard
the immensely superior activity of former voleanoes,
and consequent more copious communication of in-
ternal heat to the surface, in former ages, as the
cause, sither of these can be regarded as real
causes in the sense here intended; for we do not
know that the globe has so cooled from fusion, nor
are we sure that such supposed greater activity of
former than of present valeanoes really did exist.
A cause, possessing the essential requisites of &
wera causa, has, however, been brought forward®
in the varying influence of the distribution of land
i. Fourrier, Mém. de
I'Acad. des Se 4 L'nblissement ot
I progrés des sociftés humaines, laction des fore naturelles,
nt, et dans de vastes conirfes, I'éatde
la surface dis sol, Ia distr s grands mouve-
The tels effits sont progires & faire vasier, dans
le cours deo plusicurs sidcles, le dégrié de la chaleur moyenne:;
car les expressions analytiques compreament coefficiens qui
se rapportent & I'état superficiel, et qui influent beancoup sur
la valour de la température.”  In this enumerstion, by M.
may vary the general relation of the
surfsce of extensive continents to heat, it is but Jjustice to M.
| to observe, that the gradual shifting of the places af the
selves on the surface of the globe, by the sbrad.
ag action of the sea on the one hand, and the elevating ageney
of subterranean forees on the other, does not expressly oceur
anid cannot be fairly included in the general sense of the passage,
which confines itsell 1o the considerntion of such changes a3
mav tuke place on the existing surface of the land.

tion des eany; ot

Fourricr, of ciuses whi




z 1

oy ymp ‘saofioy 3 ‘wasds Kmmauegd o o suone
-nong o [[@ w Aqualmgoun Suag awak oy go
yidua] Ay} pus = I R udals B Ul P A3l
1]} DUUTS DY) 03 SIUMAD DT

Karywenb gogop angy wo ¢
10 ‘SIATIODL T YOI M sfEa 8, uns a1l Jo }.E_..._:m. g
X3 Ung I Mam

ay wo puadap genw ‘poysin
aamy pmos J1 wmH s01Sap aon g B a0 uns . o
uonde oy Aq paumjumem s N g o8 W ‘aqopd
.,.u__ﬁ .t.— .u.,ua“.m.:rw bl M .w.__# .._.._ u:—.:,_"m_u-_—-—._.,— EGEEl
Y} JEI JUIPIAD I CUONERIAPISUDD  SIAlIEIP
‘UORREIITES 10X J0 ‘Haidap U s v o ‘apqrdasens
puE ‘A[qEjiAsul W0q S J03[D AU YOIM jO U0 §8
puw “agopd apoym o g aungoaaciiery wome 3 Suy
-joage ‘auo [rzouad B se ‘goiyga pue @ unms 3 punol
N0 § e 33 JO AP0 Ay jo uornumip
MO[E [ENOR 2 Jo pn [EIU0u0NEE il ul ‘mEno
Lo SIAIEIRD Hn__.._;mm... agy & M| Ll
orgm ‘sarous ppu Avm 9 S O, ("OF1)
paunIExa ApyBnosogs

DIOWL WM SR JDJIVUL ]I 13 papraapun E:id ﬂu.—n_u.—w
uoa aq fww ‘worpanp jySw ayy ui aowd Suym
UIAD DI IO *u uod Ay} Jo JUNXa 07 i
JURLEA 03 50 1ons am uo Sujod Ljpnioe s

spana ‘yfinog ¢ uosead 07 JUISUND ATl .....z__.r:..
B yanpsa U0 IENED B “ISEI] J2 AT 2M ‘udifl By
ADS0 [ENIE .._.2 SR DRI PUB ,.._n_:u,r__

MUALIIU0D JO A0UN 24 JUS WLy UOSTRU0D JEy
_,.__.._.c.“.zﬁ T m:_..:._ .;;3,.”_ oijm I Jo jou m _m:.:w
-a1 mpnonaed jo sagmun Ml uo afuwye ® yans jo
asuanpur S puw {108} pajesIsUOWIp B Fumag ‘mau
SjUAEIU0D PO A1 JO UOHED
auy fuanngruasip yans
Hang Y} 1040 BIF PUR

._::_m gy Jo

"L HAOSOTTHL [ALVY d0




148 DISCOURSE O THE STUDY

total anmuad amount of solar radiation will deter-
mine, ceteris paribus, the general climate of the
earth. Now, it is not difficult to show that this
amount is inversely proportional to the minor axis
of the ellipse described by the earth about the
sun, regarded as slowly varigble; and that, there-
fore, the major axis remaining, as we know it to be,
constant, and the orbit being actually in a state of
approach to a circle, and, consequently, the minor
axis being on the inerease, the mean annual amount
of solar radiation received by the whole earth must
be actually on the decrease.  'We have here, there-
fore, an evident real cause, of sufficient univer
sality, and acting in the right direction, to account
for the phenomenen. Its adequacy is another
consideration. *

(141.) Whenever, therefore, any phenomenon pres
sents itself for explanation, we urally seek, in
the first instance, to refer it to some one or other
of those real causes which experience has shown to
exist, and to be efficacious in producing  similar
phenomena. In this attempt our probability of
success will, of course, mainly depend, lst, On the
number and variety of causes experience has placed
at our disposal ; 2dly, Onour habit of applying them
to the explanation of natural phenomena ; and, 3dly,
On the number of analogous phenomena we ean .
collect, which have either been explained, or which
admit of explanation by some one or other of those
causes, and the closeness of their analogy with that

* The resder will find this subject further developed
paper lately onn jcated to the Geological Society.
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150 DISCOURSE OX THE STUDY

by the motions they produce. Thus, the force of
magnetism becomes known by the deviation pro-
duced by iron in a compass needle, or by a needle
leaping up to a magnet held over it, as certainly as
by that adhesion to it, when in contact and at rest,
which requires force to break the connection; and
thus the currents produced in the surface of a quan-
tity of qu ver, electrified under a conducting
fiuid, have pointed out the existence and direction
of forces of enormous intensity developed by the
electric cirenit, of which we should not otherwise
have had the t suspicion.®
( 14+.) But when the cause of a phenomenon nei-
ther presents itself obviously on the consideration of
the phenomenon itse f, nor is as it were forced on
our attention hy a case of strong analegy, such as
above described, we have then no resource but in
# deliberate assemblage of all the parallel instances
we can muster ; that is, to the formation of a class
of faets, having the phenomenon in question for a
head of classification ; and to a search among the
individuals of this class for some other common
points of agreement, among which the cause will
of necessity be found.  But if more than one canse
should appear, we must then endeavour to find, or, if
nmot find, :_.w.ﬁx_:.:? 95___?_...__3 in which each'of
ion shall be wanting, while yet vr.ﬂ___.
agree in the general point in question. Here we
tind the use of what Bacon terms “ eruciad inslonees,”

which are phenomena brought forward to decide

between two causes, each having the same analogies
in its favour.  And here, too, we perceive the utility

* Phil. Trans, 1824,
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NISCOURSE ON

THE STUDY

increased or diminished intensity of the

, in cases which admit of increase and di-
minution.

4th, Proportionality of the effect to its caunse m

cases of direct unimpedod action.

Sth, Reversal of the effect with that of the causc.

(146.) From these characters we are led to the
following cbservations, which may be considered as
s0 many propositions readily applicable to particular
cases, or rules of philosophizing: we conclude,
1st, That n our group of facts there be one in
which any assigned peculiarity, or attendant cir-
ing or opposite, such peculiarity
cannot be the cause we mn_ﬂ.—l.‘

(147.) 2, That any cireumstance in which all
the facts without exception agree, may be the
cause in question, or, if not, at least a collateral
t of the same cause: if there be but one
such point of agreement, this possibility becomes a

cumstance, ,mm wan

certainty ; and, on the other hand, if’ there be more
than one; they may be concurrent causes.

(148.) 3d, That we are not to deny the existence
of a cause in favour of which we have a nimous
agreement of strong analogies, though it may not be
apparent how such a cause can produce the effect,
or even though it may be difficult to conceive its
existence under the circumstances of the case; in
such cases we should rather “__J_.:____ to experience
when possible, than decide & priori aj
and try whether it cannot be made apparent.

(1 49.) For instance: seeing the sun -.m___.::u__ Tumi-
nous, every analogy leads us to conclude it intensely
hot. How heat can produce light, we know not;

nst the cause,
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154 DISCOUASE ON THE STUDY

conclude that our sensation of the different pitches
of musical notes originates in the different rapidities
with which their impulses are communicated to our

Cars.

(154.) 6th, That such counteracting or modifying
CAusEs may subsist ._:H:..?.:?!r and annul the
effects of the cause we seek, in instances which,
but for their action, would have come into our class
of favourable facts: and that, therefore, exceptions
may often be made to disappear by removing or
allowing for such counteracting causes. This remark
becomes of the greatest importance, when (as is
often the -caze) a single striking exception stands
out, as It were, m._T_.“nm:mn an otherwise _.—n-Ei_.n:uE Elqpuq
of facts in favour of a certain cause.

(155.) Thus, in chemistry, the alkaline quality of
the alkaline and earthy bases is found to be due to
the presence of oxygen ce mbined with one or other
ofa Tc...:.m":. get of mets Ammonia is, however,
a violent outstanding exception, such as here alluded
to, being a compound of azote and hydrogen : but
there are almost certain indications that this excep-
tion is not a real one, but assumes that appearance
in consequence of some modifying cause not under-
stood,

(156.) Tth, If we can either find produced by
nature, or produce designedly for ourselves, two in-
stances which agree evactly in all but one particular,
and differ in that one, its influence in producing
the phenomenon, if it have any, muest thereby be
rendered sensible. If that particular be present
in one instamce and wanting altogether in the
other, the production or non-production of the phe-
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DISCOURSE ON THE STUDY

(158) 9th, Complicated phenomens, in which
several causes concurring, opposing, or qui
dependent of each other, operate at once, so as
to produce a compound effect, may be simplified by
subducting the effeet of all the known causes, a8
well as the nature of the case permits, either by
deductive reasoning or by appeal to experience, and
thus leaving, as it were, a residual phenomenon to be
explain It is by this process, in fact, that
ce, in its present advanced state, is chiefly pro-
moted.  Most of the phenomena which nature pre-
sents are very complicated ; and when the effects of
all known couses are estimated with exactness, and
subducted, the residual facts are constantly appear-
ing in the form of phenomena altogether new, and
leading to the most important conclusions.

(159.) For example: the return of the comet pre-
dicted by p gsor Encke, a great many times in
succession, and the general good agreement of its

e in-

L

calc

ated with its observed place during any one
of its periods of visibility, would lead us to say that its

ravitation towards the sun and planets is the sole
and sufficient cause of all the phenomena of its
al motion : but when the effect of this T
is strictly calculated and subducted from the ob-
gerved motion, there is found to remain behind a
resichue] phenomenan, which would never have been
ained to exist, which is a small
e of its reappearances or @&

atherwise ascer

nticipation of the t
diminution of its periodic time, which cannot be
accounted for by gravity, and whose cause is there-
fore to be enquired into. Such an anticipation

would be caused by the resistance of & medium dis-
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E ON THE STUDY

phenomena of light and the resistance of comets
ive us reason to believe fills all space, and which,
in analogy to all the elastic media known, may be
_.._:;.om.n.__" to possess a temperature and a w._..:.,nm_mn
heat of its own, which it is capable of communi-
ing to bodies surrounded by it.  Now, if we
consider that the heat radiated by the sun follows
the same proportion as its light, and regard it as
reasonable to admit with respect to stellar heat
what holds good of solar; the effect of stellar radia-
tion in maintaining a temperature in space should
be as much inferior to that of the radiation of the
sun as the light of a moonless midnight is to that
of an equatorial noon ; that is to say, almost incon-
ceivably smaller. Allowing, then, the full effect
for this cause, there would still remain a great
residuum due to the presence of the ether.

(161.) Many of the new elements of chemistry
have been detected in the investigation of residual
phenomena.  Thus, Arfwedson discovered lithia by
perceiving an exvcess of weight in the sulphate pro-
duced from a small portion of what he considered as
magnesia present in a mineral he had analysed. It
is on this principle, too, that the small concentrated
residues of great operations in the arts are almost sure
to be the lurking places of new chemical ingredients :
witness iodine, brome, selenium, and the new metals
accompanying platina in the experiments of Waol-
laston and Tennant. It was a happy thought of
Glauber to examine what every body else threw
away-

(162) Finally, we have to observe, that the de-
tection of a possible cause, by the comparison of
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160 DISCOURSE ON THE

(164.) But, in the case of the night dew, is this a
road emse — ig it a fact that the object dewed #s colder
than the air?  Certainly not, one would at first be
inclined to say ; for what is to make it so? But the
analogies are cogent and unanimous ; and, therefore,
{pursuant to Rule 3. § 148.) we are not to discard their
indications ; and, besides, the experiment is easy : we
have only to lay a thermometer in contact with the
dewed substance, and hang one at a little distance
above it out of reach of its influence, The experi-
ment has been therefore made; the question has
been asked, and the answer has been invariably in the
affirmative, Whenever an object contracts dew, it is
colder than the air. Here, then, we have an invg-
riahle concomitant circumstance : but is this chill an
effect of dew, or its cause ?  That dews are accom-
p d with a chill is a common remark ; but vulgar
prejudice. would make the cold the effeet rather
than the cause. We must, therefore, collect more
facts, or, which comes to the same thing, vary the
circums : since every instance in which the
ircumstances differ is a fresh fact; and, especially,
& must note the contrary or negat es (Rule
4. §150.), i e where no dew is produced.

(165.) Now, 1st, no dew is produced on the sur-
ace of polished metals, but it is very copiously on
glass, both exposed with their faces upwards, and
1 some cases the under side of a horizontal plate of
glass is also dewed; which last circumstance (by
Rule 1. § 146.) excludes the full of moisture from
the sky in an invisible form, which would natur-
allv suggest itself as a cause. In the cases of
polished metal and polished glass, the contrast

.
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154 DISCOURSE OXN STUDY

the free passage of heat from the skin into the air,
so us to allow their outer surfaces to be very cold
while they remain warm within.

(166.) Lastly, among the negative instances,
(5 150.) it observed, that dew is never copiously
deposited in situations much screened from the open
sky, and not at all in a clowdy might ; but if’ the
clouds withdraw, even for a few minutes, and leave

|ear opening, a deposition of dew presently begins,
goes on increasing.  Here, then, a cause is dis-
ctly pointed out by its antecedence to the effect
in question (§ 145.). A clear view of the cloudless
sky, then, is an essential condition, or, which comes
to the same thing, clouds or surrounding objeets act
s opposing causes, This iz =0 much the case, that
dew formed in clear intervals will often even eva-
n:_r_r_v_ OV CTenst

porate again when the sky becom
ile 4. § 150.).

(167.) When we now come to assemble these partial
inductions so as to raise from them a general con-
clusion, we consider, 1st, That all the conclusions we
have come to have a reference to that first general
fact — the cooling of the expose surface of the body
dewed below the temperature of the air. Those
surfaces which part with their heat outwards most
readily, and have it supplied from within most
slowly, will, of course, become coldest if there be an
Pl ity for their heat to escape, and mot be
restored to them from without.  Now, a clear sky af-
an opportunity. It i a law well known
to those whe are conversant with the nature of heat,
heat is constantly escaping from all bodies in
w3, or by radiation, but is as constantly restored

fords s
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DISCOURSE ON TI STURY

when traced to its insertion in the trunk,
or 4 twig to its junc tion with the branch; or rather,
as a rivulet retains its —E_u_:,f.:,:... and its name il
lost in some larger tributary, or in the main river
which delivers it into the ocean. Thig, however, al-
ways _.:_d.__s.: s that, on a reconsideration of the case,
we see clearly how the admission of such a fact,

with all its attendant laws, will _1.1._.2._.___. account
for every particular —as well those which, in the dif-
ferent s s of the induction, have led us to a know-

ledge of it c¢h we had neglected, or
considered less minutely than the rest. But, had
awledpe of the radiation of heat,

We no Previous k

this same in

ns, and, doly cons
Jknowledge of many of its laws.

(170.) In the stody of nature, we must not,
therefore, be scru lous a5 to how we T
knowled F facts s pro
we verify them T:L lly when once detected, we
Just be content to seize them wherever they are to
And this brings us to consider the veri-

of such

(171.) If, in our induction,
has act ally been pre scnt to our minds, we
that __ will find itself duly represented in our final con-
v: hut this is F___mu__wmr_p for such cases as
and hardly ever happens even
h iz the tendency
of the human mind to speculation, that on the least
logy between a few phenomend, it
leaps forward, as it were, to & cause or law, to the
et of all the rest;so that, in fact,

were wnknoen to

with all the known cases; for s

temporary !




w

U0l aad PUE SS2UIOUTISIP ILAL DEMED N0 Jo

o
nae .u._u 2
fania B

(] PHUHIP PUE IADADE
134 30 gsanoad ai) Aoy

saseo Apuepd aue padap
Apraux 91 j1 ‘aoyns
[EIYLIIA N0 ‘I5ED JIIE] AP U[ 40T pad

i gea] auo aq W IPIGM

M0

.:_..,1__.. L1} DEEY DI0TH

puayd 2y YoM Jo pire
JE01M ‘U0 [BIAUDE I0W B
wotry ApEaJ[e 2uo 3 paEnpued
BNED A1) .d.u___._.:_..s L_J_.vmm::.u
2 UOTIEILIDA S1I) JO JoNpuUoD 2 puy r...r_._v

FIDAIUN §11 JO UOTONLSIP A1 A pauassay
ayquys. Ajjeuon
} JnD ‘saIng

dun &1 Fusad [ e pus
) ap w N

foad ag
W0LEA PUE SHOMUNT yacad
il 0} 240

wndas

f uononpul ano jo apr
) jo page oy aogy Suimoqe Aq

opadde fvm uwondaoxa jo

“pasit e
neo awy “Apgrssod ‘uars ‘pordd pIOURAPE SOWE IR
wexa-21 0] SpIsE 398 puw pajou L[yaed aq
PEILL R ] TEIMD _._.C_u__,.._.u a ..r-_.z.. aEIRD Ul ___.__ = .r—ﬂ_.hu.:-.ﬂ_u

uoissaudxa ay u papnut ._ﬂ_:_,. a0 "aEnES And _..\F_
X2 aa A
l ‘30uaLmadn S jo m.._b_..._..__:a AAW] M BIFED an e

..J___ =) 82 ,__,_._m._—._c AJSIIEE OF h..rr:..._

._._—.d_,.._..n.._.__ UKD 0) 81 SIUETH] JXal

e J0 M| B J0 0 u LRI ___.:—_,— 10 SEMED |
uoTanput .ﬂ—_ Py uaad
josaip ‘asauay gy (BLI)
M} B L

-xoad iy jo adpapm

1 Jo 1_:.“._1 d...m_.
auad xno [e JsowE

I ) J0 P

papaedaa 9q 98

SOTIHd TWHE

1T "AE




1656 DISCOURSE ON THE STUDY

fied by all the circumstances of each case; we must
estimate its effects, and ghow that nothing unex-
plained remains behind ; at least, in so far as the
presence of unknown modifying causes is not con-
cerned.

{174.) Now, this is precisely the sort of process in
which residwal phenomena (such as spoken of in art.
158.) may be expected to occur. If our induction
be really a valid and a comprehensive one, whatever
remains unexg ined in the ...::-_5._.._3: of its con-
with mz:.:ﬁ:_gq cases, under all their circum-
stances, is such a phenomenon, and comes in its
turn to be a subject of inductive reasoning to dis-
or its cause or laws. It is thus that we may be
d to witness facts with the eyes of reason ; and it
thus that we are continually attaining a know-
ledge of new phenomena and new laws which lie
beneath the surface of things, and give rise to the
reation of fresh branches of science more and
more remote from common observation.

) Physical astronomy affords numerous and
: The law, for example,

elu

about the sun, and satellites about their pri-
ries, by an attractive force, decreasing as the
square of the distances increases, comes to be veri-
ed in each particular case by deducing from
the exact motions which, under the eircumstances,
eht to take place, and comparing them with fact.
'his comparizon, while it verifies in general the
existence of the law of gravitation as supposed, and
its adequacy to explain all the principal motions
of every body in the system, yet leaves some
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OURSE ON THE STUDY

great number of facts led Galileo to conc ide that
. power of gravity is the same on all
1 small masses indif-

the accelerati
d on gr

of very different natures and weights fall at the
came instant from a high tower, when it was ob-
served that they struck the ground at the same
ifling difference, due, a3
believed it to be, to the greater propor-
i of the air to light than to heavy
iment could not, at that time,
! A with extre 8 e, such
rk, feathers, cotte the great re-
¢ experienced by these in their fall ; no means
+ then known of removing this cause of disturb-
It was not, thercfore, till after the invention
i it this law could be put to the
and a

test of an extreme case. A guin
downy feather were let drop at once from the upper
exhausted glass, and struck the bot-
e mom ¢ one make the
| in the air, and he will perceive the force of an

evtrene oose.

(178.) In theverification of a aw whose expression
i4 quantitative, not only must its generality be esta-
heil by the trial of it in 88 various circumstances
pasible, but every such trial must be one c:x.m.
¢ measurement.  And in such enses the means
taken for subjecting it to trial ought to be so de-
vised as to repeat and multiply a great number of
¢ deviation (if any exist); so that, let it be
ever s 11, it shall at last become sensible.
(179.) For instance, let the law to be verified

tim
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(180.) The surest and best ch
well-founded and

cteristic of a
xtensive induction, however, is
‘hen werifications of it up, 85 it were,
spontancously, into notice, from quarters where
t be least L..x__e_....q;._ OF Even among
of that very kind which were at first
considered hostile to them. Evidence of this kind
is irresistible, o nt with a weight
which scarcely any other possesses. To give an ex-
ample: M. Mits cherlich had snnounced a law to this
effect — that the chemical elements of which all

pr

they

d compels s

bodies consist are susceptible of being classified
distinct groups, which he termed isomorphous
and  #hat
s combinations are formed of indi-
, o1 more of them,
i combinations will crystallize in the same geo-
metrical forms. To this curious and important
wl o remarkable exception. Ac-
ssor Mitscherlich, the arsenic and
wcids are similar combinations coming

groups are so related,

to twa, thr

Is belongi

law there appe

cording to prof

phosphoric

under the meaning of his law, and their combin-
nd water, forming the salts
to chemists under the names of arseniate
f soda, onght, if the law were

llize in identical shapes. The

fact, however, was understood to be otherwise.
But lately, Mr. Clarke, a British chemist, having
i two salts attentively, ascertained
the fact that their ...__:_._xvx_:..:.a deviate nmv_.._.«_._m.:.__.
imilarity which M. Mitscherlich's law
equires ;” and  that, therefore, the exception in
question disappears. This was something: but,
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DIsCOU ON THE STUDY

condensation which necessarily takes place at
every vibration by which sound is conveyed. The
matter was subjected to exact calculation, and the
result was at once the complete explanation of the
residual phenomenon, and. a striking confirmation
of the general law of the developement of heat by
ion, under circumstances beyond artificial

compre:
imitation.
{182, In extend:

( ; g our inductions to cases not
originally contempl ted, there is one step which
lways strikes the mind with peculiar fore and with
such a sensation of novelty and surprise, as often
ht beyond its due philosophic value.
It is the transition from the little to the great, and
wvice versd, but especially the former. It is so beau-
see, for instance, an expgriment performed
a watch-glass, or before a blowpipe, succeed, in a
OEY, O ANy tons f matter, or, in the
ang, upon millions of
that we almost forget that these gre
» made up of watch-glassfuls,
ads. We see the enormous inter
nets of the heavens, which afford room

bic fathoms

b

stars and |

fr innumerable processes to be carried on; for
nd heat to circulate, and for curious and
18 to go forward among them :

light

COmy

ated mot

we look more attentively, and we see sidereal sys-
tems, prabably not less vast and eomplicated than our
awn, crowded apparently into a small space (from
the effect of their distance from us), and forming
groups resembling bodies of a subst ntial appears
anee, having form and outline : yet we recoil with
incredulous surprise when we are asked why we
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DISCOURSE ON THE

STUDY

former phenomena which have resisted previous
efforts. It can hardly be pressed forcibly enough
on the attention of the student of nature, that there
is scarcely any natural phenomenon which can be
fully and completely explained in all its circum-
stances, without a union of several, perhaps of all,
the sciences. The great _,._E..a._.:a:u of astronomy,
indeed, may be considered exceptions; but this iz
n:.»_._._u. 1] their scale is so vast that one E_mv‘
f the most widely extending forces of natire takes
lead, and all those agents whose sphere of action
limited to narrower bounds, and which determine
the production of phenomena nearer at hand, are
thrown into the back ground, and become erged
ad lost in comparative insignificance. But in the
ate phenomena which surround us it is
t a compl

15

tiom of different

far otherwise. Intowl
branches of science are we not led by the consider-
ation of such a phenomenon as rain, for instance,
or flame, or a thousand others, which are constantly
i . it is hardly
to arrive at the knowledge of a law of
of generality in any branch Moe,
but it immediately furnishes vs with a means of
our knowledge of innumerable others,
int we set out fhom ;

ng on before our eye H

diny

the most remote from the pe
so that, when once embarked in any physical re-
search, it is impossible for any ene to predict where
it may ultimately lead him.

{184.) This remark rather belongs to the inverse
or deductive process, by which we pursue laws into
their remote consequences.  But it iz very important
to abserve, that the suceessful process of scientific
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DISCOURSE ON THE STUDY

the nature of the inductions by which they are to
be arrived at. In their simplest or least general
stages (of which alone we speak at present) they
usually express some numerical relation between
two quantities dependent on each other, cither as
collateral effects of a common cause, or 8s the
aniount of its effect under given numerical circum
or data, For example, the law of refrac-
noticed (§ 22.) expresses, by a very
simple relation, the amount of angular deviation of a
ray of light from its course, when the angle at which
is inclined to the refracting surface is known,
viz. that the sime of the angle which the inc ident
y makes with a perpendicualar to the surface i=
the angle made by the refracted
with the same perpéndicular, in a constant pro-
srtion, so long as the refracting substance is the
me. To arrive inductively at laws of this kind,
here one guantity depends on or warics with another,
series of careful and exact
measures in every different state of the ety and
quesitum, Here, however, the mathematical form
" the law being of the highest importance, the
est attention must be given to the extreme eases
well as to all those points where the one quantity
anges rapidly with a small change of the other.®
ults must be set down in a table in which
adually increases in magnitude from
the lowest to the highest limit of which it is sus-

1ys to that of

all that is required is

W insts f the pursait of o law completely

 case 1stobe i in Newton's rale for
rod rings seen betwoen glasses at gre:

part i obs, 7.
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DISCOUHSE ON T STUDY

178

to the condensation of air, while yet we have the
strongest analogics to show that long before it had
reached any very enormous pitch the air would be
reduced into a liguid, and even, perhaps, d.»,_:..;.,uﬁ__
yet more violently, into a golid form.

{187.) Laws thus derived, by the direct process
f includ  mathematical formule the results
f n greater or less number of measurements, are
led «empirical laws.” A good example of such
law is that given by Dr: Young (Phil. Trans. 1626,)
for the decrement life, or the law of :.__u_.ﬂq_._._é_..
Empirical laws in this state are evidently wnverifod
inductions, and are to be received and reasoned on
with the utmost reserve. No confidence can ever
be placed in them beyond the limits of the data from
which they are derived; and even within those li-
mits they require a special and severe seruting to
ne how nearly. they do represent the observed
facte: that is to say, whether, in the comparison of
their results with the observed quantities, the dif-
ferences are such as may fairly be attributed to error
of ohservation. When so carefully examined, they
become, however, most valuable ; and frequently,
when afterwards verified theoretically by a deduc-
tive process (as will be explained in our next chape
ter), turn out to be rigorous laws of nature, and afford
the noblest and g supports of which
\eories themselves are susceptible. The finest
wetances of this kind are the great laws of the
lanetary motions deduced by Kepler, entirely from
comparison of observations with each other, with
w6 assistance from theory. These laws, viz. that
the planets move in cllipses round the sun; that
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OURSE 0N THE STUDY

the case, that in many of the most interesting

branches of dynamical enquiry they leave us-com-

pletely at alogs. In what relates to the motions of
fin for instance, this is severely fele. We can

include our problems, it is true, in algebraical equa-

tions, and we can demonstrate that they conain
the solutions; but the equations themselves are &
intractable, and present such insuperable difficulties,

that they often leave us quite as much in the dark
a5 before. DBut even were these difficulties over-
come, Tecourse to experience must still be had, to
cstablish the data on which particular applications
are to depend; and although mathematical analy=
sis affords very powerful means of representing in
seneral terms the data of any proposed case, ‘and
afterwards, by comparison of its results with fact,
determining what those data must be to explain
the chserved phenomena, still, in any mode of
considering the matter, an appeal to experience in
every particular instance of application is unavoids
sble. even when the general principles are regarded
as sufficiently established without it. Now, in all
such cases of difficulty we must recur to our in=
due processes, and regard the branches of dy-
namical science where this takes place as purely
experimental. By this we gai nmense ad-
in all those points of them where
the abstract dynamical principles do afford distinet
eonclusions, we obtain verifications for our indue=
s of the highest and finest possible ki d. When
we work our way up inductively to one of these
results, we cannot help feeling the strongest assur-
wee of the velidity of the induction.

tage, viz. th
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DISCOURSE O THE STUDY

on, by which he understands characteristic
na, selected from the great misecllaneous
mass of facts whieh oecur in nature, and which, by
plication, tend
tind in its
1eral heads of induction.

account of some pecus

r namber, indistinctness, and ¢

rat an to direct the

search for

so selected

wav in which they strike the reason,

r a particular aptitude for generalization, he con-
[ ind of prerogative
r first and especial attention

ers, and justly, as
gty
in physical enquiries,

(191.) We have already observed that, in form-
uctions, it will most commonly happen that
ns by the especial

foree of some two or three strongly i

1 claiming

we are led to our e
Iressive
facts, rather than by affording the whole mass of
cases a regular consideration; and hence the need
of eaut I, #0 strong ia this
wsity of the human mind, that there is hardly

cation.

thing than to find persons ready to
for every thing they see, and, in so
TIOUS, Eq. ann=
lagies the I g the ense, it 18
; importance that these first ready

e on the con-
ation of the eases most likely to lead to good
- misfortune, however, is, in naturl
t rest with s,
a8 pature presents

them, 0 if w v furnished with a list of them

in tabular order, we must understand and emnpare
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15¢ DISCOU

ETUDY

Bacon's work, we shall here give a few examples
to illustrate the principal cases,
One, of what he calls “ glaring instances, " has just
been mentioned.  In these, the mafure, or cause en=-
ired into, {which in this case is the cause of the
umption of o peculiar external form, or the in-
ternal structiure of a crys ,—_.u. # gtands naked and
manner, or in the
No doubt, such in=
w a5 these are highly instructive; but the
ics is to find such, not to perceive

ture of some of 1

d thiz in an eminent

ne,

highest degree of its power.

___..::__._ in phy
iz whe
(198.) The contr are ¢ clandestine
* where # the nature sought is exhibited
d imperfect state.”  OF
Jacon himself hos given an admirable ex-
yhesion of fuids, as 0 olandesting
“ mature or quality of consistence,

1 its weakest

":.__wn in the ¢

pnslanee

or sol in, the same acute discri=

mination which enabled Bacon to perceive the ana-

logy which conneets fluids with solids, through the

COmMmOn property of cohesive attraction, would, at
the 1w time, have enabled him to draw from it
O ._.._.. .._._.__._z:._._.L, EVETY COnsequence neceisary
to forming just notions of the cohesive force; nor
does its reference to the « f clandestine in=
stances at assist in bringing forward and ma-
turing the final results.  When, however, the final
result is obtained, —when our induction is complete,
d we would verify it,—this class of instances is of
being, in fact, frequently no other than
that of ertreme cases, such as we have already spoken

of (in § 177.); which, by placing our conclusions, a8
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186 DISCOURSE O¥ THE STUDY

usly

offers itself spontan and thus furnish ad-
vanced points in our enquiries; and when we start
from these, already # a thousand steps are lost."”

(195.) A fine example of a collective instance is
that of the system of Jupiter or Saturn with its
ites. We have here, in miniature, and seen
at one view, a system similar to that of the pl
about the sun; of which, from the circumstance of
our being | in it, and unfavourably situated
g it otherwise than in detail, we are in-

ated from form a general idea but by
w progressive efforts of reason. Accordingly, the
contemplation of the circumjovial planets (as they
ed) most materi assisted in securing
the admission of the Copernican system.

(196.) Of « C stances” we have also al-
ready spoken, as affording the readicst and securest
cans of eliminating extraneous causes, and decid-

between rival hypotheses. Owing to the dis-
ition of the mind to form hypotheses, and to
cases, it constantly happens that, among
possible suppositions which may oceur, two
or three principal ones occupy us, to the exclusion
of the rest; or it may be that, if we have been less
precipitate; out of a great multitude rejected for
obwvious inapplicability to some one or other case,
two or three of better claims remain for decision ;
and this such instances enable us to do. One of
the instances cited by Bacon in illustration of his
crucial class is very remarkable, being neither more
nor less than the proposal of a direct experiment to
determine whether the tendency of heavy bodies
downwards is a result of some peculiar mechanism

for see

were
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oy

m of great classes of phenomena, at length i i stz 8
come to be placed at issue upon A
beautiful instance of this will be cited in the next
section. We may add to the examples above given

I sueh

stances, that of the application of chemical
ich are

tests, w

ilmost universally crucial experi-

(198.) Bacon’s * travelling instances™ are those
in which the nafwre or quality under investigation
“ travels,” or var in degree; and thus (accord-
g to § 152.) afford an indication of a cause by
dation of intensity in the effect. One of his
instances is very happy, being that of “ paper,
which is white when dry, but proves |

s 50 when

wet, and comes nearer to the state of t ansparency
upon the e sion of the

ir, and admission of
g this, and many other instances
wum, one would almost suppose
(had it been written) that its author had taken
them from Newton's Optics.

(199.) The travelling instances, as well as what
Bacon terms # fin

itier instances,” are cases in which
we are enabled to trace that general law which
Il nature — the 5 it is
termed, of continuity, and which is expressed in the
well known sentence, # Natura
tum.” T
applicati

seems Lo e rvade

it per sals
pursuit of thiz law into cases where its

s proved
a fertile source of physical discovery, and led us to
the knowledge of
G

n analogy and in connecs
1 of phenomena between which at first we should
never have expected to find any.

(200.) For example, the transparency of gold leaf,
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DURSE ON THE STUDX

CHAP, VIL

OF INDUCTIVE GENERALIZA-

OF THE
TION, AN of THE FORMATION AND YERIFICATION
OF THEORL

(201.) As particular inductions and laws of the first
degree of generality are obtained from the consider-
ation of individual facts, so Theories result from a
consideration of these laws, and of the proximate
causes brought into view in the previous process,
regarded all together as constituting a new sct of
phenomena, the creatures ¢ " reason rather than of
sense, and each representing under gemeral lan-
. Inraising these
e, more scope is given to

guage innume: able
higher inductions,
the exercise of pure reason than in slowly groping
out our first results. The mind is more disencum-
bered of matter, and moves as it were in its own
element.  'What is now before i pErceives more
intimately, and less through the medium of sense,
or at least not in the same manner as when actually
it work on the immediate objects of sense.  But it
must not be therefore suppose: 1 that, in the formation
of theories, we are abandoned to the unrestrained
exercise of imagination, or at liberty to lay down
arbitrary principles, or assume the existence of mere
fanciful causes. The liberty of speculation which
we possess in the domains of theory is not like
the wild licence of the slave broke loose from his
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192 DISCOURSE ON THE STUDY

intimate structure on which depend its colour, its
hardness, and its chemical properties, remains stilt
cealed : we do not secm to have made even an
walysis of it by any such

o

appronch to a closer
scrutiny.

(203.) On the other hand, the mechanism of the
great system of which our planet forms a part
escapes immediate observation by the immensity of
its scale, nay, even by the slowness of its evolutions.
The motion of the minute hand of a watch can
hardly be perceived withont the closest attention,
nd that of the hour hand not at all. But what are
these, in respect of the impression of slowness they
produce in our minds, compared with a revolving:
movement which takes a whele year, or twelve,
thirty, or eighty years to co iplete, as is the case
with the planets in their revolutions round the sun.
wer do we come to reflect on the linear
rans of these orbs, (which however we do
not see, nor can we measure them but by a lomg,
cireuitous, and difficlt process;) than we are lost in
astonishime ness of the very motions
which before seemed so slow.®  The motion of the
. of a windmill offers (on a small scale) an illus-
ive case. At a distance the rotation seems elow
d etendy—but when we stand close to one of the
in its sweep, we are surprised at the swiftness

5.

» i When we are told that Saturn meves in his orbit mors
faney the motion to be swift; but
n three hours moving bis own
4 it really iy, slew.™ Thirty

1 hour, we

m Jackson, 1795

Letters o various Subjects, by Wil
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194 DISCOURSE ON THE STUDY

after all, the acting cause in this process is nothing
more than a few gallons of water boiled in an irom
vessel, at a distance from the scene of operations.
But wihy the water so boiled should be capable of
producing the active energy which sets the whole
apparatus in motion is, and will probably long
remain, a secret to us.

(206.) This, however, does not at all prevent our
having a very perfect comprehension of the whole
subsequent process. We might frequent printing=
houses, and form a theory of printing, and having
worked our way up to the point where the mechanical
action commenced (the boiler of the steam-engine),
and verified it by taking to pieces, and putting toge-
dher again, the train of wheels and the presses, and by
sound theoretical examination of all the transfers of
motion from one part to another; we should, at length,
pronounce our theory good, and declare that we
understood printing thoroughly. Nay, we might
even go away and apply the principles of mechanism
we had learned in this enquiry to other widely
different purposes; construct other machines, and
put them in motion by the same moving Power,
and all without arriving at any correct idea as to
the wltimate source of the force employed. But,
if we-were inclined to theorize farther, we might
do so: and it is easy to imagine how two theorists
might form very different fypotheses as to the origin
of the power which alternately raised and depressed
the piston-rod of the engine. One, for example, might
maintain that the boiler (whose contents we will sup-
pose that neither theorist has been permitted to
examing) was the den of some powerful unknown
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196 DISCOURSE OX THE STUDY

ous bodies, and acted upon in their progress by
forces of cxtreme intensity residing in the sub-
stances on which they strike ; another, in the wi=
bratory motion of the particles of luminous bodies,
communicated to a peculiar subtle and highly elas-
tic ethereal medium, filling all space, and conveyed
through it into our eyes, as sounds are to our ears,
by the undulations of the air.

(208.) Now, are we to be deterred from fram-
g hypotheses and constructing theories, because
we meet with such dilemmas, and find ourselves
frequently beyond our depth? Undoubtedly not.
st quodam. prodive tenus s non datur  ultra.
Hypotheses, with respect to theories, ave what
presumed proximate couges are with respect to
particular inductions : they afford us motives for
scarching into analogies; grounds of -citation to
bring before us all the cases which seem to bear
upon them, for examination. A well imagined
hypoth if it have been suggested by a fai
inductive consideration of general laws, can hardly
fail at least of enabling us to generalize a step
farther, and group together several such laws under
a more universal expression. DBut this is taking a
very limited view of the value and importance of
hypotheses : it may happen (and it has happened
in the case of the undulatory doctrine of light)
that such a weight of analogy and probability may
become accumulated on the side of an hypothesis,
that we are compelled to admit one of two things;
gither that it is an actual statement of what really
passes in nature, or that the reality, whatever it be,
must run so close a parallel with it, as to admit of
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198 DISCOURSE ON THE STUDY

the theory of gravitation we suppose an agent, — wis.
force, or mechanical power,—to act on any material
body which is placed in the presence of any other,
and to urge the two mutually towards easch other,

is & vern ecousa; for _:.._.J_. bodies (that is,
all bodies, but some more, some less,) tend to, or
endeavour to reach, the earth, and require the

exertion of force to counteract this endeavour, or
to keep them up. Now, that which opposes and
neutralizes force is force.  And again, a plumb-line;
which, when allowed to hang freely, always hangs
perpendicularly ; is found to g observably aside
from the perpendicular when in the :ﬁ.mm_._x._.i_._u.am
of & considerable mountain ; thereby proving that a
force is exerted upon it, which draws it towards the
mountain. Moreover, since it is a fact that the
moon does circulate sbout the earth, it must be
drawn towards the earth by a force; for if there
were no force acting upon it, it would go on in &
straight line without turning aside to circulate in an
orbit, and would, therefore, soon go away and be lost
in space. This force, then, which we call the ._..u.du
of gravity, is a real cause.

(210) We have next to consider the laws which
regulate the action of these our primary agents;
and these we can only arrive at in three ways: 1st, By
inductive rensoning; that is, by examining all the cases
in which we know them to be exerc inferring,
as well as circumstances will permit, its amount or
intensity in each particular case, and then piecing

gether, as it were, these digiecta membra, general-

from them, and so arriving at the laws desired;
2dly, By forming at once a bold hypothesis, par-
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DISCOURSE ON THE STUDY

mathematical expres: . Such a case, for instance,
is the elliptic motion of a planet, which is a general
proposition including the statement of an infinite
number of particular places, in which the laws of its
motion allow it to be some time or other found, and
for which, of course, the law of force must be so
assumed as to account.
(212.) With regard to the first process of the
three above enumerated, it is in fact an induction
of the kind described in § 185.; and all the re-
marks we there made on that kind of induction
apply to it in this stage. The direct assumption
of a particular hypothesis has been occasionally
practised very successfully. As examples, we may
mention Coulemb's and Poisson's theories of elec-
y and magnetism, in both which, phenomena
of a very complicated and interesting nature
are referred to the actions of attractive and re-
pulsive forces, following a law similar in its expres-
sion to the law of gravitation, But the difficulty
and labour, which, in the greater theories, always
attends the pursuit of a fundamental law into ita
remote consequences, effectually precludes this me-
thod from being commanly resorted to s a means
of discovery, unless we have some good reason,
from analogy or otherwise, for believing that the
attempt will prove successful, or have been first
led by partial inductions to particular laws which
naturally point it out for trial.

(218.) In this case the law assumes all the cha-
racters of a general phenomenon resulting from an
induction of particulars, but not yet verified by com-
parison with all the __hE.:.n._"_...,w_ nor extended to all

tri
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202 DISCOURSE ON THE STUDY

beautiful and satisfuctory one) is, that all those
observed deviations in the motions of our system
which stood out as exceptions (§ 154.), or were
noticed as residual phenomena and reserved for
further enquiry (§ 158.), in that imperfect view of
the subject which we got in the subordinate process
by which we rose to our general conclusion, prove
1o be the immediate eonsequences of the above-men=
tioned mutual actions, As such, they are neither
exceptions nor residual facts, but fulfilments of
general rules, and essential features in the state-
rwent of the case, without which our induction would
he invalid, and the law of gravitation positi ely un-
true.

(214.) In the theory of grav itation, the law i all
elf at o to the materials, and
directly producing result. But in many other
ases we have toconsider not merely the laws which
regulate the actions of our ultimate causes, but a
system of mechanisne, or a structure of parts, through
the intervention of which their effects become
sengible to us. Thus, in the delicate and corious
electro-dynamic theory of Ampere, the mutual
or repulsion of two magnets is referred
to o more universal phenomenon, the mutual action
of electric currents, according to a certain funda-
mental law., But, in order to bring the case of &
magnet within the range of this law, he is obliged
to make a supposition of a peculiar structure or
mechanism, which constitutes a body a magnet,
viz. that around each particle of the body there
ghall be constantly cireulating, in a certain stated
direction, a small current of electric fluid.

in all, applying
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204 DISCOURSE ON THE STUDY

(216.) In estimating, however, the value of a
theory, we are not to look, in the first instance,
to the question, whether it establishes satisfacto-
rily, or not, a particular process or mechanism ; for
of th fter all, we can never obtain more than

that indireet evidence which consists in its leading "

to the same results.  What, in the actual state of
science, is far more important for us to know, I8
whether our theory 2.=_.u. represent el the facts, and
include afl the laws, to which observation and indue-
tion lead. A theory which did this would, no doubt,
a great way to establish any hypothesis of me-
i might form an essen-
tial part of it: but this is very far from being
the case, except in a few limited instances; and,
till it is to lay any great stress on hypotheses

B
ﬂ.uuu—n—mm_: or structure, wh

of the kind, except in as much as they serve
s o scalfold for the erection of general laws, is
¢ mistake the scaffold for the pile” He=
it, hiypotheses have often an emi-
nent use: and a facility in framing them, if attended

ity E,.:__:.« them aside when

: have served their turn, is one of the most
ities a philosopher ean possess; while,

nd, a bigoted adhere to them,
ar views of any ki in opposi=
the bane

H__:___
(217.) There is no doubt, however, that the

safest course, when it can be follow

d, is to rise by
-arried on among laws, as among facts,
from law to law, perceiving, as we go on, how laws
which we have looked upon as unconnected be=

mnductions
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OURSE ON THE STUDY

dually, as the force by which they are pressed
together increases, till they actually cohere, and
form one. The law of continuity, then, of which
we have before spoken (§ 199.), forbids us to sup-
pose that the intimate nature of the process of
communication is changed in this transition from
light to violent contact, and from that to actual
union. If s, we might ask, at what point does the =
change happen? Especially since is also de-
monstrable, that the particles of the most solid =
body are not, really, in contact. Therefore, the
laws of conduction and radiation have a mutual
dependence, and the former are only extreme cases
of the latter. If, then, we would rightly understand
what passes, or what is the process of nature in
the slow communication of heat through the sub-
stance of a solid, we must ground our enguiries
upon what takes place at a distance, and then urge
the laws to which we have arrived, up to their
extreme case.

(218.) When two theories run parallel to each
other, and each explains a great many facts in com-
mon with the other, any experiment which affords a
Cruci instance to decide between them, or by
which one or other must fall, is of great importance.
In thus verifying theories, since they are grounded
on general laws, we may appeal, not merely to par~
ticular cases, but to whole classes of facts; and we
therefore have a great range among the individuals
of these for the selection of some particular effect
which ought to take place oppositely in the event
of one of the two suppositions at issue being right
and the other wrong. A curious PABEU_.” is n.:__n__
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(219.) Theories are best arrived at by the con-
sideration of general laws ; but most securely verified
by comparing them with particular facts, becanse
this serves as a verification of the whole train of
induction, from the lowest term to the highest.
But then, the comparison must be made with facts
purposely selected 5o as to include every variety of
-ase, ot omitting extreme ones, and in sufficient
number to afford every reasonable probability of
detecting error. A single numerical eoincidence in
a final conclusion, however striking the coincidence
or important the subject; is not sufficient. Newton's
theory of sound, for example, leads to a numerical
expression for the actual velocity of sound, differing
but little from that afforded by the correct theory
afterwards explained by La Grange, and (when cer-
tain considerations not contemplated by him are
allowed for) agreeing with fact; yet this eoincidence
is no verification of Newton's view of the general
subject of sound, which is defective in an essential
point, as the great geometer last named has very
atisfactorily shown. This example is sufficient to
ingpire caution in resting the verification of theories
upon any thing but a very extensive comparison with
a great mass of ohserved facts.

(220.) But, on the other hand, when a theory
will bear the test of such extensive comparison,
it matters litlle how it has been originally framed.
However strange and, at first sight, inadmissible its
postulates may appear, or however singular it may
seem that such postulates should have been fixed
upon,— if they only lead us, by legitimate reasonings,
to conclusions in exact accordance with numerous
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210 DISCOURSE 0¥ THE STUDY

with each other only in fixed or defnite proportions
by weight, and not arbitrarily ; so that when any
two substances are put together with a view to
unite them, if their weights are not in some certain
determinate proportion, a complete combination will
not take place, but some part of one or the ather
wgredient will remain over and above, and uncom=
bined. Suppose, now, we have found a substance
having all the outward characters of a homoge-
neous or unmixed body, but which, on analysis, we
discover to consist of sulphur. and lead in the
proportion of 20 parts of the former to 130 of the
latter ingredient ; and we would know whether this
is to be regarded ss a verification of the law of
definite proportions or an exception to it. The
question is reduced to this, whether the proportion
ap to 130 be or be not that fixed and definite pro-
portion, (or one of them, if there be more than one
proportion possible,) in which, according to the law
in question, sulphur and lead can combine; now,
this can never be decided by merely looking at the
all its generality. It is clear, that when par-
ticularized by restricting its expression to sulphur
and lead, the law should state whet are those par-
tieular fixed proportions in which these bodies can
combine. at is to suy, there must be certain data
or numbers, by which these are distinguished from
all other hodies in nature, and which require to be
known before we can apply the general law to the
particular case. To determine such data, obsery=
ation must be consulted; and if we were to have
recourse to that of the combination of the two sub-
stances in question with each other, no doubt there
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DISCOURSE ON THE STUDY

ment the number corresponding to any new sub.
stance added to the list is determined, we have,
in fact, ascertained all the _.=.3:=.19_.a in which it
con enter into combination with all the others, so
that a carcful experiment made with the object
of determining this number is, in fact, equivalent
to as many different experiments as there are
binary, ternary, or yet more nou._,_._n_.:zu. combin=
ations capable of existing, into which the new
substance may enter, as an ingredient.

(225%.) nportance of obtaining exact phy=
sical data can scarcely be too much insisted on, for
without them the most claborate theories are little
better than mere inapplicable forms of words. It
would be of litle consequence to be informed,
abstractedly, that the sun and planets attract each
other, with forces proportional to their masses,
and inversely the squares of their distances:
but, as soon a8 we know the data of our system, as
soon s we have an accurate statement ﬁ_:._ matter
how obtained) of the distances, masses, and actual
motions of the several bodies which compose it,
we need no more to engble us to predict all the
ovements of its several parts, and the changes
that will happen in it for thousands of years to
1 even to extend our views backwards
into time, and recover from the past, phenomena,
which no observation has moted, and no history
recorded, and which yet (it is possible) may have
left indelible traces of their existence in their
influence on the state of nature in our own globe,
and those of the other planets.

(224.) The proof, tooy that our data are correetly
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214 DISCOURSE ON THE

assistance afforded by governments to the execution
of continued series of observations adapted to this
especial end should continue to be, as it has hitherto
almost exclusively been, confined to astronomy.
(226.) Physical data intended to be employed
as elements of caleulation in extensive theories,
require to be known with a much greater degree
of exactness than any single ohservation possesses,
not only on account of their dignity nd import-
affording the means of representing am
. multitude of facts; but because, in the
variety of combing ¢ arise, or in the
changes that circumstances may unidergo, cases
will oceur when any trifling error in one of the
ata may become enormously magnified in the final
result to be compared with observation. Thus, in
the case of an eclipse of the sun, when the moon
Ay upon the sun's disc, a trifling
cter of either the sun or moon
one in the time when the eclipse
ghall be announced to commence. It ought to be
remarked, that these are, of all others, the con-
18 are most available for
the determination of data; for, by the same rule
change in the data will, in such cases,
produce a great one in the thing tobe observed ;
50y, Thoe TErad, any moderate amount of error, com-
mitted in an observation undertaken for ascertaining
its value, can produce but a very trifling one in the
rererse caleulation from which the data come to be
determined by cbservation, This remark extends
to every description of physical data in every de-
partment of science, and is never to be overlooked

ms that m

enters v
ETTOr
ms

junctures where observat
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216 DISCOT ON THE STUDY

'

verbial, Nevertheless, ift we only observe it reguns
larly every day, and, at the end of each month,
we shall

surprisingly diminished in

take
find the

of the observed height

and if we go on for a whole ¥

r, or

¥ 3 in succession, the annual averages
will be found to agree with still greater exactness
This equ ges, by destroying
all such fluctuations as are irregular or accidental,
frequently enables us to obtain evidence of fluc-
ular, 1..1::.5 in their recurrence,

izing power of ave

tuations really reg
and so much smaller in their amount than the ac
dental ones, that, but for this mode of proceeding,
they never would have become apparent. Thus, 1f
it of the barometer be observed four times
constantly, for a few months, and the

averages taken, it will be seen that a regular deaily
fluctuation, of very amall amount, takes _u_“:.r._ the
A:r_r.u:._.a.n rising and fulling twice in the four-and-
twenty  hours. It is by such observations that
1 — what no single mea-

wre enabled to ascer
sure (unless by a fortunate coineid nee), coulil give
nd never any certain knowledge of—

us any idea,
the true sea level at any part of the coast, or the
height at which the water of the ocean would

stand, if perfectly undisturbed by winds, waves,

or tides: a subject of very great importance, and
spon which it would be I ghly desirable to pos-
sess an extensive serics of observations, at a great
wasts of the principal cont

many points on the
nents and islands over the whole globe.

(229.) In all cases where there is a direct and
simple relation between the phenomenon observed

i e S i L L
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a18 DISCOURSE 0¥ THE STUDY

skill. No better way of judging could be devised than
by letting him fire a hundred shots at it, and marking
where they all struck. Suppose this done, — suppose
the wafer has been hit once or twice, that a certain
number of balls have hit the wall within an inch of
it, n certain number between one and two inches,
and so on, and that one or two have been some feet
e of the mark. Still the question arises, what
cstimate are we thence to form of his skill? how
wear (or nearer) may we, after this expericnce,
enfely, or at least mot unfairly, bet that he will come
to the mark the next subsequent shot?  This the
laws of probability enable us on such data to
allowed to measure
the distances, the wafer were to have been taken
away, and we were called upon, on the mere evis
dence of the marks on the wall, to say where it had
been placed; it is clear that no reasoning would en-
able any one to say with certainty ; yet there is as-
suredly one place which we may fix on with greater
; t than any other. Now,
ar case to that of an observer —
astronomer for example — whe would determine
the exact place of a h avenly body. He points
to it his telescope, and obtains a series of results
disagreeing among themselves, but yet all agreeing
within ccrtain limits, and only a comparatively small
number of them deviating considerably from the
1; and from these he is called upon to
AV, defini ly, what he & consider to have
heen the most _.__.:__.._._:F_ Tr.__n.w of his star at the
moment. Just so in the calculation of physical
data; where no two results agree exactly, and

w

in, suppose, befare we we

probability of bein

this is avery

mean of
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DISCOURSE ON THE STUDY

Such an analysis would, indeed, be a most

and valuable work, but would far exceed our
present limits. We are not, however, without a
hope that this great desideratum in science willy
ere long, be supplied from a quarter every way
calculated to do :..__.__.Wﬁ.—n..-.
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9232 DISCOURSE OXK THE STU

semblage of effects, to find the causes. The principles
onwhich this enquiry relies are those which constitute
the relation of cause and effect, as it exists with
reference to our minds; and their rules and mode
of application have been attempted to be sketched
(though in far less detail than the intrinsic
iterest of the subject, both in a logical and prac-
tical _d_...m._n of view, would .p_...:_”..:._,u in the fore-
going pages. It remains now to bring together, in a
summary statement, the results of the general ex-
ation of nature, so far as it has been prosecuted
to the discovery of agents, and the mode in
whieh they act.
) The first great agent which the analysis
of natural phenomena offers to our consideration,
more frequently and prominently than any other, is
force. Itz effects are either, 1st, to counteract the
exertion of opposing force, and thereby to maintain
eguilibrium ; or, 2dly, to produce mofion in matter.
(234.) Matter, or that, whatever it be, of which
all the objects in nature which manifest themselves
directly to our senses consist, presents us with two
general qualities, which at first gight appear to stand
in contradiction to eachother— activity and inertness,
Its activity is proved by its power of spontancously
getting other matter in motion, and- of itself obeying
their mutual impulse, and moving under the influence
of its own and other force ; inertness, in refusing to
move unless obliged to do so by a force impressed
externally, or mutually exerted between itself’ and
other matter, and by persisting in its state of motion
or rest unless disturbed by some external cause,
Yet in reality this contradiction is only apparent.
Fuorce being the cause, and motion the effect pro-




=omad gompa £q “sassaooxd sanonpap agy 1
yuipy majgosd L1948 jo wounjos gy 03 ‘pasias

aiopaq Apuaape aamp am se Yuaadmos aie
‘fesauad Spoagaad
puR  UOnIRpul PUNOS JO SSEq ¥ U0

wp pue oapen q

wma oy Lydde p

MMaN] 0} HMOP ‘SI0SEII0NS
xy Spanugap uaag aasr ..v._,:_u_-:.n_._ L n.m.:n.,...u

iy prun sogmE

I DB B ‘Froasie D) PIppE aq o)
mh.d& ‘yoIga 0] ‘s —:.___.—m.—_._._u _:_ ,—.___.__-m_

anjuu

sn 03 pajuasaxd st 31 yonpm

g a1l

SIIUYS JIULSIP IDIUY N[} UL JNYIEML JO TON0UW JO

ISP OJUT N0 SIYDWLAL Uy SUISIATP Jeaad
Ayl Jo ypeqg ooy Aq paypowm puw paanposd
S8 0T JU SULZ0P A1) 0] paugued ._n__~ s U.r__aL
‘asuas esauad s) un aaogaq sn g pasn uaaq SE
‘(eaauad 113} J9IR] Y { SOINVEA(] pue
sIvig Jo sammn o Aq uaouy Auounuod o
Yoryas 22105 JO OUIIIZ B[] JO SUGTSIAIP jeald omy 09
asti sanid s100)9 Jo souIAYIp SNQ SIUIAD [[F I8 RIS
~&ydeam ooy awadde pnoys sip g1 aasmof] ("c68)
*IUOP S 1IN0 I JRYM JUHST K129 18 Swopun
1 saga smwoddo omy jo w anpoad EnURU0D
B 8 paalaucs aq Avm wnaqipnba ‘aara o gmod
gippuy K .._.__.u Jadoad umo =1 ..;___..: 40 Apnop aonp
aums a1l 18p

Y

21 INOIILM) JOUWED B8N

e Sve 01 Ajuo s1 ‘pauuay & 31 F8 ‘DR Se1 J0

“ram e e Ans 01 IO uo 1 _nﬂ_. paanp

*AHJOSOTIHG TYHALVE 40




DISCOUKUSE OB THE STUDY

mena are to be explained, or effects calculated,
Hence, they inelude every question that can arise
respecting the motions and rest of the smallest par-
ticles of matter, as well as of the largest masses.
But the mode of reasoning from these general prin-
ciples differs materially, whether we consider them
as applied to masses of matter of & sensible sizg, or
1o those excessively minute, and perhaps indivisible,
molecules of which such masses are composed.
1e investigations which relate to the latter subject
are estremely intricate, a8 they necessarily involve
the consideration of the hypotheses we may form
respecting the intimate constitution of the several
sorts of bodies above enumerated.

(247.) On the other hand, those which respect the
equilibrium and motions o nsible masses of matter
are happily capable of being so managed as to render
unnecessary the adoption of any particular hypothesis

*structure. Thus, in reasoning respecting thie ap-
plication of forces to a solidl mass, we suppose its parts
ndissolubly and unalterably sted 3 it matters

not by what tie, provided this condition be satisfied,
that one point of it cannot be oved without setting
| the rest in motion, so that the relative situation
e parts one ameng another be not changed.
This is the abstract notien of a solid which the me-
n employs in his reasonings. And their con-
ns will apply to natural bodies, of course, only:
as they conform to such a definition. In strict
ness of speaking, however, there are no bodies which
absolutely conform to it. No substance is known
whase parts are absolutely incapable of yielding one
among another ; but the amount by which they do
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i DISCOURSE ON TF

or less flexible and yielding. We know for certain,
that the space which any material body appears to
occupy is not entirely filled by it ; because there is
none which by the application of a sufficient fores
may not be eompressed or forced into o smaller space,
and which, either wholly, a8 in air or liquids, or i
part, as in the greater number of solids, will not re-
cover its former dimensions when the force is taken
off. In the case of air, this condensation may be
urged to almost any extent; and not only does a
mass of air so condensed completely recover its ori-
ginal bulk, when the applied pressure is removed,
but if that ordinary pressure under which it exists
at the earth's surface (and which arises from the
weight of the atmosphere) be also removed by an air-
pump, it will still further dilate itself without limit
yet been able to try it. Henee
we are led to the conclus icles of air
are mutually elastic, and have o tendency fo recede
from one another, which can only be counteracted by
farce, and therefore is itself a force of the repulsive
kind. Nevertheless, as air is heavy, and as gravi-
tation is 2 universal property of matter, there is no
doubt that this repulsive tendency must have a
limit, and that there is a distance to which, if the
particles of the air could be removed from each
other, their mutnal repulsion would cease, and an
attraction take its place. This limit is probably
attained at some very great height above the earth's
surface, beyond which, of course, its atmosphere
cannot extend.

(240.) What, however, we can only conclude by
this or similar reasoning respecting air, we see dis~

s0 far as we

Bl B
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228 DISCOURSE ON THE STUDY
very great influence in modifying the general results
of the action of such attractive and repulsive forces
may be assumed to account for the phenomena
they present; yet the general facts that their parts
cohere with a certain energy, and that they resist dis-
placement or intrusion on the part of other bodies,
are sufficient to demonstrate at least the existence
of such forces, whatever abscurity may subsist a5 to
their mode of action.

(248.) This division of bodies into airs, liquids,
ves rise, then, to three distinet branches
of mechanical science, in each of which the general
principles of equilibrium and motion have their pe-
splication; viz. pneumatics, b ydro-
propricty, be

culiar mode of ¢
statics, and what might, without
termed stereostatics.

Prewnatics.
(244.) Pneumatics relates to the equilibrium or
vements of aerial fluids under all circumstinces
pressure, density, and elasticity. The weight of
the air, and its pressure on all the bodics on the
earth's surface, were quite unknown to the aAncients,
1 only first perceived by Galileo, on the occasion
of a sucking-pump refusing to draw water above a
certain height. Before his time it had always been
supposed that water rose by suction in a pipe; in
consequence of a certain natural ablorrence of &
vacyum or empty space, which obliged the water to
enter by way of supplying the place of the air sucked
out. But if any such abhorrence existed, and had
the force of an aeting eause, which could urge water
a single foot into a pipe, there is no reason why the
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230 DISCOURSE 0N THE STUDY

that if the weight of the incumbent air be the direet
cause of the elevation of the mereury, it must be
measured by the amount of that elevation, and there-
fore that, by carrying a barometer up a high mountain,
and so azce into the m::.uv_.._:hr abore a large
portion of the incumbent air, the pressure, as well
a5 .:: length of the column sustained by it, must be
while, on the other hand, if the pheno-
menon were due to the cause originally assigned, no
wrence could be expected to take place, whether
the observation were made on a mountain or on the
in. Perhaps the decisive effect of the experiment

which he eaused to be instituted for the purpose, on

Puy de Déme, a high mountain Auvergne, =
2:: need every one of the truth of Torri=
-ws, tended more __.__._..ni.z.__.... than any thing
which had previously been done in #cience to con-
firm, in the minds a_ men, that disposition to expes
rimental verification which had scarcely yet taken
full and secure root.

{247.) Immediately on this discovery followed
that of the air-pump, by Otto von Guericke of Mag-
deburgh, whose aim seems to have been to decide
, whether a vacuum could or eould not
exist, r.... emdeavouring to make one. The imper-
feetion of
nish the ai

the quest

nism enabled him only to dimi-
1 contents of his rec rs, not a..mwm_u.
to empty them; but the curious effects produced by
even o partial exhaustion of air speedily excited at-
tention, and induced our illustrious COUnLryman,
Robert Boyle, to the prosecution of those experi-
ments which terminated in his hands, and in those
of Hauksbee, Hooke, Mariotte, and others, in o satis=
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DISCOURSE ON TH

uny

v that of the liquid it
displaces. It seems very astonizhing, after this, that
it should not have been at ence concluded that the
weight thus said to be lost is only counferacted by
the upw _ﬂ—— prossure of the liguid, and that, theres
y liquid, surrounded on all sides
ra _E:_L of the same ki y exert its
its place. Yet the _u:..____._.a.ﬁ. that
« liquids do not gravitate in their natural place™
kept its ground, and was only dispelled with the
s of error and absurdity which the introduction
of a rational and experimental philosophy by Galileo

___.n_.“c: of its s..n.mm_:r equi

e, A u__.'ﬂ on Cm.

J—.'._.ﬁ._n :._Lr.
(250.) The _:;31 iti
sure of liquids in all directions, with its train of
e

1 law of the _.,.Q.E.‘___-. press

L+

ious and ::_5_._ nt ©
1 from the perfect mobility ¢ their
wother, in consequence of which

Z;w:.._:‘n_n, i5 an

diate co

18 among one i
of them tends to recede from an excess of
ide, and thus bears upon the rest,
s the pressure among its neighbours,
it was laid down by Newton, and has

one

In this for
prov n_ one of the
of athematical reaso
rium of fluid masses, as affording a means of

ost usefil and fertile pringi

g on the equis

the action of a force applied at any point
of a liquid through its whole extent. It applies,
ithout any modification, to expansible fluids
as well as to liquids: and, in the applications of
geometry to this subject, enables us to dispense
with any minute and intricate enquiries as to the
_..:__.._._., in which individual _u_.q:n_,.._:." on each other

251.) In a practical point of yiew, this law is
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9% DISCOURSE ON THE STUDY

sition from eme extreme to the other; and: that,
however strongly marked the distinctions between
th may appear, they will ulti ately turn out to
be separated by no sudden or violent line of de-
mareation, but ghade into each other by insensible
gradations. The late experiments of Baron Cagnard
de 1a Tour may be regarded as a first step towards
the full demonstration of this (199 But the
cohesion of liquids is not, like that of sclids, so
modified by their structure in other respects as (o
destroy the mobility of their parts one among an=
other (unless in those cases of nearer approach to
the solid state which obtain in viscid or gummy
:___."ma_.,.,u_. On the contrary, the two e:.._"mmhw co-existy
and give rise to a number of curious and intricate

phenomens.

{234.) One of the most remarkable of these is
capillary attraction, or capillarity as it is sometimes
called. . Every body has remarked the adhesion of
water to glass. The elevation of the general surfice
of the liquid where it is in contact with the con-
taining vessel ; the form of a drop suspended at the
under side of a solid stances of capil-
lary attraction. If a small glass tube with a bore
fine ns a hair be immersed in water, the water
will be observed to rise in it to a certain height,
and to assurn i concave m_:-m.»:..ﬂ. at m-.l -wUHv‘uﬂ eX-
tremity. ‘The attraction of the glass on the water,
and the cohesion of the parts of the water to each
other, are no doubt the joint causes of this curious
wet: but the mode of action is at once obscure
arches of La-
it. fur-

e
and eomplex ; and although the re
I thrown great light o

place and You

b

-

A
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DISCOURSE ON THE STUDY

almost insuperable nature to the re ular de-
ion of the general principles of
mechanics to this subject, which arise from the

vy of the pure hematical ens
quiries to which its investigation leads. It was
Newton who sct t unple of a first attempt to
! clusions respecting the motion of fuid
masses by direct reasoning from dynamical prin=
ciples, and thus laid the foundation of Hybro-
pyxamics; but it was not till the time of D’Alems
bert that the method of reducing any question
ing the motions of fAuids under the action

ive appli

pe intri

be applied with full satisfaction are fow

m of those in which the experimental
f enquiry as already observed (189.) is
Such, for example, is that of the re-
sistance of fluids to bodies moving through themg
a knowledze of which is of great m.._d._czu___._nn.. in
val architecture and in gunnery, where the re-
sistance of the air acts to an enormous extent.
Such, too, among the prac al subjects which de-
ily on this branch of science, are the use
of sails in navigation ; the construction of wind-mills,
and water-wheels ; the transmission of water through
pipes and channels; the construction of docks and
rbours, &c.

met
preferable

pend m

Nature of Solids in general,
(257.) The intimate constitution of solids is, in ‘all
probability, very complicated, and we cannot be said

e

ol 0 R ¥,
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DISCOURSE OX THE STU

then, we have an instance of two kinds of elas
ticity in one substance; a bler effort of recovery
from distorted figure, and a more violent one from
a state of altered dimension. Both, however, ori-
ginate in the same causes, and are re :rable to the
same principles ; the former being in fact only a
modified case of the latter, as the effort of a steel
when bent, to, recover its former shape, is
to steel its

aetures
(259.) The toughness of a solid, or that quality
ich it will endure heavy blows without break-
is again distinct from hardness though often
hit. It consists in a certain yielding
of parts with a powerful general cohesion, and is
compatible with various degrees of elasticity. Mal-
leability is again another quality of solidg, especially
metals. quite distinet from toughness, and depends
on their capability of being deprived of their figure
without an effort to recover it and without fracture.
(250.) Tenacity, again, is a property of solids more
directly depending on the cohesion of their parts
than toughness. It consists in their power of resist-
ing separation by a strain steadily applied, while
the quality of toughness is materially influenced by
their disposition to communicate through their gub-
stance the jurring effect of a blow. Acecordingly,
the tenacity of a solid is a direct measure of the
cohesive attraction of its parts, and is the best
" the existence of such a power.

by w

proof of
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] DISCOUVRSE ON THE STUDY

of erystal might be built up of thin lamine ranged
in a certain order, and following certain rules of [
rposi ed, however, in deducing just
e _:._.... A:_:rcrc:n :..,.._: .:I remark, _,__r_n_._-

portant __s of _n._.._::.ﬂo:._....__.:% that which pz___._nnaw
the primitive form with other forms capable of being

ed by the same substance, by a certain
. relation. An idea may be formed of what is
meant by thig sort of connection of one form with
another, by considering a po inted pyramid built
up of cubic stones, disposed in layers, cach of
T separately is a square plate of the thickness
ngle stone. These layers, laid _E:S:r._._:.
ane on the other; and decreasing regularly in size
from the bottom to the top, m:z_.:n a pyramidal

exl]

_,; m with a rough or channeled surface; and if the S o
luyers are so extremely thin that the channels cease e
to be ble to the eye, the pyramid will scem R

smooth and perfect. |-
:J ghortly after this, and without S .

of what had been done by Gahn and i

n, the Abbé Haiiy, instructed by the ac- i

al fracture of a fine groupe of crystals, made 5

the rema ticed al ,:.4...,. (in 67 U.. and qnmmo:.Em e
on it with more caution and success, and pur- iy
i into developed the general a

regulate the superposition of the layers
irticles of which he supposes all crystals to
and which cnable us, from knowing
> forme, to discover, prev ious to trial,
they are capable of assuming;
and which, according to this iden, are called deriv=
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DISCOURSE OX THE STUDY

centre, and the pyramid itself would have itz sides
facine the gouth and the east, more highly inclined
to the horizon than those towards the north and

west.
(26+) Whatever conception we may form of the
rticles of a crystal cohere

manner in which -w—ﬁ I
and form masses, it is next to impossible to divest
surselves of the idea of a determinate figure com=
mon to them all. Any other supposition, indeed,
would be ihle with that exact similarity in
all other respects which the phenomena of chemistry
w be considered as having den nstrated. How-
ever, it must be borne in mind that this idea, plau-
gible as it may appear, is yet in some degree hypo-
1 that the laws of crystallography, as
determined from inductive observation, are quite
independent of any supposition of the kind, or even
of sueh things as ultimate particles

of the exister

that peculiar internal constitution of
solid bodies, whatever it be, which is indicated by
the assumption of determinate figures, by their
splitting easier in some directions than in others,
and by their presenting glittering plane surfaces
Len into fragments, cannot but have an
t influence on all their relations to external
| as to their internal movements and
ons of their parts on one another.
Aecordingly, the division of bodies into crystallized
and unecrystallized, or imperfectly crystallized, ig
one of the most universal importance 3 and almost
all the phenomena produced by those more intimate
within gmall limits, and a8

when

impan

the mutual ac

itural causes which act
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244 DISCOURSE ON THE STUDY a

when hot than when cold; and being confined by
the glass ball, (which also expands, but net 20 miiieh
in proportion,) it is forced to rise in the tube. These
and similar facts had long been known ; and aceu-
rate measurés of the total amount of dilatation of
a variety of different b dies, under similar accessions
of heat, had been chtained and registered in tables.
But no one had suspected the important fact, that
this expansion in crystallized bodies takes place
under totally different circumstances from what
obtains in uncrystallized ones. M. Mitscherlich has
Intely shown that such substances expand differently
in different directions, and has even produced a
se in which expansion in one direction is actually
scompanied with contraction in another. This
op, the most important beyond a doubt which
has yet been made in pyrometry, can however only
o resarded as the first in a series of researches
which will occupy the next generation, and which
ses to afford an abundant harvest of new
cts, as well the elucidation of some of the
scure and interesting points in the doctrine

most ¢
of heat.

(267.) From what has been said. it is clear that it
we look upon solid bodies as collectons of particles
ar atoms, held together and kept in their places ._...u.
the perpetual action of attractive and repulsive
forces, we cannot suppose these forces, at least in
crystallized substances, to act alike in all directions.
Henee arises the conception of polarity, of which we
wss an instance, on a great scale, in the magnetic
ol forms, there is
to act among

needle, but which, under mod
nothing to prevent us from conceiv
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DISCOURSE ON THE STUDY

CHAP. 1L

OF THE COMMUNI
ODIES, = OF SOUND AND 1

TION OF MOTION THARDUGH
1T,

(269.) propagation of motion through all sub-
stances, whether of a single impulse, as a blow or
thrust, ot of one frequently and regularly repeated,
such as o ,__"..._.m:_.n“ or vibratory movement, depends
wholly on these molecular forees; and it is on such
___.:._”_"ﬁ:_..m_...: that sound and very H_u._‘..__.g_a.._. light de-
pend. To conceive the manner inwhich a motion may
be conveyed from one part of a substance to another,
whether solid or fluid, we may attend to what takes
place when a wave is made to run along a stretehed
string, or the surface of still water. Every part of
the string, or water, is in succession moved from its
place, and agitated with a motion similar to that of
the original impulse, leaving its place and returning
to it, and when one part ceases to move the next
receives ns it were the impression, and forwards it
onward. This may geem a slow and circuitous pro-
ce8s in n_...mnq_n_:._a:“ bist when sound, for ..,M::w_..?.. is
conveyed through the air, we are to consider, 1st,
that the air, the substance actually in motion, is ex-
tremely light and acted upon by a very pewerful
clasticity, so that the force which propagates the
motion, or by which the particles adjncent act on,
and urge forward, each other, is very great, compared
with the quantity of materials set in motion by it:
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DISCOURSE o¥ THE STUDY

es comparatively simple, by any direct reason
from first principles.

(271.) Whenever an impulse of any kind is con-
veyed by the air, to our ears, it produces the im-
._.P.xz.c__ of sound; but when such an impulse is
regularly and uniformly repeated in extremely rapid
succession, it gives us that of a musical note, the
pitch of the note depending on the rapidity of the
ion (see art. 153.)  The sense of harmony,
too, depends on the periodical recurrence of coinei-
dent impulses on the ear, and affords, m._.izu_:_u the
only instance of g im-
pression a distinet and intelligible reason can be
-..:V.l:n__—.nm-

(272.) Acousties, then, or the science of sound,
is a very considerable branch of physics, and one
which has been cultivated from the earl

5

sensation for whose plea

Even Pythagoras and Aristotle were not ignorant of

the general mode of its transmission through the
nid of the nature of harmeny ; but as & branch
dependent of its delightful application
art of music, it could be hardly said to exist,
ud laws became a matter of experi-
al enquiry to Bacon and Galileo, Mersenne and
Wallis ; and of mathematical investigation to Newton,
1 his illustrious successors, Lagrange and Euler.
5 progress, as o branch both of
werimental science, has been
t and accelerated. A curious and beautiful
method of observation, due to Chladni, consists in
the happy deviee of strewing sand over the surfaces
of bodies in a state of sonorous vibration, and mark-
ing the figures it assumes, This has made their

=1

alE,

of scienc

in
till

8 nature
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250 DISCOURSE O¥ THE STUDY

produce an impression of the objects. Vague and
elumsy as this hypothesis obviously is, it assigns to
the object a power, and to light a diffusive propa-
gation in all directions, which are, the one and the
other, independent of our eyes, and the fore goes
to separate the phenomena of light from those of
wigiont.

(274.) The hypothesis of Newton is a refinement
and improvement on this idea. Instend of spectra or
resemblances, he supposes luminous objects actually
to dart out from them in all directions, particles of
inconceivable minuteness (a8 inde d they must be,
T not to
dash in pieces every thing they strike upon). These
particles he supposes to be acted upon by attractive
and repulsive forces, residing in all material bodies,
the latter extending to some very small distance
heyond their surfices; d by the ac
forces to be turned aside from their natural straight-
ed course, without ever coming in actual contact
with the particles themselves of the bedies on which
they fall, but either being turned back and roflected
by the repulsive forces before they reach them, or
penetrating between their intervals, as a bird may
be supposed to fly through the branches of a forest,
and undergoing all their actions, to take at quitting
them & direction finally determined by the position
of the surface at which they emerge with respect
to their course.

(275.) This hiypothesis, which was discussed and
reasoned upon by Newton in a manner worthy of
himself, affords, by the application of the same
dynamical laws which he had applied with so much
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DISCOURSE ON THE STUDY

colours in the ordinary refraction of light by a prism,
of which the theory of Newton gives a complete
and elegant explanation ; and the discovery of
which by him marks one of the greatest epochs in
the annals of experimental science. This, which has
been often :._._..“ni in :r.._n__,._.man to it, remains stilly
iff not quite unanswered, at least only imperfectly

removed.

(277.) Other phenomena, however, were mnok
wanting to afford a further trinl of the erplanatory
jpowers of either hypothesis. Tl diffraction or
inflection of light, discovered by Grimaldi, & Jesuit
of Bologna, secmed to ndicate that the rays of
light were turned aside from their straight course
by mercly passing near bodies of every deserip-
tion. These phenomena, which are very curious
and beautiful, were minutely examined by Newton,
and referred by him to the action of repulsive forces S
extending to a sensible distance from the surfaces
of bodies ; and his explanation, so far as the facts
known to him are concerned, appears as satisfictory
as could reasonably be then expected; and mueh
more so than any thing which could at that time ba
produced on the side of the hy othesis of Huy-
ghens, which, in fact, seemed ineapable’ of giving g
any account whatever of them. ]

(278.) Another class of delicate and splendid
optical phenomens, which had begon to attract at=
tention somewhat previous to Wewton's time, seemed
to leave both hypotheses equally at & loss. These:
were the colours exhibited by very d in films,
cither of a liquid (such as a soap-bubble), or of air,
as when two glasses are laid together with only air

o

S
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25¢ DISCOURSE ON THE STUDY

cautious how we employ, in stating ﬂr.d__w_ﬁs— laws
derived from experiment, language which involves
any thing in the slightest degree theoretical, if' we
waoiild present the laws the selves in a form which
no future research shall modify or subvert.

{279.) A third class of optical phenomena, which
were likewise discovered while Newton was yet
engaged in his optica | rescarches, was that exhibited
by doubly refracting crystals. In what the pheno-
yn of double refraction consists, we have already
ision to explain. The fact itself was first
ed by Erasmus Bartolin in the erystal called
nd spar; and was studied with attention by
hens, who ascertained its laws, and referved it
y and success to his theory
Iditional hypothesis of such a con=
stitution of his ethereal medium within the erystal
as should enable it to convey an impulse faster in
one direction than another: as if; for example's
e, we should suppose a sound conveyed through
with different degrees of rapidity in a wer-
id horizontal direction.

(280.) Some remarkable facts accompanying the
double refraction produced by Ieeland spar, which
Bartolin, Huyghens, and Newton, had observed, led
the latter to conceive the singular idea that a ray of
light after its emergence from such a crystal acquires
t is to say, distinet relations to surrounding
space, which it carries with it through its whole
t course, and which give rize to all those

(L&

sidles,

subsequ
curious and complicated phenomena which are now
known under the name of the polarization of light.
These results, however, appeared so extraordinary,
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Q56 DISCOURSE ON THE STUDY

nlete and satisfactory as that of hearing by the propa-
tion of motion through the air. The camera ob-
wura, invented by Baptista Porta in 1560, gave the
irst idea how the @ images of external objects
tht be conveyed into the eye, but it was not till
iderable interval that Kepler, the im-

al digcoverer of those great lows which regu-

lute the periods and motions of the planets, pointed
out distinetly the offices performed by the several
parts of the eye in the act of vision. From this to
the invention of the telescope and microscope
there would seem but a small step, but it is to accis
dent rather than design that it is due; and its re-
invention by Galileo, on & mere description of its
effects, may serve, among a thousand similar in-
stances, to show that inestimable practical appli-
s lic open to us, if we can only once bring

ves to conceive their possibility, a lesson

| the invention of the achromatic telescope it

a5 we have above related it, not less strongly

exemplifies,
(283.) The little instrument with which Galileo's
es were made was hardly supe-

vior in power to an ordinary finder of the present day;
but it was rapidly improved on, and in the hands of

d to gigantic dimensions and very

ormous length required for these telescopes, and
yet secure the same power, that Gregory and Newtan
devised the reflecting telescope, which has sinee
pecome a much more powerful instrument than its
original inventors probably ever ¢ ontemplated.

(284.) The telescope, as it exists at present, with
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35 DISCOURSE ON THE STUDY

Dr. Wollaston, who re-examined and verified the
laws of double refraction in Iceland spar announced
by Huyghens. Attention being thus drawn to the
subject, the geometry of Laplace soon found a means.
of explaining at least one portion of the miystery
of t singular phenomenon, by the Newtonian
theory of light, applied under certain supposed con=
ditions ; and the reasoning which led him to the re-
sult (at that time quite unexpected), may justly be
regarded as one of his happiest efforts. The pro-
secution of the subject, which had now acquired &
high degree of interest, was encouraged by the offer
of a prize on the part of the French Academy of
Sciences ; and it was in a memoir which received this

nourable reward on that occasion, in 1810, that
Malus, a retired officer of engineers in the French
army, anmounced the great discovery of the polariza-
tion of Fight by ordinary reflection at the surface of i
a transparent body.

(286.) Malus found that when a beam of light is
reflected from the surface of such a body at a certain
angle, it acquires precisely the same singular pro-
perty which is impressed upon it in the act of double
refraction, and which Newton had before expressed
by saying that it possessed sides. This was the first &
cireumstance which pointed out a ¢ nnection be-
tween that hitherta mysterious phenomenon and

y of the ordinary modifications of light; and it
proved ultimately the means of bringing the whole
within the limits, if not of & complete explanation,
at least of a highly plausible theoretical represents
atig So true is, in science, the remark of Bacon,
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260 pISCOURSE ON THE STURY

eountryman, the late Dr. Thomas Young, had esta<
Blished a principle in optics, which, regarded as a
physical law, has hardly its equal for beauty, sim-
plicity, and extent of application, in the whole circle
" seience. Considering the manner in which the
sations of two musical sounds arriving at once at
the ear affect the sense with an impression of sound
or _r focording as :—ﬂ_--.. ..a_uu-m.#—;m ar ﬂq__-.s
each other's effects, he was led to the idea that
ought to hold good with light as with
the theory which makes light analogous to
, therefore, two rays

of light, setting off from the same ori in, at the same
instant, and arriving at the same place by different
routes, ought to strengthen or wholly or partially
v each other's effects according to the differ
in length of the routes described by thems
ts should in any circumstances com=
bine to produce darkness may be considered strange,
but is diterally true; and it had even been noticed
g ngo as o singular and unaccountable fact by
Grimaldi, in his experiments on the inflection of
it The experimental means hy which Dr. Young
confirmed this principle, which i known in optics
by the name of the interference of the rays of light,
were as simple and satisfactory as the principle
itself i 7l : but the verifications of ity drawn
from the explanation it affords of phenomena appas
rently the most remote, are still more so. Newton's
colours of thin films were the first phenomena to
which its author applied it with full success. Its
next remarkable application was 0 those of diffrac-

the
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DISCOURSE ON THE STUDY

(290.) Taking this as the grouwndwork of hi
reasoning, Fresnel succeeded in erecting on it &
theory of polarization and double refraction; so
ppy in its adaptation to facts, and in the coin-
cidence with experience of results deduced from it
tricate analysis, that it is diffieulx to
i If it be so, it is at least the
stem that science has yet

by the most

conceive it u

point of view a mass of facts almost infinite in
ber and variety, to reason from one to another,
to establish analogies and relations between
them ; on whatever hypothesis it may be foonded,
or whatever arbitrary assumptions it may make
respecting structures and modes of action, it can
never be regarded as other than a most real and
important accession to our knowledge.
(291.) Still, it iz by no means impossible that the
theory of 1 cultivated with equal
the Huyghenian,
e explanation of phenomena now
irded as beyond its reach. M. Biot is the au-
thor of the hypothesis we have already mentioned
rotatory motion of the particles of' light about
their axcs. He has employed it only for a very
limited purpose ; but it might doubtless be carried
much farther; and by admitting only the regular
emission of the luminous particles at equal intervals
in similar states of motion from the

ewto

ence with

ition, all the phenomena of interference at lease
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264 DISCOURSE ON THE STUDY

and even their chemical habitudes, have afforded
numerous and beautiful instances of general laws
conclurded from laborious and painful induction, and
curiously exemplifying the simplicity of nature as it
emerges slowly from an entangled mass of particulars
in which, at first, neither order nor connection can
be traced.
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26 DISCOURSE O THE STUDY

carth. By thus drawing a broad and impassable line
of separation between eelestial and terrestrial me=
hanics, it placed the former altogether out of the
pale of experimental res arch, while it at the same
ime impeded the progress of the latter by the as-
sumption of principles respecting natural and un-
natural motions, hastily adopted from the most
Z_T:i_—_:\_m and CUrsory —....____.nF ._..::r.u.:ﬂ«m.__m oVeEn
the name of observation. Astronomy, therefore, con-
tinued for ages a science of mere record, in which
theory had no part, except in so far as it attempted
to conciliate the inequalities of the celestial mations
with that assumed law of uniform circular revolution
which was alone considered consistent with the pers
feetion of the heavenly me igim. Hence arose
an unwieldy, if not sel ~contradictory, mass of hypo-
thetical motions of sun, moon, and planets, in circles,
whose centres were carried round in other circles,
and these again in others without end,—“ cyele on

epicycle, orb on arh,"— till at length, as observation
grew more exact,and fresh epicycles were continually
added, the absurdity of so cumbrous a mechanism

became too palpable to be borne. Douhts were ex~
pressed, to which the sarcasm of a monarch * gave a
currency they might not have obtained in a period
when men scarcely dared trust themselves to thinks
and ‘at length Copernicus, promulgating his own, or
reviving the Pythagorean doctrine, which places
the sun in the centre of pur system, gave to @stTo-
nomy a simplicity which, co wrasted with the com-
plication of the preceding views, at once commanded
assent.
* Alpkono of Castile, 1252
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58 DISCOURSE ON THE STUDY

analogy to all the planets, was found to be verified in
the case of each. This with the other remarkable
laws which are usually cited in physical astronomy
: of Kepler's laws, constitute undoubt-
edly the most important and beautiful system of
geometrieal relations which have ever been diseo-
vered by a mere inductive process, independent of
any consideration of a theoretieal kind.  They com-
prise within them a compendium of the motions of
| the planets, and enable us to assign their places
| their orbits at any instant of time past or to come
(disregarding their mutual perturbations), provided
certain purely geometrical problems can be numeri-
cally resolved.

(297.) It was not, however, till long after Kepler's
time that the real importance of these laws could be
felt. Itegarded in themselves, z:.u_. offered, it is true,
u fine example of regular and harmonious disposition

1 the greatest of all the works of creation, and a
striking contrast to the cumbersome mec hanism of
the cycles and epicycles which preceded them; but
there their utility seemed to terminate, and, indeed,
Kepler was reproached, and not without a semblance
of reason, with having re dered the actual eal-
culation of the places of the planets more difficult

i before, the resources of geometry being then

adiéquate to resolve the problems to which the
strict application of his laws gave rise.

(298.) The first result of the invention of the
telescope and its application to astronomical pur-

ses, by Galileo, was the discovery of Jupiter's
disc and satellites, — of a system offering a beautiful

miniature of that greater one of which it forms a
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e DISCOURSE ON THE STUDY

sle, and incapable even of agglutination by heat.
To this he replied, that the pressure under which
the heat was applied would prevent the escape of
the carbonic acid; and that being retained, it might
be expected to give that fusibility to the compound
which the simple quicklime wanted. The next
generation saw this anticipation converted into an
observed fact, and verified by the direct experiments
of Sir James Hall, who actually succeeded in melt-
ing marble, by retaining its carbonic acid under
ent pressure.
(300.) Kepler, among a number of vague and
1 wild speculations on the causes of the motions

+ laws he had developed so beautifully and

with g0 much patient labour, had obtained a glimpse
of the general law of the inertia of matter, as ap-
plicable to the great masses of the heavenly bodies
as well as to these with which we are conversant
on the earth.  After Kepler, Galileo, while he gave
the finishing blow to t
erected a barrier between the laws of celestial and
terrestri ion, by hiz powerful argument and
wted, by his investigations
of the laws of falling hodies and the motions of pro-
jectiles, to lay the foundation of a true system of
dynamics, by which motions could be determined
from a knowledge of the forces producing them,
and forces from the motions they produce. Hooke
went yet farther, and obtained a view so distinct of
the mode in which the planets might be retained
in their orbits by the sun's attraction, that, had his
mathematical attainments been equal to his philo-
sophical acumen, a 1 his scientific _.vﬁnmnﬂnh been
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DISCOURSE ON TH STUDY

discoveries excite our admiration of the mental
powers which could so familiarly grasp them, the
minuteness of the researches into which he there
get the first example of entering, is no less cal-
culated to produce a corresponding impression.
Whichever way we turn our view, we find ourselves
compelled to bow before his genius, and to assign
to the name of Newrow a place in our veneration
which belongs to no other in the annals of science.
His era marks the accomplished maturity of the
human reason as applied to such objects. Every
thing which went before t be more properly
compared to the first imperfict attempts of child-
haod, or the essays of inexpert, though promising,
adolescence.  Whatever has been since performed,
lowever great in itself, and worthy of so splendid
and auspicious a beginning, has never, in point of
ntellectual effort, surpassed that astonishing one
which produced the Principia.

(302 In this great work, Newton shows all the
celestial motions known in his time to be conse-
quences of the simple law, that every particle of
matter attracts every other particle in the universe
with a force proportional to the product of their
masses directly, and the square of their mutual
distance inversely, and is itself attracted with an
equal force. Setting out from this, he explains how
an attraction arises between the great spheri al
masses of which our system consists, regulated by
a law precisely similar in its expression; how the
elliptic motions of plancts ahout the sun. and of
satellites about their primaries, according to the
exact rules inductively arrived at by Kepler, result

8 T




T
‘) panaea Jaswuny ay yorga 0d fiued aip puodag
D|UEAR SPOIONE SN] JOPUDD 0F I puUR pudy
pinoa Jajsmu 31 gng auou I ‘saselln) Jo moq
ayy ey ses uopmay] go Anawead ayy (‘soumSap
I s ‘ySmguipy
atp Ko ‘meazaqm Suop v saye ‘dn pasofjo) ‘uLnepEETy

i

UOSIOY J0SSAJOL] D]

A aur

2 J4no o ywd a

uo UOTHaaRD auy @
ipra) ey punoy Sppoads swa 31 Jop o8 pip 3 3Ry
ipnaad
auy Jo

[TTECR T

Udjman  oigs o3 -
I Alddijus S0 8

-l pug fud

wmoad pruauuos

RAIND B O3
ay Funununs jo 3 2 ANy pey ‘pane 13ax aq ‘n____..
s Lsnopeal puoigeu jo aaadap v pageald

N apym EjuqR .—.F— u

I waNy jo
adsas L1aa0 w voneSnsasul [EONBEGIIEW J0 PO
1 quapuadapr
ayy, -oSpajaony Jo JANSEAL qUSHEXAUT uR 0 sy
aipy aaodd 03 2134 1S3JIBIL HMODIY MOU PR

spopaw Eamuaew s Fursosdun poe Surpuaxa

} JEJULE

=gl ¢

Jo K100 | snoa| NS

RIS

sattaacosip s Suifjuaa m uonednaso (g
UOTMIN] JO SI0SEIDING HJEIPIWALL ST, (50%)
~a] ames L1aa sp jo aouanbasuos
mba ay Jo uerssaooad sy soy
“A[1FR] ‘puE {31 FPUNOLING YDA WHII0 [} PUT “YIIED
unsg M Jo uonane
Turganisip
M1 W JOEM oo ¢.:5._ u ..:C. Jo s __
-enbom Surxaydsad oy moy sumpdxa ay ‘Aymoypp
1aqeaud meaipdde 03 Supaasoad aowayy,
~asowr Lomjaued jo saswo memonued Ljuo axe saapes

Jau B

11 JO SE [[24 8
1 WIOLJ 35U Sa

MOT] LU0

A

- FIMMOD JO IO DL MO PUR {a0a0] JO e
aauad awms ap woy saouanbasuey Liwssaoau se
SAHAOSOT

IVANLVE 40




COURSE 0N THE STUDY

it was necessary to strip them of every vestige of
that antique dress in which he had delighted ta
clothe them. This, however, the countrymen of
Newton were very unwilling to do; and they paid
the penalty in finding themselves condemned to
the situation of lookers on, while their continental
zhbours both in Germany and France were push-
g | in the career of mathematico-physical
discovery with emulous rapidity.
{304.) The legacy of rescarch which Newton may
d to have left to his successors was truly im-
mense. To pursue, through all its intricacies, the
consequences of the law of grav itation ; to account
for all the inequalities of the planetary movements,
1 the infinitely more complicated, and to us more
jmpartant ones, of the moon; and to give, what
Newton himself certainly never entertained a con-
ception of, a demonstration of the stability and
permanence of the system, 1 pder all the accumu-
influence of its internal perturbations ;. this
. and this triumph, were reserved for the suc-
C = are, and have been shared in 2 ssion by
Clairaut, D' Alembert, Euler, Lagrange and Laplace.
Yet so extensive is the subject, and so difficult and
intricate the purcly mathematical enquiries to which
it lends another century may yet be required
to go throu ] ask. The recent discoveries

of astronomers have supplied matter for investigo-
tion, to the geometers of this and the next genera-
tion, of a difficulty far surpassing any thing that had
before oceurred.  Five primary planets have been

dded to our syst four of them since the com-
mencement of the present century, and these, sin-
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DISCOURSE 0¥ THE STUDY

periodic time. Relying on these grand discoveries,
we are enabled to look forward, from ﬂ-m point of
time which we now oceupy, many thousands of years
into futurity, and predict the state of our system
without fear of material error, but such as may arise
from causes whose existence at present we have no
reason to suppose, or from interference which we
have mo right to anticipate.

(306.) A correct enumeration and description of
the fixed stars in catalogues, and an exact knows-
ledge of their position, supply the only effectual
means we can have of ascertaining what changes
they are liable to, and what motions, too slow to de-
prive them of their usual epithet, fived, yet sufficient
to produce & sensible change in the lapse of ages,
may exist among them. Previous to the invention
of the compass, they served as guides to the navi-
gator by night; but for this purpose, a very mo=
derate knowledge of a few of the principal ones
sufficed. Hipparchus was the first astronomer, who,
excited by the appearance of a new star, conceived
the idea of forming a catalogue of the stars, with a
view to its use a8 an astronomical record, by
which,” says Pliny, “ posterity will be able to dis-
cover, not only whether they are born and die, but

o whether they change their places, and whether
they increase or decrease.” His catalogue, containing

re than 1000 stars, was constructed about 138
years before Christ. It was in the course of the la-
borious discussion of his own and former observations

 them, undertaken with a view to the formation of

s catalogue, that he first reco cd the fact of that
slow, general advance of all the stars castward, when
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QT8 DISCOURSE ON THE STUDY

particular system of sun and planets, or of the earth
itself, as the unit of a seale on which it might be
measured.  But although many have imagined that
their observations afforded grounds for the decision
of this interesting point, it has uniformly happened
either that the phenomena on which they relied
have proved to be referable to other causes not
previously known, and which the superior accuracy
of their researches has for the first time brought to
light; or to errors ansing from instrumental im=
perfections and unavoidable defects of the observ=
ations themselves.

(300.) The only i dication we ean expect to ob-
tain of the actual distance of a star, would consist
in an annual change in its apparent place corre=
sponding to the metion of the earth round the sun,
called its anmual parallor, and which is nothing
mare than the measure of the apparent gize of the
earth’s orbit as seen from the star. Many observers
have thought they have detected n measurable
amount of this parallax ; but as astronomical instra-
ments have advanced in perfection, the quantity
which they have successively nssigned to it has
been continually reduced within narrower and nar-
rower limits, and has invariably been commensurate
with the errors to which the instruments used S
might fairly be considered liable. The canclusion
this strongly presses on us ig, that it is really &
quantity too small to admit of distinet measurement
in the present state of our means for that purpose;
and that, therefore, the distance of the stms must
be o magnitude of such an arder as the imagination
almost shrinks from contemplating. But this in-
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280 DISCOURSE OX THE STUDY

be no doubt of the most interesting a instructive
phenomenn being sooner or lnter brought to light.
The minute exam n of them with powerful
telescapes, and with delicate instruments for the
determination of their places, has, indeed, already
produced immense catalogues and masses of obsery.
ations, in which thousands of stars invisible to the
naked eye are registered; and has led to the dis-
covery of innumerable important ; vl curious facts,
and disclosed the existence of whole classes of ce-
lestial objects, of a nature so wonderful as to give
room for unbounded speculation on the extent and
construction of the universe.

($12.) Among thes ¢, perhaps the most rer arkable
are the revelving double stars, or stars which, to
the naked eye or to inferior telescopes, appear
single ; but, if ined with high magnifying pow-
erg, are found to consist of two individuals placed
almost close together, and which, when carefully
watched, are (many of them) found to revolve in
regular elliptic orbits about each other ; and so far
as we have yet been able to ascertain, to obey the
same laws which regulate the planetary movements.
There is nothing caleulated to give a grander idea
of the scale on w the sidereal heavens are
constructed than these beautiful systems. When we
see such magnificent bodies united in pairs, un-
doubtedly by the same bond of mutunl gravitation
which holds together our own gystem, anid sweeping
over their i iods comprehend-
ing many centuries, we admit at once that they must
be accomplishing ends in creation which will remain
for ever unknown to man; and that we have here
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DISCOURSE 0N THE STUDY

globular but elliptical, and that its attraction is such

to admit the interior to be more dense
than the exterior, and the density to incrense with
some degree of regularity from the surface towards
the centre, and that, in layers arranged ellip ically
round the centre, circumstances which could scarcely
happen without some such successive deposition of
materials as would enable pressure to be propagated
with a certain degree of freedom from one part of
the mass to another, even if we should hesitate to
admit a state of primitive fuidity.

(314.) But from such indications nothing distinet
can be concluded; and if we would speculate to any
purpose on a former state of our globe and on the suce
cession of events which from time to time may have

nged the condition and form of its surface, we
must confine our views within limits far more
restricted, and to subjects much more within the
reach of our eapacity, than either the ereation of the
world or its assumption of its present figure. These,
indeed, were favourite speculations with a race of
geologists now extinet; but the science itself has
undergone a total change of character, even within
the last half century, -and is brought, at length,
effectually within the list of the inductive sciences.
Geologists now no longer bewilder their imaginations
with wild theories of the formation of the globe
from chaos, or its passage through a series of hypo-
thetical transformations, but rather aim at a careful
and accurate examination of the records of its former
state, which they find indelibly impressed on the
great features of its actual surfice, and to the
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984 MISCOURSE ON THE sTUDY

thus wonderfully preserved (i neient medals and
__:wﬁ.:;mc:m in the ruins of an empire), afford a sort
of rude n.-_ﬂczcr_ﬂu.u r<< whose aid the successive de-
positions of the strata in which they are found may
be marked out in epochs more or less definitely
terminated, and each characterized by some pe
culiarity which enables us to recognise the deposits
of any period, in whatever part of the world they
may be found.  And, so far as has been hitherto
ted, the order of succession in w

deposits have been formed appears to hav
the same in every part of the globe.

(318.) Many of the strata which thus bear vi-
dent marks of having been deposited at the bottom
of the sea, and of course in a horizontal state, are

now found in a position highly inclined to the ho-
rizon, and even occasionally vertical. And they
often bear noe less evident marks of violence, in

th bending and fracture, the dislocation of parts
which were once contiguous, and the existenes of
vast collections of broken fragments which afford
every prool of great violence having be used in
i some at least of the changes which

place. H
(%19.) Besides the rocks which carry this in-
ternal evidence of submaring mﬁm-am:mo:_ are many
which exhibit no such u::i.m._ but on the contrary
hold out every appearance of owing their origin to
voleanoes or to some other mode of igneous action ;
and in every part of the world, and among etrata
of all ages, there oceur evidences of such action so
abundant, and on such a scale, as to point out the
voleano and the earthquake as agents which may
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DISCOURSE ON THE STUDY

z , and so distributed over time as to produce
none of those interregnums of chaotic anarchy which
we are apt to think (perhaps erroncously ) great dis-
figurements of an order so beautiful and harmonious
as that of nature.
.} But to estimate H_._i._u.. e effects of
w in action in geology is no ensy task.
There is no & priori or deductive process by which
1 estimate the amount of the annual erosion,
of a continent by the action of meteoric
wind, frost, &c., nor the quantity of
destruction produced on its coasts by the ect
violence of the sea, nor the quantity of lava thrown
up per annum by voleanoes over the whole sorface
of the earth, nor any similar effect. d to con-
sult experience on all such points is a slow and
pai process if rightly gone into, and a very fial-
lible one if only partially executed. Much, then,
at present must be left to opinion, and to that sort
of clear-judging tact which sometimes anticipates
experience ; but this ought not to stand in the way
of our making every possible effort to obtain accu-
rate information on such points, by which alone
geology be rendered, if not an experimental
science, at lenst a science of that kind of active
rms the nearest approach to it
nent is impossible.
) Let us take, for _.zm:._._.n._ the p._.:.mmz._..g..
« What is the actual divection in which changes of
ive level are taking place between the existing
continentz and seas?" If we consult partial ex-
perience, that is, all the information that we possess
respect cient sca-marks, soundings, &ec., we
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288 | DISCOURSE ON THE STUDY

subject to be explored is taken into consideration,
can hardly yet be said to be more than commeneced.
Yet, to .r... up for this, there is another :.;E.au.nn
differ
possible to recall the past or anticipate the future;
and observation is in consequence vited to a single
fact in a single mt; in the former, the records
of nr;. past are always present; — they may be exa-
ed and re-examined as often as we _...”EE
requ nothing but diligence and judgment to put us
in possession of their whole contents. Only a very
small part of the surfice of our globe has, however,
been aceurately examined in Hr.::_, and of that small
portion we are only able to seratch the mere ex-
terior, for so0 we must consider those excavations
ich we are apt to regard as searching the howels
of the earth; since the deepest mines whicli have
been sunk penetrate to a depth hardly surpassing the
ten thousandth part of the distance between its sur-
fuce and its centre. OF course inductions founded
on such limited mination can only be regarded
as provisional, except in those remarkable caseswhere
reat formations in the same orderhave been
ise __ in very distant quarters, and without ex-
eptic however, cannot long be the case. The
spirit with which the subject has been prosecuted for
years in our own country has been rewarded
) H:: a harvest of surprismg and ..:_..x_....q-m;
and has carried the investigation of our
island into such detail, as to have excited a corre-
onding spirit ameng our continental neighbours ;
while the same zeal which anir our countrymen
on their native shore accompanies them in their so-
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DISCOURSE ON THE STUDY

CHAF. IV.

aF THE EXAMINATION OF THE MATERIAL CONSTITURSTS
THE WORL

Mineralogy.

(325.) Tne consideration of the history and struc-
ture of our globe, and the examination of the fossil
tents of its strata, lead us naturally to consider
the materials of which it consigts. The history of’
ohjects of philo-

tion to the useful

thege materials, their propertie
ir appli

ical enquiry, and tl

arts and t

ters by which they
n another, form the object of mineralogy,

one

' in its most extended sense.
(526.) There is no branch of science which pre=
sents o many points of contact with other depart=

ments of physical research, and serves as a connect=
k between so many distant points of phi-
s this. To the geologist,
n, the crystallographer,
off eepecially the very ele-
knowledge, and a field for many ol
important enquiries. Nos

ing
losophical speculation,
the chemist, the opti
the physician, i

nts of the
their most curious
with the exception of chemistry, is there any which
has undergone more revolutions, or been exhibited
in a greater variety of forms. To the ancients it
id to be at all known, and up to
could be

could scarcely be
u comparatively recent period, nothi

!
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292 DISCOURSE ON THE STUDY

ences would be found to exist in their chemical
composition, all which proved fully justified in their
result before the essential value of this character was
acknowledged. This was no doubt in great measane
owing to the high importance set by the German
mineralogists on those external characters of touch,
sight, weight, colour, and other sensible qualities,
which are little susceptible, with the exception of

ght, of exact determination, and which are sub-
ject to materinl variations in different specimens of
the same mineral. By degrees, however, the neces-
sity of ascribing g weight to & character so de-
finite was admitted, especially when it was considered
that the same step which pointed out the intimate
connection of external form with internal structure
furnished the mineralogist with the means of re-
ducing all the forms of which amineral is susceptible
under one m._,:.:__ type, or _,1::.... form, and af-
urded grounds for an elegant thearetical account of

the assumption of definite figures ab dnitio.

(328.) A simple and elegant invent 1 of Dr.Waol-
laston, the reflecting goniometer, gave a fresh im-
pulse to that view of mineralogy which makes the
erystalline form the essent il or leading character,
by putting it in the power of every one, by the ex-
amination of even the smallest portion of a broken

crystal, to ascertain and verify that essential chas
racter on which the identity of a mineral m the
system of Haily was made to depend.  The appli=
cation of so ready and exact a method speedily led
to important results, and to a still nicer discrimin-
ation of mineral specics than could before be at
tained ; and the confirmation given to these results
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DISCOURSE ON THE STUDY

said to have effectually accomplished it; and its
difficulty may be appreciated by the small number of
imple minerals,or minerals of perfectly definite and
W rked characters, which have been hitherto
made out. Nor can this indeed be wondered at,
when we consider that by far the greater portion
of the rocks and stones which compose the external
erust of the globe consists of nothing more than
accumulated detritis of older rocks, in which the
nents and powder of an infinite variety of sub-
stances are mingled together, in all sorts of varying
proportions v such a way as to defy separ-
ation. Many these rocks, however, 8o com-
pounded, oceur with sufficient frequency and un|
formity of character to have acquired names and to
have been usefully applied; indeed, in the latter
resp erals of this description far surpass all
the others. As objects of natural history, there

fore, they are well worthy of attention, how
fcult it may to assign them a place in any

(450.) This paucity of simple minerals, however,

s probably rather apparen than real, and in pro-
wrtion as the researches of the chemist and crye-
Il be extended thronghout nature,

they will no doubt become much more nUMErous.
Indeed, in the great laboratories of nature it can
hardly be doubted that almost every kind of che-
mical process is g forwards, by which com-
pounds of every description are continually forming.
Acecordingly, it rked, that the lavas and
cjected scoriz of voleanoes are receptacles in which
mineral preducts previously unknown are constantly
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206 DISCOURSE ON THE STUDY

mineralogical research.  They have already afforded

umerable fine examples of that important step in
seience by which anomalies disappear, and occasional
incongruities become reconciled under more gene-
ral expressions of physical laws, and thus unite in
affording support to those very views which they pro-
mised, when first observed, to overset. Nothing, in-
deed, can be more striking than to see the very ingre-
dient which every previous chemist and mineralogist
would agree to disregard and reject us a mere
casual impurity brought forward and appealed to in
support of a theory expressly directed to the object
of rescuing science from the imputation of disre-
,n...?: 2 under any grcumstances, the _ur::_ results
of direct experiment.

Chemistry.

(882.) - The laws which concern the intimate con-
stitution of bodies, not as respects their strictire or
the manner in which their parts are put together,

as regards their materials or the ingredients of
which those parts are composed, form the objects of
chemistry. A solid body may be regarded as a
fabric, more or less regularly and artificially con-
structed, in which the materials and the workman-
ship may be separately considered, in which,
though the latter be ruined and c mifounded by
viglence, the former remain unchanged in their
nature, though differently arranged. In liquid or
airial bodies, too, though there prevails a less
degree of ¢ ifference in Tcm:- af structure, and a
greater facility of dispersion and dissipation, t i
solids, yet an equal diversity of materinls subsists,
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search. Yet this does not hinder us from regarding
such & compound ps still a mere mixture, and its
properties are accordingly intermediate  between
those of the liquids mixed. But this is far from
being the case with all liguids. When a solution of
potash, fo d another of tartaric acid,
each perfect
i at quantity of a solid saline sub-
of the containing vessel,
is quite different from either potagh or tar-
id, and the liquid from which it subsided
no ations by its taste or other sensible
qualities of the ingred ients mixed, but of something
totally different from eitl It is evident that this
is a phenomenon widely different from that of mere
ture ; there taken place a geeat and radical
ge in the intimate nature of the ingredients, by
ich o new substance is produced which had no
xistence befi And it has been produced by the
wnion of the ingredients presented to each other; for
when examined it is found that nothing has been
fost, the weight of the whole mixture being the
sum izhts mixed. Yet the potash and
tartaric acid have disappeared entirely, and the
t of the new product is found to be exactly
equal to that of the tartaric acid and potash em-
ployed, taken together, abating a small portion held
in solution the liguid, which may be obtained
however by evaporation. They have therefore com-
bined, and adhere to one another with a cohesive
force sufficient to form a solid out of aliquid ; o force
which has thus been called into action by merely

presenting them to ea state of solution.
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300 DISCOURSE ON THE STUDY

merous facts, all of them presenting considerable
intrinsic interest, has sufficed, in most instances. (o
lead, by a clear and direct road, to its _._m.__r_u— laws
yet known. DBut, on the other hand, these laws,
when stated, are not yet fully sufficient to lead us,
except in very limited cases, to a deductive know=
e of particulars never before examined, at least,
without great caution, and constant appeal to
sriment a3 & check on our reasoning ; &0 that we
] rding the axioms of ¢ SLrY,
the true handles of deductive reasoning, as still un-
likely long to remain so. This
15 no fault of its cultivators, who have n:.:?.m% ol in
their list the highest and most varied talents and
industry, but of the inherent complexity of the
subject, and the infinite multitude of causes which
are concerned in the production of EVETY, €Ven the
simplest, chemical phenomenon.

(336.) The history of chemistry (on which, however,
we are not about to enlarge,) is one of great
to those who delight to trace the steps by which
mankind advance to the discovery of truth through
a series of mistakes and failures. It may be divided,
1st, into the period of the alchemists, a lamentable
epoch in the = of intellectual wandering; 2dly,
that of the phlegistic doctrines of Beccher and Stahl,
in which, as if to prove the perversity of the human
mind, of two possible roads the wrong was chosen ;
anil a theory obtained universal credence on the
strength of an induction, valid as sueh, but wrongly
interpreted, which is negatived, in every instanes,
by an appeal to the balance. This, too, happened,
not by reason of unlucky coineidences, or individual
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302 DISCOURSE OX THE STUDY

commenced (in 1786) when Lavoisier, by a series of
memorable experiments, exting shed for ever this
error, and placed chemistry in the rank of one of the
exact sciences, —a science of number, weight, and
measure. From that epoch to the present day it has
nstantly advanced with an accelers ted progress,
and at this moment may be regarded as more pro-
gressive than ever. The principal features in this
v be comprised under the following

_._u-...__l‘ﬂp.um.r.a
general heads: —

1. The discovery of the proximate, if not the
ultimate, elements of all bodies, and the cn-
largement of the list of known elements to
its present extent of between fifty and sixty
substances.

2. The developement of the doctrine of latent
heat by Black, with its train of important
consequences, including the scientific theory

of the steam-engine.

The establishment of Wenzel's law of definite
propertions  on his own experiments, and
those of Richter, a discovery subsequently
merged in the more general wording and
better development of Dalton’s atomic

theory.

4, The precise determination of the atomic weights
of the different chemical elements, mainly
due to the astonishing industry of Borzelius,

wd his unrivalled command of chemieal re-

recs, as well as to the researches of the
iists of the Swedish and German

achool,

5. The assimilation of gases and vapours, by which
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DISCOURSE ON THE UDY

between chemical composition and erystal
line form, by He d Vauquelin, with the
gucCessive rectifications the statement of that
connection has undergone in the hands of
Mitscherlich, Rose, and others, with the pro-
gress of chemical and  erystallographical
r _—.—P._—”nh

(338 these several heads into detail
would lead us into & treatise on chemistry; buta

few remarks on one or two of them, as they bear
upon the geperal principles of all scientific enquiry,
will not be irrelevant. And first, then, with refer
ence to the discovery of new elements, it will be
erved, _.__ it _,_":_au_cﬁ._:c; chemistry no more aims
at determining the one essential element out of which
all matter is framed — the one ultimate prineiple of
universe — than astronomy at discovering the
origin of the planetary movements in the a m._,__.nm.l
tion of a determinate H__ﬁ._rr:__._ force in a determin-
ate direction, or geology at uscending to the creation
of the earth. There may be such an element. Some
lar relutions w ?_.,.: have _:....u _E.:_ncn_ out in

mu i ; ;...::LJ is content to wait _..: some striking

t, which may either occur unexpe ctedly or be led
._L:. the slow progress of enlarged views, to disclose
to us its existence. Still, the multiplication of so-
considered elementary bodies has been considered
by some as an inconvenience. We confess we do
not coincide with this view. Whatever they be, the
obstinacy with which they resist .r.pcaﬁau.cj:
shows that they are ing sredients of a very high aud
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306 DISCOURSE 0¥ THE STUDY

have been naturally preparatory to i, and such as
would have led others to it by the prosecution of
Wenzel's and Richter's researches, had they been
duly attended to.  This is, in fact, an _..x_:._.._&? and
a most remarkable one, of the effect of that natural
propensity to generalize and simplify (noticed in
171.), which, if it oce stonally lends to over-hasty
conclusions, limited or disproved by further experi-
ence, is yet the legitimate parent of many of our
most valuable and soundest results. Instances like
this, where great and, indeed, i asurable steps
in our knowledge of nature are made at once, and
almost without intellestual effort, are well caloulated
to raise our hopes of the future progress of science,
and, by pointing out the s iplest and most obvious
combinations as these which are actually found to
be agreeable to the harmeny of creation, to hold
out the cheering prospect of difficulties diminishing
as we advanee, instead of thickening around us in
increasing complexity.

(340.) A consequence of this ediate present-
ation of the law of definite proportions in its most
general form is, that its gubordinate laws — those
which limit its generality in particular cases, which
limi the number of combinations abstractly
possible, and restrain the indiscriminate mixture of
elements, — remain to be discovered. Some such
limitations have, in fact, been traced to @ certain
extent, but by no means so far as the importance of
the subject requires; and we have here abundant
oceupation for chemists for some time.

(341.) The determination of the atomic weights
of the cliemical elements, like that of other standard
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508 DISCOURSE ON THE STUDY

t in observed relations among the dafa of physics,
which show them to be quantities not arbitrarily
assumed, but depending on laws and causes which
they may be the means of at length disclosing.
A remarkable instance of such & relution is the
curious law which Bode observed to obtain in the
progression of the magnitudes of the several planet-
ary orbits. This law was interrupted between Mars
and Jupiter, so as to induce him to consider a
planet as wanting in that interval ; —a deficiency
long afterwards strangely supplied by th  discovery

[ four new planets in that very interval, ull of
whose orbits conform in dimension to the law in
guestion, within such moderate limits of error as
may be due to dent of those on which
the law itself ultimately rests.®

(34%.) Neither is it irrclevant to our subject to
remark, that the progress which has been made in
this ;_..._E:_.:c_,_. of chemistry, and the considerable
exactness actually attainuble in chemical analysis,
have been cs..S_.n. 1 great MEAsLUre, to & circum-
ht at first have been hardly con-

USEes

A

stance which m
sidered likely to exercise much influence on the
progress of & science, — the discovery of plating.
Without the resources placed at the ready disposal
of chemists by this invaluable metal, it is difficult to
coneeive that the multitude of delicate analytical
experiments which have been required to construct
the fabric of existing knowledge could have ever
been performed. This, among many such lessons,

# The progress of astronomical discovery bas sinee shown
shat this law cannct be relied on (1851)

—

—
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DISCOUKSE OX THE STUDY

CHAP. V.

OF THE INPONDERABLE FORME OF MATTER.

Heat.

¢344.) Onxe of the chief agents in chemistry, on
whose proper application and management the

cgs of a great number of its enquiries depends,
and many of whose mest important laws are dis-
closed to us by phenomena of a chemical nature,
iz mear. Although some of its effects are con-
tinually before our eyes as matters of the most
common occurrence, insomuch that there is scarcely
any process in the useful arts and manufictures
which does not call for its intervention, and al-
though, independent of this high utility, and the
proportionate importance of a knowledge of its
nature and la it presents in itself a subject of
the most curious speculation ; yet there is scarcely
any physical agent of which we have so imperfict
1 knowledge, whose intimate nature is more hidden,
or whose laws of such delicate and difficult in-
vestigation.
(345.) The word heat generally implies the sens-
h we experience on approaching a fire;

ation wh
Lty in the sense it carries in _,_G.u:....‘ it denotes the
cause, whatever it be, of that s i and of all
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312 DISCOURSE ON THE STUDY

(346.) The nature of heat has hitherto been
chiefly studied under the general heads of —
1st, Its sources, or the phenomena which it usually
accompanies.

ad, Its communication from its sources to sub-
stances capable of receiving it, and from these
to others, with a view to discover the laws
which regulate its distribution threugh space
or through the bodies which occupy it.
Its effects, on our senses, and on the bodies to
which it is communicated in its various de-
grees of intensity, by which, means are afforded
us of measuring these degrees.

4th, Its intimate relations to the atoms of matter,
as exhibited in its capability of acquiring a
latent state under certain circums e, and
of entering into something like cl
binations.

(347.) The most obvious sources of heat are, the
sun, fire, animal life; fermentations, violent chemical
actions of all kinds, friction, percussiom, lighitning,
or the electric discharge, in whatever manner pro-
duced, the sudden condensation of air, and others,
so numerous, and so varied, as to show the ex-
tensive and important part it has to perform in the
economy of nature. The discoveries of chemists,
however, have referred most of these to the general
head of chemical eombination. Thus, fire, or the
combustion of inflammable bodies, is nothing more
than a violent chemical action attending the com-
bination of their ingredients with the oxygen of the
gir. Animal heat is, in like manner; referable to a
_.u:r_r_vm _..._.E..."_m no remote m._._u.._._.__.."._,. to a slow com-




-ood oaw maouUY EIEIY JUIOIA ysOWL DAY, ('s¥8)
*2d1 UD JIpUIY 39S [|La Jre
30 uorpod pauyuoa ® Jo uopwsuapuod pides s pue
“0Y-pad MmOEING 03 S8 PAIanI] A[FNoIXap o8 aq
Low wom ‘smyp way jo sosmes pamod sayoue
1 ‘umssnagad Ag speyam jo so0 unssaad £q s jo
1AM UONESUIPUO])  “S[ELIAIBW D 3 oy
uonory Lq poanap aq Lem yeay jo ddns pagrmnun
ug JHIl “joRj 5 k. al —__:_w__::pu.u Y
oy madde : unyq Juned L Juau
-adxa j0a. ; apru [} peojsIapun
Aqng jou sea ‘spEaTELL ndmnsuod ou 20 apaL
s auay Swonpoad jo suwm v se ‘U012 J0 1020
) g - ade L _:E.f._.:_ sy
Jo ands w Sy e poos S 0 g
Smuas oo puasaad 09 gPIYM-9TELLIED J0 $H[XR a0
asEaud am pue ‘WA WAM 0] SPUB N0 QDI A
T Ua0Uy [[aM ST Ay Jo A2IN0s B 58 WO “punag
~oxd @ M o1 ._r._ 0 Sm3E “FunEpond mosy
08 Sonydo g0 A0 D T SIS APEIL U S8

gy go A ddns [P0 S31
UOTM U1 DPOW DU} PUE UNE DL JO DINIVW A INg]
sapdound e Woy PIsLAp 2DV UT JO anI0f
ajgrisisaLt .:ﬂ“_ - ___E.;... ] WOJMAN A ﬂ.f:__u uaaq

DATI] 0] ST [RIMEU 0% §1 A4 [WAISILIY] PUT UNE 31

uaasiaq Ldofeue M|,  UOCHBUIGINOD JO 8118 JUAEL
=1ad azowm Ul wort a1 Jaap) pue ‘pajiumn .—._.-,53

WY JO oty ._s_:.z_, NI a0

[ou RIUDULIA] 1 1ysAs auy wmoLy jo P
oy

smp pue uonsndsay ur e o x0 3
.___ " d_ :_:: Lo ﬁm ..:.u_. _._m b .”_ﬁ_n..__ :_;m; nad apqerm

~LIBQUT UE W ::_.;.EF_. B YA ._nn_. ‘oISt

SAIAOR0OTIAA TYHALYN A0




a1+ pPISCOURSE OX IME STUDY

daced by the eoncentration of the solar rays by
burning glasses,—by the combustion of oxygen and
hydrogen gases mixed in the exact proportion in
which they combine to produce water, —and by the

discharge of & continued and copious current of
p.uﬁcu..mp..u_. through a su il conductor. As these
three sources of heat are independent of each
other, and each capable of being brought into
action in a very confined space, there seems no
reason why they might not all three be applied at
once at the same point, by which means, probably,
effects would be produced infinitely surpassing any
hitherte witnessed.

(349.) Heat iz commur cated either 3. radiation
between bodies at & distance, or by conduetion
between bodies in contact, or between the conti-
guous parts of one and the same body. The laws
of the radiation of heat have been studied with
great attention, and have been found to present
strong analogies with that of light in some paints,
and singular differences in others, Thus, the heat
which the sun's rays comports itself;
in all respec e light; being subject to similar
laws of refraction, and even of polarizas
tion, as has been shown by Berard. Yet they are
not identical with each other ; Sir William Herschel
having shown, by decisive experiments, verified by
those of Sir H. Engleficld, that there exist in a
solar beam both rays of heat which are not lumin-
ous, and rays of light which have no heating power.

(950.) The heat, radiated by terrestrial fires, and
by bodies obscurely hot, by whatever means they
have aequired their heat (even by exposure to the
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316 DISCOURSE ON THE STUDY

radiating out heat in all directions, and receiving it
by a similar means of communication from others,
and thus tending, in any space filled, wholly or in
part, with bedies at various temperaty to esta-
blish an equilibrium or equality of heat in all parts.
The application of this idea to the explanation of
the phenemenon of dew we have already seen (see
ws of such radiation, under various
stances, have been E._..._.._. :..a_.un:.mﬂvn._ ina
beautiful series of experiments on the cooling of
bodies by their own radiation in vacuo, by Messrs.
Dulong and Petit, which offer some of the best ex-
amples in science of the inductive investigation of
quantitative laws.

(352.) The communication of heat between bodies
in contact, or between the different parts of the
same body, is performed by a process called con-
duction. It is, in fact, only a particular case of
radiation, as been explained above (217.); but
a case so particular as to require a separate and
independent investigation of its laws. The most
important consideration introduced into the EE.EJ.

1 his _-_._a._._:uﬁ.:w. 15 that of time. ‘The com-
munication of heat by conduction is performed, for
the most part, with extreme slowness, while that
performed by direct radiation is probably not less
rapid than the propagation of light itself. The
analysis of the delicate and difficult points which
arise in the investigation of this subject in it
reduction to direet geometrieal treatment has been
executed with admirable success by the late Baron
Fourrier, whose recent lamented death has deprived
science of an ornament it could ill spare, thinned
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DISCOURSE ON THE STUDY

rle exceplion) to be universally abandoned.
The sensation of cold is as easily explicable by the
passage of heat outwards :.E:m_. the surface of the
_E_: as that of heat by its ingress from without;
and the experiments cited in proof of a radiation of
cold are all perfectly explained by Prevost's theory
of reciprocal interchange. It is remarkable, how-
ever, how very limited our means of producing in-
tense cold are, compared with those we possess of
effecting the accumulation of heat in bodies. This
is one of the strangest arguments adducible in favour
of the doctrines of these who maintain the possibility
wsting the heat of a body altogether, and
g it in a state absolutely devoid of it.  But we
ought to consider, that the known methods of gene-
at ol ZJ turn on the qu_xm:n:n_.. of che-
s may easily conceive, there-
fore, that, to obtain e ?.s.r:_._ corresponding
frigorific effects, we o1 t to possess the means of
effecting a disunion equally extensive and rapid be-
tween such elements, actually combined, as have
already produced heat by their union. This, how-
ever, we can only accomplish ru. engaging them in
ambinations still more energetic, that is to say, in
which we may reasonably expect more heat to be
produced by the new combination than would be
destroyed or abstracted by the proposed decomposi-
tion. Chemistry, however, (unaided by electric
agency, } affords no means of suddenly breaking the
union of two cle ts, and presenting both in an un-
combined state, A certain analogy to such disunion,
however, and its consequences, may be traced in the
sudden expansion of condensed gases from a liquid
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320 DPISCOURSE ON THE STUDY

cations coincide exactly with that of the air-thermo~
meter in moderate temperatures; though at very
elevated ones they exhibit a sensible, and even
considerable, deviation. DBy this instrument, which
owes its present convenience and utility to the
happy idea of Newton, who first thought of fixing
determinate points on its scale, we are enabled to
estimate, or at least identify, the degrees of heat;
...—.-n_ —Hu._. ..... to m._.ra...n —- accuracy —w-u _M.’-w
of its communication and its other properties, Were
we sure that equal additions of heat produced equal
crements of dimension in any substance, the indi-
tions of a thermometer would afford a true and
secure meastere of the quantity present; but this &
1 being the case, that we are nearly in
total ignorance on this important peint; a cireum-
~¢ which throws the greatest diffi .._.S_ the way
theoreti reasoning, and even of experi-
mental enguiry. The ws of the dilatation of liquids,
in consequence of this deficiency of necessary pre-
liminary knowledge, are still involved in great ob-
scurity, notwithstanding the pains which have been
bestowed on them by the elaborate experiments and
caleulations of Gilpin, Blagden, Delue, Dalton, Gay=
- and Biot.
mast striking and important of the
st, however, in the liquefaction of
solid substances, and the conversion of the liquids
so produced into vapour. There is no solid substance
known which, by a sufficiently intense heat, may
not be melted, and finally dissipated in vapour ; and
this analogy is so extensive and cogent, that we can=
not but suppose that all those bod
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pISCOURSE UM THE STUDY

the greater compressibility of liquids, and the still
greater of gases, strongly induce us to believe thist
it is heat, and heat alone, which holds the particles
of all bodies at that distance from each other which
necessary to allow of compression ; which in fact
gives them their elasticity, and acts as the antas
gonist force to their mutual attraction, which would
otherwise draw them into actual contact, and retain
tliem in a state of absolute immobility and impene-
trability. Thus we learn to regard heat us one of
intaining powers of the un iverse, and to

the great
attach to all its laws and relations a degree of im-
portance which may justly entitle them to the most
assiduous engquiry.

{(360.) It was first ascertained by Dr. Black that
when heat produces the liquefaction of a solid, or
the conversion of a liquid into vapour, the liquid or
the vapour resulting is no Aotler than the solid or
s produced, though a great
producing this

liquid from which it %
deal of heat has been expended i

effect, and has actually ent red into the substance.
(961.) Hence he drew the conclusion that it has
become dutent, and continues to exist in the product,
maintaining it in its new state, w thout increasing
its temperature.  He further proved, that when the
ses, or the liquid freezes, this latent

iven out

patural and hardly less
of specific heats
erent bodies, or the different quantities of heat
they r re to raise their temperature equally, are
the chief reasons for regarding heat as a material
substance in a more decided manner than light,
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DISCOURSE ON THE STUDY

Magnetizm and Electricity.

1368.) These two subjects, which had long main-
tained a distinct exister and been studied as
separate branches of science, are atlength effectually
blended. This is, perhaps, the most satisfactory
result which the experimental sciences have ever

yes artained.  All the phenomena of magnetic po=
larity, attraction, and repulsion, have at length béen
resolved into one general fact, that two currents of
electricity, moving in the same irection repel, and

in contrary directions attract, cach other. The

yena of the communication of magnetism and

it is called its induced state, alone remain un=
inted fory but the interesting theory which has

. Ampere, under the name of
Electro-dynamics, holds out a hope that this dif-
also in its turn give way, and the whule*

at length completely merged, as far as the

tion of the acting causes goes, in the more

one of electricity. This, however, does not

prevent magnetism from ts separate
importance as a department of physical Cnquiry,
having its own peculiar laws and tions of the
lighest practical interest, which are capable of
being studied quite apart from all consideration of its
electrical origin.  And notonly so, but to study them
with advantage, we must proceed as if that origin
were totally unknown, and, at least up to a eertain
point, and that a considerably advanced one, conduct
our enquiries into the subject on the same inductive
principles as if thiz branch of physics were abso-

Jutely independent of all others.
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326 LISCOURSE ON THE STUDY

wire of any motal indifferently all the properties of

a magnet ;—its attraction, repulsion, and polarity ;

and that evenin amore intense degree than was pre-

viously thought to be possible in the best natural

magnets. In short, in this case, and in this case

only, perhaps, in science, have we arrived at that

¢ which Bacon seems to have understood by the

“ The firm of any nature, 3

such, that where # is, the given nature

libly be. The form, t ercfore, is perpe-

tually present when that nature is present; ascer-

tains it universally, and accompanies it every whene.

gain, this form is sueh, that when removed, the

given nature infallibly vanishes. Lastly, a true form

is such as can deduce a given nature from some
ssemtial property; which resides in many things."

j retism is remarkable in another im-
portant point of view. It offers a prominent, or
i glaring instance” of that quality in nature which
is termed polerity (267.), and that under circum-
stances which peculiarly adapt it for the study of
this quality. It does mot appear that the ancients
had any knowledge of this property of the magnet,
though its attraction of iron was well known to them.
The first mention of it in modern times cannot be
traced earlier than 1180, though it was probably
known to the Chinese before that time. The po-
larity of the magnet consists this, that if sns-
pended freely, one part of it will invariably direct
tiself towards a certain point in the horizon, the
other towards the opposite point; and that, if two
magnets, so 8 pended, be brought near each other,
there will take place a mutual action, in consequence
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328 DISCOURSE OX THE STUDY

towards a point below the horizon, and situated
within the earth. By tracing the variation and dip
over the whole surface of the globe, it has been
found that these phenomena take place as they
would do if the earth itself were a great magnet,
having its poles deeply situated below .::. surfuce,—

and, what is very remarkable, possessing @ slow
motion within it, in consequence of which neither
the variation nor dip remain constantly the sume at
the same place. The laws of this motion are at
pr unknown ; hut the discovery of electro-
magnetism, by rendering it almost certain that the

rth's magnetism is merely an effect of the con-
tinual circulation of great quantities of electricity
round it, in a direction generally corresponding with
that of its rotation, have dissipated the greater part
of the ::.H_.....,. which hung over these phenomena
SiNCe A v _,q_Z._._ of canses, both geole icul and others,
may be imagined which may produce considerable

deviations in the intensity, and partial ones in the

direction, of such electric currents. The unequal
distribution of land an the two hemispheres,
by affecting the :m:m; m of the sun's heat in pro-
ducing evaporation from the latter, which is probably

one of the great sources of terrestrial electrieity,
may easily be conceived to modify the general tend-
ency of such currents, and to produce irr gularities
in them, which may render a satisfactory account of
whatever still appears anomalous i the 1,....:2:....5
f terrestrisl magnetism. This branch of science
thus becomes connected, on a great scale, with that
of meteorology, one of the most _.:_3__.;2..._ and
difficult, but at the sume time __,_r:.v_.:.w u:r._nn_u:m
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250 DISCOURSE OX THE STUDY

only when disturbed by excitements of peculiar
ds. The most effectual of these is friction,
whiich we have already observed to be a powerful
source of heat. Everybody is familiar with the
crackling sparks which fly from a cat's back when
stroked. These, by proper management, may be
cumulated in bodies suitably disposed to receive
them, and, although then no longer visible, give
evidence of their existence by the exhibition of a vast
variety of extraordinary phenomena, — producing
attractions and repulsions in bodies at a distance, —
r of Dbeing transferred by contact, or by
sudden and violent transilience of the interval of
separation, from one body to another, under the
form of sparks and flashes ; — traversing with perfeet
facility the substance of the densest metals, and a
variety of other bodies called conductors, but being
detained by others, such as glass, and especially
air, which are thence called non-conductors, — pro=
ducing painful shocks and convulsive motions, and
even death itself if in sufficient quantity, in animals
through which they pass, and finally nitating, on'a
small scale, all the effects of lizhtning.

(369.) The study of these phenomena and their
laws until a comparatively recent period occupied
the entire attention of electricians, and constituted
the whole of the science of electricity. It appears,
as the result of their enquiries, that all the pheno-
mena in question are explicable on the supposition
that electricity consists in & rare, subtle, and highly
elastic fluid, which in its tendency to expand and
diffuse itself’ pervades with more or less fucility the
substance of conductors, but is obstructed and de-
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DISCOURSE OoN THE STUDY

¢ force by which its particles repel ench other
extends to great distances, while its force of md-
hesion to ponderable matter must be regarded us
limited its extent to such minute intervals as
escape observation.

(570.) The conception of a single fuid of this
kind, v i accumulited in excess in bodies
tends constantly to escape, and seek a restoration
of equilibrium by communicating itself to any others
where there may be a deficiency, is that which
oceurs most naturally to the mind, and was accord-
ingly maintained by Franklin, to whom the scienoe

ectricity is under great obligations for those

» experiments which ned us respecting

the true nature of lightning. The same theory was
afterwards advocated by {pinus, who first showed
how the laws of equilibrium of such a fuid might
be reduced to strict mathematical investigation.
But there are phenom “.Enz::“_.z_:u.m_ﬁ its trans-
fer from bedy to body and the state of equilibrium
it affects under various circumstances, which ap.
pear to require the admission of two distinct fluids
wonist to each other, each attr wcting the other,
and repelling itself; but each, alike, suscep ble of
adhesion to mater 1 substances, and of transfer
more or less rapid from particle to particle of them.
These fluids in the natural undisturbed state are
conceived to exist a state of combination and
mutual saturation ; but this combination may be
broken, and either of them separately aceumulated

in a body to any amount without the other, pro-
vided its escape be properly obstructed by sur-
rounding it with non-conductors. When 80 accus
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334 DISCOURSE ON THE STUDY

doubt the original mode of disturbance of electrical
equilibrium, by which electricity is excited in the
first instance, either by frietion or by any other of
those causes which have been ascertained to pro-
duce guch an effect: analogies, it is true, are not
wanting *; but it must be allowed that hitherto

® We will mention one which we do not remember 10 have
sewhere in the cxse of a disturbance of the a._ﬂnu

menns purcly mechanical, and by

ing entinely a cortain order and sequence

«, and the operation of known causes. Suppose a quan-

y of air enclosed in a metallic reservoir, of some good con-
ar of heat, and suddenly 3 i After

communicaed fi
minre or less rmise temper:
thhe piston be suddenly retracted and the air restored
[PAratUS s

0, a8 1o the disposition of its

o e contains re-
istribution of
from what it was before
xpansion cannot re-absorh in an ini=
it had parted with to the metal: it
sature below that of the general
al yet retains one above it.  Thus,
a subversion of jum of tempersture has been bond
Heat has leen driven from the air into the
every thing else
t is evident, heat may be
il b0 ATy X i For if, in
op of withdrawd 3 g the mme air ex-
pand, ¢ reservair, it be allowed to escape so suddenly
1% mot to Te-absorb th i and fresh air be then ad-
mitted and ¢
be drojned
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DISCOURSE ON THE STUDY

only in a state of uncontrollable intensity were
amed down, as it were, and made to distribute
their efficacy over indefinite time, and to regus=
late their action at the will of the operator. It was
then soon asecrtained that electricity in the act of
its passage along ductors, pr oduces a variety of
wonderful effects, which had never been previously
suspected ; and these of such a nature, as to afford
points of contact with & ral other branches of
physical enquiry, and to throw new and ..5...3893._
lights on some of the most obscure operations of

.} The histary of this grand discovery affords

a fine illustration of the advantage to b derived in
il enquiry from a close and ecareful attention

to any phenomenon, however apparently trifling,
which may at the moment of ohservation appear in-
explicable on receiv ed principles. The convulsive
wotions of a dead frog in the neig hibourhood of an

electric discharge, whic ally drew Galvani's
attention to the subject, had been noticed by others
¢ before his ti ttracted no

further remark than as indicating & peculiar sensi-
bility to electrical excitement depending on that
remnant of vitality which is not extinguished in the
organic frame of an animal by the deprivation of
actual life. Galvani was not 80 & aisfied. He ana-
lysed the phenomenon ; nd in investigating all the
circumstances connected with it was led to the ob-

gervation of a peculiar lectrical excitement which
took place when a circuit was formed of three dis-
tinct parts, a muscle, n nerve, and a metallic con-
ductor, each placed in contact with the other two,
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338 DISCOURSE OX THE STUDY

compared to those gigantic combinations whichwere
alterwards ?.Er:.—..r it sufficed, however, to eX=
Libit electricity under a very different aspect from
any thing which had gone before, and to bring inte
view those *.:..e_.d::« modifications in its action which
. Wollaston was the first to render a satisfactory
account of, by referring them to an increase of
quantity, sccompanied with a diminution of intensity
in the supply afforded. The discovery had not
long been made public, and the instrument in
s of chemists and electriciang, before it

was ascertnined that the electric current, trans-
mitted by it throug conducting liquids, produces
in them chemical decompositions.  This capital dis-
covery appears 1o have been made, in the first
justance, by Messra. Ni : d Carlisle, who ob-
served the decomposition of water so produced. It
was speedily fo wed up by the still more important
one of Berzelius and Hisinger who ascertained it as
a general law, that, in all the decompositions so
Cole » arids and oxyg become transferred to,
and accumulated around, the positive, — and hydro-
pen, metals, and alkalies round the negative; pole of a
Voltaic cireuit; being transferred in an invisible, and,
as it were, a latent or torpid state, by the action of
the eleetrie current, through considerable spaces,
even through large quantities of water or other

n to re-appear with all their propertics

wils 1
chemical 1
the decomposing action of the pile, conceived the
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340 DISCOURSE OX THE STUDY

disposition to place itself in the magne ic meridian 3
but the essential condition had been ¢ itted, that of
allowing the piletod ischiarge itself ".:..n.._u... a condition
W assuredly never would have oceurred of itself
to any experimenter. Of all the philosophirs who
had speculated on this subject, none hadl so pertina-
ciously adhe red to the iden of 8 necessary conmection
hetween the phenomens as Oersted. Baffled often,
he returned to the attack ; and his perseverance was
at length rewarded by the complete disclosure of the
wonderful phenomena of electro-maguetism. There
ia something in this which reminds us of the obsti-
nate adherence of Columbus to his notion of the
necessary existence of the New Waorld ; and the
whole history of this beautiful discovery may serve

on those ge _z.?__ alogies and
parallels between great branches of s ¢ which

rinds us of another, though no direct
i ion not to be neg-

that we are still
tures in electrieal

one day pse. The violent mechanical effects
1 ___E.-.;._: it on mercury, placed under conduct=
i ich have _;,: ﬂn._r rred by Professor
llary attraction,

Tiast whiel wl and extended view of the phe-
ena have led others® to regard in a very dif-
ferent light, as i ry action of a
dynamical rath ical character, deserve,
in this peint of view, o further investigation; and

# Bee Phil. Trans 18
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H2 DISCOURSE Ux 1

those arising from electricity, that they could hardly

referred to a different source, though besides the
shock neither spark nor any other indication of elee-
trical tension could be detected in them.

(479.) The benumbing effect of the torpedo had
been ascertained to depend on certain singularly con-
structed organs composed of membranous columns,
filled from end to end with lamine, separated
from each other by a fluid: but of its mode of
action no satisfactory account could be given;
nor was there any thing in its construction, and
still less in the nature of its materials, to give
the least ground for supposing it an electrical ap-

atus. But the pile of Volta supplied at once the

ics both of structure and of effect, so as to
feave little doubt of the electrical nature of the ap-
paratus, or of the power, a most wo derful one
certainly, of the animal, to determine, by an effort
of its will, that eoncurrence of conditions on which
its activity depends. This remained, as it probably
ever will remain, mysterious and inexplicable; but
the principle once established, that there exists in
the animal economy a power of determining the
developement of electric excitement, capable of be«
ing transmitted along the nerves, and it being as-
eertained, by numerous and decisive experiments,
that the transmission of Voltaic electricity along the
nerves of even a dead animal is sufficient to produce
the most violent muscular action, it became an easy
step to refer the origin of muscular motion in the live
ing frame to a similar cause ; and to look to the brain,
a wonderfully constituted organ, for which no mode
of action pessessing the least plavsibility had ever
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4 DISCOURSE ON THE STUDY

rks, but not such as will long detain the reader's
attention,

(381.) In zo0logy, the connection of peculiar modes
of lific and food, with peculiarities of structure, has
given rise to systems of classification at once ah-

; and the great progress which
Ihas been made in comparative anatomy has enabled
us to trace a graduated scale of organization almest
through the whole chain of animal being; a scale
not without its intervals, but which every successive
discovery of animals heretoforg unknown has tended
to fill up. The wonders disclosed by microscopic
observation have opened to us a new world, in
which we discover, with astonishment, the extremes

of minuteness and complexity of structure united 3
on the other hand, the examination of the
ins of a former state of creation has

in magnitude those now living; and brought to light
ny forms of being which have nothing analogous
at present, i many others which afford
impartant conneeting links between existing genera.
And, on the other hand, the researches of the com-
parative anatomist and conchologist have thrown
the greatest light on the studies of the geologist,
and ensbled him to discern, through the chscure
medinm ¢ few relics, scattered here and there
through a stratum, circumstances connected with
the formation of the stratum itself which he could
I recognised by no other indication. This is one
among many striking instances of the unexpected
lights which sciences, however apparently remote,
ay throw upon each other.
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MG DISCOURSE u¥ THE STUDY

iz accordingly cultivated with great and increasing
ardour ; and the subterrancous “ Flora ™ of a geolo-
gical formation is, in many instances, studied with
a degree of care and pre ion little inferior to that
which its surface exhibits.
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DISCOURSE ON THE STUDY

ardinary affairs of life, and studiously kept involved

in learned mystery, effectually prevented these o

onal impulses from overcoming the inertia of
orance, and impre

progress on science.  Its objects, indeed, were con-

fined in a region too sublime for vulgar comprehen-
1. An earthquake, a comet, or a fiery meteor,
would now and then call the attention of the whole
and produce from all quarters & plentiful

rude and fanciful conjectures on their

but it was er supposed that sciences

could exist among commeon objects, have a Hu_uhﬂ

s, or find worthy matter of
speculation in the mine or the laboratory. Yet it
cannot be supposed, that all the indications of nature
continy ssed unremarked, or that mue T-co._
observation and shrewd reasoning on it failed to
perish unrecorded, before the invention of printing
enabled every one to make his ideas known to all
the world. The moment this took place, however,
the sparks of information from time to time struck
out, instead of glimmering for a moment, and dying
away in oblivien, began to accu wlate into nm..._..m_-_
glow, and the flame at length kindled which

th and rapid spread

The universal excitement in the

minds of men throughout Europe, which the first
out-break of modern seience produced, has: been
already spoken « But ¢ven the most sanguing
anticipators 1 searcely have looked forward to
that steady, unintermitted progress which it has
since maintained, nor to that rapid succession of
s which has kept up the interest off
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450 DISCOURSE ON THE STUDY

indeed, may make collections, may snatch a few
hasty observations, may note, for instance, the dis-
tribution of geological formations ina few detached
points, d then witness remarkable local
phenomena; but the resident alone can make con=
tinued series of regular observations, such as the
ion of climates, tides, magnetic
variations, and innumerable other objects of that
kind, requires; can alone mark all the details of
g al structure, and refer each stratum, by a
careful and long continued observation of its fossil
contents, to its trug epoch ; can alone note the habits
of his country, and the limits of its
vegetation, or obtain a satisfactory knowledge of its
mineral contents, with a thousand other _..1_~._n_.__u.._-
essential to that complete acquaintance with our
globe as a whole, which is beginning to be under-
stood by the extensive designation of | ...—_mmﬁ; geo-
Besides which, cught net to be omitted
portunities. of observing and recording
those extraordinary phenom nature which
offer an intense interest, from the rarity of their oe=
currence as well as the instruction they are caleus
i may we not look
rit of scientific enquiry shall have

of the anim:

wrel.

lated to al

forward, when a
spread through those vast regions in which the pro-
cess of civilization, its sure precursor, is actually

commenced and in active progress? And what may
we not expect from the exertions of powerful minds

called into aetion under circumstances totaily diffier-
ent from any which have yet existed in the world,
and over an extent of territory far surpassing that
which has hitherto produced the whole harvest of
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DISCOURSE 0N THE STUDY

nation in Europe which does not produce several.
The quick and universal circu ation of these, places
observers of all countries on the ssme level of per=
fect intimacy with each other’s objects and methods,
while the abstracts they from time to time (if well
conducted) contain of the most important researclies
day consigned to the more ponderous tomes

al collections, serve to direct the course
of general observation, as well as to hold out, in the
wer, models for emulative
imitation. In looking forward to what may hereafter

be expected from t
not to forget the powerful ef
future be produced by the gpread of elementary
is actually known in each

4t which must in

works and digests of wi

particular branch of science. Nothing can be more

engaged

active research, than
i may, very likely,
e labour taken in vain ; that it may, perhaps, have
been already done, and much better done, than, with

o o

all he is d

the impression tl

his :m___.__ﬂ_._:::: s, or his resources, he can hope to
perform it; and, on the other hand, nothing can be
the contrary impression. Thus,
ceted view of what has been done,

more exciting th
by giving & ¢

d what remains to be accomplished every
branch, those digests and bodies of science, which
ym time to time appear, have, in fact, a very impart=
ant weight in determining its future progress, quite

independent of the quantity of informa they
communicate. 'With respect to elementary treatises
it iz needless to point out their utility, or to dwell
on the influence which their actual abundance, cons
trasted with their past remarksble de iency, is
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354 DISCOURSE ON THE STUDY

abgervation we now possess, and employed them as
we ﬂ.._._._m-__._.u._ —__n._:,_ :_.—_’.__.T

(387.) In any « wmeration of causes which have
contributed to the recent rapid advancement of
gcience, we must not forget the very important one
of improved and constantly improving means of
ohservation, both in instruments ..:_:_. d for the
exact measurement of gquantit and in the general
convenience and well-judged adaptation to its pur-
poses, of every description of scientific apparatus,
In the actual state of science there are few observ=
¢h can be productive of any great advantage
but such as afford accurate measurement; and an
jement in this respect is const tly
called for. e degree of delicacy actually at tained,
we will not say in the most elaborate works of the
highest art, but in such ordinary apparatus as every
abzerver may now command, is such as could not
have been arrived at unless in a state of the mecha-
nical arts, which in its wurn (such is the mmutial
re-action of o v effect jrequires for its existence
a very advanced state of science.  What an im-
portant influence may be wercised over the progress
of a single branch of science by the inve tion of &
ready and convenient mode of executing o definite
surement, and the construction and common
introduction of an instrument adapted for it cannot
be better exemplified than by the instanee of the
reflccting goniometer.  This simple, cheap, and
portable little instrument, has cha ged the face of
wineralogy, and given it all the characters of one
of the exact sciences.

ations w
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COURSE 0% THE STUDY

contrasted with wl could be _.:-n._:..-_ o few ge=
nerations ago, by the rude and clumsy workmanship
of even the early part of the last century, it will be
no matter of astonishment that the sciences which
depend on exact m = made
a proportional progress. Nor will any degree of
nicety in physical detes minations appear beyond our
we consider the inexhaustible resources
seience itself furnishes, in rendering the
quantities actually to be determined by measure
great multiples of the elements req. ed for the
purposes of theory, so a8 to diminish in the same
proportion the influence of "any errors which may be
committed on the final results.

(589.) Great, indeed, as have been of late the im-
ents, bo
s to what regards convenience and accuracy, it is to
the discovery of imf ved snethods of observation that
the chief progress of those parts of science which de-
pend on exact determinations is owing. The balance
an of Cavendish and

urements should |

reach

wwements in the construction of instr

of tors
Coulomby, m
mean. By it
sensible, but to subject to precise measurement and
ivision, degrees of force i finitely too feeble
f the usual construction,

be cited as an example of what we
id we are enabled not merely to render

8
ip affect the nicest balance
even were it possible to bring them to act on it
The gulvanometer, too, affords another example of
the same kind, in an mgtrument whose ronge of
utility lies among electric forees which we have no
other means of rendering sensible, much less of

estimating with exactness. In determinations of
te in themselves, the methods

s less mu
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DISCOURSE UN THE

means by which he has wrought out lis purposes
in his works, the sciences have not been behind
wand in affording their testimony to its truth
Nor are we to suppose that the field is in the
dightest degree narrowed, or the chances in favour
coveries at all decreased, by
Iready taken place: on the
incaleulably extended.

rdinary phenomena which pass
our eyes have been minutely examined, and
striking and obvious principles which
sceur to superficial observation have been noticed
1d embodied in our systems of science; but, not

ortunate

guch
those which have

contrary, they have been

s true that the ¢

those mor

remain yet ..:ﬁz___:__:.;r every
science brings into view whole
which would never otherwise have
and establishes rela-

ur notice at

fallen ur

field of speculation, in E_:___m...m.
it to __:d_.u.h.nm_...__._ that he should

stantly extendi

over whi

d unexpected principles. How
, are the mere chances
the inmumerable
srn chemist i8

not ence
infinitely greater,
{ discovery in chemist

amor

with which the me

t a period when two or three imagine
y elements, and some ten or twenty ubstances,
whose properties were known with an approach to

distinctness, formed the narrow circle within which
his ideas had to revolve? How many are the in-
stances where a new substance, or & new property,
introduced into familiar use, by being thus brought
rents of knows

into relation with all our actual el

B
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360 DISCOUREE OM THE STUDY

we remain in the situation in which he figured him-
self, — standing on the shore of a wide ocean, from
whese beach we may have culled some of those innu-
merable beautiful productions it custs up with Javish
prod be regurded as
no diminution ¢f the treasures that remain.

{ $92.) But this consideration, go far firo repressing
our efforts, or rendering us hopeless of atts
thing intrinsically great, ought rather to excite us to
fresh enterprise, by the prospect of assured and ample
recompense from that inexhaustible store which only
ued endeavours.  # It is no detrac-
tion from human capacity to suppose it incapable of
infinite exertion, or of exhausting an infinite sub-

ality, but whose acquisition ¢

awails pur con

wver state of knowledge we may co
his progress towards a
¢ need never fear a check, but must

yet higl
continue till the last existence of society.

(393.) It is in this respect an advantageous view
of science, which refers all its advances to the dis-
covery of general laws, and to the inclusion of what
i ations of still higher
much as this view of the subject repre-

¢ 18, essentially incomplete, and

died in any system, or
le mind. Yet it must be re-
coliected that, so far as our experience has hitherto
every advance towards generality has at the

» time been o step towurds simplification. It is
only when we are wandering and lost in the mazes
culars, or entangled in fruitless attempts to
work our way downwards in the .:._::J. _5"_; af

ly known in gener

rle of being fully

ed by any s

gone
48

of par
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